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Productivity is believed by many to bear a close relationship to the work
environment, and well-organised companies operating in low energy and
healthy buildings are generally thought to be more productive. In an increasingly competitive environment, companies are being forced to think harder
than ever about the way they work and how they can improve proﬁtability.
In this book an international group of experts provide a critical, multidisciplinary review of the evidence behind this phenomenon, and set out the
important factors and offer solutions to providing a working environment
that increases productivity.
In this new edition, chapters have been updated and two new chapters
consider the effectiveness of the workplace and building quality.
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by Nick Raynsford MP, Parliamentary Under Secretary of State
Minister for Construction and London

Buildings provide the environment in which the business community operates, and their procurement and operation represent a considerable business
cost. Getting this environment right clearly holds the potential for better
performance of both human and physical resources, and thus signiﬁcant
rewards to business and the wider economy. On an individual level, our
working environment can have a major impact on our attitudes to our work,
and in turn on our personal efﬁciency and productivity.
To realise this potential, we have to understand better the whole-life
performance and economics of buildings. We must also gain a greater understanding of the potentially signiﬁcant – but currently poorly understood –
linkages between the productivity of building occupants and the operation
of the internal building environment.
My Department has made improving the productivity of non-domestic
buildings one of the four key themes of its new Sustainable Construction
research and innovation programme. We have called for proposals to
improve understanding of the business beneﬁts of effective building design,
and to generate more practical guidance and exemplars, so that clients and
occupiers can make informed decisions about improved design and management of indoor environments. We are looking particularly at collaborative, multi-disciplinary, ways of tackling the issues. Our aim is to make sure
that the overall performance of buildings is enhanced.
That is why this book is so timely and why I am delighted to be associated
with it. The book highlights the issues employers and everyone who designs
and commissions buildings need to address to create more productive and,
above all, more sustainable workplaces. This will be good for individual
employees, businesses, communities and the natural environment now and
in the future. I very much hope that readers of the observations and suggestions contained in the following pages will be inspired to make or seek
positive changes to their workplace.
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Foreword to second edition

I was delighted to provide a foreword for the ﬁrst edition of this book seven
years ago. It made an important contribution to our understanding of a
range of factors which together go to make up a successful and productive
building. Writing at the time I emphasised that:
Getting this environment right clearly holds the potential for better
performance of both human and physical resources, and thus signiﬁcant
rewards to business and the wider economy.
Since then the world has moved on in many signiﬁcant respects. Issues of
sustainability have rightly assumed greater importance in the way we
approach new development decisions. We have also come to appreciate
better the interaction of different inﬂuences which contribute towards the
successful operation of buildings. We are more ready to consider in advance
how a building will be managed and maintained over its lifetime. And of
course the technology we use has also advanced signiﬁcantly.
So I was very pleased to learn that a second edition was being planned
which could both reinforce some of the important messages contained in its
predecessor and reﬂect the progress that has been made in the intervening
period. I congratulate Derek Clements-Croome on pulling together the existing and new contributions which make up this new edition, and wish it the
success it deserves. It is in all our interests that we continue to strive to create
inspiring and productive workplaces.
Nick Raynsford MP
November 2005
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Preface to first edition

The culture of living and working is undergoing accelerating social and
technological changes. The release of creative energy in people is vital for
them as individuals as well as for communities and society at large. Creative
self-fulﬁlment leads to vitality in nations. There is recognition now that the
daily rhythms of life need to be appreciated; there is also a need to understand how we think and concentrate and under what conditions our
performance diminishes or improves. A high level of sustained focused concentration is necessary for a high level of productivity. Environments for
working in are becoming more ﬂuid to meet changing work patterns and to
deal with all the different ways we need to think and communicate during
any single working day. This book opens up some solutions but also poses
many problems which, it is hoped, will provoke some thought and ideas for
the future.
This book is partly based on the proceedings of a conference entitled
‘Creating the Productive Workplace’ held in London in October 1997. Over
200 people attended. Delegates came from a wide range of disciplines,
including those who are interested in acquiring knowledge about human
behaviour in buildings, and those who have to design and manage buildings
in practice. I would like to thank the team that helped me to compose this
conference, which included John Doggart from Energy Conscious Design
(ECD), Nigel Oseland from British Research Establishment Ltd, and Aubrey
Rogers from Bournemouth University. The administration was admirably
executed by Peter Russell and Lilian Slowe, of Workplace Comfort Forum,
together with their team of helpers. I would also like to pay tribute and
give thanks to the sponsors and associates who have supported the event
ﬁnancially and with time and advice.
Sponsors: The Department of the Environment, Transport and the Regions
(DETR); Energy Efﬁciency Best Practice programme; Clearvision Lighting
Limited; RMC Group plc; Trigon Limited.
In Association with: Association of Consulting Engineers; British Council
for Ofﬁces; British Institute of Facilities Management (BIFM); Building
Research Establishment Limited (BRE); Building Services Research &
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Information Association (BSRIA); Construction Industry Council; Construction Industry Environmental Forum; De Montfort University (Department
of Design Management); ECD Energy & Environment Limited; Ecological
Design Association; Energy Design Advice Scheme (EDAS); European
Intelligent Building Group; University of Bournemouth (Department of
Product Design & Manufacture); University of Reading (Department
of Construction Management & Engineering).
I would also like to thank Maureen Taylor and John Jewell for their usual
diligence in helping to prepare the manuscript.
Derek Clements-Croome
Reading, October 1998
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Preface to second edition

Society changes, technology advances and both affect why we work, how we
work and where we work. Painters, writers, sculptors and composers
usually work from home and create their own studio for creative activity.
Nowadays a signiﬁcant number of ofﬁce workers use a home base. But
there are many occupations requiring team work where the effectiveness of
communication becomes critical. The ﬂexible arrangement of space and
responsible environmental control systems are all-important. At a basic
level, the building enclosure is another layer of sensory clothing providing
stimuli for our visual, aural, olfactory, tactile and gustatory senses. Bland
architecture fails to provide those conditions of light, sound, indoor air
quality, temperature and freshness which lift the spirits and which enable
us to do better work. Human-oriented design means not only gains for
individuals but for business organisations too. Workplace absence debits
national economies with signiﬁcant costs and a good proportion of these are
due to poor environmental conditions.
Many say we are what we eat; actually we are what we sense as each
experience, including eating, enhances our life pleasurably or otherwise. We
live through our senses. Buildings and the environment they create provide
many of the stimuli which enrich further those provided by people and our
work.
The book has been extended to include more case studies as well as
the latest research needed to guide building designers towards providing healthy, sustainable and effective conditions for work. Much remains
to be done to translate this holistic integrated environmental concept
into a message for clients to demonstrate how business value can be
improved.
As we move towards a 24-hour society with many digital artefacts, but
which is socially more open and demanding, the need for an integrated
vision is becoming ever more evident. Research, practice and business
are each vital entities which need to meld together to maximise value.
The range of international experience recorded here is a step in this
direction.

xxviii
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I am indebted to all the authors and to Gülay Özkan, Maureen Taylor
and Nishita Goenka for their hard work and enthusiasm in preparing
manuscripts and compiling references.
Derek Clements-Croome
University of Reading, May 2005
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Chapter 1

Pleasure and joy, and their role
in human life
Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Michel Cabanac

Experiments on human subjects showed that the perception of sensory
pleasure can serve as a common currency to allow the trade-off among
various motivations for access to behaviour. The trade-offs between various
motivations would thus be accomplished by simple maximisation of pleasure. A common currency for motivations as different from one another as
physiological, ludic, social, aesthetic, moral, and religious is necessary to
permit competition for access to behaviour. Therefore, all motivations can
be compared to one another from the amount of pleasure and displeasure
they arouse. It follows that the main properties of sensory pleasure should
belong also to joy. Indeed, joy and sensory pleasure share identical properties; they are contingent, transient, and they index useful behaviours.

The behavioural final common path
One basic postulate of ethology is that behaviour tends to satisfy the most
urgent need of the behaving subject (Tinbergen, 1950; Baerends, 1956). One
shortcoming of the theories of the optimisation of behaviour proposed by
ethologists and behavioural ecologists is that the mechanism by which
behaviour is optimised is never mentioned. In other words, they do not
explain how the subject ‘decides’. The notion of behavioural ﬁnal common
path is a ﬁrst step on the way leading to an answer to that question. Paraphrasing Sherrington’s image of the motoneuron ﬁnal common path of all
motor responses, McFarland and Sibly (1975) pointed out that behaviour is
also a ﬁnal common path on which all motivations converge. This image
incorporates all motivations into a unique category since behaviour must
satisfy not only physiological needs but also social, moral, aesthetic, playful
motivations. Indeed, it is often the case that behaviours are mutually
exclusive; one cannot work and sleep at the same time. Therefore, the brain,
responsible for the behavioural response, must rank priorities and determine
trade-offs in the decisions concerned with allocating time among competing
behaviours. The brain can be expected to operate this ranking by using a
common currency (McFarland and Sibly, 1975; McNamara and Houston,
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1986). In the following pages pleasure and joy will be proposed as this
common currency.
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Sensory pleasure
Sensory pleasure possesses several characteristics: pleasure is contingent,
pleasure is the sign of a useful stimulus, pleasure is transient, pleasure
motivates behaviour. In the commerce of a subject with stimuli, it has been
shown experimentally that the wisdom of the body leads the organism to
seek pleasure and avoid displeasure, and thus achieve behaviours which are
beneﬁcial to the subject’s physiology (Cabanac, 1971). Relations exist
between pleasure and usefulness and between displeasure and harm or danger. For example, when subjects are invited to report verbally, the pleasure
aroused by a skin thermal stimulus can be predicted knowing deep body
temperature (Cabanac et al., 1972; Attia, 1984) (Fig. 1.1).
A hypothermic subject will report pleasure when stimulated with moderate heat, and displeasure with cold. The opposite takes place in a hyperthermic subject. Pleasure is actually observable only in transient states, when
the stimulus helps the subject to return to normothermia. As soon as the
subject returns to normothermia, all stimuli lose their strong pleasure component and tend to become indifferent. Sensory pleasure and displeasure
thus appear especially suited to being a guide for thermoregulatory
behaviour (Fig. 1.2).
The case of pleasure aroused by eating shows an identical pattern (Fig.
1.3). A given alimentary ﬂavour is described as pleasant during hunger and

Figure 1.1 Pleasure (positive ratings) and displeasure (negative ratings) reported by a
subject in response to thermal stimuli presented for 30 s on the left hand
Source: Cabanac (1986).
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Figure 1.2 Direct calorimetry of the heat loss by a hypothermic subject’s hand when
dipped into highly pleasant cold water at 20°C: the plateau around min 12
is a steady state, after initial deflection, when heat flow taken from the hand
by the cold water is equal to heat flow brought to the hand by arterial
blood (Tes, oesophageal temperature). Knowing the flow of water running
round the hand, it is easy to calculate that the heat lost by the hand
corresponds to ∼73 W
Source: Cabanac et al. (1972).

becomes unpleasant or indifferent during satiety. Measurement of human
ingestive behaviour conﬁrms the above relationship of behaviour with
pleasure; it has been repeatedly demonstrated in the case of food intake
(Fantino, 1984, 1995), that human subjects tend to consume foods that they
report to be pleasant and to avoid foods that they report to be unpleasant.
Pleasure also shows a quantitative inﬂuence: the amount of pleasurable food
eaten is a function of alimentary restrictions and increases after dieting. The
result is that pleasure scales can be used to judge the acceptability of food.
Thus, in the cases of temperature and taste, the affective dimension of
sensation depends directly on the biological usefulness of the stimulus to the
subject. This was already noticed by Aristotle (quoted by Pfaffmann, 1960).
The word ‘alliesthesia’ was coined to describe the fact that the affective
dimension of sensation is contingent, and to underline the importance of this
contingency in relation to behaviour (Cabanac, 1971): a given stimulus will
arouse either pleasure or displeasure according to the internal state of the
stimulated subject. The seeking of pleasure and the avoidance of displeasure
lead to behaviours with useful homeostatic consequences. Garcia et al.
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Figure 1.3 Pleasure (positive ratings) and displeasure (negative ratings) reported by a
fasted subject in response to the same gustatory stimulus, a sample of
sweet water presented repeatedly every third minute. Solid symbols, the
subject expectorated the samples after tasting; open symbols, the subject
swallowed the samples and thus accumulated a heavy sucrose load in his
stomach. It can be seen that the same sweet taste that first aroused pleasure in the subject aroused displeasure once the subject was satiated
Source: Cabanac (1971).

(1985) have shown how past history, such as illness induced in association
with the taste of an ingested substance, can ‘stamp in’ a change in the affective quality of that taste. The behaviour of subjects instructed to seek their
most pleasurable skin temperature could be described and predicted from
their body temperatures, and the equations describing their behaviour were
practically the same as those describing autonomic responses such as shivering and sweating (Cabanac et al., 1972; Bleichert et al., 1973; Marks and
Gonzalez, 1974; Attia and Engel, 1981).
It is possible therefore from verbal reports to dissociate pleasure from
behaviour and to show thus that the seeking of sensory pleasure and the
avoidance of sensory displeasure lead to behaviours with beneﬁcial homeostatic consequences. Pleasure thus indicates a useful stimulus and simultaneously motivates the subject to approach the stimulus. Pleasure serves
both to reward behaviour and to provide the motivation for eliciting
behaviour that optimises physiological processes. One great advantage of
this mechanism is that it does not take rationality or a high level of cognition
to produce a behaviour adapted to biological goals. (‘Rational’ is understood,
here, in its philosophical acceptation (i.e. reason), and not in its narrower
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economical sense.) Indeed, conditioned food aversion can be induced during
sleep and under anaesthesia (Garcia, 1990). As soon as a stimulus is discriminated, the affective dimension of the sensation aroused tells the subject,
animal or human, that the stimulus should be sought or avoided.
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Pleasure and comfort
Let us keep the examples taken from temperature to understand the difference between comfort and pleasure. Comfort is a general feeling, whereas
sensory pleasure applies to the sensation aroused by a precise stimulus.
Thermal comfort used to be deﬁned as the ‘subjective satisfaction with the
thermal environment’ (Bligh and Johnson, 1973). However, Fig. 1.4 shows
that this deﬁnition is inadequate. This ﬁgure simpliﬁes the experimental
results presented in Fig. 1.1. It can be seen that the cases of ‘subjective
satisfaction with the thermal environment’, boxes P and I, represent a heterogeneous category including pleasure and indifference. Pleasure, P boxes,
occurs when there is an internal trouble, hypothermia or hyperthermia. In
these cases a pleasant stimulus, e.g. warm skin in a hypothermic subject,
tends to correct the trouble, i.e. results in normothermia, and then turns
unpleasant, i.e. to follow up with our example, warm skin in a normothermic subject. Pleasure provides ‘subjective satisfaction with the thermal
environment’, but the situation is highly unstable. This led to the new deﬁnition of thermal comfort as ‘subjective indifference to the thermal environment’ (IUPS Commission for Thermal Biology, 1987). Deﬁned this way,
comfort is stable and can last and is clearly different from pleasure whose
characteristic is to be transient.

Figure 1.4 Fig. 1.1 data simplified to a 3 × 3 matrix: the affective dimension of thermal
sensation depends on the subject’s internal state. A thermal stimulus feels
unpleasant (U), indifferent (I) or pleasant (P) depending on body core
temperature. Pleasure occurs only in dynamic situations when a stimulus
tends to correct an internal trouble
Source: Cabanac (1986).
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A feeling of comfort indicates therefore that everything is right, but this is
not a very exciting feeling, whereas pleasure indicates, in a troubled situation, a useful stimulus that should be consumed but will not last once the
trouble is corrected.
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Conflicts of motivations
If pleasure indicates usefulness, it would be of interest to explore situations
with simultaneous and possibly conﬂicting multiple motivations. Several
experiments were conducted where one motivation was pitted against
another (e.g. sweet v. sour, temperature v. fatigue, chest v. legs). In all these
experiments the subjects’ behaviours were repeatedly coherent. In the bidimensional sensory situations imposed by the experimenters the subjects
described maps of bidimensional pleasure in sessions where their pleasure
was explored. They tended to move to the areas of maximal pleasure in these
maps, in sessions where their behaviour was explored.
Thus, subjects in conﬂict situations tend to maximise their sensory
pleasure as perceived simultaneously in both dimensions explored. In these
experiments the subjects tended to maximise the algebraic sum of their sensory pleasure, or to minimise their displeasure. As a corollary of this observation, it can be stated that, in a situation of conﬂict of motivations, one can
predict the future choice of the subject from the algebraic sum of affective
ratings of pleasure and displeasure given by the subject to the conﬂicting
motivations. This theoretical situation is presented in Fig. 1.5.
Such a prediction is not surprising if one considers that, at each instant, all
motivations are ranked to satisfy only the most urgent and that there must
exist a common currency to actuate the behavioural ﬁnal common path
(McFarland and Sibly, 1975; McNamara and Houston, 1986; Cabanac,
1992). The results of the above experiments show that sensory pleasure
fulﬁlled the conditions required of a common motivational currency, at least
in the case of the behaviours selected which have clear physiological
implications.

From pleasure and comfort to joy and happiness
Let us now see another implication of the behavioural ﬁnal common path
and the common currency. In everyday life, physiological motivations must
compete with other motivations: social, ludic, religious, etc. Since pleasure
was the common currency allowing trade-offs among various physiological
motivations, the same currency must also allow comparison of all motivations in order to rank them by order of urgency. In turn, the transience of
pleasure can be found also in other aspects of consciousness than sensation.
Happiness is considered generally as the aim of life. Yet, the pursuit of
happiness is fallacious if one does not know what happiness is. In the same

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Role of pleasure and joy in human life

9

Figure 1.5 Mechanism by which a behaviour (behaviour 1) that produces displeasure can
be chosen by a subject if another behaviour (behaviour 2) that produces
pleasure is simultaneously chosen. The necessary and sufficient condition for
behaviour 2 to occur (action) is that the algebraic sum of affective experience
(pleasure) of the yoked behaviours is positive (a + B < b + A). Capital letters
indicate larger pleasure than lower-case letters
Source: Cabanac (1992).

way as there are two different elements in sensation–sensory pleasure (highly
positive but transient) and comfort (indifferent but stable) – it is possible to
recognise two elements in the affectivity of global consciousness: positive
and transient joy, and indifferent but stable happiness (Cabanac, 1986,
1995). Happiness is to joy what comfort is to pleasure (Table 1.1). This
duality explains the disappointment expressed by many a writer and some
philosophers when they deal with happiness. They use the word ‘happiness’
to describe a pleasant experience which they expect to last and, when they
see that it is transient, erroneously conclude that happiness does not
exist. They should have used the unambiguous word ‘joy’ (for additional
discussion on the nature of happiness, see Cabanac (1986, 1995)). Thus,
the transience of pleasure can be found also with joy.
Table 1.1 Joy is to happiness what pleasure is to comfort

pleasant
indifferent

Sensation

Consciousness

pleasure
comfort

joy
happiness
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Optimisation of behaviour
The word ‘optimality’ applied to behaviour can be ambiguous because it
bears somewhat different meanings when used by ethologists, economists
and physiologists (Lea et al., 1987). Ethologists differentiate between goal
and cost. Economists differentiate between utility and cost. The goal of a
subject, as well as utility, is some entity that an optimal behaviour will tend
to maximise, which may appear tautological to the physiologist. The cost is
a characteristic of the environment that the optimal behaviour will tend to
minimise. All would agree that an optimal behaviour gives the maximal net
beneﬁt (or ﬁtness) to the behaving individual. Specialists diverge in their
deﬁnition of beneﬁt (or ﬁtness). The beneﬁt can be deﬁned in terms of reproductive efﬁcacy (Krebs and Davies, 1981) as well as ﬁnancial proﬁt and
physiological function (McFarland, 1985). We are concerned here with this
last aspect: physiological beneﬁt.
To the physiologist a behaviour is optimal when it leads to homeostasis.
Optimal behaviour could be recognised easily when subjects instructed to
seek their most pleasurable skin temperature selected stimuli which, after
data analysis, could be described by mathematical models identical to the
models describing the autonomic responses (Cabanac et al., 1972; Bleichert
et al., 1973; Marks and Gonzalez, 1994), or when the best performance
coincided with minimal discomfort (Fig. 1.6). One may wonder whether

Figure 1.6 Increase in discomfort rate and in the error of performance observed over
various arm positions: in S, the subject adopted the most comfortable
natural position; in F, the wrist was maximally flexed; in E, the arm was
maximally extended vertically; in EF, the subject adopted both F and E
Source: Rossetti et al. (1994).
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optimisation, as seen from the physiological point of view, was also achieved
in the experiments quoted above where subjects maximised the algebraic
sum of two modalities of sensory pleasure. Physiological criteria of optimisation showed that maximisation of pleasure was the key to optimal behaviour
in the experimental conﬂicts of motivations studied.
The hypothesis according to which pleasure would also signal optimal
mental activity was tested empirically (Fig. 1.7). Ten subjects played videogolf on a Macintosh computer. After each hole they were invited to rate their
pleasure or displeasure on a magnitude estimation scale. Their ratings of
pleasure correlated negatively with the difference (par minus their performance), i.e. the better the performance, the more pleasure was reported. This
result would indicate that pleasure is aroused by the same mechanisms,
follows the same laws in physiological and cognitive mental tasks, and leads
to the optimisation of performance.

Figure 1.7 Results obtained in the golf video-game for the subject with the highest correlation between performance and affective experience. (Left) Performance and
rating of affective experience plotted over the successive holes of the golf game:
the amplitude of the rating scale was open and left to the subject’s estimation;
positive rating for pleasure and negative rating for displeasure. (Right) Rating
of affective experience (dependent variable) plotted against performance
(independent variable): it can be seen that when performance improved (lower
scores), pleasure increased. This correlation was significant in nine subjects out
of ten
Source: Cabanac et al. (1997).

Conclusions
Given that pleasure is an index of the physiological usefulness of a stimulus
and of optimal function in a mental activity, the law of the common currency renders it inevitable that joy is the index of a useful conscious event.
The relationship of joy with usefulness may become non-univocal with the
increased complexity of the mind process.

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

12

Cabanac

It is obvious that among those events or behaviours that arouse joy there
are some whose usefulness we cannot foresee. The case of drug addiction
comes immediately to mind. The answer to this argument is twofold. First,
from a Darwinian point of view it is not necessary that joy be useful on each
mental event. To be passed on to future generations, it is sufﬁcient that joy
gives some advantage to the subjects who possess it. From this point of view,
we can compare pleasure and joy to curiosity. On some occasions the outcome of curiosity may be noxious. Yet everybody will agree that curiosity
gives an evolutionary advantage to the subjects who possess it. Second,
usefulness of sensory pleasure is mostly proximate, usefulness being judged
from its immediate survival value. However, sensory pleasure can be associated also to long-term usefulness. Sexual pleasure is a powerful reward of
reproductive behaviour. Its usefulness may be assigned to the species, rather
than the individual. Similarly, joy can be the sign of an integrative behaviour,
useful in the short term for the subject or in the long term for the species. The
joy of love may have no immediate survival usefulness (arguably the opposite), but ﬁnds its usefulness in the outcoming reproductive behaviour. Pleasure as an index of useful sensation can be innate or acquired. Similarly, one
may easily accept that homologous joy can be acquired. The hormic joy
associated with effort has to be taught and learnt.
Since no behaviour can escape the law of pleasure maximisation, one may
question what remains of liberty in such a situation. Human liberty is often
misunderstood as the freedom to do anything. Actually it is to be understood
as the freedom to choose one’s own way to maximise pleasure and joy.
Among the motivations sorted by Sulzer (1751) as sensory, intellectual, and
moral, the last has always been considered by the philosophers as the most
rewarding.
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Chapter 2

Consciousness, well-being and
the senses
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Derek Clements-Croome

Practice powerfully affects performance for simple and complex tasks
(Pashler, 1998)

For an organisation to be successful and to meet the necessary targets, the
performance expressed by the productivity of its employees is of vital
importance. In many occupations people work closely with computers within an organisation which is usually housed in a building. Today, technology
allows people to work easily while they are travelling, or at home, and this
goes some way to improving productivity. There are still, however, many
people who have a regular workplace which demarcates the volume of space
for private work but is linked to other workplaces as well as to social and
public spaces. People produce less when they are tired; have personal worries; suffer stress from dissatisfaction with the job or the organisation. The
physical environment can enhance one’s work, but an unsatisfactory
environment can hinder work output.
Concentration of the mind is vital for good work performance. Absolute
alertness and attention are essential if one is to concentrate. There is some
personal discipline involved in attaining and maintaining concentration, but
again the environment can be conducive to this by affecting one’s mood or
frame of mind; however, it can also be distracting and can contribute to a
loss of concentration.
A number of personal factors which depend on the physical and mental
health of an individual, and a number of external factors which depend on
the environment and work-related systems, inﬂuence the level of productivity. Experimental work on comfort often looks at responses of a group as a
whole and this tends to mask individuals’ need for sympathetic surroundings to work and live in. People also need to have a fair degree of personal
control about various factors in their environment. They react to the
environment as a whole, not in discrete parts, unless a particular aspect is
taxing the sensory system.
Productivity can be measured in absolute or direct terms by measuring the
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speed of working and the accuracy of outputs by designing very controlled
experiments with well-focused tests. Comparative measures use scales and
questionnaires to assess the individual opinions of people concerning their
work and environment. Combined measures can also be employed, using for
example some physiological measure such as brain rhythms to see whether
variations in the patterns of the brain responses correlate with the responses
assessed by questionnaires.

The nature of consciousness
‘We do not understand how the mind works – not nearly as well as we
understand how the body works, and certainly not well enough to
design utopia or to cure unhappiness.’ (Pinker, 1997)
How do the neural processes occurring in our brains while we think and
act in the world relate to our subjective sensations? Crick and Koch (1997)
believe that this is a central mystery of human life. The fundamental question that needs to be understood is the relationship between the mind and
the brain. We are conscious or aware of events central to our attention or
concentration at any one time. Often there are peripheral events which
feature in only a ﬂeeting way in our consciousness unless they manage to
distract us. The ability to focus the concentration or alertness for a particular event, such as the work we are undertaking, is an important issue
when discussing productivity. For high productivity we need high and sustained levels of concentration centred on the task being carried out. There
are many short-term, medium-term and long-term factors which can contribute towards lowering productivity and these include low self-esteem,
low morale, an inefﬁcient work organisation, poor social atmosphere or
environmental aspects such as excessive heat or noise. Factors which lower
productivity, by distracting our attention and diluting concentration,
include lethargy, headaches and physical ailments. These factors all feature
in surveys carried out on building sickness syndrome.
Crick and Koch (1997) discuss visual consciousness in trying to reach an
understanding about how the brain interprets the visual world based on the
information perceived by the visual system. Past experience evolved through
living, or from our genes, features strongly in our responses to the environment around us. The stimuli from the environment trigger this system and
arouse our consciousness to various levels of concentration. The human
perceptual sensory systems process information from visual, sound, touch,
smell and taste sensations. Our surroundings create a sensory experience
and hence must have some effect on the way we work. Conditions external
to the body can disturb these systems; internal disturbances due to drugs or
alcohol, for example, can also upset the response to the world around us.
Greenﬁeld (1997) believes that consciousness is impossible to deﬁne. She
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goes on to state that neuronal connectivity is a very important feature of the
brain, which means that it is the connections rather than the neurons themselves that are established as a result of experience. It is the pattern of these
experience-related connections that largely distinguishes the individuality of
a human being. The pattern of these connections can change quite rapidly. It
appears that the brain remains adaptable and sensitive to experience
throughout a person’s life. Consciousness changes as biorhythms and ﬂows
of hormones alter through daily cycles. Greenﬁeld (1997) concludes that a
critical factor could be the number of neurons that are gathered up at any
one time, and it is this which determines one’s consciousness.
The state of knowledge about environmental factors is uneven. It is probably fair to say that there is a high level of knowledge about how heat, light
and sound affect our thermal, visual or auditory responses. There is much
less information about how we react to combinations of these stimuli and
also about how electromagnetism, geomagnetism and chemical ﬁelds affect
the sensory system. An added complication is that human responses are
partly physiological and partly psychological. This makes the measurement
of responses difﬁcult because objective measures of lighting or temperature
levels are comparatively easy, but assessing people’s judgements about preferred or acceptable levels of light and heat is much more difﬁcult. Yet
another complication is that reception of information from visual images,
music or speech, smells or touch interact with one another. The sense organs
extend beyond the eyes, ears, nose, mouth and skin and include the vestibular organs concerned with orientation, posture and locomotion, as well as a
variety of respiratory and thermo receptors which respond to air quality,
pressure and temperature.
Our response to the world around us occurs at various levels. For
example, a cartoon can depict recognisable people from the skimpiest of
outlines. The outline form and a few added clues about detail are all that is
required to recognise the person being represented. Contrast this with a
portrait by Rembrandt, for example, in which colour, texture and shading
give much more detailed information which triggers higher orders of aesthetic and emotional response. Likewise, the quality of the environment has
a basic structure upon which is superimposed more detail. For example, air
movement can be represented at a basic level by a mean velocity, but a more
complete picture would refer to the degree of turbulence, the peak as well as
the mean velocity, and the periodicity of the air-ﬂow. Crick and Koch (1997)
describe various levels of representations that occur in the visual ﬁeld. They
suggest that there may be a very transient form or ﬂeeting awareness that
represents simple features and does not require an attention–awareness
mechanism. The renowned psychologist William James believed that consciousness was not a thing but was processed thought, which involved attention and short-term memory. From brief awareness the brain constructs a
view-centred representation and the visual inputs awaken a greater level of
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attention. Crick and Koch go on to suggest that this in turn probably leads
to a three-dimensional object representation and thence to more cognitive
ones.
In the design of the productive workplace an attempt is being made to set
conditions which allow selected information to be perceived and transmitted
quickly through the human perceptual sensory system. This pathway must
not be trammelled by extraneous information from peripheral stimuli. Efﬁcient work processes and organisation, and controllable environmental conditions can help this process given that the person is healthy in mind and
body and there is no interference at a social level from any other person.
Chalmers (1996) asks the following questions about consciousness.
•
•
•
•

How can a human subject discriminate sensory stimuli and react to
them appropriately?
How does the brain integrate information from many different sources
and use this information to control behaviour?
How is it that subjects can verbalise their internal states?
How do physical processes in the brain give rise to subjective experience?

Crick and Koch (1997) suggest that meaning is derived from the linkages
among the various representations of the neuron ﬁring ﬁelds which are
spread through the cortical system in a vast network, equivalent to a huge
database which is changing as the experience of the individual increases
throughout life. Changes bring about the process of learning. However,
many questions remain unanswered. The existence of consciousness does
not seem to be derivable from physical laws, and because consciousness is
strongly subjective, there is no direct way to monitor it, although questionnaires and semi-structured interviews are techniques which are employed.
Chalmers (1996) goes on to say that it is possible to use people’s descriptions
of their own experiences. There have been several surveys of productivity
using self-assessment techniques. This is a valid procedure as long as the
subject attempts to structure the information output in an objective fashion.
Recent work at Rochester University in New York suggests that the mind
can affect the immune system. Stress can decrease the body’s defences and
increase the likelihood of illness, resulting in a lowering of well-being.
Stresses come from a variety of sources: the organisation, the job, the person
and the environment. It is likely that building sickness syndrome is triggered
by unfavourable combinations of environmental conditions which stress the
mind and body and lower the immune system, leaving the body more sensitive to environmental conditions. The biological chain seems to be that
stress acts on mind and brain, to which the hypothalamus reacts and the
hormone ACTH is released, and then the hormone cortisol in the blood
increases to a damaging level. This chain of events interferes with human
performance and consequently productivity is lowered.
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Architecture and the senses
Buildings should be a multi-sensory experience. This section is strongly
inﬂuenced by the book entitled The Eyes of the Skin: Architecture and the
Senses by Juhani Pallasmaa (1996), who elegantly describes this belief in
great detail. All students of building design, whether architects or engineers,
should read this book.
During the Renaissance the ﬁve senses were understood to form a hierarchical system from the highest sense of vision down to touch. This reﬂects
the image of the cosmos in which vision is correlated with ﬁre and light,
hearing with air, smell with vapour, taste with water and touch with earth. It
is by vision and hearing that we acquire most of our information from the
world around us. But one should not underestimate the importance of the
other senses, such as the olfactory enjoyment of a meal or the fragrance of
ﬂowers, and responses to temperature, which all provide a bank of sensory
experience that helps to mould our attitudes and expectancies about the
environment. The senses not only mediate information for the judgement of
the intellect; they are also channels which ignite the imagination. This aspect
of thought and experience through the senses, which trigger the body and
mind, is stimulated by the environment and people around us but, when we
are inside a building, it is the architecture of the space which sculpts the
outline of our reactions. Merleau-Ponty said that the task of architecture
was to make visible how the world touches us.
In Buddhism there are nine levels of consciousness (Allwright 1998):
•
•
•
•
•

the ﬁve senses felt by the eyes, ears, nose, mouth and skin
the integration of senses using reason and logic
rational thought expressed via self-awareness and intuition
the stores of experience in the short- and long-term memories
pure consciousness within the inner self; this also involves emotion.

At the heart of architecture is the fundamental question of how buildings in
their design and use can confront the questions of human existence in space
and time and thus express and relate to humans being in the world. If this
question is ignored the result is soulless architecture which is a disservice to
humanity. There is a danger, for example, that the ever-increasing pace of
technology is distorting natural sociological change and this makes it difﬁcult for modern architecture to be coherent in human terms.
Buildings must relate to the language and wisdom of the body. If they do
not they become isolated in the cool and distant realm of vision. For
example, people passing by a building gain a visual impression which they
like, dislike or have no particular feeling about. Buildings are a vital part of a
nation’s heritage and so they are historically important. This is in stark
contrast to the sculptor, whose work can be selected and located according
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to individual choice. But in assessing the value of buildings, how much attention is paid to the quality of the environment inside the building and its
effects on the occupants? The qualities of the environment affect human
performance inside a building and these should always be given a high priority. This can be considered as an invisible aesthetic, which together with the
visual impact makes up a total aesthetic.

Multi-sensory experience
Buildings should provide a multi-sensory experience for people and uplift
the spirit. A walk through a forest is invigorating and healing due to the
interaction of all sense modalities; this has been referred to as the polyphony
of the senses. One’s sense of reality is strengthened and articulated by the
interaction of the senses. Architecture is an extension of nature into the manmade realm and provides the ground for perception, and the horizon to
experience from which one can learn to understand the world. Buildings
ﬁlter the passage of light, air and sound between the inside and outdoor
environments; they also mark out the passage of time by the views and
shadows they offer to the occupants. Pallasmaa (1996) gives an example to
illustrate this point. He believes that the Council Chamber in Alvar Aalto’s
Säynätsalo Town Hall recreates a mystical and mythological sense of community where darkness strengthens the power of the spoken word. This
demonstrates the very subtle interplay between the senses and how
environmental design can heighten the expression of human needs within a
particular context.
Although the ﬁve basic senses are often studied as individual systems
covering visual, auditory, taste, smell, orientation and the haptic sensations,
there is an interplay between the senses. For example, eyes want to collaborate with the other senses. All the senses can be regarded as extensions of the
sense of touch, because the senses as a whole deﬁne the interface between the
skin and the world. The combination of sight and touch allows the person to
get a scale of space, distance or solidity.
Qualitative attributes in building design are often only considered at a
superﬁcial level. For example, in the case of light the level of illuminance, the
glare index and the daylight factor are normally taken into account. But in
great spaces of architecture there is a constant deep breathing of shadow and
light; shadow inhales, whereas illumination exhales light. The light in Le
Corbusier’s Chapel at Ronchamps, for example, gives the atmosphere of
sanctity and peace. How should we consider hue, saturation and chroma in
lighting design, for example?
Buildings provide contrast between interiors and exteriors. The link
between them is provided by windows. The need for windows is complex
but it includes the need for an interesting view, contact with the outside
world and, at a fundamental level, it provides contrast for people carrying
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out work in buildings. Much work today is done by sitting at computers at
close quarters and requires eye muscles to be constrained to provide the
appropriate focal length of vision, whereas when one looks outside towards
the horizon the eyes are focused on inﬁnity and the muscles are relaxed.
There are all kinds of other subtleties, such as the need to recreate the
wavelength proﬁle of natural light in artiﬁcial light sources, which need to be
taken into account. Light affects mood. How can this be taken into account
in design?
The surfaces of the building set the boundaries for sound. The shape of the
interior spaces and the texture of surfaces determine the pattern of sound
rays throughout the space. Every building has its characteristic sound of
intimacy or monumentality, invitation or rejection, hospitality or hostility.
A space is conceived and appreciated through its echo as much as through its
visual shape, but the acoustic concept usually remains an unconscious background experience. At midnight on 31 December 1999, it is intended that
the sound of church bells will ring and echo throughout the land. The sound
will be a powerful uniting experience for the nation. It will make us aware of
our citizenship and awaken any patriotic feelings that we have within us.
Recall what you feel when hearing an organ in a cathedral, or the burst of
applause at the end of a concert, or the cries of seagulls in a harbour.
It is said that buildings are composed as the architecture of space, whereas
music represents the architecture of time. The sense of sound combines the
threads of this notion. Without people and machines, buildings are silent.
Buildings can provide sanctuary or peace and isolate people from a noisy,
fast-moving world. The ever-increasing speed of change can temporarily be
reduced by the atmosphere created in a building. The opposite is true when
working with computers or watching television, for example. Architecture
emancipates us from the embrace of the present and allows us to experience
the slow healing ﬂow of time. Again, buildings provide the contrast between
the passing of history and the time-scales of life today.
The most persistent memory of any space is often its odour. ‘Walking
through the gardens of memory, I discover that my recollections are associated with the senses’, wrote the Chilean writer Isabel Allende (The Times,
April 1998). Every building has its individual scent. Our sense of smell is
acutely sensitive. Strong emotional and past experiences are awakened by
the olfactory sense. Again think of the varying olfactory experiences such as
in a leather shop, a cheese stall, an Indian restaurant, a cosmetic department
or a ﬂower shop; all awaken our memories and give, or do not give, pleasure. Wine and whisky connoisseurs know that ﬂavour is best sensed using
the nose, whereas texture is sensed in the mouth. Odours can inﬂuence
cognitive processes which affect creative task performance as well as personal memories. These tasks are inﬂuenced by moods, and odours can affect
these also (Warren and Warrenburg, 1993; Erlichman and Bastone, 1991;
Baron, 1990).
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Various parts of the human body are particularly sensitive to touch. The
hands are not normally clothed and act as our touch sensors. But the skin of
the body reads the texture, weight, density and temperature of our surroundings. Proust gives a poetic description of a space of intimate warmth
next to a ﬁreplace sensed by the skin: ‘it is like an immaterial alcove, a warm
cave carved into the room itself, a zone of hot weather with ﬂoating
boundaries’.
There is a subtle transference between tactile, taste and temperature
experiences. Vision can be transferred to taste or temperature senses; certain
odours, for example, may evoke oral or temperature sensations. The
remarkable world-famous percussionist Evelyn Glennie is deaf but senses
sound through her hands and feet and other parts of her body. Marble
evokes a cool and fresh sensation. Architectural experience brings the world
into a most intimate contact with the body.
The body knows and remembers. The essential knowledge and skill of the
ancient hunter, ﬁsherman and farmer, for example, can be learnt at a particular time but, more importantly, the embodied traditions of these trades have
been stored in the muscular and tactile senses. Architecture has to respond to
ways of behaviour that have been passed down by the genes. Sensations of
comfort, protection and home are rooted in the primordial experiences of
countless generations. The word ‘habit’ is too casual and passes over the
sequels of history embedded within us. Isabel Allende describes the idea for
her book Aphrodite (1998) as being ‘a mapless journey through the regions
of sensual memory’.
From early times the ﬁre has been a symbol of human multi-sensory
experience. The ﬁre gave light in darkness; it produced warmth for the body
and heat for cooking; it was a protection from hungry animals of prey; it
was a social focus. A campﬁre today, as throughout history, enhances our
well-being and uplifts the spirits.

Well-being and productivity
Myers and Diener (1997) have been carrying out systematic studies about
awareness and satisfaction with life among populations. Psychologists often
refer to this as subjective well-being. Findings from these studies indicate
broadly that those that report well-being have happy social and family relationships; are less self-focused; less hostile and abusive; and less susceptible
to disease. It appears also that happy people typically feel a satisfactory
degree of personal control over their lives, whether in the workplace or at
home. It is probably fair to assume that it is more likely that the work output
of a person will be high if their well-being is high. Jamison (1997) reviews
research which links manic-depressive illness and creativity. Many artists
such as the poets Blake, Byron and Tennyson, the painter Van Gogh
and the composer Robert Schumann are well-known examples of
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manic-depressives. The work output of such people is distinguished but
lacks continuity. Mozart and Schubert were not classiﬁed as manicdepressives and their work output was consistently high throughout their
short lifespans. In contrast, Robert Schumann was very proliﬁc during
1839–41 and 1845–53, whilst suffering hypomania throughout 1840 and
1849. Between these time-spans he had suffered from severe depression, and
before 1838 and after 1853 made suicide attempts.
In the workplace one is not expecting creativity at this level of genius;
rather, it is hoped that there will be a consistently high standard of work
performance. It is interesting to consider some case studies of the competitors at the Mind Sports Olympiad held in London during August 1997
(Henderson, 1997). One competitor could memorise a pack of 52 cards in
just over 30 seconds. His daily routine involves running four miles a day; no
alcohol for six weeks before a tournament, during which he eats a lot of
pasta and other high-carbohydrate food to keep the blood sugar level high;
he also takes regular doses of a Chinese herb called Ginkgo biloba to
improve blood circulation; he practises the trance-like state which is needed
to perform his memory feats and has regular brain scans. This competitor
believes in lowering his brain activity to the optimum concentration level for
this type of feat. This means that his brain activity rate is reduced to 5–7 Hz,
which allows a higher degree of meditative-type concentration than the
normal brain activity of 12–14 Hz. Another competitor stated that he had a
meat-free diet and a ﬁtness programme, ran marathons and played tennis
matches and dived to improve concentration. Diving is about poise and
balance, and requires the same sort of mental rigour that is needed for
competition draughts.
Tony Buzan is one of the organisers of the Olympiad, and believes that
mind training techniques can open up a new sphere of mental ﬁtness, which
needs to be integrated with a physical ﬁtness programme. The brain uses 40
per cent of the body’s oxygen, and a healthy body promotes brain activity.
Buzan goes on to say that the imagination can do for the mind what weight
training can do for the body. Everyone can do concentration exercises
almost anywhere by, for example, watching a vase of ﬂowers and concentrating on every detail, then closing his or her eyes and imagining it.
Well-being reﬂects one’s feelings about oneself in relation to one’s world.
Warr (1998) proposes a view of well-being which comprises three scales:
pleasure to displeasure; comfort to anxiety; enthusiasm to depression. There
are job and outside-work attributes which characterise one’s state of wellbeing at any point in time and these can overlap with one another. Wellbeing is only one aspect of mental health; other factors include personal
feelings about one’s competence, aspirations and degree of personal control.
People do not have to be Olympiad competitors to get more out of their
work. Townsend (1997) states that 25 per cent of us enjoy our work but the
rest of us do not. Productivity suffers as a consequence, due to the workplace
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being more a place of conﬂict and dissatisfaction. Lack of productivity
shows up in many ways, such as absenteeism, arriving late and leaving early,
over-long lunch breaks, careless mistakes, overwork, boredom, frustration
with the management and the environment. In the same way as the Olympiad competitors aim to focus their mind completely on the task in hand,
Townsend (1997) believes we can all try to do this and, when we succeed,
the whole body feels different.
Townsend (1997) goes on to say that people in the workplace can be
encouraged to use both halves of their brain. The left-hand part is concerned
with logic, whereas the right-hand side is concerned with feeling, intuition
and imagination (Ornstein, 1973). If logic and imagination work together,
problem-solving becomes more enjoyable and more creative. Of course
some people thrive on change while others prefer to do repetitive types of
work. There seems to be no doubt that the industrial and commercial worlds
can play a leading role in increasing the awareness of their workforce of all
of these possibilities. It is also important to start this way of thinking in
school children.
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Too often buildings are seen as costly static containers rather than an
investment which, if they are healthy and sustainable, can add value. Boyden
(1971) distinguishes between needs for survival and those for well-being.
Human beings have physiological, psychological and social needs. From
Boyden (1971), Heerwagen (1998) pinpoints those well-being needs
relevant to building design as:
•
•
•
•
•
•
•

social milieu
freedom for solitary or group working
opportunities to develop self-expression
an interesting visual scene
acceptable acoustic conditions
contrast and random changes for the senses to react to
opportunities to exercise or switch over from work to other stimulating
activities

to which one may add the need for clean fresh air. Stokols (1992) believes
that physical, emotional and social conditions together are a requisite for
good health. Buildings have a dynamic interaction with people and this the
essence of this chapter.

Integrated services structures
Today new buildings or the refurbishment of existing buildings explore the
attributes of micro-zoning and personal control systems. The idea is to use
central distribution systems with individual user-responsive nodes. The
quality of the environment can affect work performance, and there is a need
to take this into account when bringing in new technology for the purpose of
improving the performance of business organisations. Loftness (1997) lists
seven basic infrastructures to achieve workplace needs:
•

fresh air and temperature control
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•
•
•
•
•
•

lighting control
daylight and view, including reduced direct solar gain
privacy and working in quiet conditions
network access
multiple data, power and voice connected systems
ergonomic furniture with environmentally sensitive ﬁnishes.

Grids provide a distribution system to handle the ﬂow of supply air (or
water or power) and provide connecting points to the appropriate equipment, whilst the end points, or nodes, provide ﬂexibility in location, density
and type of service.
Building services systems are designed to provide environmental control,
mobility, communications, facilities, ﬁre protection and security. It is the
balance between building contents, the organisation and services that
determines if the value objectives are achieved. Ultimately people, not
machines, are the vital ingredient of the system, and this applies to management and the organisation, as well as to the interaction between people and
their total environment.

Well-being and productivity
The question of the well-being of the employee is considered by Warr
(1998a, 1998b). Deﬁning well-being is not easy because there are jobspeciﬁc issues; moreover people have feelings and concerns which are not
related to a particular environment. Warr proposes a two-dimensional view
of well-being, placing pleasure and arousal as the two main axes. In terms of
measurement, Warr also includes an anxiety–comfort axis, and another one
for depression–enthusiasm. Ten features of jobs are described by Warr
(1998a, 1998b) which have been found to be associated with well-being. He
believes that stable personality characteristics as well as age and gender are
signiﬁcant. Environmental determinants of well-being are described as: the
opportunity for personal control; the opportunity for using one’s skills;
externally generated goals; variety; the environment; availability of
money; physical security; supportive supervision; the opportunity for
interpersonal contact; and job status in society. Warr (1998a, 1998b)
reviews work that indicates that greater well-being is signiﬁcantly associated with better job performance, lower absenteeism and reduced
probability of the employee leaving. The organisation as well as personal
factors are also important.
Heerwagen (1998) draws attention to work in organisational psychology
which shows that the relationship between buildings and worker
performance (P) is as shown:
P = Motivation × Ability × Opportunity
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An individual has to want to do the task and then has to be capable of doing
it; last but not least, resources and amenities have to be available so that the
task can be done. The built environment provides physical and social ambience which affect motivation. The provision of individual control and a
healthy environment can enable the ability to ﬂourish. Communications
systems, restaurants and other amenities aid motivation and ability further
by providing the opportunity for task implementation.
Boyce (1997) shows the relationships between visual stimuli; the visual
system; the cognitive, visual and motor components of task performance;
the personality, motivation, management and cost factors which underlie
output. This model can be repeated for the other human senses and then
there is the complexity of the interactions between them.
Well-being reﬂects feelings about oneself in relation to the world. In
Chapter 2 it was noted that Warr (1998a, 1998b) has proposed a view of
well-being which comprises three scales: pleasure to displeasure; comfort to
anxiety; enthusiasm to depression. There are work and non-work attributes
which characterise one’s state of well-being at any time, and these can overlap with one another. Well-being is only one aspect of mental health; other
factors include personal feelings about one’s competence, aspirations and
degree of personal control. Good architecture extends and enhances human
capacities. Buildings moderate climates, which help to keep the body healthy
and enhance well-being. Some buildings demand closely controlled
environments, and various equipment can be installed in order to achieve
this. However, many buildings can take advantage of the body’s ability to
adapt and interact in a compensatory way with other senses.

Influence of social organisation and environmental
factors and well-being in the office
The brain and the immune system can and do communicate. The brain
has receptors for the molecules that carry signals between immune cells,
and these molecules are vital for healthy immune function.
(Sternberg, 2001)
People spend about 90 per cent of their time inside buildings. Employed
people spend anything from 20 to 60 hours per week in ofﬁces or factories of
various kinds; the work environment for children is their school. All of us
have a home base to live and for some it is also the place where we work for
our living.
The environment inside buildings is linked to that outside by entrances (or
exits), windows and chimneys. The environment inside the building has
many facets. There is the support system provided by the facilities and various conveniences, besides information and communication systems set up to
aid the links between the organisation inside and outside the building. There
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is the social environment provided by the people themselves. Then there is
the physical environment provided by the things we see, hear, touch, feel and
smell. The human senses are extraordinarily sensitive and it is through them
that we experience life wherever we are. It seems sensible therefore to design
the environment in buildings so that the senses are fulﬁlled and satisﬁed.
The surroundings provide a rich context for the inputs to the human
sensory system; productivity is concerned with the outputs from this system.
At a very basic level, productivity is often described as being about the speed
and accuracy of carrying out particular tasks but this is a very basic description. Quality of working or living is much more subtle than this. Even when
we are sleeping, when the sensory thresholds are raised, environment is
important. The bed we sleep in may be uncomfortable because the body
cannot rest ergonomically. Also there can be interference of sleep patterns
which may not cause us to wake up but are still troublesome due to noise or
excessive heat, for example. The quality of our sleep may be undermined by
the environment.
Likewise a musician playing in a concert hall can have their performance
hindered or enhanced by the environment. Of course, talented musicians
will sound good even if they are playing on poor instruments or in concert
halls with poor acoustics. Their work, and our perception of it, is however
greatly enhanced if they play on good instruments in concert halls with good
acoustics. Again, the quality of their performance is inﬂuenced by the
environment in which they play. People know when work is hard and difﬁcult, and they also know when their work performance is good. Quality
work is fulﬁlling work and so it is important that the environment is
designed to increase the probability of achieving this. There is a double
beneﬁt here in that the individual feels more fulﬁlled and of course the
organisation that they work for gains too.
To understand how we can produce more productive environments means
we have to understand more about the nature of work and how the human
system deals with work. Quality, and hence productive work demands good
concentration. When we are about to carry out a particular task we need to
settle down, get in the mood and then concentrate. Our attention span usually lasts about 90–120 minutes and then natural fatigue comes into play
and our concentration drops. However, with a creative break we pick up
again, concentrate for another spell of time and this pattern repeats itself
during the waking day. This is the so-called ultradian rhythm. De Marco
and Lister (1987) described this as a concept of ﬂow. Mawson (2002)
describes their work, which claims that individuals take about 15 minutes to
ramp up to their concentration level. When an individual is in a state of ﬂow
they may be distracted or may become naturally tired and the process
repeats itself. Mawson believes that there is a signiﬁcant loss of productivity
from distraction which has been identiﬁed by the Harvard Business Review
for a well-managed ofﬁce as being approximately 70 minutes of lost
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productivity in a typical 8-hour day. The distraction is mainly due to general
conversation. In other words, there is a waste of energy.
Barriers to effective work performance are distraction, boredom, poor
support systems, unhelpful organisations, a lack of social ambience and a
poor physical environment. In Sweden years ago the car factories used different work-shift patterns to maintain the interest of their workers. The
repetitive nature of some ofﬁce work and the very stressful conditions in call
centres require a sensitive organisation and building for their workers. Currently television broadcasts many interior design programmes and this no
doubt affects the desire of people to make their home environment as interesting and attractive as possible. There is of course an overlap between
where we live and where we work, which for some people is the same place.
Davidson (2003) led a research study at University of Wisconsin which
shows that positive thinking (good moods, optimism) can promote good
health because the body’s defences (the immune system) are stronger. This
suggests that the balance between the mind and the body is a sensitive one.
So how relevant is this in the workplace? Various stressors can arise from
conﬂicts in the physical, social organisational environments. People adapt to
these in various ways but for some they will be weakened; if conditions are
very stressful, many will be affected.
There is substantial evidence described by Heerwagen (1998) showing
that positive moods are associated with the physical environment and
everyday events such as social interactions (Clark and Watson, 1988). Even
more telling is the research that shows that a positive mood aids complex
cognitive strategies (Isen, 1990) whereas negative moods due to distractions,
discomfort, health risks or irritants arising from the physical or social
environments restrict attention and hence negatively affect work performance. Because positive moods directly affect the brain processes (Le Doux,
1996), it can be concluded that many aspects of building environmental
design can aid task performance. Heerwagen (1998) distinguishes between
direct effects such as overheating, noise or glare and indirect effects arising
from mood and/or motivational factors. Several positive mood-inducing factors have already been mentioned – aesthetics, freshness, daylight, view,
colour, personal control, spatial aspects and nature.
Mood, feelings and emotions affect people’s decision-making. Mood can
be inﬂuenced by several environmental factors, such as the Monday effect or
weather conditions. A body of psychological literature shows that temperature is one important meteorological variable affecting people’s mood, and
this in turn inﬂuences behaviour. Cao and Wei (2005) state that research to
date has revealed that stock market returns are associated with naturerelated variables such as the amount of sunshine, the daylight-savings time
change, the length of the night, and the lunar phases of the moon.
Cao and Wei (2005) describe evidence which suggests that low temperatures tend to cause aggression, while high temperatures tend to cause
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Table 3.1 Indicators of increased productivity (NEMA, 1989)
•
•
•
•
•
•
•
•
•
•
•

Performing tasks more accurately
Performing faster without loss of accuracy
Capability to perform longer without tiring
Learning more effectively
Being more creative
Sustaining stress more effectively
Working together more harmoniously
Being more able to cope with unforeseen circumstances
Feeling healthier and so spending more time at work
Accepting more responsibility
Responding more positively to requests

aggression, hysteria and apathy. The question is then ‘Do temperature variations cause investors to alter their investment behaviour?’ Cao and Wei
hypothesised that lower temperature leads to higher stock returns due to
investors’ aggressive risk-taking, and higher temperatures can lead to higher
or lower stock returns since aggression and apathy have competing effects
on risk-taking.
Based on an analysis of 20 international markets, Cao and Wei (2005)
concluded that the impact of apathy dominates that of aggression in the
summer, leading to a statistically signiﬁcant negative correlation across the
whole temperature range. The correlation was robust to alternative tests
(parametric, semi-parametric and nonparametric) and remained present
after controlling for such known anomalies as the Monday effect, the taxloss effect, the cloud-cover effect, and the seasonal affective disorder syndrome. The difﬁculty with the word ‘productivity’ is that in many places it is
invisible. Time and motion studies can be used in factory conditions to some
extent. There are measures that can be quite easy to employ for repetitive
ofﬁce work. In general, however, apart from the basic qualities like speed
and accuracy, it is much more elusive to assess quality, because it involves
some objective measures but it also introduces a high degree of subjective
assessment. Table 3.1 shows some indicators of productivity.
The impacts of spatial design and sick building syndrome (SBS) are
discussed in Chapter 3 of Intelligent Buildings (Clements-Croome, 2004).

Stress and health in the workplace
The evidence so far suggests that immune changes associated with psychological stress are important enough to have biological consequences
and increased health risks.
(Glaser et al., 2001)
Stress is not a direct cause of any illness, but it is the condition that
allows many medical problems to arise. It suppresses the immune
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response, leaving the body open to micro organisms and lurking viruses
so that the normal defences are broken down.
(Cooper, 2001)
Stress in the workplace can arise from many different causes. These have to
be recognised by the individual as well as the organisation. It is important
for the organisation to put in place support strategies for helping individuals
to cope with stress as well as for each person to understand their relationship
with the job, the workplace and the organisation. Stress can arise, for
example, if there is a mismatch between the abilities of the individual and
those skills required to carry out a particular task. Workload is another
factor that requires careful planning by the individual and the supervisor.
But the physical environment is also important. There is a delicate balance
between negative stress, which detracts from good work, and positive stress,
which enhances it. In writing his classic book The Stress of Life in 1956,
Hans Selye wrote: ‘This book is dedicated to those who are not afraid to
enjoy the stress of a full life, nor so naïve as to think that they can do so
without intellectual effort.’
Zeidner (1991) reported that the US government paid more than $1 billion in workers’ compensation to more than 245,000 employees who contracted work-related illness. In the UK about 33 million days were lost in
2001–02 due to illness caused or made worse by the work itself or the
workplace. Stress, depression or anxiety accounted for over 13 million days,
and musculoskeletal disorders (in particular pains in the back, upper limbs
and neck) over 12 million days (www.hse.gov.uk). Respiratory and hearing
problems were also signiﬁcant. The cost of this to society was about £4
billion.

Environment and productivity
In order to understand the nature of productivity, whether in terms of
accuracy, quantity or quality, we need to appreciate the various issues concerned with different types of work. During the Industrial Revolution,
workers came together and worked in factories and then eventually ofﬁces.
Wilkinson (2001) discusses the historical perspectives relating to the workplace mainly with reference to Marx (1818–83), Durkheim (1858–1917),
Arendt (1906–75), Taylor (1856–1917), de Man (1885–1953) and Mayo
(1945). At the beginning of the twentieth-century, the Taylorism style of
management, which treated workers as machines largely motivated by
money, became common. On the other hand, Mayo (1945) describes
humanistic management, in which there is a relationship between the working conditions, the demands of the job and the output from the workers.
This is some of the earliest work which shows the importance of giving some
degree of control to the workers.
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The Hawthorne Effect is the result of experiments carried out by Mayo at
the Hawthorne works of the General Electric Company in Chicago,
reported in 1939. Experiments were carried out to discover objective relationships between inputs and work outputs to see if lighting, wages or rest
breaks affected performance efﬁciency. The workers improved their productivity whether the illumination was increased or decreased and it was
therefore concluded that the fact that the company were taking an interest in
their working conditions resulted in increased motivation. It appeared that
the output rose irrespective of input (Hawthorne Effect) because other factors like supervision, shared decisions with the workers, social teamwork,
and the simple fact of taking an interest in the welfare of the workers, were
important too.
The Hawthorne experiments led people to believe mistakenly that the
physical environment did not have any signiﬁcant impact on work performance. Carey (1967), Smith (1998) and Cairns (2003) have challenged the
methods and validity of these experiments. The problem in trying to assess
causes that inﬂuence the output of workers is that physical and social issues
are interrelated. It is therefore fallacious to study any one without reference
to the others, because organisation, the social ambience, personal wellbeing, as well as the physical environment are all important. It was this
reasoning that led Clements-Croome and Li (1995) to propose a holistic
assessment of productivity in the workplace.
Understanding the nature of work was further developed by others including Gantt, who according to Wilkinson (2001) was the ﬁrst to introduce
humanism into organisational analysis. Mayo (1945), and Hendrik de Man
in his book Joy in Work (1929), progressed humanistic management ideas
and these led the work of Maslow (1943). He proposed a pyramidic hierarchy of human requirements based on physiological needs and moving up
to levels of security, belonging, self-respect, self-fulﬁlment and ultimately
self-transcendence. Adams and Duckworth (2002) proposes that the real

Table 3.2 Achieving Maslow’s hierarchy of needs in the workplace (CIBSE, 1999;
Huczynski, 1991)
Need

Achieved by

Physiological

Good working conditions, attractive salary, subsidised housing, free
catering
Private health care, pension, safe working conditions, job security
Group relationships, team spirit, company sports, office parties,
informal activities, open communication
Regular positive feedback, prestige job titles, write-up in company
news sheet, promotion and reward
Challenging job, discretion over work activity, promotion
opportunities, encouraging creativity, autonomy and responsibility

Safety
Social
Esteem
Self-actualisation
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Table 3.3 Eden Brown (2000) employment attitude survey
Factor

Overall percentage vote

Nice people to work with
Job security
Money
Qualities of opportunity
Comfortable working conditions
Career opportunities
Location
Company contributing to community/environment
Benefits
Flexi time

85
80
77
74
73
65
64
63
54
47

picture is the inverse of this; that the old adage of ‘mind over matter’ is often
true. The spiritual and emotional development of a person is vital to their
well-being whatever the condition of their physical being.
Herzberg (1966) distinguished hygienic or environmental factors from the
social needs of giving the worker more responsibility and recognition. The
physical environment was one aspect of job satisfaction. In the Eden Brown
(2000) annual employment attitude survey of ofﬁce workers in the UK, the
overall scores that were achieved for various factors are shown in Table 3.3.
In general, women scored all these factors higher than men, particularly
on the issues of having nice people to work with, comfortable working
conditions, qualities of opportunity, working for a company that was
socially responsible to those in the community, or a company that took
sustainability seriously. We see that environmental conditions are rated
almost as highly as money and opportunities.
To perceive the world around us in a holistic way, the word ‘environment’
has a broad meaning, embracing how the organisation works and manages
the staff; the physical factors such as lighting, noise and indoor air quality;
space planning and layout; economic factors; general aesthetics; the amenities, facilities and support systems provided by the organisation; and social
ambience. If any one of these factors is particularly bad or particularly outstanding, this tends to attract the attention of the human mind. In general
however, the human sensory system is adaptable but people like to feel they
have some degree of control over some of the factors. In other words, people
like to create their own environment to suit their work style. Patterns of
work used to be rigid but are now much more ﬂexible. A review of these
factors is given in CIBSE (1999).
Any of these principles apply to buildings of all types and the question is
often asked as to why we tend to concentrate on ofﬁce workers. Eley and
Marmot (1995) state that over 50 per cent of the UK workforce now work
in ofﬁces. According to Aronoff and Kaplan (1995) this could rise to 80 per
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cent. The life-cycle of an ofﬁce building is about 50 years and that of its
services systems about 20 years but information, technology and communication systems have lifetimes which can be as low as three years for some
of the components. Buildings are not static but should be thought of as
dynamic organisms which are subject to change and therefore need
short-term ﬂexibility and medium- and long-term adaptability.
Typical mental health factors related to a job include: stress (which may
cause physical symptoms or emotional and psychological difﬁculties); dissatisfaction with the job itself or with organisational design and structure;
unhappiness with achievement and growth; problems with personal relationships; and overall dissatisfaction with the physical indoor environment
(Clements-Croome and Li, 2000).
Fisk (2000a) reports that in the USA, respiratory illnesses cause the loss of
about 176 million workdays and the equivalent of 121 million days of substantially restricted activity. Fisk (1999) and Clements-Croome (2000a) state
that in ofﬁce buildings, the salaries of workers exceed the building energy
and maintenance costs and the annual construction rental costs by a factor
of at least 25. This means that small increases in productivity, of 1 per cent
or less, are sufﬁcient to justify additional capital expenditure to improve the
quality of the building’s services. Ultimately, this will result in healthier
working environments as well as reduced energy and maintenance costs.
Most people spend most of their lives in buildings, so the internal
environment has to be designed to limit the possibilities of infectious disease,
allergies and asthma, and building-related health symptoms (referred to as
sick building syndrome (SBS) symptoms). Buildings should provide a multisensory experience, and therefore anything in the environment which blocks
or disturbs the sensory systems in an unsatisfactory way will affect health
and work performance. Thus lighting, sound, air quality and thermal climate are all conditions around us that affect our overall perception of the
environment. Air quality is a major issue because it only takes about 4
seconds for air to be inhaled and for its effect to be transmitted to the
bloodstream and hence the brain. Clean, fresh air is vital for clear thinking,
but it is not the only issue to be considered.
Fisk (1999) discusses linkages between infectious disease transmission,
respiratory illnesses, allergies and asthma, SBS symptoms, thermal environment, lighting and odours. He concludes that in the USA the total annual
cost of respiratory infections is about $70 billion, for allergies and asthma
$15 billion, and reckons that a 20–50 per cent reduction in SBS symptoms
corresponds to an annual productivity increase of $15–38 billion. The linkage between odour and scents and work performance is less understood, but
Fisk (1999) concludes that the literature provides substantial evidence that
some odours can affect some aspects of cognitive performance. He refers to
work by Rotton (1983), Dember et al. (1995), Knasko (1993), Baron (1990)
and Ludvigson and Rottman (1989). The application of scents has been used
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by the Kajima Corporation in their Tokyo ofﬁce building, as reported by
Takenoya in Clements-Croome (2000a).
Fisk goes on to consider the direct linkage between human performance
and environmental conditions and writes that for US ofﬁce workers, there is
a potential annual productivity gain of $20–200 billion. His conclusions are
that there is relatively strong evidence that characteristics of buildings and
indoor environments signiﬁcantly inﬂuence the occurrence of respiratory
disease, allergy and asthma symptoms, SBS and worker performance. In the
UK in 2002, the total sick leave due to stress-related illnesses cost £376
million; a signiﬁcant part of this was due to the physical environment.
There are a number of interacting factors which affect productivity,
including privacy, communications, social relationships, ofﬁce system
organisation, management, as well as environmental issues. It is a much
higher cost to employ people who work than it is to maintain and operate
the building, hence spending money on improving the work environment
may be the most cost-effective way of improving productivity. A seemingly
small percentage increase in productivity of 0.1 to 2 per cent can have
dramatic effects on the proﬁtability of a company because in a typical commercial organisation, salaries amount to about 90 per cent of the total costs.
If more money is spent on design, construction and maintenance, and even if
this results in only slightly decreased absenteeism rates or small increased
concentration in the workplace, then the increase in investment is highly
cost-effective (Clements-Croome, 2000b; Woods, 1989a,b). Measurement of
productivity is discussed in Clements-Croome (2004).
Dobbelsteen (2004) makes the point that productivity is difﬁcult to
measure but shows work by Kaczmarczyk and Morris (2002) presented in
Table 3.4.
Eley Associates (2001) found that healthy buildings lead to better work
performance and this is supported by other work such as Mendell et al.,
2002; Fanger, 2002; Bell et al., 2003. The rapid development in technology is
Table 3.4 Measures that lead to productivity improvement
(Kaczmarczyk and Morris, 2002)
Feature

Productivity improvement (%)

Tele-work
Quality of layout
Renovation
Ergonomic furniture
Green surroundings
Better lighting
Noise reduction
Better indoor climate
Individual influence

22
15
25
21
15
12
20
10
16
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very helpful in some ways but there are negative issues which are described
by van der Voordt (2003). These include getting used to technology, concentration, ICT problems and time loss for logging onto computer systems and
searching for information.

Evidence for interaction between environment
and productivity
Oh (2005) conducted a questionnaire survey in Sabah, East Malaysia, to
ﬁnd out the relationship between perceived indoor air quality (IAQ) and
self-assessed productivity in ofﬁces. There were 127 respondents out of 180
questionnaires circulated. Little work concerning this issue has been carried
out in Malaysia, thus the main objective of the survey was to ﬁnd out the
divergence of perception of IAQ in a hot humid climate which may yield
different results to European or American location. The relationship
between perceived IAQ and self-assessed productivity was strong (P < 0.001)
and similar to studies carried out in cooler climates. On the other hand, no
correlation between temperature and self-assessed productivity was found.
This may be because Malaysians have become acclimatised to a wider and
higher range of temperatures so they can still perform well in temperatures
which are often judged to be adverse.
Kosonen and Tan (2004) have studied the effect of indoor air quality on
productivity and concluded that the loss in productivity is more signiﬁcant
for thinking tasks than for typing ones. In general the percentage dissatisﬁed
is a good indicator of the productivity loss. This is useful because the dissatisﬁed population can be estimated from pollution loads, fresh air ﬂowrate and ventilation efﬁciency; the latter will vary depending on the type of
ventilation system installed. They conclude that in general, the use of minimum air-ﬂow rate design reduces productivity by 5 per cent to 13 per cent.
Further, a 1 per cent loss in productivity is equivalent to the annual total cost
of operating an air conditioning system; it also represents an increase in
dissatisfaction of 5 per cent. Kosonen and Tan conclude that a productivity
loss difference of 0.5 per cent to 2 per cent between mixing (100 per cent in
contaminant removal efﬁciency) and displacement systems (150 per cent
ventilation efﬁciency) could equate to $3–$12 billion. This shows the
importance of selecting the right ventilation system to achieve high indoor
air quality.
Federspiel et al. (2004), in their study of worker performance and ventilation in a call centre, make the point that the effect of ventilation is signiﬁcant
but factors such as understafﬁng and long shifts are even more signiﬁcant. In
terms of the environment, temperatures above 25.4°C are detrimental to
performance.
Iwashita and Gohara (2003) studied the effect of odour emitted from
a rubber carpet on the performance of 18 subjects using an arithmetical
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addition task in the two rooms having different pollution levels. It was
found that there was no signiﬁcant difference in the total amount of calculation and error ratios for the task but there were signiﬁcant differences
experienced by those subjects who did not show a performance decrement
over time.
Gohara and Iwashita (2001) studied the perceived air quality, SBS symptoms and performance of subjects in an ofﬁce room that had been renovated
one year prior to their study. Thirty-one female college age subjects were
exposed to the conditions in the same ofﬁce with an outdoor airﬂow of
280 m3/h and 45 m3/h. The subjects were unaware of any intervention
acoustically and visually since the ventilation fan was operated in both
conditions. They assessed perceived air quality and SBS symptoms while
performing simulated work. The measurements of formaldehyde and the
volatile organic compounds showed much higher readings in the room with
low ventilation than in the room with high ventilation. However, no signiﬁcant difference was observed in the odour intensity, the acceptability and the
SBS symptoms between overall average assessments of all subjects exposed
to the room with either ventilation conditions. The air quality caused only
10 per cent to be dissatisﬁed on entering the ofﬁce with low ventilation;
these dissatisﬁed subjects tended to claim more SBS symptoms than the others.
It was found that there was a signiﬁcant difference in the performance of
computer-based proofreading tasks between the two ventilation conditions.
Gohara and Iwashita (2003) studied the inﬂuence of self-reported arousal
caused by room temperature and scent on performance. Fifteen subjects
performed proofreading work at three different levels of air temperatures
and four different conditions of indoor air quality. Among the three levels of
air temperatures, the subjects found air temperatures of 26.5 to 27.5°C,
very acceptable. However, the highest performance occurred with cooler air
temperatures of 22 to 24°C. For the evaluation test with pine scent, the
subjects were divided into two groups: Group A, who found the pine scent
unacceptable at higher odour intensity levels and Group B, who found the
pine scent acceptable even at high odour intensity levels. The conditions
with the scent had more of an inﬂuence on the self-reported arousal and
performance for the subjects of Group B, than for those of Group A.
Shibahara et al. (2003) studied the effects of terpene emitted from wooden
materials on the sensory evaluation of occupants and productivity. The
subjects who did not ﬁnd the odour offensive registered a better work
performance than those that felt it to be unpleasant.
Morita et al. (2003) used proofreading tasks to study the effect of the
indoor thermal environment on task performance. A score of effective processing in the proofreading task was the highest in the low temperature
condition (22–24°C) but some subjects had high scores in high temperature
conditions (30–32°C) and it is thought that in this case performance was
determined more by the arousal level of the occupants.
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The British Council for Ofﬁces published The Best Practice in the Specification for Offices in 2005. It categorises the working environment in terms
of efﬁciency measures, which are used to evaluate the ways in which ofﬁce
design can save businesses money; effectiveness, by which is meant value
added by design to business performance; and expression, which is a measure of success in communicating business values externally and internally.
The Guide discusses how efﬁciency in accommodation, adaptability and
ﬂexibility, staff performance and external expression can be achieved by
understanding the business needs, making them an essential aspect of the
design.
Much evidence is given in Clements-Croome (2000a, 2000b, 2004) and in
other chapters in this volume. A summary of recent references is listed in
Table 3.5.

Economic opportunities for business
Evans et al. (1998) in a report entitled The Long-term Costs of Owning and
Using Buildings for the Royal Academy of Engineering (RAE) made the
point that the cost of ownership and maintenance of the building is typically
about 3 per cent of the overall cost of people working there. As a guide to the
whole life cost of operation of ofﬁce buildings the following ratios are
proposed:
Design
Construction cost
Maintenance and building operating costs
Business operating costs

0.1
1
5–9
200

Oseland and Willis (2000) quote similar ﬁgures. Macmillan (2004) adds
in design fees at 10 per cent of total costs, giving a ratio of 0.1:1 for
design:construction costs. Some buildings show different ﬁgures to these
but the principal interest here is that business operating costs (mainly
salaries) are much higher than design, construction and operating costs.
Quoting from Wu and Clements-Croome (2005):
For a building as a whole, Evans et al. (1998) show a ratio of costs of
1:5:200, where for every one pound spent on construction cost, ﬁve are
spent on maintenance and building operating costs and 200 on stafﬁng
and business operating costs. For HVAC systems in a building, Osso et
al. (1996) show that initial building costs account for approximately
just 2 per cent of the total, while operating and maintenance costs equal
6 per cent, and personnel costs equal 92 per cent. Modelling on a
dataset including 20 costs of HVAC systems, Wu and Clements-Croome
(2005) show that the ratios of operating and maintenance costs to initial
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Table 3.5 Recent literature on the relationship between productivity and the working
environment
Year

Author

Comments

2005

Nenonen

2004

Bako-Biro

2004

Holcomb et al.

2004

Interior Feature

2004

Federspiel et al.

2004

Kosonen and Tan

2004

Niemela et al.

2004
2004
2004

Shendell et al.
Moyle (personal
contact)
Tham

2004

Wargocki et al.

2003

Austin et al.

2003
2003

Fisk et al.
Kemppilä and
Lönnqvist

2003

Lagercrantz et al.

In this paper the balance between physical, social and virtual
space is analysed. The focus is on the space needed in different
phases of creative knowledge. The results show that work
environments tend to support explicit knowledge sharing but
fail to support tacit knowledge exchange.
Controlled laboratory study with 30 female students in
simulated office environment. Studied relationship between
ventilation and work performance.
Poor indoor air quality leads to an increased incidence of
respiratory symptoms, which can increase absenteeism.
Productivity increase of 0.125% would be sufficient to offset
costs of improved ventilation.
Good office design creates value within an organisation by
empowering people and enabling them to excel at their jobs.
The workplace is more than a facility, it’s a facilitator. Emphasis
on flexible office environment with informal meeting places.
Longitudinal field study in a call centre. Some work done with
higher ventilation rates.
Productivity can be improved by increasing outdoor airflow
rate, decreasing emissions and using displacement ventilation.
This paper shows that a relatively small decrease in air
velocity may result in reduction of sick building syndrome
symptoms and increase in the self estimated productivity.
Influence of CO2 levels on student classroom attendance.
Presentation on well-being, affectivity, relation between work
and well being.
Blind 9 week intervention with 2×2 at call centre with 56
selected female customer service operators and at call centre
with 26 permanent operators. Improved performance with
higher ventilation rates at 24.5°C.
Blind 2×2 designed intervention in call centre with 26 call
centre operators for telephone directory service. Filters must
be maintained regularly for higher ventilation rates.
This paper considers the starting point for a holistic approach
to workplace productivity. In particular this is from the point
of view of practitioners as the coal-face, undertaking design
and specification of the built environment and how it
interfaces.
Influence of ventilation rates on sick leave.
The objective is to present subjective productivity
measurement as a potential managerial tool for productivity
measurement. There are several problems regarding the
validity, reliability and practical use of the measures. It still
appears to be a potential method for measuring productivity.
The following effects of increased humidity are significant: the
air was evaluated as less dry, eyes smarted less, eyes irritation
decreased, symptoms of dry throat, mouth and lips reduced,
and it was easier to concentrate.
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Table 3.5 continued
Year

Author

Comments

2003

Leyten et al.

2003

Nishihara et al.

2003

Nishikawa et al.

2003

Ratcliffe

2003

Raw and Coward

2003

Rohr et al.

2003

Seppänen et al.

2003

Tanabe

2003

Tham et al.

2003

Wargocki

2002

Mawson

2002

Mendell et al.

2002

McCartney et al.

A good general environment quality increases productivity by
10–15% and decreases sickness absenteeism by 2.5%. The
most influential single factor is the absence of air pollution
sources, which increases productivity by 3–7% and decreases
sickness by 1.5%.
It was found that providing individual control of air velocity
was able to reduce subjective feelings of mental fatigue.
The new method of measuring fatigue by human voice spectra
was used in the experiments. Work under 3 lx condition
causes higher fatigue than under 800 lx condition.
There is growing evidence that some low-energy design
solutions may improve office staff productivity with no
increase, or even reduced capital cost. Carbon dioxide
emissions must be reduced by 3.5% p.a. to target a 60%
reduction in 50 yrs.
Building symptom indices, integrating data from all symptoms,
were well correlated between seasons; such indices therefore
provide a relatively stable measure of the building.
It is estimated that the cost of lost productivity due to building
related symptoms in the dataset is $208,227 per building.
These results underscore the importance of space and lighting
in office environments.
Deterioration in indoor climate is commonly related to
increases in sick building syndrome symptoms, respiratory
illness, sick leave, reduced comfort and losses in productivity.
Performance decreases with temperatures above 25°C.
This paper deals with fatigue. At 25.5°C sweating sensation
vote of females is lower than that of males. Subjects prefer
800 lx of lighting over 3 lx conditions.
Singaporean subjects were able to detect the difference
between 22.5 and 24°C in terms of overall thermal comfort
sensation, with 24°C being considered more comfortable.
The results provide field information that increasing outdoor
air supply rate and replacing filters can improve employee
performance.
Shows how the workplace can impact upon productivity. We
need to find an effective way to quantify the fiscal impact the
workplace has on individual performance.
Available data suggest that improving work environments
may result in health benefits for more than 15 million of the
89 million US indoor workers, with estimated economic
benefits from $5 to $75 billion annually.
This paper discusses the link between thermal comfort and
productivity of office work.
As a result of renovation, the thermal conditions, air quality
and lighting conditions were improved. In addition the
employees’ subjective evaluations showed the sufficient
decrease in dissatisfaction ratings. The labour productivity
increased by about 9% after renovation.

2002a Niemela et al.
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Year

Author
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2002b Niemela et al.

2002

Seppänen et al.

2001

Eden Brown

2001

Niemela et al.

2001

Roelofsen

2000

DETR

2000a Fisk

2000

Pollard

2000

Wargocki et al.

2000

Wyon et al.

1999

Bartlett and
Oseland

1999a Heerwagen
1999b Heerwagen

Comments
The aim was to study the effect of air temperature on labour
productivity in telecommunication offices. The study shows
that productivity may fall by 5–7% at indoor temperatures
above 25°C.
The main goal of the task force is to create a model that
relates indoor environment and productivity including cost
effects.
A survey of the office working population of Britain on
employment attitudes. Comfortable working conditions were
rated as 73% important, which was the fourth most important
category.
This paper shows how the connection between indoor air
quality and productivity of an organisation can be explored. It
is concluded that a change of 1°C corresponds to 1.7% in
labour productivity.
The purpose is to quantify the effect of the thermal level on
the productivity of people. An additional investment of 10%
for the climatic system is justifiable if it results in a 0.33%
productivity increase. Studies reveal that indoor environment
improves performance from 5 to 15%.
Around 50% of businesses are now office based and the
success of much of the UK’s economy depends on the output
of the office workers. The office environment can have a
significant influence on the performance of staff and so make a
key contribution to the success of a business.
Estimated potential productivity gains from improving indoor
environments are as follows: reduced respiratory illness:
$6–14 billion; reduced asthma: $1–4 billion; reduced SBS:
$10–30 billion; changes in HVAC and lighting: $20–160 billion.
Well-designed offices could save employers up to £3000 a
year per worker.
Controlled laboratory study with 30 female students in
simulated office environment, old carpet as the source of
pollution. IAQ affects work performance.
Workshop held to define and prioritise a set of specific
research needs concerning the effects of indoor environment
conditions on productivity and to recommend alternative
research approaches.
The purpose of this guide is to increase the productivity of
organisations by enhancing the output performance of their
staff. This is a fundamental departure from office productivity
which focuses on cutting input costs with little or no regard to
the impact on staff performance.
Providing a good indoor environment can help you achieve
better results from employees or improve tenant retention.
Successful green buildings will integrate sustainable
technologies with design features that sustain human
emotional, social and cognitive needs.
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Table 3.5 continued
Year

Author

Comments

1998

Suter

1998

Wyon

1997

Leaman and
Bordass

1997

Lomonaco et al.

1997

Myhrvold and
Olesen

The dissertation carries forward the exploration of the link
between the indoor office environment and employee
productivity with main emphasis on indoor air quality,
personal control over local environment and high-quality
environmental design.
It has been established that even small departures from optimal
temperature, within the range of 80% acceptability, have
measurable and negative effects on individual performance. But
there is still a gap between thermal affects on performance and
actual field studies of thermal effects on productivity.
This paper deals with human productivity in the workplace,
23.5°C is the temperature which people in offices prefer.
About 15% of turnover in a typical office organisation might
be attributable to the design, management and use of the
indoor environment.
Physical environment can have a measurable impact on
worker productivity of about 3–15%. The role of the
Environmentally Responsive Workstation is to provide
workers with complete control over airflow, filtration,
temperature and other environmental factors.
Intervention study in eight renovated schools, 35 classrooms
with 600 pupils. Improved performace with higher ventilation
rates.
Conventionally acceptable indoor working environments may
affect human performance by as much as 5–15%.
Creative thinking may be assessed in terms of originality of the
answers to open-ended questions. It was found to be
significantly negatively affected by noise, anxiety and hunger
and positively affected by moderately raised temperature and
the absence of noise.
This paper describes developments of a technique for
determining thermal comfort conditions within a space
together with the effect on productivity to be expected as a
result of changes to the indoor environment.
While there is no direct proof that maximum comfort leads to
maximum productivity, there is ample evidence that an
improved environment decreases worker complaints, thus
indirectly enhancing productivity. Productivity of 20% of the US
office workforce could be increased by improving air quality.
Physical environment for office work may account for 5 to
15% variation in employee productivity. The lowest industrial
accident rate was reported to occur in the 20–21°C range.
Most mental tasks are unaffected by heat within physical limits
of tolerance.
Among the factors that affect office-worker productivity,
HVAC and IAQ are rated well below such items as privacy,
interpersonal communications and relationships, office
arrangements and managerial attention. Adding a 10% to HVAC
cost is justified if it increases worker productivity by at least 1%.

1996a Wyon
1996b Wyon

1995

Loveday et al.

1994

Abdou et al.

1994a Lorsch et al.

1994b Lorsch et al.
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Year

Author

Comments

1993

Duffy et al.

1989

Raw et al.

Study shows that the physical office environment is one of the
chief means by which aspirations can be achieved. Examines
ways by which business strategists can simultaneously shape
the form of their future organisations.
Productivity measured by workers’ ratings of the extent to
which physical conditions affected productivity. Positive effect
on productivity can be achieved by: improving indoor
environment, workers sharing a room with less than five
others, high level of personal control over the environment.

costs range from 4.75 to 30, and the ratios of maintenance costs to
initial costs range from 0.45 to 1.8. These results shows that the median
of the ratio initial building costs to operating and maintenance costs is
1:7.77. Considering the medians of the ratios, and assuming that 90 per
cent of the total cost are on stafﬁng and business operating costs, and 10
per cent are on initial costs, operating and maintenance costs, then ratio
of 1:7.77:78.93 results which can be approximated to 1:8:80.
The RAE report concludes that there is a good deal of evidence that the
building itself, if properly designed and managed, can lead to signiﬁcant
improvements in productivity by as much as 17 per cent. The authors
conclude that the facilities manager plays a critical role in maintaining
productivity levels and being responsible for operating a feedback and maintenance system which will keep the owner and other members of the design
team informed for future projects. In other words, if objective decisions are
to be made, then they need to be based on good quality information and a
data ﬂow system needs to be in place; this is currently referred to as
post-occupancy evaluation.
Hodgett (1993) estimated that the annualised UK building cost including
capital investment is about £200 m2 p.a., of which energy and plant costs
are about £10 m2 p.a. Staff costs are about £15,000 m2 p.a. One can see
immediately that any factor – e.g. like increased productivity altering by
only 1 per cent – can increase the value of the staff costs considerably for the
organisation. The USA have taken this relationship between the various
costs seriously and examples are given in Clements-Croome (2000b). The
conclusions from the work reviewed in CIBSE (1999) is that staff costs are
100 to 200 times the cost of energy and these costs can be offset by a 0.5 to
1 per cent reduction in staff costs. Staff costs are 20 to 44 times the HVAC
running cost, which indicates that an increase in productivity is required to
offset these costs by 2 per cent to 5 per cent. The costs are some 30 times
the HVAC installation costs and any change in these costs are justiﬁed if
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the changes produce an increase in productivity of some 3.5 per cent.
Productivity gain of just under 10 per cent should offset the full running
and installation cost. Some US cost comparisons are given in Table 3.6.
Wyon (1996a) in a review states that even where there is an impact on
overall productivity of as little as 0.5 per cent, the payback time for generally
upgrading unhealthy ofﬁce buildings in the United States (about 40 per
cent) will be as low as 1.6 years. There are many surveys that have shown
much larger increases in productivity than this. Li (1998) showed an
increase of 10 per cent in a conventional ofﬁce block in Reading.
Von Kempski (2002) describes an ofﬁce building constructed and operated according to a standard known as performance-based building, where
the principal emphasis was on the thermal and olfactory comfort. Overall
savings were equivalent to 3.9 per cent of operating costs. Again, the
occupant works more productively in a healthier environment so investors,
clients and workers are all rewarded.
It is now important to persuade clients that sustainable building design,
construction and operation save money in terms of energy and water consumptions that can also result in healthier buildings with a consequent price
in productivity. Tuomainen et al. (2002) describe a Finnish ofﬁce building
for which the ratio of the beneﬁts of increased ventilation, and hence higher
productivity, compared with the costs of higher energy consumption
were 11.5, meaning that the beneﬁts were much greater than the costs.
Djukanovic et al. (2002) show that when there is an improvement in air
quality, then the annual beneﬁt is at least ten times higher than the increase
in annual energy maintenance costs, resulting in a payback period for heating, ventilating and air conditioning capital costs of less than four months.
Another problem is how clients view the value of their buildings. Wilson
and Hedge (1987) conclude that organisations view their buildings in ﬁve
different ways as:
1

Containers built for a cheap price with no respect for the impact of the
built environment on performance

Table 3.6 Comparison of energy and staff costs for North American offices (CIBSE, 1999)
Costs

Rosenfeld Abdou & Lorsch

EPA

Woods

BOMA

Staff costs ($/sq ft/year)
HVAC running costs ($/sq ft/year)
Energy costs ($/sq ft/year)
Ratio of staff to energy costs
Productivity offset of energy (%)
Productivity offset (min./day per
person)

300
–
1.5
200
0.5
2.25

200
6
2
100
1.0
4.33

237
12
2
118
0.9
–

130
2.9
1.5
87
1.2
5.0

218
2–10
1–2
114–218
0.5–0.9
2.0–3.75

Indoor environment and productivity

2
3

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

4
5

45

Prestige symbols in which the exterior is the key status factor rather
than internal working conditions
Vehicles for industrial relations in which a healthy work environment is
viewed as important for the workforce
Instruments of efﬁciency in which work investment expenditure is
related to the rate of return of money and not to staff welfare
Operational force for which the function and the symbolic roles are
reﬂected in the management and design.

It is only the last three categories that recognise the importance of good
working conditions and only in the last category do companies realise that
good environmental conditions can enhance productivity. Speculative building developers tend to concentrate on building an impressive external facade
with fancy interior ﬁtments behind it, usually in a prestige location (Baldry
et al., 1998).
The work experience of every worker in every ofﬁce, factory, warehouse, shop or bank is intimately affected by the qualities and organisation of the physical work environment. The building they work in and
the way it is laid out will give govern proximity to colleagues, visibility
to a supervisor, the degree of acoustic and visual privacy, the levels of
temperature and light they work under, and the quality of the air they
breathe. It will very often affect their health.
(Baldry, 1999)

Endnote
Productivity depends on four cardinal factors: personal, social, organisational and environmental. There are preferred environmental settings which
decrease dissatisfaction and absenteeism, thus indirectly enhancing productivity. The assessment of problems at the workplace based on numbers of
complaints is unreliable, because there is little mention of positive aspects
and because complaints may be attributable to other, entirely different
factors.
Kline (1999) believes it is important to design thinking environments. The
most important aspect is to have places for work where people feel that they
matter. When that becomes a guideline for architectural interior design, she
argues, a very different place emerges, than when some abstract standard of
opulence and furnishing for pure functionality is adopted as a guideline.
Building regulations and codes to practise are only a basic foundation for
providing health and safety in the workplace; they do not guarantee an
environment conducive to well-being and this includes feelings and
emotions.
Froggatt (2001) enunciates eight principles for workplace design:
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•
•
•
•
•
•
•
•

The initiative to explore remote and mobile work strategies
Trust employers to work out of sight of management
Encourage joy in the workplace (Cabanac, 2000)
Value individuality
Emphasise equality more than hierarchy
Engage in open, honest dialogue
Epitomise cognitivity between all the stakeholders in the business
Provide access to a wide range of workplace options.

Duffy (1997) and Worthington (1998) are two of several leading
exponents on workplace design and they provide many examples of diverse
but successful internal environments. Ofﬁces of the future will be thought of
as organisms which are developing in response to changes in technology and
ways of working. It is important that ofﬁce spaces allow people to work in
teams, when necessary, but at the same time bond to individual needs for
motivation and hence stimulate productivity.
Good environments can enrich the work experience. Stimulating
environments can help people to think creatively and buildings have a role
here because spaces have an emotional content (Farshchi and Fisher, 2000).
It is important that the built environment is designed to respect the feelings
of people as well as the functional aspects.
In response to a question about the principal shortcomings in the conventional public sector approach to design, Hilary Cottam, nominee for UK
Designer of the Year 2005, wrote:
Despite rhetoric to the contrary, the public sector continues to be driven
by short-term calculations of cost. The failure to compute the emotional, social and therefore economic beneﬁts that accrue from good
design has led to procurement processes which exclude the real experiences and needs of the people who will use the buildings, objects and
experiences that are designed.
For example, we are happy to continue building cheap, substandard
housing to warehouse a population in need, while failing to connect the
huge personal and social costs that result. Those responsible for commissioning design in the public sector largely fail to appreciate its potential. Briefs are issued which ask the wrong questions and thereby fail to
capitalise on the wealth of design talent within the UK.
She gave the following solutions to how these problems could be addressed:
Three things seem key. Firstly within my approach, all briefs are
developed in partnership with those who will work with and use whatever is to be the ﬁnal product. This is not simply a consultation exercise
or populism, but a rigorous design process whereby a range of

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Indoor environment and productivity

47

professionals work with users to develop a solution. Secondly, all projects develop practical, workable solutions for the users while also
developing policy guidelines – a set of principles which could help to
change the framework within which future designs will be commissioned. Thirdly, we have an underlying principle of smart spending. All
my projects are developed within the same budgets as traditional
approaches. We do not need to spend more, we just need to spend
differently. Sometimes this results in solutions which turn out to be
cheaper than those developed through more traditional approaches.
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Introduction
In the creation of architectural spaces that meet the dynamic, conﬂicting and
complex multifaceted social and physical requirements, the design discipline
has to be informed of how spaces are perceived, judged and evaluated by
their users. For a long time, despite the multiplicity of place appraisal, there
has been the seemingly objective evaluation of buildings by ﬁnancial criteria,
which has overwhelmingly driven the process. This approach strongly
resembles the Cartesian view of a place as purely a geometrical space. In the
late twentieth century, however, many philosophers, geographers and social
psychologists have expanded the notion of space beyond its geometrical
connotations.
For Lefebvre (1994) the search was to ﬁnd a unitary theory of the physical, mental and social space aimed to reconcile the mental space, ‘the space
of the philosopher’, and real space, ‘the physical and social spheres in which
we live’. Among social psychologists, Canter (1983) emphasised the social,
spatial and services facets of a place. His approach to place evaluation,
empirically supported using facet theory, aimed to explain the interrelationship between these facets. Other researchers have since applied his approach
to investigate environmental meaning (Groat, 1985), and building users’
evaluation of places (Hacket and Foxall, 1995). Among contemporary
geographers Massey (1994, 1995) and Harvey (1989) have critically analysed the social relations and spatial organisation of the space created under
the ruling of a capitalist system of production.
Generally, advances in the theory of the place on the one hand, and the
empirical evidence in support of the multifaceted impact of the place on the
individual’s social behaviour on the other, have induced the emergence of a
new approach to building appraisal which focuses not only on the geometry
of space, but also on its social, cultural and emotive aspects. Place appraisal
is partly an attitudinal response. An attitude is expressed as ‘an evaluative
response to an individual, a group or a thing’ (Hewstone et al., 1997).
Evaluative responses have cognitive, affective, and behavioural components,
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and studies in social and cognitive psychology have suggested that these
three components are correlated with one another. A positive thought is
associated with a positive feeling and hence behaviour, although thoughts,
actions and feelings may vary in their degree of positivity or negativity. This
tripartite model of attitude has been tested empirically and has been
accepted as a valid framework. The model presented in this chapter assimilates a conceptual framework for building appraisal, taking account of the
above principles.

Purpose, intention and goal-directed behaviour
The theory of the ‘place’ was ﬁrst introduced as a non-design theory of place
appraisal by Canter (1983) and originated from environmental and social
psychology research. The essence of Canter’s contribution is in his emphasis
on the purposive nature of human activity and the dependence of behaviour
on place. Other theories, such as the theory of reasoned action (Ajzen and
Madden, 1986), also predict the actual behaviour of the individual as a
function of their intention to perform a particular action. Behavioural intentions are determined by three factors: (a) the attitude towards performing;
(b) other subjective norms of the individual; and (c) perceived behavioural
control. The last of these reﬂects the individual’s belief about how easy or
difﬁcult performance of a given behaviour is likely to be. Since individuals
are different, their purposes can also vary according to their particular social
and individual circumstances. Evidence suggests that age, gender, education,
status or social role can affect attitudes. On the whole, individual or group
purposes are inspired by a number of social or economic motivators. People
get engaged in varied activities to fulﬁl their social or economic roles. Architectural spaces are designed for human activities and so depend on technology for their operations. The character of a space affects human emotions
and behaviour. Thus success in design depends on how well the space
satisﬁes the range of human needs of the occupants.

Environmental meaning and evaluation
The appraisal and the expression of satisfaction owes much to the structure
of our thinking processes and thus to the languages used as the communication medium. In the evolutionary process of brain development, languages
have become the vehicles for further advances and have enabled communication of concepts (although not all communication is through language).
Sternberg (1996) has brieﬂy described the process by which we allocate
meaning to concepts:
We encode meanings into memory through concepts–ideas (mental representations) to which we may attach various characteristics and with
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which we may connect various other ideas, such as through propositions – as well as through images and perhaps also motor pattern for
implementing particular procedures.
So the question is, how can attributing meaning affect appraisal? The
answer may be found in the hidden cognitive responses that mediate
between external stimuli and overt behavioural responses (Fiedler, 1996,
p. 136). To explain cognitive responses one needs to understand stages of the
cognitive process as well as comprehending the social nature of information
processing. Fiedler (1996) describes a process starting from perceptual
inputs to behavioural outputs, characterised by various feedback loops.
There is a logical order in the cognitive process: perception results in earlier
stages, and categorisation takes place in later stages (see Fig. 4.1). This
explanation suggests that we cannot categorise a building as belonging to
some architectural style unless we have perceived the building, but we can
perceive building attributes independently of style categorisation. Cultural
and subjective norms affect cognitive processes and their representations in
language via meanings that are attributed to them.

The social aspect of attitude
To understand and explain social behaviour and attitude formation (i.e.
productivity, satisfaction at work, or affective appraisal of places), we need
to emphasise the social nature of the cognitive process. Research on place
evaluation is enriched by the inclusion of the cognitive processes and also by
emphasising the social nature of information processing.

Sensory experience
Within our nervous system receptors receive sensory information (as sensations via the eyes, ears, nose and skin) while effectors transmit motor information (e.g. movements of the large and small muscles). The body acts in
response to the information that it receives, although little of this enters our
consciousness. Sensations are the data of perception, though sensation and
perception of an object are not the same thing. Errors may occur through

Figure 4.1 Conceptual framework for cognitive stages in information processing
Source: Fiedler (1996).
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‘intelligent leaps of the mind’ leading to illusion (Gregory, 1997), which
raises the question of what is ‘objective’ and what is ‘subjective’. Locke
(1690), the precursor of modern psychology, suggested that there are two
kinds of characteristics: the primary characteristics, such as hardness, mass
and extension of objects in space and time, are free from the mind and are
objective; the secondary characteristics do not exist in the world but are
created within us, and are therefore subjective. The secondary characteristics are affected by the state of the sensing organism. For example, colours
can change if we look through haze or wine.
Our senses operate independently from each other but can naturally
reinforce one another. We can distinguish the colour of a ﬂower despite its
smell, or its touch. However, when remembering that ﬂower, our experience
is based on our memory stored as a series of representations with particular
characteristics. Particular features of the object may inﬂuence this representation; such as shape, smell or colour. Canter (1977) explains the role of
human memory in its ability to ‘discover ways of escaping from the complete
sway of immediate circumstances’ by building up a residue of experience
which it can utilise later. Bartlett (1932) ﬁrst introduced the notion of
‘schemata’:
The sensory cortex is a storehouse of past experiences. They may rise
into consciousness as images but more often, as in the case of spatial
impressions, remain outside central consciousness. Here, they form
organised models of ourselves which may be called schemata. Such
schemata modify the impressions produced by incoming sensory
impulses in such a way that the ﬁnal sensations of position or locality
rise into consciousness charged with a relation to something that has
gone before.
The schemata, however, are not only concerned with the real and physical
characteristics of an object or a thing itself. The schemata of a building can
be of the image of the building in its own right or as part of a bigger reality
such as a town, or a community. People usually form the representations of
reality that are in accord with their purposes, motivation and interest.
Memory retrieval ability is affected by our emotions, moods, state of consciousness, schemata, and other internal contextual features (Sternberg,
1996, p. 273).

Imperceptibility
In addition to the stimuli that can be processed by our sensory system, the
environment affects us in other ways, which are not recognisable to us. Such
stimuli can cause changes in our psychological state, which apparently lack
any conscious experience of their cause. Harmful imperceptible stimuli are
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invisible lights, gases, chemical compounds, radiation, etc., which may be
harmful to our well-being. Our bodies, for example, have not developed
mechanisms to detect carbon monoxide. Small doses of this gas can result in
feelings of exhaustion, fatigue, lassitude and drowsiness. Nitrous oxide, or
‘laughing gas’, has a distinctive odour, but it is not as famous for its smelling
quality as it is for its laughing (Russell and Snodgrass, 1987).

Perception
Perception consists of a set of complex processes by which we recognise,
organise, and make sense of the sensations we receive from environmental
stimuli (Sternberg, 1996). Theories of perception can be divided into two
main groupings. Bottom-up theories (sometimes called data-driven theories), such as the Gestalt school or Gibson’s ecological model, start from the
bottom, or the physical stimulus, such as the observable pattern or form
that is being perceived and is then categorised and organised into concepts.
Top-down theories focus on the high-level cognitive processes, existing
knowledge, and prior expectations. Empirical evidence suggests that these
theories are not as incompatible as they may sound. Generally, it is
accepted that perception depends on active physiological processes. Marr
(1982, p. 127) has proposed a computational theory of visual perception
that combines the richness of the sensory information and the value of
prior knowledge and experience in perception. This theory has been used as
a basis for the application of artiﬁcial intelligence on visual perception. In
Marr’s view, shapes are derived from images via three essential stages: (a)
the primal sketches which describe intensity changes, locations of critical
features such as terminal points, and local geometrical relations; (b) the
2½-D sketch, giving a preliminary analysis of depth, surface discontinuities,
and so on, in a frame that is centred on the viewer; (c) a 3-D model representation, in an object-centred co-ordinate system, so that we see objects as
much as they are in 3-D space though they are presented from just one
viewpoint.

The nature of emotion
The functions of emotion are regarded as being to probe the nervous system
into play to prepare the organism to cope with threatening or stressful situations. The presence of this activity motivates an organism to make a
response to decrease it. Emotion is a crucial mechanism for survival, which
provides an adaptive response to stimuli in the environment. The physiological response of the organism to the stimuli is the production of emotional behaviour. Speculations about the nature of emotions have engaged
philosophers from as far back as the ancient Greek civilisation to the present
day. The dominant theory up to the 1920s was the James–Lange theory,
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which proposed that bodily changes follow directly from perception of the
existing facts. Our feeling about these changes is what they regarded as
emotions. Cannon’s (1929) critique of the James–Lange theory offered an
alternative by suggesting that emotions were the results of concurrent brain
stem and cortical events. The main question however, remained:
Do we experience emotion because we perceive our bodies in a particular
way, or are there speciﬁc emotional neutral patterns which respond to
environmental events and then release bodily and visceral expressions?
The behaviourist school in the decades after Cannon insisted on dealing
with only the objective and the observable as the basic psychological data,
which implied that behaviour and action are determined by the knowledge
and thought of the organism. A change of direction in cognitive theories of
emotion was made by Schachter and Singer (1962). The main contribution
of this theory was the acknowledgement of visceral arousal as a necessary
condition for emotional experience, yet explaining the quality of emotion as
depending on cognitive and perceptual evaluations of the external world
and the internal state. The recent theories of emotion have tried to explain
the role of emotions in adaptive behaviour. Gregory (1997) explains this
development:
Rather than emotion appearing as an interfering, irrelevant, and chaotic
state of affairs, it seems that different kinds of situations (and cognitions) become especially marked if they occur in the ‘emotional’ visceral
context. This notion corresponds with the common experience that
emotionally tinged events occupy a special place in our memories. The
visceral component of the emotion may well serve as an additional cue
for retrieval from memory of speciﬁc events, and sets them apart from
the run-of-the-mill catalogue of events. The ‘emotional’ memory of a
visit to a theatre is selected from among all the plays we have seen; it is
‘special’. . . . Current wisdom would suggest that any discrepancy, any
interruption of expectations or of intended actions, produces undifferentiated visceral (automatic) arousal. . . . The quale of the subsequent
emotion will then depend on the ongoing cognitive evaluation (meaning, analysis, appraisal) of the current state of affairs.
Mandler (1984) provided a contrasting view of the affective experience to
that of Schachter and Singer’s (1962). This view regarded the affective
experience as a result of the arousal of the automatic nervous system and the
cognitive processing of information about that environment and stored representations of the previous experience with that environment. However,
Purcell (1986, 1992) argued that in this process the schema-based processing of environmental experience can be interrupted by the discrepancy
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between aspects of the environment and the prototypical basis for the
default values in the schema. He further stressed the cognitive components
of the emotion (1992).
In recent decades, the role of emotions in directing human behaviour has
also received a lot of attention from managers (Locke, 1996). The crosscountry studies of emotions reveal that people hold norms of emotion
perception in which the socially desirable emotions are those which are
perceived to be positive and moderate (Paez et al., 1996). Regulation of
emotions (i.e. increasing positive feelings rather than negative ones) therefore could help managers within organisations. Emotions are essential parts
of the fabric of human experience and play a crucial role in determining the
nature and quality of a person’s day-to-day functioning. Earlier research
also revealed that despite the seemingly apparent nature of emotions as
discrete and separate aspects of human functioning, these are in reality
linked to cognition and actions, which together are the interdependent
aspects of the information-processing–acting system mediating the internal
and external interaction of humans with their environments. Hebb (1949)
suggested that we often notice those emotions which interrupt the ongoing
behaviour, hence prompting different reactions. Western’s (1994) model
introduced an integrative model of effect regulation, which converges
aspects of behavioural, cognitive, social-cognitive and psychodynamic perspectives. This model describes effect regulation as a mechanism by which a
selective retention of behavioural and mental processes is maintained.
It has been suggested that emotions have three main components
(Mandler, 1984; Schachter and Singer, 1962). The behavioural component
could be ‘expressive (such as frowns, smiles, weeping, gesture, or tone of
voice) or instrumental (such as ﬁght or aggression)’. The physiological components as argued by Russell and Snodgrass include ‘changes in, or activity
clearly inverted by, the automatic nervous system’. The mental component
of emotions is less well speciﬁed than the other two named above. It is,
however, implied that the person who is undergoing an emotion is well
aware that he or she is afraid, angry or happy.

Types of emotion
One view classiﬁes emotions into a limited number of key emotions. Some
emotion theorists believe that any type of emotion can be deﬁned in terms of
one or more basic emotions. Ekman (1972), for example, argued that there
are at least six basic emotions: sadness, disgust, anger, fear, surprise, and
happiness. Two more emotions, shame and interest, have been added to the
above list by Izard (1977). This is notwithstanding 2000 emotion-denoting
words that exist in the English language. Russell and Snodgrass (1987) have
referred to ﬁve types of emotional response, i.e. emotion, mood, affective
appraisal, emotional episodes and emotional dispositions.

62

Farshchi and Fisher

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Emotions
Generally, emotions refer to a heterogeneous class of different phenomena
(Russell and Snodgrass, 1987). The narrow deﬁnition of emotion refers only
to such prototypical episodes as falling in love. Emotions can be broadly
deﬁned to include vague feelings of mood, attitudes, preferences, or just
about anything that is not coldly rational (Russell and Snodgrass, 1987).
Zajonc (1980) has deﬁned emotions as bodily feelings that reveal preferences. Clore and Parrott (1991) identiﬁed emotions as the means of conveying information to individuals about the nature of the psychological
situation.
Moods
These are the core emotion-tinged feelings of a person’s subjective state at
any given moment. As Russell and Snodgrass argue, to be in a certain mood
is to feel calm, upset, depressed, excited, unhappy, or neutral. By this deﬁnition, a person is always in a mood. Moods are usually measured in selfreport formats in which research begins with a series of factor-analysis
studies. In the study by Nowlis and Nowlis (1956), several bipolar factors
such as pleasure–displeasure and activation–deactivation summarised the
mood domain. There is still much controversy over the proper number of
dimensions in the description of mood. The core of these arguments is
whether moods are unipolar or bipolar. More recent evidence favours
bipolarity.
Russell (1980) showed a circumplex model of mood (Fig. 4.2) in which
individual mood descriptors fall in a roughly circular order in a space
deﬁned by two underlying bipolar dimensions of feeling: the ﬁrst, they
argue, is pleasure–displeasure or happiness–unhappiness, and the second is
arousal–sleepiness. In this model pleasure and arousal are identiﬁed as the
key dimensions of mood. This circumplex model was developed using 40
descriptors, which were drawn systematically from a set of 105 adjectives.
Mehrabian and Russell (1974) have concluded that: ‘Sensory dimensions are
consistently appraised as mood altering, although this does not necessarily
guarantee that they are in fact mood altering’.
Some aspects of our perception do not need to reach our consciousness to
affect us. This is seen in the effects of lighting in our moods. It has been
indicated that sunlight has a positive effect on humans’ mood (Cunningham,
1979), and artiﬁcial light has shown to have a negative effect on our moods
(Thornington, 1975). Hellman (1982) has suggested that lack of natural
sunlight could be a factor in depression, jetlag and sleep disorders in psychiatric cases. The amount and type of light also seems to affect the migration
of birds, and egg production on poultry farms (Wortman et al., 1964).
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Figure 4.2 Circular ordering of mood descriptors
Source: Russell (1980).

Affective appraisal
Affective appraisal refers to our judgements of things as pleasant, attractive,
valuable, likeable, preferable, repulsive and so on. Affective appraisal is
always directed towards a thing, i.e. a quality of the object is appraised. It is
the object that appears pleasant or disgusting. It is distinguished from
moods, in which affective appraisal could occur with no inner emotional
feelings. For example, the appraiser may evaluate a subject while experiencing a certain mood, which is not related to the appraisal event.
Emotional dispositions
These relate to long-term emotions: a tendency to do or think or feel particular things when the right circumstance occurs. For example, feeling for our
parents is an emotional disposition. Emotional disposition is said to be a
disposition because it exists even during the times when we are not thinking
or feeling anything about our parents, but it is manifested on certain
occasions.
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Emotional episodes
These are emotional reaction to something, with the reaction typically
involving co-ordinated and distinctive physiological, behavioural and mental changes like someone, suffering a grief at death, getting angry at someone
and being frightened by a bear in the woods (Russell and Snodgrass, 1987).
Emotional episodes have common characteristics with both affective
appraisals and mood. They are about something, as in affective appraisal,
and refer to a core subjective feeling, as in mood. Emotional episodes are
prototypical examples of what is usually meant by ‘emotion’.

Environment and behaviour
Environmental psychology, a growing ﬁeld of research, has not yet formulated any uniﬁed theory of environment and behaviour. In general there
are six theoretical perspectives, which have been supported by empirical
evidence (Bell et al., 1996). These are brieﬂy explained here.
The arousal approach
In this approach the environmental stimulus affects people by increasing
their arousal as measured physiologically. Arousal here is regarded as an
intervening variable with distinct effects on behaviour. Arousal moves along
a continuum of low arousal (towards sleep) to high arousal. Both pleasant
and unpleasant stimuli can heighten arousal. The change in arousal level
causes people to seek information about their internal states, to ﬁnd out
whether there is any kind of threat to their well-being. Arousal can therefore
affect the level of performance, since some tasks require higher level of
arousal than others. The relationship between arousal and performance
is dependent on the complexity of the task concerned. Noise, heat and
crowding are the most notable environmental factors affecting arousal.
The stimulation load approach
When the information provided by the environment exceeds the individual’s
capacity to process, overload occurs (Bell et al., 1996). The level of interacting environmental stimuli is important in behaviour. This concept is
regarded as environmental load or overstimulation, which can affect
behaviour through its demand on attention and information processing.
Kaplan and Kaplan (1989) have identiﬁed four environmental factors contributing to information overload: (a) a new environment or ‘being away’;
(b) an experience that is extended in time and space; (d) an interesting or
engaging environment; and (d) the ability of the environment to facilitate the
achievement of the intended purpose.
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Understimulation can also lead to severe anxiety or other psychological
anomalies. Research suggests that environments should provide more complexity and stimulation in order to restore excitement and a sense of belonging. In order to deal with the problem of understimulation, Wohlwill (1966)
advocated scaling the environment along a number of dimensions of stimulation, including intensity, novelty, complexity, temporal changes or
variations, surprisingness and incongruity (Bell et al., 1996, p. 122).
The adaptation level
This theory suggests that in order to deal with the problems of overstimulation or understimulation the environment should provide a mechanism by
which we can regulate it according to our own acceptable levels.
The behaviour constraint approach
The loss of perceived control over environmental stimulation can also lead
to arousal or strain on our capacity for information processing. When individuals perceive that they are losing control over the environment, they ﬁrst
experience discomfort (negative effect) and then try to gain some control.
Bell et al. (1996) give examples of different types of control: (a) behavioural
(e.g. turning off the noise); (b) cognitive (e.g. deciding that a contaminant in
water is not toxic); and (c) decisional (e.g. choosing to live in a quiet
neighbourhood).
The stress approach
Current models regard stress as the outcome of an unbalanced interaction of
the person with its environment (Salvendy, 1997). Elements of the environment such as noise and crowding are viewed as stressors, although other
social factors can also cause stress, such as job pressures, family discord,
or moving to a new home. Stress comprises emotional, behavioural and
physiological components. Generally, stress can stem from three sources:
cataclysmic events, personal stressors and background stressors (Bell et al.,
1996). In any case the probability of an event becoming stressful is determined by how the stress is appraised by the individual. This cognitive
process of stress appraisal is a function of personal factors (e.g. intellectual
resources, knowledge and past experience, and motivation) and cognitive
aspects of the speciﬁc stimulus situation (e.g. control over the stimulus,
predictability of the stimulus, and immediacy of the stimulus) (Bell et al.,
1996, p. 133).
Stress will occur if the environmental demands are greater than the
person’s capabilities, and/or if the person’s expectations are greater than
the environment supplies (Salvendy, 1997, p. 1061). In psychological terms,
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stress is the response to the individual’s interpretation of the meaning of
environmental events against the individual’s appraisal of her/his coping
resources.

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

The ecological approach
This approach is primarily concerned with the speciﬁc effects of the
environment on behaviour. Barker (1968), the principal advocate of the
ecological psychology, believes that environment and behaviour have ecological interdependencies. According to Barker’s model, the physical setting
of the environment can suggest to us what behaviours we can expect within
that environment.

Emotions as a crucial component of environmental
meaning
Emotions can be regarded as part of a cognitive process revealing the individual’s psycho-physiological state. Such reactions can be measured using
verbal descriptors such as the studies carried out by Vielhauer (1965) and
Russell et al. (1981), or physiological measurements of the bodily changes.
Vielhauer developed a semantic scale for the description of the physical
environment. Using bipolar adjectives, she identiﬁed the degree of
appropriateness of each descriptor in the context of six speciﬁc environments presented as pictures to her subjects. She identiﬁed four main factors
and ﬁve sub-factors, which could – independently of the person or the room
– be regarded as the idiosyncratic characteristics of the room itself. These
are: (1) aesthetic appeal; (2) physical organisation; (3) size; and (4)
temperature–ventilation as the main factors and (1a) style; (1b) functional
ugliness; (1c) colouring; (2a) organisation; (2b) cleanliness; (3a) phenomenological size; (3b) physical size; and (5) lighting as the sub-factors. Russell
et al. (1981) tried to separate effect from perception/cognition in their study
of environmental meaning. They reviewed the use of semantic scaling and
argued that the discrepancy between studies in environmental meaning has
emerged because they have measured the different – but highly correlated –
components of meaning, i.e. perceptual/cognitive and affective. Russell et al.
(1981) identiﬁed various effect-denoting concepts which could be empirically tested and used as a single system. For example, they hypothesised a
stressful situation as one which is both unpleasant and arousing – a bipolar
opposite of a relaxing situation, which is both pleasant and unarousing.
In design terms the most referred to positive and negative emotions for the
description of the environment are the concepts originating from comfort
and stress. Slater (1985) has given a scientiﬁc interpretation of comfort as a
pleasant state of physiological, psychological and physical harmony
between a human being and the environment. Comfort is considered as a
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multidimensional construct inﬂuenced by many factors and, as Zhang
(1996) demonstrated, it does not relate only to physical aspects of things.
For example, in her study, seating comfort was positively correlated with the
appearance of the chair. Activities are the individuals’ responses to environmental interpretations, i.e. the meanings that they attribute to their
environment. Therefore, human activity is as much about individuals as it is
about the social aspect of their interactions.
Generally, stress relates to negative effects such as nervousness, tension
and anxiety and can cause a deﬁcit in task performance and interpersonal
behaviour. Evans and Cohen (1987) have argued that stress is a person- or
situation-based concept. For example, crowding causes stress by excessive
stimulation; to avoid that an individual maintains a preferred interaction
distance from others in order to avoid excessive arousal, stimulation, and a
variety of stressors associated with proximity that is too close. Evidence
suggests that individual differences play a role in perception of density.
Other studies have shown different responses from female and male
respondents to density. Ross (1973), for example, found that female groups
responded positively to high occupation density while for male groups it was
negative. This demonstrates that both genders follow norms, which belong
to their speciﬁc sex. Further, Taylor (1981) has argued that the consequences
of density can be mediated by perceived control, social structure, and type of
activity and physical features of the environment.
Stress can have both positive and negative consequences. Different
activities require different levels of stress.

Can we assign affective appraisals for places?
Most of our activities are conducted within built spaces (e.g. we buy our
food at supermarkets, walk and relax in our gardens, or dine in restaurants).
Our appraisals depend on an array of factors, some derived from our sensory experience and some based on our past experiences mediated by culture
and our subjective norms. For example, we may like a restaurant for its
tranquil lighting, or comfortable temperature, the convenience of its location, aesthetic quality, tasty food or hospitable service. The affective qualities of the space such as liveliness, attraction, calmness or excitement can
help us store and then retrieve information from our long-term memory
which otherwise is forgotten. Thus in the evaluation of places we should
allow for measuring emotive as well as cognitive components of appraisal.
Considering that environmental setting can affect behaviour (Barker, 1968),
we may conclude that given a speciﬁc emotional content for a space we can
expect certain behaviour to occur.

68

Farshchi and Fisher

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Development of a conceptual model for affective
appraisal of spaces
Architectural design can beneﬁt from broadening its scopes by consideration
of achievements in social sciences, especially environmental and social
psychology. Design, a problem-solving activity, aims to create spatial solutions to respond to human habitual needs, which may appear in the form of
physical, technical, social, managerial or functional constraints. Achieving a
balance between these factors requires a systematic approach in order to
create optimal solutions in the form of habitable geometrical spaces, yet
with identity and inspiration, and to complement human interaction and
well-being. Thus, understanding human needs and aspirations can be considered as one of the most crucial parts of any design conceptualisation.
Design is generally an incremental and hierarchical process. Some
decisions, such as the spatial relationships between different spaces, are part
of early design decisions, while others, such as reconﬁguration of the
internal organisation of the space, can be modiﬁed by the changing need of
the space (Farshchi and Fisher, 1997; Farshchi, 1998).
To distinguish between different contents and contexts of design information, Farshchi and Fisher (1997) offered a preliminary model, which divided
design information into two interrelated levels, i.e. macro and micro. Form,
structure and style convey social and cultural meanings. Design starts from
development of a core central concept which is based on the type of activities
(functions) expected from the building, the needs of users with social
and personal motives, and purposes that affect how well they can achieve
their individual and social goals. Technology can be used to facilitate the
functions and performance of activities.
The conceptualisation of design is a cognitive process. Design can increase
its user friendliness by better understanding of the concept of needs and how
these are evaluated. Concepts in architectural design are socially rooted. In
the Western cultural context there seems to exist commonly held values or
beliefs for the concept of ‘home’ or ‘church’. In the case of airports, this new
experience for humankind, the question of purpose is left unanswered. With
the high rate of technological and sociological change and increasing number of users, the existing concepts of airports are vague and unsatisfactory.
Seeking a philosophical justiﬁcation for a relatively new means of transport
(air travel) motivated a group of architects and historians to come together
at the 1998 Airport Conference at the Architectural Association in London.
It was claimed that in our modern society such narratives are vague and
confusing: for example, we are not sure what to expect from our experience
in an airport. Do we need to use airports as we use train stations? Should
they be spaces of timeless quality, being universal and inviting, or places of
no identity where the notion of ‘place’ is diluted? Should airports be
regarded as crossroads to our global cultures, where interaction is carried at
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levels of leisure, arts, and trade? Thus, fulﬁlling a philosophical need is also
part of the design conceptualisation.
The model presented in Fig. 4.3 offers a form of generic methodology that
can be adopted for different design circumstances. The concept of satisfaction here is regarded as a positive or negative response to environmental
stimuli. Individual differences such as age, gender, physical abilities, past
experience and education, as well as social factors such as goal/purpose,
intention, social role, cultural values, and norms, can affect preference. The
model suggests that although individual differences are important in the
selection of the incoming information, socially held values and role are useful predictors for emergent behaviours. The individual’s past experience can
increase or decrease the level of arousal due to their degree of novelty or
mere exposure (familiarity). Behaviour in groups can be mediated by the
groups’ norms.
The incoming information (noise, light, temperature, smell and touch)
reaches the individual through the sensory organs. The information is
selected and processed which is in line with the individual’s purposes or
motivations. The level of adaptation to environmental stimulus varies in
individuals, and some may require a higher level of environmental control
than others.
To provide practical steps for improving designs’ user-friendliness and
satisfaction, we earlier referred to research on ‘place’. In turning a physically

Figure 4.3 A conceptual model for the appraisal of spaces
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structured space into a ‘place’ with philosophical, social, and artistic identity
or meaning, we should also explain needs as a holistic concept to help the
deﬁnition of design attributes. Perceived needs are a social phenomenon. As
a control mechanism, culture can play a signiﬁcant role in mediating needs,
norms of behaviour, acceptable values and expectations in any society. Such
norms of behaviour can also provide codes of acceptable concepts in architectural design. Farshchi (1998) gave a description of needs in architectural
design, i.e. socio-psychological, economic and philosophical.
Overall there are two worlds of abstraction in which architecture is conceived – the ‘real’ and the ‘experienced’. In creating an architectural space
the perceived world of the architect/designer, or the ‘experienced’, should
closely resemble the ‘real’ one. The journey of the architect/designer between
the two realms ﬁnally resolves in his or her ﬁnding a formal solution to the
‘problem’ or ‘design context’ via architectural forms. None the less, the
dialectic process between form and context may fail to reﬂect or embrace all
intricacies or complexities of the real world. To emancipate design from the
tangle of designers’ subjectivity, the design problem needs to be objectively
deﬁned, i.e. the collective representation of the experienced world by members of society which become the building’s beneﬁciaries. Yet, objective
thinking is contingent on a number of presuppositions as follows. First,
design is in effect a social phenomenon, with the aims of enclosing for the
purpose of exclusion, partitioning, spatial ﬁxation, and maintaining spatial
distances between people, as it is also to facilitate communication and trafﬁc
(Ankerl, 1981). Second, social spaces are affected by the social needs for
territorial sovereignty of not only the residents, but also the social establishment, which is a need even when the space is empty. Ankerl (1981)
described the characteristics of the architectural design as the creation of
spaces, which reﬂect the physical, technical, social and psychological needs.
Architectural space in his terminology is expressed as:
A closed surface with human access into its concavity . . . where the
envelope has at least one side deﬁning an inside or interior . . . a volumetric magnitude with particular geometric shape . . . sensed by more
than one sensory organ . . . has a physical language . . . has a purposeful
creation so to isolate a numerable set of individuals for certain activities
. . . form interference from the broader physical and social environment . . . protects the intimacy or privacy of small or large groups . . .
stimulates communication.

Conclusions
Architectural spaces can either facilitate or restrict human actions and thus
cause positive or negative emotions. Modern buildings are criticised for their
incompatibility with their surroundings, unsatisfactory sensory qualities or
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alienation of people who use them or live in or around them. Current design
theorists, such as Gero (1996), have aimed to develop detailed accounts of
design by providing a breakdown of design parameters in terms of functions, behaviour and structures. Although this approach has provided a
language by which design tasks can be rationalised and formalised, these can
be criticised for their disregard of the emotional content of design. In order
to develop a taxonomy of the concept of evaluation/satisfaction we need to
understand the meaning of concepts such as comfort, convenience and efﬁciency to the individuals. As the experience of each individual is varied and is
based on her or his personal needs and expectations, it is important to know
whether there are any commonly held views among building users. Due to
the temporal nature of our experience within the built environment, it is
important to identify the implications of this variable.
Earlier we referred to the notions of familiarity and novelty. Through the
passage of time and repeated exposures, our sensory system makes sense of
environmental clues by developing schemata. Appraisal is largely affected by
the characteristics of new stimuli causing increased levels of arousal. To
avoid boredom and sleepiness, and to generate enthusiasm and motivation
in the occupants and other building users, design continuously has to provide new stimulation and motivation to maintain arousal and positive feelings. At the same time, spaces which have a changeable population of users,
such as in airports, require information that is communicated in a logical
order and also spaces which offer an interesting and engaging experience for
those who work there.
The amount of information that we can process through our sensory
system is also important for our overall satisfaction, and as our experience is
dynamic and multidimensional we need to select from an array of environmental clues those which are pertinent to our purposes and goals. The analogy proposed here is what we call the ‘motorway’ and the ‘countryside’
driving experiences. This example refers to movements within the space at
various speeds. At higher speeds of movement, due to an information overload, the brain selects only those environmental clues, that are directly
important to its sensory needs, while at lower speeds, in addition to the
sensory information, attention can also be drawn to more speciﬁc clues such
as the distance between street lamps or the texture of the road, which relate
to speciﬁc goals or purposes of the driver, i.e. driving. At the same time, the
driver may also process information, which may be somewhat distant from
her immediate purpose, i.e. enjoying the scenery at a country lane. Limitations in the information capacity of the brain require rationalisation of the
stored information. But retrieval can be improved when an ongoing experience is associated with some emotional response to the external stimulus.
This chapter aimed to highlight the importance of the emotive components of the cognitive process in the appraisal of places, i.e. evaluating
and judging places. The underlying cognitive stages such as perception,
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categorisation, organisation, inferences and retrieval of the stimulus events
can be intervened by attention, encoding and thinking. Design as an information system can help stimulate attention and can help the process of encoding
and schemata modiﬁcation. User-friendly design will reduce unnecessary
stress and other negative emotions, while maximising positive emotions.
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A broad definition of comfort
as an aid to meeting
commitments on carbon
dioxide reduction
Max Fordham

This book is about the productive workplace. I am an environmental engineer for buildings and so I am concerned about perceptions based on data
from the eyes, the ears, and the thermal sensors of the body. Human beings
evolved in the world in a form that was adapted to the wide range of
environments occurring naturally. Light levels vary from 0 to 100,000 lx,
sound levels from very quiet to enough to break the eardrums, and temperatures characterised by ranges from, let us say, −40°C to +50°C. We have
not adapted to meet the extremes of environment, but we are adapted to
survive in the most common middle ground. We have developed buildings to
relieve the stress caused by extreme environmental conditions and to extend
the range of locations in the world where we can survive. We imagine that by
reducing the environmental stress we can increase our ability to be
productive.
As an engineer, I am not professionally equipped to comment on the
impact on people of their neighbours. However, as the son of a psychologist
I am very much aware that my ability to function is dependent on my
internal state of mind and the impact of my fellow workers. I am writing this
before hearing the speakers at a conference, and in case it seems necessary I
would like to remind you that a piece of research exists into the effects on
productivity of altering the physical environment. Each alteration to the
physical environment produces an immediate improvement in productivity.
After a while the improvement tails off until the next alteration produces
another spurt. Eventually, the environment is restored to the original status
quo and the productivity increases. My psychological understanding of this
phenomenon is that productivity of people is improved if they know they are
loved, and special attention, such as special teaching or special changes to
the environment, are signs of love which improve productivity.
We cannot form the future without understanding the status quo. I think
the future is dominated by a conﬂict. On the one hand, economic growth
requires that we invent new things to consume and that we consume more of
those things which we have already invented. On the other hand, the success
of any species of organism tends to produce an explosion in its consumption
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and waste so that it exhausts the resources available and is engulfed in its
waste product. This is happening to us. It doesn’t matter which resource or
which sink you focus on, we can see that neither the sources nor the sinks are
inﬁnite and we had better think of ways of becoming less greedy. Fossil fuels,
ﬁsh, tropical rain forests, cobalt, copper, water – you name it, the resource is
limited. The atmosphere, the sea, the land, all of these sinks for our waste
products are being altered by our activities. The pressures of economic
growth are provided by the market and call for:
•
•
•

air-conditioning as a sign of status in even the most benign climates
heating to standards to encourage us to wear lightweight clothes in the
winter
electric lighting to supplement adequate natural light.

The forces of the market are very powerful, and I do not care to predict
that we will beat them. However, I hope we shall and that we will meet the
target of designing buildings for temperate climates that need no heating
energy, that need no electricity for lighting if the sun is above the horizon,
that need no electrical energy for refrigeration nor electrical energy to circulate air through buildings. We do not know how to meet these aims but we
do know how to try. One of the ﬁrst issues we need to understand is what
constitutes comfort. Comfort has been deﬁned by Mike Humphreys of
Oxford Brookes University as ‘the absence of discomfort; discomfort is
alleviated by making adjustments’ (1995). This may seem arcane, but it is
better than the ASHRAE deﬁnition: ‘Comfort is a state of mind’.
Ole Fanger (ISO, 1994) has carried out measurements on the parameters
which affect thermal comfort as follows: the amount of clothing, the dry
bulb air temperature, the moisture content of the air, long-wave radiation,
short-wave radiation, and the rate of metabolism of an individual. These
measurements show that with the right combination of the parameters, a
person maintains the correct skin temperature with a minimum amount of
heat loss by evaporation and resides in a state which does not prompt him or
her to want to make adjustments. If one wants to predict whether a person
will be able to make suitable adjustments in a particular environment, that
can be done using the Fanger equations. We must all be able to envisage
what it is like to sit in a building wearing light clothes and shirt sleeves and
deciding to put on a light jersey or cardigan. Having put on the extra clothes,
you might decide it is too warm and decide to take them off. The light jersey
or cardigan makes a difference to the Fanger Comfort Vote of about two
points. Thus you can see that the Fanger Comfort Vote Measurement is
pretty subtle, and one point would hardly make a person want to make
further adjustments. They could be said to be comfortable. A wide range of
radiation environments and air temperature environments produce comfortable conditions, and it is absolutely not necessary to try to control each
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parameter at a centrally deﬁned position. To try to standardise a set of
environmental criteria for the workplace which are unnecessarily tightly
deﬁned will lead to expensive installations and extravagant energy use.
There is already a European Directive which requires the humidity in
rooms to be ‘reasonable’. Imagine sitting in a committee and refusing to
agree that the humidity should be reasonable! The statement is either meaningless, in which case it should be eliminated from any document, or it is
without bound, namely the relative humidity should be between 0 per cent
and 100 per cent: is that reasonable? No, we can all agree that 50 per cent is
reasonable, and it is. However, to maintain 50 per cent relative humidity in a
building in the winter is tantamount to making a requirement for refrigeration and air conditioning. I propose that ‘reasonable’ for relative humidity
is anything within the range 10 per cent to 90 per cent, with the proviso that
the individuals in the space can make adjustments to the environment to
bring the Fanger Comfort Vote score in the range −2 to +2.
The Fanger conditions cannot be extrapolated to all the conditions that
people enjoy. People spend money to lie in the sun on tropical beaches in
conditions which are too hot for the Fanger comfort criteria. They swim in
cold water, they walk on mountains, and the Fanger system is not adaptable
enough to explain their thermal situation. As the temperature rises, one of
the involuntary adjustments that people make is to open the capillary vessels
in the ﬂesh immediately under the skin and raise the skin temperature. An
additional adjustment is that glands which produce sweat are activated so
that water collects on the surface of the skin and heat can be lost by evaporation. The blood is at a temperature of 37°C, and if the air outside were at
37°C and saturated then no heat could be lost from the surface of the skin to
the air. However, the Fanger equations predict that no heat can be lost at a
temperature of 35°C because the skin temperature is implicit in the equations and is set at 35°C. In order to understand extreme conditions we need
to modify our model.
The adjustments which people might make are constrained by the social
environment. My company was asked to design an ofﬁce building in Manchester without air-conditioning. We explained that the occupants of the
building would have to make certain adjustments. For example, during hot
summer weather in the ofﬁce it would be good for them to take off their
coats and loosen their ties. However, as solicitors they said that this was not
permitted, and we had to say that if that was the case they needed an airconditioned building. I am sure we have all experienced the situation of
being comfortable in nothing but a bathing suit. The air temperature is likely
to have been well above 30°C, possibly with some radiation and a good deal
of air movement. It is pretty difﬁcult to design a building in the UK where
the summer temperature is as high as that, and we might manage to enjoy
the feeling of working dressed in bathing suits. This is not a sensible
proposal. Figure 5.1 shows various kinds of temperature associated with
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Figure 5.1 Temperature plotted against predicted mean vote (PMV) for five types of clothing: (1) socks, shoes, briefs, light long-sleeved shirt, tie, light sweater, vest, jacket,
heavy trousers; (2) socks, shoes, briefs, light short-sleeved shirt, tie, jacket, light
trousers; (3) socks, shoes, briefs, light short-sleeved shirt, light trousers; (4) flipflops, shorts, light short-sleeved shirt; (5) no clothes at all!

different types of clothing and comfort votes. It shows a set of conditions
which can easily be achieved during the summer in non-air-conditioned
British buildings.
Thus I am advocating that the design summer temperatures in the UK
should be modiﬁed so that we should specify that on a few days in the year
people might want to work dressed in shorts, a short-sleeved shirt and sandals. The temperature of the building during the day would ﬂuctuate so that
they would probably want to put on a jersey in the morning and take it off
during the afternoon. When we come to winter conditions, a similar set of
adjustments about clothes should be adopted; I would like some attention
paid to the design of clothes which allow free and easy movement and comfort at quite low air temperatures. We could then design buildings which
needed no heating.
In order to prevent buildings from getting too hot in the summer, they
need to be cooled down by ventilation at night. There have to be ventilation
openings which can be left open without harm from intruders or excessive
wind and rain. This is a design problem and it can be solved. The building
needs to be cooled down at night to as low a temperature as is tolerable.
With clothes – socks, shoes, briefs, a light short-sleeved shirt, sweater, jacket
– the building is comfortable in the morning at about 19°C. Then during the
day the building and the environment heat up; a person then removes the
sweater and jacket and possibly loosens their tie, and is still reasonably
comfortable at 19°C to 30°C. You might narrow the range and say 20°C to
28°C. The heat released into the building by computers, people, and light
has to be absorbed by the structure. The ventilation air cannot remove heat
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from the building during the day unless the building is hotter inside than
outside, and that is against the comfort strategy. Thus the energy has to be
coupled to the thermal capacity of the building. It’s no good changing or
increasing the thermal capacity of a building if the heat cannot get from the
building into the thermal store. In electrical jargon, the capacity must be
coupled to the source. The heat in the building ﬂows into the walls, ﬂoors
and ceiling through the surfaces and the surfaces have a thermal resistance
which is not negligible, in fact it is critical. The ultimate coupling from a
room through a surface is 8 W/m2 K−1. The degree of coupling to an inﬁnite
thickness of concrete is 6 W/m2 K−1 taken over a 24 hour period. Thus it is
important to get the surface area up. Tall spaces have a bigger area exposed
to a room than low spaces. Small rooms have more surface area per unit
ﬂoor area than large ones. Once there is enough surface area, the next stage
is to ensure that the surfaces are sufﬁciently heavy to be able to go on
absorbing heat for a substantial part of the day, and that means we should
avoid lightweight plasterboard or thin metal sheeted partitions and use
instead dense concrete or block. We should avoid lightweight false ceilings
and think carefully about the ﬂoor. Furniture has surfaces and the furniture
is thermally coupled to the room. Once one takes the coupling of the air
boundary layer into account, there is not much point in providing more
thermal capacity than 40 or 50 mm of dense concrete facing onto a room. I
am not dealing here with the thermal capacity which enables a basement to
maintain a stable temperature with very small temperature ﬂuctuations providing the heat ﬂows are small over a long period. There is an issue here
about a potential conﬂict between the requirements for the thermal capacity
and the requirements for acoustic absorption.
Acoustically absorbing surfaces are inherently bad at storing heat. For an
ofﬁce, the acoustic environment needs some thought. Let us consider privacy. In a noisy cocktail party the privacy is almost perfect. It is possible to
stand opposite somebody with your nose about 100 mm from their nose and
shout at them as loud as you can. They cannot understand a word of what
you say. Nobody can hear anybody else’s conversation. The reason for this
is that the reverberant sound level ﬁeld in the space is greater than the noise
of a single person’s voice, even when a few centimetres from the mouth. For
an open plan ofﬁce you want to be able to have a conversation with another
person sitting, say, a metre away so that they can hear your voice but the
general population cannot. That means the reverberant sound level should
be comparable with the direct sound from a person about a metre away. That
is a perfectly well deﬁned noise level, and if there is one person per 10 m2 in
an ofﬁce all talking then it is perfectly possible to calculate the amount of
absorption needed in the space. A carpet on the ﬂoor will probably do, and
then that leaves the ceiling as an exposed dense thermal capacity surface.
I think that deals with the thermal and acoustical problems. We come
now to lighting. In buildings where people work, light tends to represent
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something like half of the CO2 production of the building. The current
consensus is that light levels in buildings should be reduced, and 300 lx is
often suggested as a suitable light level. It is common to observe that buildings with apparently good provision for natural lighting are lit with electric
lights throughout the day during the winter. One might think that the occupants are being ‘naughty’ and if the lights were properly controlled by automatic means, then they would be turned off and energy would be saved.
Imagine yourself coming to work in the morning in the winter before dawn.
The ofﬁce is dark, the lights are on. After a time it gets light outside and
natural light is added to the electric light by which you work. Ideally, the
controls would turn the lighting down to maintain a constant 300 lx light
level, thus saving energy. You might be satisﬁed by this strategy, but most
people enjoy a little more light and leave the lights on. In our ofﬁce it is not
popular to turn off the lights until the contribution made by the electric light
is a small proportion of the total light available, so on bright sunlit days the
lights can be turned off and the light level reduces from, say, 1500 to 1200 lx.
In my view, buildings should be designed with this in mind so that we really
do have generous light. Of course, this brings two dangers: during the winter
the heat loss at night is excessive and in summer the heat gain from bright
sun is also excessive. The Victorians invented curtains, shutters and blinds
to control these disadvantages of windows and I think we should have
insulated blinds or shutters which close at night during the winter and close
when there is excessive heat gain from light during hot summer days. Roller
shutters have the advantage of providing security against intruders.
I have not talked much about mechanical and electrical engineering,
because I hope the future does not lie in that sphere. I can design such
installations, but I hope they will not be required.
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One consistently emerging theme identiﬁed with organisational life in the
last few decades is that of constant change. This trend will continue as we
respond to transformation and upheaval to the social, economic and political framework of life in the new millennium. In addition to planned and
predictable life-event changes, we also face uncertainty and insecurity as
organisations adapt to meet new demands. It means that change to the
nature of employment and the modiﬁcation of work structure and climate
will endure. The rapid pace of change will continue, fuelled by technological
innovation. Concern about the impact of such changes on productivity,
performance and quality of life dominates thinking in a diverse range of
disciplines. As Richard Hooker (1554–1600) said, ‘change is not made
without inconvenience, even from worse to better’. The inference is that
exposure to change is, in some way, costly to the individual, business and
society.
Informed organisations are beginning to understand this and acknowledge the notion of ‘healthy workforce = healthy organisation’. Thus, is it
necessary to acknowledge and understand the relationship between ‘change’
as a source of stress, our response in physical, psychological and behavioural
terms, and in our style of coping. However, if change is inevitable, dysfunction and distress are not, since it is mismanagement of the change process
that is damaging in its consequences. Whilst the topic of stress management
in the workplace has assumed a key position in the discipline of work psychology, organisations have been slow to respond and recognise the beneﬁts to
be gained from the introduction of stress control strategies. Whilst ascribed
beneﬁts are framed in terms of business success and the good health of the
workforce, the concept is not without justiﬁed criticism (Briner and Reynolds, 1999). Indeed, the traditional approach to stress management is
ﬂawed because of the preoccupation with focusing on interventions aimed at
helping the employee to cope with stress rather than ﬁnding ways to eliminate or minimise barriers to performance effectiveness and well-being. We
suggest that the identiﬁcation of sources of stress or pressure by diagnosis of
potential problems is required to inform action. This proactive approach to
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stress management helps to prevent problems and the need to rely on costly,
often ineffective curative strategies for the management of work-related
stress.
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Introduction
Research evidence indicates that a wide variety of workplace conditions
cause stress, strain or pressure, which is associated with a whole range of
physical and psychological ill-health problems. Costs to the individual,
business and society are well documented, and informed organisations are
beginning to understand the real costs of mismanaged stress in terms of
business proﬁtability. For example, the 2001/2 survey of Self-reported
Work-related Illness (SW101/02) prevalence estimate indicated that over
half a million individuals in the UK believed that they were experiencing
work-related stress at a level that was making them ill. Nearly one in ﬁve
working individuals thought their job was very or extremely stressful
(Health and Safety Executive (HSE) Statistics, 2004). Also, self-reported
work-related stress, depression or anxiety accounted for an estimated 13.5
million reported lost working days per year. The Health and Safety Commission (HSC) (2002) found 33 million days had been lost in the previous year
from work-related ill health, against 18 million in the last comparable survey conducted in 1995. Stress was identiﬁed as the biggest single occupational health reason declared on sick notes (HSC 2002). The HSE (2001)
report that stress-related illness is costing employers around £370 million
and society as a whole as much as £3.75 billion. In the European Union,
work-related stress (WRS) is the second most common work-related health
problem, after back pain, affecting 28 per cent of EU workers (European
Foundation for the Improvement of Living and Working Conditions, 2001).
A UK survey conducted by the HSE and Personnel Today of 700 senior HR
practitioners suggests that stress-related illness accounts for 11 per cent of
sick leave. Eighty-three per cent of the professionals taking part in this survey believed that stress was holding back the UK’s efforts to improve productivity and 60 per cent reported that it added to staff retention problems
(Bentley, 2003). It is clear that health, well-being and quality of work life are
associated with performance and productivity, and so understanding stress
and pressure at work is vital if we wish to create a productive workplace.
Constant change has been the dominant theme of organisational life in the
past few decades. It is suggested that this trend will continue as we respond
to transformation and upheaval to the social, economic and political
framework of life in the new millennium. While we endeavour to meet the
demands associated with predictable life event changes, we must continue to
face the endless re-shaping of our work structure and climate, embedded in
the changing nature of society. Change, it is said, brings progress, improvement to our quality of life, stimulation and variety and relief from boredom.
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Indeed, why would we wish to make changes for the worse? Why express
concerns about the concept of ‘change’ and use it within the same sentence
as the word ‘stress’? To provide answers to these questions, we need to raise
awareness about the concept of change as a stressor and the notion that it is
mismanaged stress that is damaging in its consequences and costly to the
individual, business and society. This is the ﬁrst objective of this chapter.
Next, by considering some of the changes that seem to be ongoing in
contemporary work environments, we can begin to identify the options
available for the effective management of stress which could minimise or
eliminate problems that would lead to poor productivity and reduced levels
of well-being and happiness. First, we present a rationale for the notion that
change is a potent source of stress.

‘Change’ as a source of stress
For many, the work environment has become a world of rapid discontinuous change, requiring us to live in a state of transience and impermanence.
This situation is potentially damaging because energy is needed and
expended by constant adaptation to stimulation from the external environment. Thus, change is powerful stressor agent because it necessitates adaptation, whether it is a negative or positive experience, welcomed, feared or
resisted; this adaptation or adjustment requires energy (Selye, 1956). Our
energy resources are not inﬁnite, and so breakdown of the system, in part or
total, will ultimately occur. In Selye’s view, impairment of function and
structural change are wholly, or in part, linked to adaptation to stimulation
(i.e. arousal). Exposure to a continued state of arousal results in wear and
tear on the body, which in the extreme results in exhaustion, collapse and
ﬁnally death of the system. If we accept this theory, we can concur with
Hans Selye’s hypothesis that the only person without stress (i.e. arousal) is a
dead person. In Selye’s terms, stress should be viewed as stimulation to
growth and development, challenge and variety. In Selye’s opinion, stress is
the spice of life and so it can be produced by any stimulus, event or demand
impacting on the sensory nervous system. When our perceived ability to
meet a demand exceeds our perceived ability to cope with that demand, the
resulting imbalance is acknowledged as a state of stress (that is, we experience unwanted pressure, a lack of control and/or an inability to cope).
Stress, therefore, is a subjective experience and is very much ‘in the eye of the
beholder’. This explains why in a given situation one person will become
highly distressed, yet another seems to prosper and thrive.
All too often we try to cope with the demands of exposure to change by
resorting to maladaptive ways of coping. That is, we drink alcohol because
we believe it gives us conﬁdence or helps us to sleep or relax; we drink lots of
strong coffee to gain the ‘buzz’ necessary to sustain long hours of working
without a break; we smoke cigarettes to calm our nerves; we use various pills
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and potions to ensure sleep, or ‘pep’ ourselves up; or we eat ‘comfort’ foods,
particularly sugars and fats with low or poor nutritional value. These forms
of coping render us less ﬁt to cope with the demands of change and in
the long term actually become the source of stress, when the addiction
exacerbates the problem.
In evolutionary terms the stress response was adaptive and vital for survival because various bodily functions/mechanisms were activated in order
to prepare the body to respond by either ﬁghting or ﬂeeing from a threat/
source of stress. We are physiologically primed to take some form of action
which is now denied us in contemporary society, particularly for those in
sedentary occupations, because we are not able to release our aggressions by
punching someone on the nose when the pressures become intolerable, but
neither can we run away from the situation. Societal pressures and job role
demands require us to stay and cope without showing sign of weakness.
Although we develop some resistance to stress, the energy needed for adaptation becomes depleted if we remain in stressful circumstances for an
extended period of time. We cannot maintain a state of resistance indeﬁnitely because biological activity causes wear and tear on the body, which
leads to various forms of illness/diseases, and/or weakens our resistance to
disease.

Counting the costs of mismanaged stress
Response to stress is not only in physical terms: we can experience psychological, emotional or behavioural reactions. Both directly and indirectly,
adaptation to change as a source of stress has a potential negative impact
that is costly to the individual, the organisation and society. This fact is well
documented by a surfeit of studies (Sutherland and Cooper, 2000) and illustrates that the effective management of stress in the workplace has tremendous potential beneﬁts, in both humanistic and monetary terms. The costs of
mismanaged stress can be high as a result of:
•

•
•
•
•
•
•
•

ill-health – coronary heart disease; certain cancers; mental illness and a
wide range of minor health problems including migraine, headache,
stomach ulcers, hay fever, skin rashes, insomnia, panic attacks, feeling
anxious or depressed, irritability, poor concentration, impotence and
menstruation problems
premature death
forced early retirement
absenteeism due to sickness or lack of motivation to work
high labour turnover
poor performance and productivity
ineffective managerial or supervisory style
unsatisfactory employee relations
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low levels of motivation
job and life dissatisfaction
poor safety performance
accident vulnerability (at work and/or whilst driving)
delayed recovery from illness or accident
poor health behaviours, e.g. alcohol, drug abuse problems, lack of exercise, dietary problems
marital/relationship problems
lack of self-esteem
increase insurance premiums
stress litigation and compensation payments.

The workplace – change and more change!
‘Change is here to stay’ is the old adage whose truth permeates all our lives
(Cooper et al., 1988) and it would seem that exposure to change can result
in adverse and costly outcomes. In this section we consider the nature of
workplace changes and some of the strategies available to minimise the costs
of exposure to change, which is inevitable. These will be reviewed under the
following headings: changes in the job itself; the job role; relationships at
work; the concept of ‘career’ and the ‘organisational structure and climate’.
Changes in the job itself
A key change for many of us is in ‘volume of workload’ and ‘demand’. Most
frequently it means having too much, rather than too little, work to do in the
time available (although both are potential stressors). Aided by rapid technological development, many organisations have ‘streamlined, down-sized,
or right-sized’ in order to continue to meet increasing competition from
home and world markets. Therefore, fewer people are doing more and more
work. Heavy volume of work, time pressures, difﬁcult and demanding deadline pressures and lack of, or uneven distribution of resources, are some of
the acknowledged pressures. Figures released by the TUC (2003) indicated
that workers in the southeast and southwest of England reported experiencing some of the highest levels of stress in the country. The main causes of
stress identiﬁed in this survey were heavy workload, cuts in staff and overall
workplace change.
Rapid development in technology was originally thought to be stressful
because it was associated with the deskilling of jobs. These fears seem to be
unfounded (Lindstrom, 1991), and it would appear that the method of
introduction of the new technology is more important as a potential source
of pressure. Continual development of computer systems leads to constant
changes, requiring retraining. The ‘leaner’ workforce experiences the pressures associated with trying to release colleagues for training in addition to
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time off needed for holidays and during periods of sickness absence, while
trying to maintain performance and production demands. The workforce is
required to become multi-skilled so that maximum use is made of the costly
investment in new technology (plant and equipment), and the use of new
technology often results in pushing responsibility for decision-making lower
down the organisation.
Computer-led tasks are likely to be monitored, for example, in terms of
number of keystrokes, error rate or task completion rate, causing the worker
to experience increased control and lack of discretion in the job. Lack of
autonomy and discretion in a high-demand work condition deﬁnes a job as a
‘strain’ job, according to Karasek (1979), and is associated with reduced
psychological and physical well-being. More recently, Schaubroeck et al.
(2001) discovered that job demands are associated with ill health and
decreased immune functioning among efﬁcacious (i.e. high self-efﬁcacy, or
perceived ability to accomplish tasks) workers who perceived low control.
However, for inefﬁcacious workers who perceived that they had high control, job demands were also related to ill health and decreased immune
functioning. They suggested that workers who are low in self-efﬁcacy might
ﬁnd control debilitating because they cannot use it effectively to cope with
demands. Therefore, increasing the level of job control for some employees
would be one way of minimising the impact of a high level of demand in a
job, but explains why a one-size-ﬁts-all approach to stress management is
inappropriate and simplistic.
In addition to the pressures of adapting to the changes associated with
increased volume of work, the introduction of new technology and lack of
job control, hours of working and patterns of employment are also altering.
The global restructuring of production and the resulting shift of focus from
manufacturing industries to the services sector and economic recession have
caused the loss of jobs for many and job insecurity for those who have
remained in employment. All would agree that it is not as much fun working
and managing in a contracting organisation as it is in an expanding one.
Advent of the ‘contingent worker’ has led to changes in the nature of
employment and the associated strains and pressures for individuals directly
and indirectly employed (that is, the differences that exist between ‘core’
and ‘periphery’ workers). Organisations now ‘contract-out’ many services,
and staff are given ﬁxed-term contracts. Jean Hartley (1995) provides a
comprehensive account of this, but the following offers a ﬂavour of the
changes:
•

Part-time employed made up 15.5 per cent of the UK workforce in
1971; this increased to 26 per cent by 1991 and was estimated at 32.3
per cent by 2001. Many organisations now refer to these employees as
‘key-time’ workers rather than ‘part-time’, to signify the importance of
this form of employment to the business (Hartley, 1995).
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In 1994 there were 157,000 temporary employees in the UK and this
represented a 10 per cent increase over the previous year.
Women are more likely to occupy part-time jobs than men and
ultimately are more likely to be employed than men if the trend towards
part-time working continues.
Legislative changes have decreased the inﬂuence and scope of trade
unions and membership has declined, since women are less likely than
men to join trade unions. This decline will continue if action is not taken
to rectify the problem.

Contingent employment, suggests Christensen (1995), is a cost framework
in which the worker is perceived as a commodity rather than an investment.
As such, it creates a divisive workforce where one group is perceived as cost
whilst the other, ‘core’ worker group is seen as ‘the investment’.
Such changes, described as intrinsic to the job, combine with existing
pressures and cause us to remain in a high state of physiological arousal for
much of the working day without any natural release of the normally protective ‘ﬁght or ﬂight’ response to stress. Since many workers also have
sedentary jobs which require them to expend very little physical energy, and
those in full-time employment are working very long hours, it is unlikely
they will feel motivated to engage in physical activities outside of work.
They perceive that they have no time and feel burned-out, psychologically
exhausted, and/or depressed or anxious because they are not coping. Therefore, the problem becomes compounded and the vicious downward spiral of
stress begins.
The changing nature of the job role
Changes to role structure are common as companies continually reinvent
themselves, and change is often stressful because we try to resist it. Nevertheless, the impact of change can cause role ambiguity (lack of clarity about the
task) and role conﬂict (for example, coping with the conﬂicting demands of
quantity versus quality, or safety versus quantity). Role ambiguity has been
associated with tension and fatigue, quitting the job, high levels of anxiety,
physical and psychological strain and absenteeism. Role conﬂict has been
associated with absenteeism, job dissatisfaction, abnormal blood chemistry
and elevated blood pressure.
A situation is exacerbated if the workforce perceives lack of managerial
and supervisory support in the workplace. Signiﬁcant downsizing of the
workforce also affects management grade personnel. They experience high
workload demands, long hours of working, and the realisation that they
might not be available when needed. Feeling unable to fulﬁl others’
expectations of one’s job role is now a commonly cited source of pressure
experienced by personnel with responsibility for other people. Since it is also
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commercially essential to run the business continuously, it is necessary to
work a shift system. Managerial staff tend to work the day shift, with only a
skeleton staff available for night-shift duties, and this compounds the problems associated with lack of availability of one’s supervisor/manager when
needed.
Change in the nature of our relationships at work
A climate of recession, characterised by job insecurity and the use of contingent workers, is likely to lead to divisiveness, rivalry, unhealthy competition
for jobs and poor interpersonal relations at work. These are deﬁned as having low trust and low supportiveness. Mistrust is positively related to high
role ambiguity, inadequate interpersonal communication between individuals, and psychological strain in the form of low job satisfaction and
decreased well-being (French and Caplan, 1972). Indeed, levels of violence
in the workplace appear to be on the increase, creating another dimension to
stress in the workplace, and this includes violence between staff, towards
staff and to the managers and supervisors themselves.
As Jean-Paul Sartre (Huis Clos, sc.v) reminds us, ‘Hell is other people’,
and having to live and work with others can be one of the most stressful
aspects of life. However, computerisation has taken over many jobs and
individuals now work in relative isolation for many hours at a time, with
limited opportunity to socialise. Communication channels are limited and
opportunities to develop strong social support networks are denied if the
employee is restricted to a workstation base. Although CCTV and videophone links for such employees may help to overcome these problems, the
fear of ‘big-brother watching’ pervades and is sustained in a work climate of
insecurity and distrust.
Changes in the concept of ‘career’
In addition to the pressures associated with starting, developing and maintaining a career, other common ‘career’ stressors include a mismatch in
expectations, feeling undervalued and frustration in attaining a sense of
achievement. As the pyramid shape of the organisational structure typically
becomes ﬂatter and many job levels are removed, this ‘ﬂatter’ structure provides fewer opportunities for career progression. This and job insecurity,
which results from downsizing and the increased use of a contingent workforce, are potent sources of stress, leading to the observation that perhaps
the nature of ‘career’ is undergoing a radical transformation. Disruptive
behaviour, poor morale and poor quality of interpersonal relationships are
associated with the stress of perceived disparity between actual status within
the organisation and expectations, whilst threat of job loss is a potent source
of stress linked to several serious health problems, including ulcers, colitis,
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alopecia and increased muscular and emotional complaints. Since contemporary employment relations are in transition, the demise of loyalty and
the need for employees to take care of themselves are viewed as a sign of the
times (Hirsch, 1989). Thus it might be said that the nature of a ‘career’ is
changing.
Changes to the organisational structure and climate
Threats to freedom, autonomy and decision-making imposed by the organisational structure and climate, and the way the organisation treats its
people are potential sources of stress. Lack of participation in decisionmaking processes, lack of effective consultation and communication, and
unjustiﬁed restrictions on behaviour have already been referred to above
and are associated with negative psychological mood, escapist drinking and
heavy smoking. Increased control and opportunity to participate has beneﬁts in terms of improved performance, lower staff turnover and improved
levels of mental and physical well-being and accident reduction (Sutherland
and Cooper, 1991). However, employees who do not understand this concept will resist the offer to adopt a more participative style of working, since
they suspect that the proposed changes in working practices are yet another
way of reducing staff levels. Levine (1990) suggests that employee support
for a participative work climate is more likely to succeed when the industrial
relations system within the organisation is characterised by:
•
•
•
•

the presence of some form of proﬁt/gain sharing
job security
ways in situ for the development of group cohesiveness
guaranteed individual rights.

Many organisations are trying to ‘empower’ their employees, but they
encounter problems because they fail to realise that a workforce acclimatised to a dependency culture, where they are simply told what to do (and
are not expected to solve problems and/or make decisions for themselves)
cannot move easily or quickly to a condition of mutual dependence (that is,
control shared by mutual agreement) or to interdependence, which is characterised by ﬂexibility, interchange of activities, joint decision-making and
sharing of control, which is vital for the success of the empowerment process. If management tries to give up control too quickly, or employees try to
escape from being controlled when the authority ﬁgure will not relinquish
control, the workforce will become counter-dependent (Cox and Makin,
1994). In these situations there will be a ‘ﬁght-back’, with acts of rebellion,
such as overtime bans, wildcat strikes and work-to-rule. A need to overcome
a state of learned helplessness, low levels of conﬁdence and lack of esteem,
are important in successfully changing to an empowerment model of
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working (McGrath, 1994). This explains why the changes proposed and
introduced as ‘stress reducers’ sometimes become more damaging than the
original source of strain!
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Diagnosis of occupational stress
Understanding the nature of stress and thinking positively and proactively
about stress management (rather than taking a defensive, self-blaming
stance) means that we must accept that each of us, at various times during
our life, may be vulnerable. It means that we will need to know how to
manage actively (Cooper and Straw, 1998) and positively a potentially
stressful situation without resorting to maladaptive ways of coping (e.g.
excessive use of alcohol and nicotine; drug dependence; lack of exercise;
comfort eating, particularly sugars and fatty foods which have low/poor
nutritional value) which render us less ﬁt to cope with the demand. Indeed,
members of an organisation are unlikely to come forward and deal with
potential problems that exist within an organisation if there is a fear of being
identiﬁed and labelled as a ‘non-coper’. Therefore, conducting a risk assessment (also known as a stress audit) is the ﬁrst step towards successful stress
management. A conﬁdential stress audit will:
1

2
3

Measure sources of stress, stress outcomes (i.e. performance indicators),
individual moderators of the stress response and biographical/job
demographics of the workforce
Identify predictors of performance and well-being
Identify staff attitudes to options for the management of stress (Sutherland, 1993).

A variety of techniques and measures are available for this, including
interviews, focus group sessions, standardised questionnaire administration
and medical examination. Data analysis identiﬁes differences, for example,
between departments, job grades, gender, age, length of service, job location,
etc. There are several beneﬁts to conducting an audit:
•
•
•

•
•

It is a proactive rather than a reactive approach stress control.
It identiﬁes organisational and individual strengths and weaknesses
(and so is similar to an appraisal/training-development needs analysis).
It identiﬁes the stress management strategy needed (i.e. primary, secondary, tertiary); this includes guidance in the planning of Organisational Development (OD) strategies.
It provides a baseline measure from which to evaluate subsequent
interventions.
It makes stress a respectable topic for discussion in the workplace.
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Successful stress control requires an organisational approach that embraces
both stress prevention strategies and interventions to cure or resolve the
problems associated with exposure to stress that cannot be eliminated from
the job. This holistic, tripartite approach consists of:
1
2

3

primary level stress management – to identify, eliminate or minimise a
source of stress arising from change
secondary level stress control – to educate and train the employee to
cope with stress or respond in a way that is not harmful to the individual
or the business
tertiary level stress management – to rehabilitate and treat the symptoms of employees who have become victims of exposure to stress
resulting from the changing nature of work.

Organisations seem willing to use secondary level stress management
strategies and many offer tertiary care. However, it is suggested that more
organisations should conduct a stress audit to identify stress (Sutherland and
Davidson, 1993), and then reduce the number and strength of occupational
stressors. In simple terms, it is about ﬁnding ways to remove or minimise
the problems that act as barriers to work performance, productivity, job
satisfaction and well-being in the workplace.
Primary level stress management
This type of stress management strategy is also described as an ‘organisational level’ intervention. Examples of primary interventions that can be
introduced to minimise or eliminate job stress are given below.
Organisational culture and climate as a source of stress
This is often described simply as ‘being in the [changing] organisation’
(Cooper and Marshall, 1978) and is concerned with a sense of belonging,
the pressure of workplace politics, poor communication, lack of decisionmaking opportunities or a threat to freedom and autonomy. It is about the
way an organisation treats its employees. Included in this are certain social
stressors that consist of negative work climate, unfair behaviour and social
animosities. These may play a role in the development of irritation and
subsequent depressive symptoms (Dormann and Zapf, 2002).
Culture is perceived as a set of learned values that take the form of practices interpreted through rules and norms of behaviour. Therefore, building
a supportive, trusting and open work climate and culture, and ensuring that
the style of management and supervision is compatible with the goals and
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aims of the organisation, are important factors in organisational stress control. It means developing a culture that encourages staff to be supportive of
each other in order to facilitate team working and good interpersonal relationships in the workplace. An assessment of the organisational culture is
used to guide the process of culture change. Likewise, the use of psychometric measures to understand the appropriateness of management style as a
potential source of stress might be required. Whilst this has implications
for selection and recruitment strategies, it could highlight a need for a
‘secondary-level’ intervention, such as management re-training.
Other primary level strategies include:
•
•
•
•
•
•

•
•
•

•

the effective management of merger and acquisition programmes
improving worker perceptions of job control
increasing opportunities for decision-making
managing the stress of job demand, high workload and time pressures
that can lead to burnout
managing shift-work stress
controlling career stress, for example, by providing realistic and honest
job descriptions or using appraisal interviews to reduce the stress
associated with uncertainty and ambiguity about the future and career
potential
dealing with bullying
managing the stress of job under-stimulation and boredom at work by
increasing workers’ skills and autonomy in the job
providing alternative work arrangements, policies and programmes to
give staff ﬂexibility. Alternative work arrangements include part-time
work, job sharing, leave of absence, telecommuting and other work-athome arrangements, and ﬂexitime
managing role stress such as role ambiguity and role conﬂict by using
role negotiation techniques and participative goal-setting strategies.

Secondary level stress management
This type of programme is ‘response directed’, since it improves the response
to a source of pressure in order to avoid a negative outcome. It thus operates
at the level of ‘the individual employee’ or ‘work group’ and includes a
variety of skills training options, usually following an assessment-focused
stress management programme (i.e. a training needs analysis). For example:
•
•

•

assertiveness training
improved coping skills – understanding adaptive coping rather than
using the maladaptive styles of coping which ultimately render us less ﬁt
to cope with pressure
interpersonal/social skills training
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leadership skills training
time management skills
cognitive reappraisal of the situation, which aims to improve the balance between perception of ‘demand’ and our ability to cope with it (e.g.
examining faulty thinking)
relaxation training/biofeedback
type A coronary-prone behaviour management.

Other options in this category aim to keep the individual ﬁt to cope with the
pressures of work and living, and many organisations already have this type
of wellness programme in place. For example:
•
•
•
•
•

exercise/keep ﬁt programmes
healthy lifestyle management
dietary advice
smoking and alcohol cessation programmes
advisory drugs clinic.

Tertiary level stress management
At a tertiary level it is possible to provide stress management options for
individuals who are suffering from the effects of exposure to strain and
pressure. Many of the strategies described above take time to implement,
and so it will be necessary to have in place some form of programme to catch
the people who ‘fall through the net’ and become victims of exposure to
stress (Sutherland and Cooper, 2000). These include:
•
•
•
•

provision of an Employee Assistance Programme (EAP), giving access to
a conﬁdential telephone/counselling service.
internal/external psychological counselling services
career sabbatical opportunities
development of social support networks – social support can play a
signiﬁcant part in enhancing the level of employee well-being,
particularly social support from a boss.

Conclusions
It is desirable for business to use proactive, preventive and curative
approaches to the management of stress, and at the same time operate at
more than one level of focus. This is described as a tripartite, integrated
approach to stress management, consisting of primary, secondary and tertiary action. Elkin and Rosch (1990) suggest that the best approach is one
that is able to acknowledge that changing life-long patterns, those of the
individual worker or those of the organisation, take time and commitment.
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In addition, certain issues are key to successful stress management in the
workplace:

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

1

2
3
4

5
6
7
8

Have a clear idea about why you are becoming involved in a stress
control programme. An audit or risk assessment will highlight problem
areas and the strategies needed.
Decide how you are going to evaluate your initiative and measure the
beneﬁts.
If there are beneﬁts, share these rewards with employees.
Take time to understand both staff and management attitudes to your
stress management policy and proposed plans. Ask staff to identify the
problems and the possible solutions.
Deﬁne who is to be involved in an initiative. A project must be endorsed
at the highest level to ensure that commitment is strong.
Communicate intentions clearly.
Provide guarantees of conﬁdentiality; explain who has access to the data
and how it will be used.
Deﬁne how the feedback of results of a stress audit or risk assessment
will be treated and used.

Stress-related problems are complex and rarely limited solely to the
workplace or a home life domain, so a holistic, integrated, organisational
approach to stress management is recommended (Sutherland and Cooper,
2000). In this, the organisation and all employees should be encouraged to
actively manage the stress that is an inevitable part of living and working in
the twenty-ﬁrst century. Some degree of pressure is an inevitable part of
living in a constantly changing work environment. While this can be a spur
to improved performance and motivation to respond, it can also be damaging in its consequences if it is mismanaged. Change is inevitable but distress is not, because many options are available for the management of
stress.
Whilst the concept of ‘healthy individual = healthy organisation’ is not
enshrined in legislation, common law and the general duties under Section 2
of the Health and Safety at Work Act 1974 require employers to ensure the
health, safety and welfare at work of their employees so far as it is reasonably practicable. Thus, in recent years the practice of introducing stress
management interventions has steadily grown. However, most of these are
aimed at the individual, either by treating people who have become victims
of exposure to stressful conditions, with the aim of getting them ﬁt to deal
with stress, or by helping them to cope more effectively with the demands
and strains of organisational life. Research evidence indicates that these
strategies alone will not be totally effective and that organisations must
begin to identify negative occupational stress and work to remove or minimise these problems. A stress audit (also recognised as a psychological risk
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assessment) is required to identify sources of stress and inform action.
Recent audits and risk assessments show a clear role for those involved in
the design and planning of productive work environments. In this way they
can contribute to a proactive organisational approach to stress management
that aims to prevent problems and the need to rely on costly, often ineffective curative strategies that are currently used to keep people healthy, happy
and productive at work. Indeed, effective stress management will place you
in control of change that is an inevitable part of working and living in the
twenty-ﬁrst century with potential gains to beneﬁt the economy, the
business and the workforce.
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The economics of enhanced
environmental services in
buildings
David H. Mudarri

The theme of this chapter is that the great disparity between the economic
loss society suffers from poor indoor environmental quality and the cost
necessary to improve it is caused in large measure by an imbalance in the
marketplace. Private entities that want improved environments have been
unable to translate this desire into an overt expression of market demand
that would justify the expenditure and risk that the improvements require.
Public policies which facilitate the easy expression of market demand by
occupants and which ease the response to that demand by building owners
and developers are recommended. These policies include the establishment
of protocols of good building practices; a rational integration of energy and
indoor environmental policies; and guidance and software packages for
building owners and others that assist in calculating bottom-line impacts of
indoor environmental quality projects.

Magnitude of economic loss associated with poor
indoor environments
While economic loss from poor indoor environments has not been rigorously studied, there is good evidence that the economic loss to industrialised
nations is substantial. The United States Environmental Protection Agency
(USEPA, 1989) estimated a total annual cost of indoor air pollution in the
USA of approximately $6 billion due to cancer and heart disease,1 and
approximately $60 billion due to reductions in productivity. The productivity loss was derived from self-reported survey data and represents an average
productivity loss of approximately 3 per cent for all white-collar workers, or
approximately twice that ﬁgure for just those workers reporting some loss.
Raw et al. (1990) looked at self-reported productivity loss in buildings in
the United Kingdom. From their data it appears that about half of the ofﬁce
workers in the UK experience fewer than three indoor air quality symptoms,
with little or no reported productivity loss, but that the remaining workers
report productivity losses of about 7 per cent on average, or just over 3 per
cent when considering all workers.
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These estimates are based on self-assessments of productivity losses, and
therefore must be interpreted with caution. But other evidence, including
experimental evidence, supports the overall conclusion that the productivity
losses are large (Wyon, 1996; Kroner et al., 1992).
Mudarri (1994) estimated the costs and beneﬁts of a proposed national
ban on smoking in public buildings. The portion of the estimate of beneﬁts
over costs associated with the reduced impact of second-hand smoke on
non-smokers was in the range of $30–$60 billion per year,2 while the portion
associated with reduced building housekeeping and maintenance was in the
$4–$8 billion range.
Fisk and Rosenfeld (1997) estimated that annual savings and productivity
gains from building improvements in the USA could be $6–$9 billion from
reduced respiratory diseases, $1–$4 billion from reduced asthma, $10–$20
billion from reduced sick building syndrome, and $12–$125 billion for
improved worker performance that is unrelated to health. Example calculations also suggest that the value of the beneﬁts from improvements might be
between 18 and 47 times the cost of those improvements. And Dorgan
Associates (1993) estimated that a productivity gain worth $55 billion
annually could be achieved with an $88.6 billion initial investment (payback
of 1.6 years) with an annual cost of $4.8 billion to sustain the
improvements.
While these estimates differ in their detail, and while it is admittedly difﬁcult to quantify national costs and beneﬁts, all these studies are consistent
in their implication that even modest improvements in the quality of
environments inside buildings would result in an extraordinarily large social
beneﬁt. So it is worth while discussing why there is a problem, and what can
be done about it.

Problems with the market for indoor environmental
quality
With such apparent large net economic gains to be derived from improved
building practices, why doesn’t the private sector simply jump at the
opportunity? Perhaps from the standpoint of the building owner or company executive, such changes would not be as proﬁtable as the economic
analysis above suggests. Or perhaps they could be proﬁtable but would
require some changes in old patterns of behaviour.
Indoor environmental quality is seldom a meaningful consideration in the
most fundamental building market transactions – the sale and purchase of
design and construction services, the sale and purchase of the building, the
leasing of rental space, or the operation and maintenance of buildings. In
part, this is because the market entity which beneﬁts from improved indoor
environmental quality (e.g. the tenant/occupant) is not the entity capable of
providing it, or that must pay for it (e.g. the building owner). While it is true
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that this creates a barrier to having the latter respond to the former’s desires,
it should not prevent a response. After all, competitive markets are supposed
to ensure that the desires of those that purchase or rent space is satisﬁed by
those supplying space, as long as they are willing to pay for it. The fundamental problem here is that those who want and are willing to pay for
improved indoor environmental quality (e.g. building tenants) are not asking for it during the market transaction (e.g. rental of space), so that those
capable of providing improvements (e.g. building owners) are not motivated
to do so.3 The desire for improved environments has not been translated into
a market demand, even though there is ample evidence that the desire exists.
Tables 7.1 and 7.2 suggest that the desire for improved indoor environments is widespread. Two independent surveys of major building tenants
place indoor air quality and the related issues of thermal comfort and HVAC
performance high on the list of major tenant complaints. Despite this, when
it comes to seeking available space, these issues are rarely raised. Tenants
look for, and owners market their space according to its location, its appearance, parking, and other items that are visible and tangible. Such measures
as continuous and adequate outdoor air ﬂow, HVAC operational parameters, the housekeeping and maintenance programme, or other factors
that directly affect indoor environmental quality, but are not visible or tangible, rarely become major considerations in seeking space or in negotiating
the rental agreement. If such demand is not expressed in the purchase and
sale for space, it will not trickle up into either the design and construction, or
the sale and purchase of buildings.
Table 7.1 BOMAI survey: office tenant moves and changes
(BOMAI, 1988)
Worst problem

% of responses

HVAC and indoor air quality
Elevators
Building design
Loading docks
All other

30
12
7
6
45

Table 7.2 IFMA survey: top five
complaints of corporate tenants
(IFMA, 1991)
1.
2.
3.
4.
5.

Too hot
Too cold
Storage and filing space
Indoor air quality (tie)
Janitorial service (tie)
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Thus, the cost-conscious developer or building owner has every motivation to avoid expenditures that might improve the indoor environment.
Commissioning new building construction to ensure that building systems
are designed, integrated, and installed correctly is an expense; writing operation and maintenance manuals to instruct the building engineer how to
operate and maintain the systems is an expense; and actually performing
adequate maintenance once the building is constructed is an expense. For
items such as these, for which there is no discernible market demand, the
operating phrase is often ‘make sure you meet code, but do no more’. These
expenses are avoided. It is not surprising, therefore, that many indoor
environmental problems are traced to faulty design, faulty construction, or
faulty operating and maintenance procedures.4
The lack of expressed market demand for improved indoor environmental
quality creates an enormous chasm between those that would beneﬁt and
those responsible for providing it. For example, in addition to inadequate
maintenance, attempts to reduce energy costs can also create indoor air
quality problems if they unduly reduce outdoor ventilation rates, or if they
unduly relax the ability of the ventilation system to control temperature and
humidity to suit occupant needs. But the savings resulting from reduced
maintenance or from energy conservation strategies are insigniﬁcant when
compared to the potential health, comfort, and productivity losses of the
occupants. Consider, for example, the relative value of building costs (Table
7.3). Labour costs are clearly the most signiﬁcant cost item in most commercial buildings. A 30 per cent saving in HVAC energy and/or in HVAC
maintenance translates into something of the order of $0.25–$0.35 per
square foot. However, the 3 per cent loss in productivity associated with
poor environmental quality would correspond to approximately $4.50–
$6.00 per square foot, with unmeasured additional impacts of discomfort
and poor health. From a holistic view this makes no sense – society is
sacriﬁcing values of over $4.50–$6.00 to gain values of $0.25–$0.35.
Tenants and occupants ought not to tolerate such gross suffering for such
Table 7.3 Some typical office building expenses
Item
Rental income
Operating expenses
HVAC energy
HVAC maintenance
Cleaning
Grounds
Leasing
Tenant expenses
Employees

$/square foot
10.00–20.00
0.75–1.00
0.30–0.50
0.75–1.00
0.30–0.60
0.20–1.75
150.00–200.00
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minuscule savings, but tolerate it they must unless they know speciﬁcally
what changes to ask for. And building owners who want to advertise the
environmental quality of their building need to know speciﬁcally how to
achieve it and get credit in the marketplace for doing so.
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Public policy remedies
Translating the notion of good indoor environmental quality into speciﬁc
generally accepted protocols would go a long way to enable the expression
of market demand. Combined with speciﬁc provisions to reduce costs and
risks, the market for indoor environmental quality could very well become
healthy, active and robust.
Indoor environmental quality protocols
Indoor environmental quality does not come in a can or a box, and you
cannot order it by the ton or by the gallon. It has no clear deﬁnition or
metric. Rather, it is wrapped into the fabric of the design, construction,
operation, and maintenance of the building in hundreds of different ways. To
make it a marketable product, it ﬁrst needs to be packaged in an identiﬁable
way, as, for example, through the development of speciﬁc protocols or
standards of practice for the design, construction, operation and maintenance of buildings. Fortunately, much has been learned over the past 15 years
and there has been signiﬁcant progress in developing elements of these protocols in the form of guidelines and standards for indoor air quality, ventilation, and green buildings and products. While this process has been slow and
is still in its infancy, there are signs that some groups are packaging elements
of these protocols into speciﬁc design or operation and maintenance services
with the idea of marketing these services to building owners. The gamble is
that the ‘unexpressed market demand’ for good indoor environmental quality will be recognised by some building owners who will use the certiﬁcation
associated with these services to gain a market advantage. As a matter of
public policy, encouraging, supporting, and participating in the accelerated
development of these protocols is surely an important thing to do.
Rationalising indoor environmental policies with energy
policies in buildings
Since ventilation is so critical to indoor air quality, and since the energy cost
associated with ventilation systems is an important building operating cost,
a set of procedures which integrates the needs for energy cost reduction with
the needs for good indoor environmental quality ought to be adopted and
codiﬁed. The attitudes which pit indoor environmental quality interests
against interests in energy efﬁciency are wasteful and unnecessary. This is
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why, for example, the US Environmental Protection Agency’s comment on
the proposed revision to ASHRAE Standard 62 encouraged ASHRAE to
focus more on improving energy recovery technologies to reduce the cost of
outdoor air rather than attempting to limit outdoor air in buildings
unreasonably.
In addition, the professional literature is beginning to explore objectively
issues of compatibility and conﬂict between indoor environmental quality
and energy efﬁciency (Coad, 1996; Eto and Meyer, 1988; Eto, 1990; Lizardos, 1994; Mudarri et al., 1996a, 1996b; Mutammara and Hittle, 1990;
Reddy et al., 1996; Rengarajan et al., 1996; Shirley and Rengarajan, 1996;
Steele and Brown, 1990). This is a necessary ﬁrst step in the formation of
a rational integrated policy. Based on current knowledge, an integrated
energy and indoor air quality protocol might include the items identiﬁed
in Table 7.4.
To evaluate the potential savings from energy measures which compromise indoor air quality (see Table 7.4) relative to other energy-saving options,
an ofﬁce building in a moderate climate is being modelled using the DOE-2
energy simulation program. This modelling is an extension of previous work
(Mudarri et al., 1996a, 1996b). Preliminary results suggest that the energysaving actions which compromise indoor air quality are not signiﬁcant
when compared to the very signiﬁcant savings attributable to basic load
reductions and equipment efﬁciencies. This gives impetus to the hope that an
integrated energy/indoor air quality protocol can be widely accepted. It is
appropriate, therefore, that the US Department of Energy and the US
Environmental Protection Agency have begun a project to develop such a
protocol. It is being developed in conjunction with a wide variety of other
stakeholders as an indoor environmental quality appendix to the International Performance and Veriﬁcation Protocol (IPMVP) – a protocol for
the measurement and veriﬁcation of building energy improvements.5
Reducing the cost burden to building owners
Two notable developments in the energy ﬁeld have been the concepts of
‘demand side management’ and ‘performance contracting’. Demand side
management reﬂects the utility industry’s awareness that it is more costeffective in the long run to answer the growing demand for energy by promoting energy efﬁciency than by building additional power plant capacity.
This response has resulted in the utility industry offering building owners
and others ﬁnancial incentives or discounts in purchasing energy-efﬁcient
equipment. Performance contracting provides the mechanism by which
energy savings from energy-efﬁcient investment can be used to pay for its
ﬁnancing. In such an arrangement, an energy service company (ESCO) may
contract with the building owner to evaluate energy savings opportunities,
to implement them, and to arrange for ﬁnancing. The energy savings are
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Table 7.4 Proposed elements of an integrated building environment and energy policy
Measures to improve energy with little impact on indoor air quality (IAQ):
should be pursued on the basis of energy potential alone
•
shell efficiencies
•
internal load reductions (e.g. lighting, computers)
•
air distribution upgrades (fans, fan motors and drives)
•
central plant upgrades (chillers and boilers)
•
energy recovery systems
Measures to improve IAQ with little energy impact: should be pursued as a
matter of good building practice where practical
•
choice of materials, furnishings, cleaning products
•
timing and method of major pollutant source applications (e.g. painting, pesticides)
•
filter changing
•
trash storage and collection
•
pressurisation controls for garage entrances, loading dock entrances, print rooms
•
smoking restrictions
Measures to improve energy and IAQ: should be pursued as a matter of good
building practice where practical
•
economiser HVAC control
•
night precooling/night-time flush
•
preventive maintenance
•
cleaning and disinfecting HVAC equipment
•
calibration of thermostats and controls, reduced duct leakage
•
exhausting pollution/heat-generating equipment (e.g. copying rooms)
Energy efficiency measures that may compromise IAQ: should be avoided or
carefully adjusted to ensure a healthy, comfortable, and productive
environment
•
decreasing outdoor air below IAQ standards
•
VAV systems using a fixed outdoor air damper
•
aggressive equipment downsizing unless based on year-round outdoor air and
thermal control
•
late start-up and premature shutdown of HVAC
•
overly wide temperature/humidity control deadband to save energy

then directed towards ﬁnancing the project, paying the ESCO, and reducing
the operating costs for the owner. The exact way in which the energy savings
are proportioned will vary. One objective of the IPMVP is to facilitate these
arrangements by standardising measurement and veriﬁcation procedures.
These arrangements offer an opportunity to institutionalise indoor
environmental quality into market transactions involving building construction or retroﬁt. Many indoor air quality improvement projects require that
the HVAC system be upgraded. In itself, this is a substantial expense and a
great disincentive to cost-conscious building owners. However, new HVAC
equipment offers opportunities for energy upgrades. Thus, the opportunities
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to reduce costs and risks by packaging these retroﬁts into an overall energy
upgrade programme while using performance contracting and utility incentives to reduce costs can go a long way to removing this disincentive and
potentially creating a positive incentive for long-term ﬁnancial gain.
A large number of indoor air quality problems could be avoided if building owners would simply maintain their HVAC system in order to ensure
that the system operates according to its design intent (USEPA/NIOSH,
1991). This may also result in signiﬁcant energy savings. In a study of seven
existing buildings in Minnesota, easily achieved energy saving opportunities
consistent with the operating intent of the building owner were estimated to
account for 8–21 per cent of the buildings’ utility cost with an average
payback of only 0.67 years (Herzog and LaVine, 1992). Considering just
those aspects associated with the HVAC system, savings would be of the
order of 2–20 per cent with an average of 10 per cent savings in energy
costs.6 This is why ‘HVAC tune-up’ is recognised as an important element of
both an energy conservation and an indoor air quality programmme for
commercial buildings (USEPA/NIOSH, 1991; USEPA, 1995).
Housekeeping is an important operating expense, perhaps equivalent to
the HVAC energy budget. Not only is good housekeeping important to
maintaining good indoor environmental quality (USEPA/NIOSH, 1991;
Franke et al., 1997), but a reasonable pollutant source management programme, including smoking restrictions, medium efﬁciency air ﬁltration,
and simple strategies for managing outdoor sources of contaminants (e.g.
from the loading dock and parking garage) can reduce housekeeping costs.
Savings in housekeeping from smoking restrictions alone have been estimated to be of the order of 10 per cent (Mudarri, 1994).
These three ways which reduce the cost of indoor environmental services
– energy savings through HVAC equipment retroﬁt, energy savings through
good maintenance, and savings in housekeeping expenses – makes indoor
environmental quality an issue with potentially little or no cost burden. If
this cost containment strategy were to be combined with the ability of building owners to market and advertise the environmental quality of their space,
there is a good chance that the building owner’s net revenue potential would
be enhanced.
Bottom line analysis for building owners and managers
Let’s look into the future for a moment, and consider the situation of a
typical 200,000 square foot ofﬁce building located in a temperate climate in
the United States. Suppose the building is reasonably well run, but the owner
has been hearing rumblings of dissatisfaction from one or two tenants about
air quality and thermal comfort. The owner believes that his building is
about average in terms of how well it is managed, and he has always had the
impression that there isn’t much more he can do about improving the indoor
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environment within his current budget. Then he picks up an article in the
trade press that describes a newly internationally recognised7 energy and
indoor environmental protocol, and a new software package that shows
building owners how to improve the energy efﬁciency and indoor air quality
of a building at modest to negligible cost. He notes that the same software is
available to building tenants. He is interested in this concept, but is also
concerned that potential tenants might become aggressive in negotiating for
space if such resources are available to them.
He obtains a copy. The software convinces him that the concept is viable
for his building, so he hires a new kind of company which may one day come
to be known as energy and environment service companies (EESCOs). This
EESCO recommends a series of changes including a building tune-up, lighting upgrades, increases in outdoor air ventilation, upgrades to chillers and
boilers, improved housekeeping to control outdoor pollutant sources, a nonsmoking policy, and a rigorous HVAC maintenance programme. The
EESCO recommends that this effort be achieved over a three-year period.
The expense analysis of the software programme, based on the EESCO’s
recommendations, is reﬂected in Fig. 7.1. It reﬂects some initial expenses to
remediate previously deferred maintenance, to tune-up the HVAC system,
revise maintenance procedures, reorganise records, train personnel, and
generally start the programme. He will have some capital expenses for new
HVAC equipment and controls, which provide for basically a 4–5 year payback. The startup expenses and initial capital outlays are distributed over a
three-year period. The capital outlays are ﬁnanced over a ten-year period.

Figure 7.1 Annual expenses projections with and without energy/IAQ upgrades
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However, the annual expenses associated with this programme are essentially paid for by the reduced operating costs. After about 10–12 years, the
expenses are effectively reduced.
The owner now considers his revenues and leasehold expenses. Since the
owner has been hearing rumblings of dissatisfaction from tenants concerning indoor environmental conditions, he considers the possibility that over
the long haul, an improved indoor environment may convince some tenants
to renew their lease rather than seek alternative space. This could be very
advantageous to him. With the same rental rate, retaining a tenant will
reduce leasehold expenses associated with buildout and brokerage fees. It
will also allow him to avoid the delay in occupancy associated with a new
tenant, as well as the need to offer free rent to attract new tenants. He
quickly sketches out the difference between renewing the lease of an existing
tenant with this new programme and having to seek a new tenant when the
lease expires under the old programme (Fig. 7.2). This possibility is attractive and suggests some long-term gains even if just a small portion of his
tenants reverse a decision to leave and decide to renew their lease instead.
Then he considers the potential impact on his 20-year pro forma budget.
He loses about four months in occupancy every time a space turns over. In
addition, on average, he is offering two months free rent for new tenants.
He tries to recoup some of this expense with an increased rental rate for new
tenants, but in a tight market, there is a deﬁnite trade-off between months of

Figure 7.2 Net revenue comparison for a single lease with and without energy/
IAQ upgrades
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free rent, the time it takes to attract a new tenant, and the rental rate. He
anticipates that he will use the upgraded features of the building as a marketing and negotiating tool. The software package shows him how his effective
rents (rental revenue less leasehold expenses) will change with changes in
occupancy and rental rates (Table 7.5). He estimates that if he undertakes
the recommended improvements, his long-run occupancy rate might
improve from its current 97 per cent to 98 per cent as he is better able to
retain tenants. He postulates that, with this strategy, he might be able to
increase his average rent modestly from $19.00 to $19.25 per square foot.
With these inputs, he uses his software package to run a 20-year pro forma
budget (Fig. 7.3). The building owner is impressed with the results, and
implements the package. He is modestly successful and decides to do the
same with other buildings he owns. He does this for 20 years and, as he ages
and matures, he reﬂects on how all his competitors are now doing the
same. It’s a matter of survival. Indoor environmental quality has become a
Table 7.5 Changes in effective revenues (i.e. revenues net of leasehold expenses) after
improvements (before improvements: rents = $19/square foot; occupancy = 97%)
Annual rental rate
(per square foot)
$19.00
$19.50
$20.00

Occupancy rate (%)
97.0

97.5

98.0

0
7
6

4
7
10

7
10
13

Figure 7.3 Twenty-year net annual summary with and without energy/IAQ upgrades
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commonly marketed item, with very speciﬁc and well-deﬁned parameters,
known as much to occupants and tenants as to building managers, architects and builders. The term ‘building performance’ no longer just refers
to energy performance and operating costs. It also refers to how well the
building services the occupants in the space with comfortable and healthy
conditions that maximise their performance and productivity. He reﬂects
on how his world has changed from what it used to be, and he is delighted in
the change.

Disclaimer
The opinions expressed in this chapter are those of the author, and do not
necessarily represent the policy of the US Environmental Protection Agency.
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Notes
1 No attempt was made to assess the economic value of premature death due to
indoor pollution, but only the direct medical cost and lost earnings from the
major illnesses which could lead to premature death. The true economic value of
society’s loss is thus considerably underestimated as a result.
2 This estimate was based on a valuation of each premature death avoided using a
willingness to pay measure of $4.8 million.
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3 Similarly, in owner-occupied buildings, the managers interested in the health and
productivity of the employees need to ask for improved environmental quality
from the managers responsible for building operations.
4 In the USA, in only about half of the commercial buildings is the HVAC system
subject to a regular maintenance programme (USDOE, 1993).
5 Information about the IPMVP protocol and the indoor environmental quality
appendix is available at http://www.ipmvp.org/committee.
6 In effect, this would ordinarily be enough to pay for over half of the cost of a good
HVAC preventive maintenance programme.
7 Such a software package is being developed by the USEPA. For information contact mudarri.david@epamail.gov.
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Assessment of link between
productivity and indoor air
quality
Charles E. Dorgan and Chad B. Dorgan

Introduction
Due to the large portion of time, up to 95 per cent,1 that an average individual spends indoors, the quality of the indoor environment has a signiﬁcant effect on the health and productivity of employees and other occupants
and visitors to commercial buildings. The indoor environmental quality
(IEQ) is composed of factors such as space temperature, humidity, noise,
lighting, interior design and layout, building envelope, and structural systems. A subset of the IEQ is indoor air quality (IAQ). The factors that deﬁne
IAQ are temperature, humidity, room air motion, and contaminant
concentrations.
When IAQ is not satisfactory, both employee and other building occupants’
health and productivity can be impacted, resulting in work degradation and
dissatisfaction by customers. Productivity is a measure of the quality and
quantity of accomplishments actually completed by an employee to what
could be accomplished under ideal circumstances. Due to the wide variation
in tasks in commercial buildings, productivity can frequently be either measured or subjectively estimated. Measured values include sales, proﬁts, the
number of errors per hour or actual time at work. Subjective values include
personal evaluation of productivity, benchmarked satisfaction of either
employees or customers, better students’ or supervisors’ annual evaluations.
The productivity IAQ-Link research projects reported in this chapter
include all commercial building stock that was not either industrial or residential as deﬁned in Energy Information Agency (EIA) reports for the USA.
This includes such buildings as government and institutional, retail, ofﬁce,
school, hospital, restaurant, lodging, casino, and other non-industrial
buildings.
Complicating the analysis of the IAQ-Link to productivity is the fact that
IAQ is only one of the components that affect productivity in commercial
buildings and organizations. Others factors, including management styles,
education, training, experience, salary, business stress, competition and
workload, must be accounted for to obtain valid results.
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This chapter is a summary of three studies completed for and funded by a
national contractor’s association on the health costs and productivity beneﬁts of improved IAQ. The original study2 documented the general health
costs and productivity beneﬁts of improved IAQ. The second study3
expanded the scope to include speciﬁc illnesses that could result in medical
cost reductions by improving the IAQ. The third study was related strictly to
the hospitality industry. This study and the update of the initial studies data
have been updated to 2004 values in this chapter. The impact of nonemployee productivity beneﬁts were also determined based on both other
prior reports and papers and from non-published work completed by Dorgan Associates for a number of clients and by EPRI in some of their energy
research projects.
General information on the study’s objectives, assumptions, deﬁnitions,
and results are given below; this is followed by more detailed information on:
•
•
•
•
•
•
•
•
•
•

research methodology
results of research
building wellness categories
building and worker inventory/database
health and medical effects of poor or degraded IAQ
health cost beneﬁts
productivity beneﬁts
recommended improvements
summary of hospitality report
conclusions.

Objectives
The studies were conducted with the following objectives:
•
•
•
•

Develop a classiﬁcation system for known and recognized IAQ
degradation in commercial buildings for the United States.
Quantify the health cost beneﬁts of good IAQ.
Quantify the productivity beneﬁts of good IAQ.
Determine the cost to implement known measures and solutions for
typical IAQ degradation.

Assumptions
Due to the relative lack of uniform methods for linking productivity to IAQ
and prior information on a recognized format for presenting productivity,
several assumptions were made. Primarily, it was decided to report conservative results. Based upon review of the source research documents, the
productivity beneﬁts could easily be three to six times those reported in this
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chapter. Review of past research on IAQ and productivity report high and
low results. A cautious and conservative approach was used in the three
reports. There are a few published reports and papers that suggest that the
link is small or random. Upon closer review of the research methodology,
the results appear to be based strictly on opinion or ﬂawed data analysis.
Likewise the reports that conclude beneﬁts of 20 per cent to 40 per cent
appeared to have misinterpreted the data. Our results are further dependent
and based upon the following:
•

•

•

•

Building and employee distribution data from the Energy Information
Agency (EIA) is accurate and representative of the whole population of
commercial buildings.
High beneﬁt estimates reported in other studies and papers that did not
provide detailed research procedures were discounted for this study. For
this report, a conservative percentage of these values were used. This
was typically one-third or one-sixth of the implied and reported beneﬁts, based on the research team judgement.
Only the direct beneﬁts of improving the IAQ were considered. Secondary beneﬁts, such as fewer inter-ofﬁce problems due to reduced stress
caused by improved IAQ, are difﬁcult to estimate and were not
included.
Experienced professionals would be involved in determining the proper
renovations to be implemented to improve the IAQ in buildings and that
once installed, are properly maintained to avoid future IAQ problems
(includes training of operation and maintenance personnel). This is
clearly a key deterrent to full implementation of the beneﬁts. However,
it does not impact a speciﬁc building owner who has qualiﬁed professionals available to implement upgrading all their existing building to
‘ASHRAE 62–1999 (currently ASHRAE Standard 62–2004) and
ASHRAE 55–1992 (currently ASHRAE Standard 55–2004) Levels’.

Results
The productivity and health beneﬁts determined by the results in this chapter
affect a large proportion of those who work, visit, do business or are a
customer in commercial buildings in the United States. The beneﬁts include
monetary (proﬁts or income), quality (education and art), health (less lowlevel health issues) and satisfaction (reduced complaints). These results for
direct employee health-related productivity beneﬁts are summarized in
Table 8.1. The total productivity beneﬁts for commercial buildings are
summarized in Table 8.2. Both quantiﬁcations are based on all buildings
meeting ASHRAE Standards 62–1999 and 55–1992 and related IAQ aspects
of these standards that may be considered recommended, not mandatory.
This includes humidiﬁcation, ﬁltration and maintenance.
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Table 8.1 Summary of reduced health cost and productivity benefits related directly
to workers
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Inventory
• Number of commercial buildings in United States
• Total space
• Number of workers
Productivity and health benefits
• Annual total productivity benefits
• Annual reduced health cost
• Annual total productivity and health benefits
• Annual employee-related benefits, total

5,061,780
6.5 billion m2 (69.7 billion ft2)
83.7 million
$79.8 billion/yr
$11.9 billion/yr
$91.7 billion/yr
$1096/worker/yr
$14.11/m2-yr ($1.31/ft2-yr)

Cost to implement
• Implement all identified IAQ improvements
• Average cost per area
• Average cost per worker
• Initial average economic simple payback
• Annual cost to sustain all improvements

$123 billion
2
2
$18.92/m ($1.76/ft )
$1,470
1.3 years
$5.6 billion/yr

Net 20-year present value of benefits less cost (I = 3%)
• For all improvements
• Per area for all improvements
• Per worker for all improvements

$1132 billion
$174/m2 ($16/ft2)
$13,500/worker

Table 8.2 Summary of total productivity benefits – worker, health cost and sales/profits
Productivity and health benefits
• Annual total productivity benefits
• Annual reduced health costs
• Annual total productivity and health benefits
• Including annual sales benefits plus direct worker benefit
• Annual employee-related benefits, total

$79.8 billion/yr
$11.9 billion/yr
$91.7 billion/yr
$323 billion/yr
$3862/worker/yr
$50/m2-yr ($4.63/ft2-yr)

Cost to implement
• Implement all identified IAQ improvements*
• Average cost per area
• Average cost per worker
• Initial average economic simple payback ($323/$168)
• Annual cost to sustain all improvements

$168 billion
2
2
$25.80/m ($2.40/ft )
$2000
0.52 years
$6.6 billion/yr

Net 20-year present value of benefits less cost (I = 3%)
• For all improvements
• Per square meter for all improvements
• Per worker for all improvements

$4480 billion
$690/m2 ($65/ft2)
$53,500/worker

Note
* This includes cost of both worker and sales IAQ improvements

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Assessment of link between productivity and indoor air quality

117

The data in Table 8.2 are based on information gathered, but not reported
in the original reports,4 in that the client was only interested in employee
health-related productivity and health beneﬁts linked to IAQ in commercial
buildings (non-industrial). This includes the productivity beneﬁts of workers
(employees) in all establishments, the reduced health beneﬁt costs, and the
improvement from increased sales and proﬁts. The increased sales is based
upon several private studies and some public information. The studies and
experience of increased sales relate primarily to a few sample case studies in
retail stores, supermarkets and fast-food outlets. There may be a high level of
uncertainty as to whether these improvements could be achieved if all buildings were brought up to a high level of IAQ and comfort control to meet the
activity needs of occupants. Because of this uncertainty, a factor of only 20 per
cent of the beneﬁts experienced in modifying the conditions in stores and the
increase in either sales, shopping time and proﬁts was applied in the results in
Table 8.2. An example of increased proﬁts that is not re-ﬂexed in sales
increases is the recorded lower hours per day on time sheets in a supermarket
related to wiping frozen-food case doors. There are likely more proﬁt results
than was noted in the studies. Therefore, the potential is huge when worker
productivity, health beneﬁts and sales/proﬁt are considered in the improvement of the indoor environment. Long-term beneﬁts of better education,
higher occupant and worker satisfaction, reduction of related problems in
buildings when the indoor environment is not properly maintain and control
(mold related to building materials and systems, degradation of electronic
equipment and possibly food spoilage), and a number of other known beneﬁts
that have not been quantiﬁed in this study, just add to the economic beneﬁts of
proper indoor environmental quality design, maintenance and control.

Definitions
During the literature review for the research projects, it became apparent
that there were multiple deﬁnitions for almost every key term used in the
IAQ ﬁeld. Therefore, consistent deﬁnitions were developed based on
guidance from published information from ASHRAE and USEPA. Three of
the key deﬁnitions are indoor air quality (IAQ), sick building syndrome
(SBS) and building-related illness (BRI).
Indoor Air Quality (IAQ)
ASHRAE Terminology of HVAC&R deﬁnes indoor air quality as: ‘attributes of the respirable atmosphere (climate) inside a building including
gaseous composition, humidity, temperature, and contaminants.’5 Air contaminants can be classiﬁed as: ‘particulate or gaseous, organic or inorganic,
visible or invisible, toxic or harmless, submicroscopic, microscopic, or
macroscopic, stable or unstable.’6
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Sick Building Syndrome (SBS)
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The ASHRAE position paper on indoor air quality7 deﬁnes SBS as follows:
The term ‘sick building’ is used to describe a building in which a signiﬁcant number (more than 20%) of building occupants report illness
perceived as being building-related. This phenomenon, also known as
‘sick building syndrome,’ is characterized by a range of symptoms
including, but not limited to, eye, nose, and throat irritation, dryness of
mucous membranes and skin, nose bleeds, skin rash, mental fatigue,
headache, cough, hoarseness, wheezing, nausea, and dizziness. Within a
given building, there will usually be some commonality among the
symptoms manifested as well as temporal association between occupancy in the building and appearance of symptoms. Note: some experts
place the percentage at 10%.
Building Related Illnesses (BRI)
BRI is deﬁned as a speciﬁc recognizable disease entity that can be clearly
related to chemical, infectious, or allergic agents in buildings. The cause of
the illness is determined by clinically lab-testing patients and by identifying
the source in the building. Hypersensitivity pneumonitis, humidiﬁer fever,
occupational asthma and Legionella infection are often included as BRI.
Indicators of BRI are as follows.8
•
•
•

Building occupants complain of symptoms such as cough, chest
tightness, fever, chills, sinus congestion, headaches, and muscle aches.
The symptoms can be clinically deﬁned and have clearly identiﬁable
causes.
Complainants may require prolonged recovery times after leaving the
building.

Research methodology
The research methodology used for these studies focused on the compilation
of previous research and reports, both published and unpublished, dealing
with the link between IAQ and productivity. Over 500 reports were
reviewed. These include published reports from both US, Europe, international proceedings and personal correspondence. These are listed in the
original full NEMI Report of 1993 and unpublished studies for in-house use
only in the 1995, 2000 and 2005 reports.
A description of the speciﬁc methodology used for individual topics is
included below. These topics are:
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•
•
•
•
•
•
•
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wellness categories (baseline)
building and employee inventory
health and medical effects
health cost beneﬁts
productivity beneﬁts, including economics and future preparedness
recommended improvements
other beneﬁts.

Wellness categories
Each of the reports reviewed appeared to classify building wellness for
commercial buildings differently. The majority of the reports used two general categories. Typically this was sick or healthy, but variations such as
buildings without known problems and problem buildings9 did exist. Other
categories of building wellness include:10
•
•
•
•
•
•

buildings with high and low rates of IAQ related complaints
SBS buildings as a percentage of the total
occupant response above and below given levels, including SBS
symptoms
healthy building characteristics, such as: humidity, temperature, outside
air
number of SBS-type symptoms reported
other or combinations of methods of reporting the data.

In order to estimate the national implication of unsatisfactory and poor
IAQ in terms of affected employees’ health and productivity, a detailed
classiﬁcation of buildings in terms of wellness level was necessary. For this
report, the various categories found in the different reports were compared
and integrated to obtain consistent and deﬁnable categories. The results
from each of the reports were then put into the new categories and an
average distribution of buildings by wellness category was determined and
assigned. The sub-categories included public and private buildings.
Building and employee (worker) inventory
Building categories based on building use were obtained from the US Energy
Information Administration, Commercial Buildings Characteristics 1989,11
with updates to 2004. The number of buildings, ﬂoor space and the number
of workers (employees or occupants) in each building category were
obtained from this source. For a given building type, the number of
employees allocated to each wellness category was based on the valid
published reports reviewed and relating the data to the wellness categories
developed for our studies.
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Health and medical effects
The primary concern with unsatisfactory and poor IAQ is the degradation
of the employees’ health and related illnesses. Degradation of health not
only affects the personality and happiness of an employee, but also increases
medical costs for employees and employers. A review of research articles
from medical, engineering and legal databases, and from unpublished
sources was conducted to evaluate the health and medical effects of unsatisfactory and poor IAQ. Three diseases were reviewed from an epidemiology
viewpoint in the second study:12
•
•
•

hypersensitivity pneumonitis (HP)
occupational asthma (OA)
sick building syndrome (SBS).

Health cost benefits
From the results of the epidemiological investigations, health cost beneﬁts
were determined for acute respiratory disease (ARD), building-related illnesses (BRI), and mild IAQ and SBS symptom-related illnesses. The cost
data were from several sources, including:
•
•
•
•

Brundage et al., Dixon and Woods13 for ARD
researchers’ experience and judgement
conversations with operation and maintenance personnel on illness
prevalence in buildings related to poor IAQ
conversations with medical researchers on clinic visits and hospitalizations related to poor IAQ.

Productivity
Published and unpublished research projects and reports dealing with productivity in relation to the IAQ were reviewed. The deﬁnition of productivity
and the methodology used in the reports were consistently analysed to
ensure that only conservative values of productivity were used in this study.
The results of these previous studies and reports were combined with the
researchers’ experience to determine the percentage productivity increase
for each building wellness category. With the number of workers in each
wellness category, and the annual salary and fringe beneﬁts of the worker
known, the total productivity cost beneﬁts achievable by upgrading a
speciﬁc wellness category building to a healthy level was computed.
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Recommended improvements
Recommended improvements were developed from the researchers’ experience on remediation of IAQ problems in commercial buildings. The ultimate
goal of implementing the improvements was that all commercial buildings in
the United States met or exceeded ASHRAE Standard 62-1999, Ventilation
for Acceptable Indoor Air Quality, and ASHRAE Standard 55-1992,
Thermal Environmental Conditions for Human Occupancy.14
Other benefits
During the course of the studies, other non-health/productivity beneﬁts were
identiﬁed. These included beneﬁts to individuals, businesses, and communities, and avoidance of litigation. The beneﬁts for individuals, businesses, and communities are due to jobs generated to implement the IAQ
improvement projects and were estimated using average wage rates and the
cost of improvements.
Avoidance of litigation was a major beneﬁt often overlooked in past
research. While there are no guarantees, case studies are documented that
clearly show what happens when the IAQ degrades. This can be viewed as
a risk management economic beneﬁt, in that it is involved on a percentage
of all buildings. It appears from data that litigation avoidance has more
beneﬁts than catastrophic losses related to structural, ﬁre, and security.
There is another productivity beneﬁt that was not included in this study.
This is the non-productive cost related to identifying and documenting IAQ
complaints and problems. There is some information on costs related to
ﬁxing a problem or remediation of a complaint. However, these do not
include the cost of time that should be allocated to the complainant, others
in the area, administrators, managers, and building service unit overhead. If
we look at a complaint in a hotel room, it is usually ignored on ﬁrst reporting, and may consume many hours of hotel staff time and loss of productive
output by the hotel guest, loss of time at the business meeting as they repeat
their complaint, and the time to record and react to solving the IAQ dissatisfaction. This cost is several times the direct cost to correct the IAQ degradation or marginal performance. These are beneﬁts that could substantially
increase the beneﬁts related to the link between productivity and IAQ. In
informal discussions with owners on the total loss productive cost and cost
of direct staff or service contractor time to react to a service call ranges from
$60 to $1,800. It is our judgement that the cost to an organization related to
a service call based upon an IAQ or comfort complaint is in the range of
$400 to $600. We have some existing projects that are tracking service call
reduction as a result of improved comfort and IAQ in buildings. It is not
certain whether owners will collect the appropriate data to make a sound
evaluation.
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Using the research methodology described above, results were obtained for:
•
•
•
•
•
•
•

building wellness categories
building and worker inventory
health and medical effects of poor or degraded IAQ
health cost beneﬁts
productivity beneﬁts
recommended improvements
hospitality industry.

Building wellness categories
Five building wellness categories were developed in order to fully classify the
existing commercial building stock in the United States. These are:
1
2
3
4
5

healthy
generally healthy
unhealthy, source unknown
unhealthy, source known
SBS/BRI.

The rational for selecting these ﬁve categories was based on how other publications reported information on buildings. Although a number of publications use ‘sick’, ‘problem building’, ‘satisfactory’ and other terms as well as
‘healthy’ and ‘unhealthy’, it was determined that the above categories
reﬂected the most positive terminology. It further reﬂected the health
relationship of productivity that is associated to IAQ.
For each category, characteristics were developed in order to clearly
deﬁne what was right and what was wrong with a facility, and to make it
easier to determine how to improve IAQ in unhealthy buildings.
1 Healthy
•
•
•
•

Always meets ASHRAE Standards 62-1999 and 55-1992 during occupied periods.
Eighty per cent or more of the occupants do not express dissatisfaction
with the indoor air quality.
Building systems are well maintained.
Building health management exists.

2 Generally healthy
•

Meets ASHRAE Standards 62-1999 and 55-1992 during most occupied periods.

Assessment of link between productivity and indoor air quality
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The factors leading to indoor conditions that do not comply with the
ASHRAE standards for some of the occupied hours are:
–
–
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–
–

Relative humidity falls below recommended minimum 30 per cent
in winter.
Relative humidity temporarily rises above recommended maximum
60 per cent RH during summer days.
Outdoor air ventilation rate temporarily drops below recommended minimum due to occupant density being greater than
design value.
Lack of maintenance leads to periodic IAQ degradation.
The HVAC system does not operate during low occupancy.

3 Unhealthy, source unknown
•
•
•
•

•
•

Would fail to meet ASHRAE Standards 62-1999 and 55-1992 during
most occupied periods, if evaluated.
More than 20 per cent of the building occupants consistently express
dissatisfaction with the indoor air quality.
Less than 20 per cent of the occupants complain of SBS symptoms.
Components of HVAC systems and controls that are sources of IAQ
problems have not been identiﬁed, by the building management or
operating staff.
Less than 20 per cent of the SBS symptoms and illnesses shown by
occupants would be related speciﬁcally to the building, if evaluated.
This category included information from several reports that determined during investigations or surveys that the building had the above
unhealthy characteristics, but that the building owners or operators did
not recognize that a problem existed.

4 Unhealthy, source known
•
•
•
•

•

Fails to meet ASHRAE Standards 62-1999 and 55-1992 during most
occupied periods.
More than 20 per cent of the building occupants consistently express
dissatisfaction with the indoor air.
Less than 20 per cent of the occupants show SBS symptoms.
Subsystems causing poor IAQ have been identiﬁed. However, the source
of the IAQ and SBS problems cannot be linked to a speciﬁc HVAC
component.
Occasional high levels of IAQ related complaints or symptoms.
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•
•

More than 20 per cent of the building occupants complain of SBS
symptoms and they either have been conﬁrmed or would be conﬁrmed if
documented.
One or more cases of BRI have been documented.
Occupants report daily symptoms of IAQ related illness while in the
building.

Building and worker inventory
The distribution of speciﬁc buildings types by wellness category is given in
Table 8.3. The primary sources for Table 8.3 include:15
•
•
•
•
•

Woods – 50 to 70 per cent of non-industrial buildings in the US are
healthy buildings (this also includes generally healthy buildings).
Burge – 9 per cent SBS/BRI buildings.
Putnam – 20 per cent SBS/BRI, and unhealthy buildings, source known.
Robertson – 15 to 30 per cent SBS/BRI, and unhealthy buildings, source
known
Woods – 20 to 30 per cent SBS/BRI, and unhealthy buildings, source
known.

Therefore, 60 per cent of all commercial building types were considered to
be healthy or generally healthy, 10 per cent each for SBS/BRI and unhealthy
buildings source known, and 20 per cent for unhealthy, source unknown
buildings. The rationale for distribution of ofﬁce buildings, education, mercantile and service, and lodging and food service was primarily researchers’
experience and judgement and other reports. This is detailed in the full
reports.
The building inventory data for a selective number of the building categories that were used in the 1989 study are given in Table 8.4, and updated
to 2004 estimated numbers.
Health and medical effects of poor or degraded IAQ
The results of an epidemiological review of the available research articles
on health and medical effects are summarized below:
•

Hypersensitivity pneumonitis (HP). Although most studies did not speciﬁcally investigate the effect of IAQ on the outbreaks of respiratory
diseases, it was determined that hypersensitivity pneumonitis in ofﬁce
buildings is usually associated with the microbial contamination of
ventilation air of HVAC systems. Culprits identiﬁed included open coldwater-spray humidiﬁcation and cooling systems.

20
40
20
10
10

Healthy
Generally healthy
Unhealthy, source unknown
Unhealthy, source known
SBS/BRI

10
20
35
20
15

Government

Office buildings

30
40
15
10
5

Others
10
20
35
20
15

Education
30
35
20
10
5

Mercantile and
service

Note
* Humidity is an IAQ problem concern in all lodging buildings. Humid climates typically worsen the IAQ problems.

National building
wellness estimate

Building wellness category

Table 8.3 Distribution of all and specific building types by wellness categories (%)

12
18
40
15
15

15
35
30
12
8

Lodging (humid Food service
climate)*
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1,319
3,415
6,477

828
2,283
5,062

8,523
4,341
18,599

343
997
4,394

Healthy

11,801
8,590
28,315

802
1,994
5,127

Generally
healthy

Number of workers (thousands)

6,228
6,884
17,727

688
997
2,930

Unhealthy,
source
unknown

3,934
3,580
9,752

275
499
1,464

Unhealthy,
source
known

2,295
3,154
6,864

183
499
733

SBS/BRI

32,706
26,549
81,182

2,292
4,987
14,648

Total†

Notes
* US Energy Information Administration, Commercial Buildings Energy Consumption Survey: Commercial Buildings Characteristics 1989, Table 28, with update to 2004
estimates on increase.
† US Energy Information Administration, Commercial Buildings Energy Consumption Survey: Commercial Buildings Characteristics 1989, Table 19, with update to 2004
estimates on increase.
‡ The ‘All other’ building category includes assembly, education, food dales, public order and safety, skilled nursing, warehouse and other (hangar, crematorium and
public restrooms/showers and telephone exchange) with update to 2004 estimates on increase.

130
230
1,383

294
98
1,559

Food service
Health care
Mercantile and
service
Office
All other‡
Total

Total* floor
space, m2
(millions)

Total number
of buildings
(thousands)

Building category

Table 8.4 Building inventory data
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Occupational asthma (OA). No statistically signiﬁcant evidence was
found to relate the number of asthma cases to indoor air quality in ofﬁce
building environments. While a prevalence of asthma was found,
apparently related to the poor indoor air environment in the ofﬁce
building, the sampling size made the study inconclusive.16
Sick building syndrome (SBS). Based on the research results analysed, it
is certain that SBS is linked to IAQ problems related to HVAC systems.
Sufﬁcient data show a link between SBS symptoms and the indoor air
quality in a building. The support of this conclusion was a statistically
signiﬁcant odds ratio. An odds ratio is the ratio of the risk of disease in
exposed individuals to the risk of the disease in unexposed individuals.

The odds ratios obtained by Jaakkola and Miettinen17 can be used to
measure the strength of association between exposures (mechanical ventilation and natural ventilation) for SBS symptoms. Their odds ratios ranged
from 1.31 to 2.32 for SBS symptoms. This meant that the individuals
exposed to mechanically ventilated system are 1.31 to 2.32 times more
likely to develop SBS symptoms than those exposed to a naturally ventilated system. All of the OR values cited in the Jaakkola and Miettinen
study were statistically signiﬁcantly larger than 1.0. This is also true of the
adjusted relative risk, 1.51, obtained by Brundage et al.18 for acute respiratory diseases (ARD). The ARD incidence rate obtained by Brundage et al.
in mechanically ventilated army barracks was 0.67 per 100 trainee-weeks,
as compared to 0.46 per 100 trainee-weeks in old barracks with natural
ventilation. This does not mean that mechanically ventilated buildings will
always have higher rates than naturally ventilated buildings. The conclusion should be that the current state of design and maintenance on
mechanically ventilated buildings results in a higher level of SBS symptoms
and ARD.
Odds ratios do not need to be signiﬁcantly greater or less than 1.0 to
show a causal relationship between the disease of interest and the exposure
if a signiﬁcantly large portion of general population is exposed to the disease. Odds ratios derived from epidemiology studies in many areas, such as
formaldehyde, are often low. However, the impact of low odd ratios on the
public health is immense due to the large population that is affected. Therefore, for IAQ where at least 10 per cent of the general population is
exposed to SBS symptoms, the impact is signiﬁcant enough to warrant
action.
Some of the best evidence of the impact of IAQ is the comparison of
mechanically ventilated buildings to naturally ventilated buildings. Within
these studies, the best mechanically conditioned buildings did perform better
than naturally ventilated buildings. Since humidity is an issue in most US
buildings and new buildings are constructed energy-efﬁcient, almost all US
construction can achieve adequate indoor air quality only with a mechanical
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system. A review of existing epidemiological studies indicates a strong need
for adequate mechanical systems in buildings to achieve acceptable IAQ.
This is required to prevent degradation of occupant health and to provide a
control environment that will increase functional productivity.
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Health cost benefits
Health cost beneﬁts were determined for ARD, miscellaneous diseases, and
SBS problems. The total beneﬁts to health costs due to improving the IAQ
were estimated to be $11.9 billion per year.
•

•

•

ARD-related health cost reduction. The ARD cost reduction was calculated using three separate methods in order to obtain a more accurate
estimate. The average medical cost beneﬁt related to ARD as a result of
improving the IAQ in commercial buildings was estimated to be $1.5
billion per year.
Other BRI-related cost reduction. The incidence rate for all other
miscellaneous diseases, which include humidiﬁer fever, Legionnaires’
Disease, occupational asthma, and lower respiratory diseases from
mold and bacteria, will likely be greater than that for only ARD. However, to maintain a conservative approach, the research team estimated
that the incidence rate was two-thirds of the ARD rate. Therefore, the
health costs attributable to the combination of these other illnesses were
estimated to be $1.0 billion per year.
Mild IAQ-related cost reduction. There are health costs associated with
general IAQ illnesses, including SBS symptoms of rashes, eye irritation,
nausea, headaches and mild coughs. There were no statistically reliable
data available on the frequencies of hospitalization and clinic visit due
to these illnesses. However, based on the review of buildings over a
20-year period, and on conversations with operation and maintenance
personnel and medical researchers, the medical costs due to mild IAQrelated hospitalization and clinic visits were estimated to be $9.4 billion
per year.

Productivity benefits
Research studies document a productivity loss of 2 to 100 per cent in SBS
buildings. The 100 per cent loss results from the complete shutdown of a
22-storey ofﬁce building in greater Washington, DC, while the experts
tried to identify the indoor air pollutants.19 A majority of the research studies indicate an average productivity loss of 10 per cent due to poor IAQ.
Therefore, by improving the IAQ, a conservative beneﬁt of 6 per cent could
readily be achieved. The percentage increase in productivity for the remaining building wellness categories is as follows:
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Unhealthy, problem known
Unhealthy, problem unknown
Generally healthy
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3.5%
3.5%
1.5%

The development of these estimates is provided in the full reports.
The annual productivity beneﬁts that can be obtained by upgrading the
buildings of various wellness categories to a healthy level were determined
for each building type. The total annual and per worker productivity beneﬁts related to workers only in commercial buildings are presented in Table
8.5. This is the information that was used to develop the summary data in
Table 8.1. Additional data were developed for cost and beneﬁts per square
foot (square meter) and is reported in Table 8.2. Table 8.2 includes the
additional productivity beneﬁts related to the economics of doing business. This includes proﬁts, increased business, and economic beneﬁts to
society (such as better education, more use of museums, faster recovery
in hospitals, satisfaction with government, etc.). Buildings with ﬂoor
space less than 10,000 sq ft (nominal 1,000 square metres) were considered
small buildings. Buildings with ﬂoor space between 10,000 and 25,000 sq ft
(nominal 1,000 to 2,500 square metres) were considered medium buildings,
and those with ﬂoor space greater than 25,000 sq ft (nominal 2,500 square
metres) were considered large buildings.
Recommended improvements
A description and cost for the recommended improvements is detailed in the
following sections.
Description of recommended improvements
The recommended measures required to improve the HVAC systems of
existing buildings with poor IAQ are listed under two categories:
•

Meet or exceed the requirements of ASHRAE Standard 62–1999.
–
–
–
–
–
–
–
–

•

change the rate of outdoor air per person to 15 cfm (7.5 l/s) or more
monitor outdoor air quantity to meet ventilation requirements
install local exhaust
increase ventilation effectiveness
maximize economizer cycle
relocate air vents
change the air ﬁltration method
reduce unwanted inﬁltration and/or exﬁltration.

Improve space control to meet the health needs of Standard 62–1999
and meet or exceed the generally accepted requirements of ASHRAE
Standard 55–1992.

1. Healthy
2. Generally healthy
3. Unhealthy, problem
unknown
4. Unhealthy, problem
known
5. SBS/BRI
Total

Wellness category

14,588
21,990
13,782
7,628

5,292
63,280

4,714
7,104
4,451

2,463

1,709
20,441

2,670

1,512

0
628
1,512

2,670

1,512

0
628
1,512

Medium/large

Small

Small

Medium/large

Productivity increase per worker ($)

Number of workers (thousands)

Table 8.5 Annual productivity benefits related to workers and reduced health costs

4,563
19,478

3,724

0
4,461
6,730

Small

14,130
60,311

11,534

0
13,810
20,838

Medium/large

Benefits ($ millions)
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18,693
79,790

15,258

0
18,271
27,568

Total
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improve space temperature control
improve control or provide positive control of humidity
(dehumidiﬁcation)
install humidiﬁcation, self-contained steam humidiﬁers.
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Costs to implement IAQ improvements
The estimated cost of implementing each improvement in a building was
estimated as a fraction of the new construction cost of a mechanical system
for the building. The labour and material costs per building area were
obtained. This number was then multiplied by the area inventory of the
building category and the percentage of buildings affected by each recommended HVAC measure to yield the cost of improvement. Costs were computed for ﬁve climatic zones of the USA. The total costs of improvements for
both the small and medium/large buildings categories were estimated to be
$8.8 billion and $93 billion respectively. The grand total one-time cost for
the improvements was $102 billion.
Maintenance programme
Some of the improvements identiﬁed required an increase in the preventative
maintenance programme. This included record-keeping of occupant complaints and training of maintenance and operation personnel. The cost for
this increased maintenance was $5.6 billion per year. This is an on-going
continuous cost for the life of the building.
Hospitality industry
Beginning in 1998 and continuing through 2003, the productivity beneﬁt
link with the indoor environment for the hospitality industry (bars, restaurants, lodging, and casinos) was targeted using the methodology of the initial
NEMI studies. This was done with various hospitality industries participating in providing data.
The estimated total cost of improving the IAQ on health and productivity
in the hospitality industry is $19.60 billion per year. Of this, approximately
$1.46 billion is due to increased employee productivity, $1.65 billion per
year due to reduced employee medical costs, $11.37 billion is due to
increased sales, and the remaining $5.12 billion is due to reduced absenteeism, training, sick leave and complaint resolution. Table 8.6 summarizes the
cost beneﬁts for improving the IAQ in the hospitality industry.
By maintaining a high IAQ level, the health of the building employees and
patrons is improved. Other beneﬁts for employees include improved productivity (reduced at work losses) and a positive impact on sales. Beneﬁts
from more satisﬁed customers/patrons include increased sales, repeat
business and new business.

132

Dorgan and Dorgan

Table 8.6 Detailed productivity data and benefit summary on various segments of the
hospitality industry

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Bars

Restaurants Lodging
(humid)

Demographics
Number of establishments 52,825 434,081
Total space, million (m2)
23
103
Number of employees
321,294 7,430,000
Annual payroll ($ millions)
3,552
90,739
Total sales ($ millions)
13,187 257,020
Benefits
Health and medical benefits
($ millions)
Reduced classical
absenteeism ($ millions)
Reduced turnover costs ($
millions)
Increased productivity
benefits ($ millions)
Reduced sick leave costs ($
millions)
Increased sales ($ millions)
Improved sales ($ millions)
Complaints and resolution
($ millions)
Total benefits ($ millions)
Benefits per worker per
year
Benefits: $ per m2
Costs
Cost of all improvements ($
millions)
Average cost per m2
Average cost per worker
Payback (years)
Cost to sustain ($ millions)

Lodging Casinos Total
(normal)

105,148 52,852
651 645,557
225
113
3.8
467
885,108 444,892 398,695 9,479,989
17,179
8,635 11,053 131,158
51,252 25,762 31,629 378,850

56

1,296

154

78

70

1,653

98

1,738

454

181

246

2,716

20

307

42

17

20

406

50

948

234

97

130

1,459

17

343

81

35

46

520

132
264
201

2,570
5,140
881

513
1,025
241

258
515
121

316
633
32

3,788
7,577
1,477

837
2,605

13,223
1,780

2,744
3,100

1,302
2,927

1,492
3,742

19,598
2,067

382

1,380

131

124

4,223

450

631

13,860

4,096

1,536

111

20,234

27
1,964
0.75
35

135
1,865
1.05
762

18
4,628
1.49
225

14
3,452
1.18
84

29
278
0.07
6

43
2,134
1.03
1,113

171,526

33,370

16,578

21,993

254,775

1,670
23,086

149
37,702

147
37,263

5,806
55,163

545
26,875

12,460.9

2,518.3

1,217.6

1,485.7

18,484.9

249,218

50,367

24,351

29,715

369,698

Present value of benefits-costs
All improvements ($
11,307
millions)
2
All improvements per m
482
All improvements per
35,191
worker
Summary
Yearly net: (benefits – annual 802.4
costs) ($ millions)
20 year benefit, value of
16,048
money = inflation ($
millions)
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IAQ link to productivity in hospitality facilities
Addressing the link between IAQ and productivity in the hospitality industry is difﬁcult in that few studies have been accomplished on these facilities.
However, a signiﬁcant amount of work has been accomplished on ofﬁces
and schools in the area of IAQ-related productivity.
Even though the majority of IAQ research has focused on ofﬁces and
schools, IAQ actually has a greater effect in hospitality facilities or workers.
The reason for this is that there are additional occupational environmental
factors related to the indoor air environment for hospitality facilities, as
compared to ofﬁces. These factors include cooking; high density of people in
banquet halls, bars, restaurants and meeting rooms; and a higher potential
for smoking in the environment versus ofﬁces and schools. In addition there
are occasionally high occupancy rates and activity in individual hotel rooms
that exceed normal environmental design occupancy. The high density of
people results in high levels of body odour (key aspects of satisfactory IAQ),
particles (more stirring of the ﬂeecing materials and dust), and higher chance
for elevated general or local levels of CO2 (such as an overcrowded bar or
meeting room that is above normal design). These environmental extremes
are all more likely to occur for both employees and customers in hospitality
facilities than in other types of facilities.
A compounding problem is that there is a high level of exposure to different clients/people every day by the employees in many hospitality facilities.
This leads to higher levels of exposure of employees to people from other
areas of the country and thus more chances of exposure to transmitted
diseases, ﬂu, colds, etc.
Using data from ofﬁces and schools to determine the economic beneﬁts
related to employee health and absenteeism results in a very conservative
estimate of the impact in the hospitality industry due to these exposure
differences. It is likely that the true impact on the hospitality industry is
actually two to four times greater than that reported.
Productivity in hospitality facilities
The majority of studies on health beneﬁts and productivity related to
improved environmental control and IAQ upgrade have been related to
ofﬁce buildings. A few studies are currently being done in schools. However,
almost all of the published literature on hospitality facilities is related to
smoking issues and ETS. Even though the productivity and health beneﬁts in
ofﬁce buildings have been investigated, the number of studies and data is
limited. Much of the productivity and health beneﬁt information available is
based on IAQ reports, studies and research that did not have the primary
purpose of determining the direct link between IAQ and productivity.20
However, the information can be used to develop estimates of health and
productivity beneﬁts.
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Conclusions
A large number of non-industrial buildings in the US building stock have
degraded indoor air quality. The economic beneﬁt for the cost to upgrade to
ASHRAE Standard 62–1999 and Standard 55–1992 (same holds for current
editions of these two standards) is huge. In addition, there are lifetime
beneﬁts to occupants and users of the buildings linking to personal health
beneﬁts related to building-related illness and SBS.
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The central challenge of the cognitive workplace is to facilitate the development, sharing and application of thoughts, ideas and knowledge stored in
individual minds. To be useful to an organization, individually held cognitions must be externalized and made available to others. The physical
environment can aid this transfer process by creating conditions that address
the cognitive needs of both individuals and groups.
At the individual level, the key cognitive challenge is the ability to focus
attention on high-value tasks. At the group level, the central concern is the
effective ﬂow and use of information. The environments and the behaviors
that support these cognitive needs are often at odds with one another.
Concentration requires quiet and withdrawal. Communication requires
conversation and extensive interaction. Finding the right workplace solution
requires a sound understanding of how space inﬂuences individual
and group cognitive work as well as the speciﬁc work demands in a given
organizational context.
This chapter provides an overview of what is currently known about how
environmental features and attributes inﬂuence individual and group cognitive work. We also discuss how an innovative program of the US General
Services Administration is developing a methodology to ﬁnd the right balance and to incorporate research knowledge into the design of government
workplaces.
We begin with a discussion of attention, because the ability to attend to
high-value tasks is the foundation of the productive workplace, and many
believe it is an increasingly scarce resource at work (Davenport and Beck,
2001).

Attention as a workplace asset
Attention is the ‘psychic energy that makes events occur in consciousness’
(Fried et al., 2001), and it is generally considered to be a ﬁnite resource
(Eysenck, 1982). Stimuli from the environment as well as from the task
compete for attention, and extended effort to manage the competing
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demands on attention over time leads to stress and other negative reactions
which can threaten work effectiveness (Kaplan, 2001; Tafalla and Evans,
1993).
Davenport and Beck argue that ‘understanding and managing attention is
now the single most important determinant of business success’ (2001: 3).
Their concern is underscored by social scientists who study ‘cognitive overload syndrome’ – a condition created by information overload, multitasking, and increased pressures to do more in less time, all of which strain
individual and group attention capacity (Kirsh, 2001). Davenport and Beck
claim that organizations, like individuals, suffer from attentional deﬁcit
disorder which results in diminished time for reﬂection, difﬁculty
holding others’ attention, increased likelihood of overlooking important
information, and decreased ability to focus when necessary.
Exercising attentional capacity, even in spaces that support concentration,
can lead to fatigue and reduced work effectiveness. This is because the effort
associated with directed attention depletes mental energy, making it difﬁcult
to maintain focus and to block out competing demands. Attentional fatigue
has been associated with reduced performance on effortful tasks (Glass and
Singer, 1972; Neuchterlein et al., 1983), more negative behavior (Donnerstein
and Wilson, 1976), increased irritability and strain (Warm and Dember,
1986), and increased effort to sustain performance (Zijlstra et al., 1999).
The research suggests that supportive work environments should not only
reduce risks (such as distractions, interruptions and discomforts), but also
provide for attentional recovery and mental relief. The next section discusses
the features and attributes of space that inhibit or support attention.
Threats to attention from workplace distraction
When workers are distracted, they often shift their attention to the source of
distraction (someone talking nearby) or they increase the effort to concentrate on what they are doing. Attentional shifts, if frequent, can reduce work
effectiveness. Although high levels of work can still occur when one exerts
additional effort to concentrate, doing so has physiological costs that show
up in increased blood pressure and heart rate (Tafalla and Evans, 1993).
The increased use of visually open space and cubicle workplaces to
enhance communication and ﬂexibility frequently leads to high complaints
of distractions from people talking and from interruptions (Evans and Johnson, 2000). Distractions are less related to the actual noise level than to the
degree of self-control over the noise and its predictability (Kjellberg et al.,
1996).
The impact of distractions on work performance is moderated by the task
complexity. Noise from people talking is more detrimental to complex tasks
than to simple tasks (Jones and Morris, 1992). The information-processing
demands of complex tasks are higher, and distractions from noise may
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interfere with memory or may require changes in work strategies. When
tasks are simple, noise either has no effect (Tafalla and Evans, 1993) or may
even have beneﬁcial effects (Block and Stokes, 1989). Researchers hypothesize that the beneﬁcial effects are due to social facilitation that may increase
arousal and effort associated with having their work on view to others (Geen
and Gange, 1977).
Distractions are also more of a problem for introverts than for extraverts
(Belojevic et al., 2001; Morgenstern et al., 1994). Belojevic et al. found that
concentration problems and fatigue were more pronounced for introverts in
noise, as compared to quiet conditions. Researchers believe these results are
due to differences in psycho-physiological activity. Introverts have a more
pronounced reaction to noise and this may lead to heightened arousal which
interferes with performance on complex mental processing tasks (Eysenck,
1982; Stansfeld and Shine, 1993). Furthermore, extroverts regularly select
higher noise intensities as optimal, compared to introverts (Geen, 1984).
These results suggest that workplace design and location of people in settings should take into account personality differences. Introverts may
need to have more enclosure or to be located farther away from sources of
distracting noise.
Distractions can be visual as well as auditory. Research by Kirsh (2000)
and Lahlou (1999) shows that people are easily distracted by artifacts on
their desk such as Post-It notes, work piles, messages and ‘to do’ lists. The
result in most ofﬁces is cognitive overload and inability to decide what to do
and how to maintain focus. However, it is also clear that many people use
the piles on their desk as reminders and memory jogs, so doing away with
the papers entirely is probably not a good idea. Kidd (1994) argues that
people use piles on their desks as contextual cues to recover lines of thought.
She notes: ‘what we see when we look at the piles on our desks is, in a sense,
the contents of our brains.’
Lahlou’s (1999) research has focused on studying how people use ofﬁce
environments. To do this, he uses a small camera mounted on special eyewear which shows what people are looking at. He ﬁnds that people frequently switch attention from one thing to another as they are ‘reminded’ of
the need to do something other than what they are currently working on,
simply by looking at the note or pile of work left unﬁnished, or by looking
up when someone interrupts them. The context is full of action triggers or
‘attractors,’ some of which are set up by the person to program his or her
activities. Other attractors include people, e-mail and phone calls.
Threats to attention from interruptions
Research on interruptions is concerned with events that cause one to stop
work on a task and restart it after the interruption ceases. In contrast,
distractions do not necessarily cause work to cease. Interruptions increase
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demands on memory and mental energy (Kirsh, 2000). In work settings,
most interruptions are due to people stopping by one’s workspace or from
phone calls (Reder and Schwab, 1990). In contrast to these types of interruptions, e-mail is not as problematic because the receiver has more control over
whether to respond or not. However, this may change as instant messaging
becomes more widely used. In fact, instant messaging was designed to simulate the potential for spontaneous interactions. Strategies used to control
interruptions include forwarding calls, closing a door, moving to another
location, or having a secretary screen calls.
As in the research on distractions, the nature of work determines to a large
extent how problematic an interruption is. Complex cognitive tasks are
more likely to be negatively affected (Reder and Schwab, 1990; Zijlstra et
al., 1999). An interruption may require a change in one’s action plan or
strategy for achieving the original goal, it may increase memory load, or it
may increase effort to speed up performance. Interruptions of complex work
require a longer period of time to re-orient, and continued interruptions are
likely to have negative effects on mood that reduce the motivation to resume
the work (Zijlstra et al., 1999).
For simple tasks, interruptions appear to have much less impact, and may
possibly be stimulating if the work being performed is routine and judged as
boring by the worker (Zijlstra et al., 1999).
Interruptions are more likely to occur in a high-visibility ofﬁce where
people can readily be seen and are thus considered ‘available’ for interactions (Backhouse and Drew, 1992). Interruptions also are more likely
when people cannot readily close a door or move to a new location, and
when the nature of the work requires frequent interactions. When work
requires both frequent interactions and complex cognitive processing at the
individual level, the design and behavioral solutions are much more difﬁcult
(Reder and Schwab, 1990).

Enhancing and restoring attentional capacity
A number of studies show that the negative effects of high attentional effort
can be overcome through attentional shifts that provide mini mental breaks.
The beneﬁts are especially high for what Ulrich (1999) calls ‘positive distractions.’ These are environmental stimuli and phenomena that have the capacity to promote recovery from stress. Positive distractions (including art
work, music, companion animals and nature) are presumed to work by
providing relief from daily concerns, by creating pleasant thoughts or by
clearing the mind (e.g. a state of not thinking).
In a work setting, access to nature through window views, has been
shown to have attention-restoring beneﬁts (Tennessen and Cimprich, 1995).
In addition, outdoor walk areas that have nature content are also beneﬁcial
(Hartig et al., 1991).
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Research at NASA identiﬁed a similar concept – ‘cognitive tranquility’
(Clearwater and Coss, 1990). The goal of the experiment was to identify
visual materials that could be used to enhance the psychological experience
of space travel. The researchers tested hundreds of images and found that
distant views and view corridors with interesting focal points were especially
powerful in promoting cognitive rest. Relief from stressors and distractions
is also possible through the provision of private places for concentration and
quiet activity. However, to be successful as a restorative experience, the
spaces need to contain positive features, such as art work, window views or
other positive distractions. Current design practice often incorporates small
focus rooms, but these are often windowless, bland spaces. While these
spaces provide quietude, they do little in the way of psychological relief.

Threats to attention from workplace stressors
Threats to attention are also created by workplace stressors, especially from
ambient discomforts. Field studies conducted in ofﬁce settings show that
discomforts and stress from ambient conditions inﬂuence performance on
numerous cognitive tasks (for a review of this literature, see Baron, 1994).
Performance decrements are due to illness or levels of arousal that are
inappropriate to the task. Illness symptoms are more likely to occur with
high temperatures, low levels of fresh air, high levels of particulates and
presence of airborne microbes (Preller et al., 1990; Menzies et al., 1997;
Fisk and Rosenfeld, 1997). High temperatures and inadequate levels of fresh
air are associated with drowsiness, headache, respiratory problems and
eye irritation. Studies cited in Wyon (1993) show that illness symptoms
steadily increased from 10 per cent of the ofﬁce workers to 60 per cent as
temperatures rose from 20.5°C to 24.5°C.
Reducing stress and improving performance with
personal control
In a review of occupant surveys over a 20-year period in the UK, Leaman
and Bordass (2001) report that comfort and perceived productivity are
greater in buildings where occupants have more control over the environment and in mixed-mode buildings that have both natural ventilation and
air conditioning. Two cross-sectional studies of more than 11,000 workers
in 107 buildings in Europe also found increases in perceived productivity,
fewer illness symptoms and less absenteeism in buildings that provide workers with control over temperature and ventilation conditions compared to a
control group (Preller et al., 1990).
Similar results are reported for an intervention study in Canada by Menzies et al. (1997). The study consisted of two groups of workers in a mechanically ventilated building. The intervention group was given control over the
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ventilation at the workstation with a hand-held infrared device that could
regulate amount and direction of air ﬂow from 4-inch air outlets in the
ceiling (similar to that on airplanes). The research team measured environmental factors, comfort perceptions, illness symptoms and self-assessed
productivity. Workers in the intervention said their productivity had
increased by 11 per cent at 16 months after the study; in contrast, workers in
the control group said their productivity had decreased by 4 per cent. Similar
results were reported in a ﬁeld intervention study by Nunes et al.
(1993). Workers reporting illness symptoms worked 7.2 per cent more
slowly on a vigilance task and made 30 per cent more errors on a symboldigit substitution task.
Drawing on a review of research on indoor environmental quality, Wyon
estimates that providing workers with temperature control of just 3°C
(plus or minus) could result in a productivity increase of about 7 per cent
for typical clerical tasks, 2.7 per cent for logical thinking tasks, 3 per cent for
skilled manual work, and 8.6 per cent for very rapid manual work (Wyon,
1996, p. 9). However, Wyon argues that the ability to improve comfort may
not always lead to high performance on all cognitive tasks. In fact, there are
times when being cooler or warmer rather than in a neutral comfort state
may enhance performance. The critical factors appear to be the nature of the
task and optimal psycho-physiological arousal levels. For instance, performance on creativity tasks is improved when temperatures are a bit
warmer rather than neutral with respect to thermal sensation (Wyon, 1996).
Slightly warm temperatures reduce arousal and may generate a feeling of
wakeful relaxation – an emotional state that is associated with creative
problem-solving (Melnechuck, 1988).
Summary of the links between the workplace and individual
cognitive functioning
The research cited above shows that key threats to individual cognition are
distractions, interruptions, and stressors that reduce attentional capacity or
create illness symptoms or psycho-physiological arousal that is detrimental
to the speciﬁc task. These threats are more common in visually and aurally
open workplaces and when ambient conditions are uncomfortable. Key
methods to reduce risks and stressors include individual control over
ambient conditions, ability to ﬁnd places for concentration, and provision of
places and artifacts to rest the mind and provide mental relief.

Collective cognitive work
In order for the cognitive work of individuals to be useful to an organization, it must be made available to others for scrutiny and further development. The thoughts, ideas, and insights embedded in one person’s mind
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must be externalized and accessible to others through writing, speech, or
graphic visualization. This transfer happens through social networks as
people encounter one another throughout the normal working day in both
formal and informal settings (Backhouse and Drew, 1992; Allen, 1977;
Brown and Duguid, 2000).
Collective cognitive work is supported by a system of features that aid
awareness, brief interaction and collaboration (Heerwagen et al., 2004).
•

•

•

Awareness has to do with knowing what is going on in the surrounding
spaces as well as the meaning of actions and events. High levels of
awareness are important in dynamic task environments and when there
is a high need to share information, coordinate actions, and get rapid
feedback to questions.
Brief interaction is the social pulse of the workplace. Brief interactions
occur throughout the day, many lasting less than a minute. They are
both functional (asking questions, checking data, setting up meetings)
as well as social (joking, greeting, setting lunch dates). Brief interaction
is critical to all types of work and workplaces.
Collaboration involves at least two people working together to produce
a joint product, service or other outcome. Collaborative activities can be
of short duration (a stand-up meeting in someone’s ofﬁce) or long duration (a problem-solving session lasting hours). The key cognitive tasks
in collaboration are group information-sharing, clariﬁcation, problem
identiﬁcation, problem-solving, merging data, developing hypotheses
and decision-making.

The physical features that aid the collective cognitive system include circulation patterns, ofﬁce layout, internal visibility, proximity of workers to one
another, group tools, and dedicated project rooms.
Circulation, layout, and visibility
Many interactions are unplanned and occur largely as a result of movement
patterns that inﬂuence the perceived ‘availability’ of others for recruitment
into a conversation (Backhouse and Drew, 1992). Availability is inﬂuenced
by layout, density, visual access into space, and the building circulation
system. For instance, Serrato (2002) found differences in interaction patterns among scientists working for the same organization, but in two different buildings with different layouts. Scientists who worked in a building
with a maze-like layout, dispersed work groups, and low visibility had fewer
spontaneous interactions with other scientists than their colleagues doing
similar work in a building with clustered workstations, higher levels of
interior visibility, high degree of proximity among team members, and a
circulation system with a strong central path.
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Visually open workspaces, such as bullpens, also increase the likelihood of
interaction. Becker and Sims (2001) found that workers in an open bullpen
setting interacted four to six times more frequently than those in private
ofﬁces or in workstations with high partitions.
Easy visual and aural access to people and activities also inﬂuence the
ability to engage in social talk and joking, which builds a sense of camaraderie and community (Carletta et al., 2000; Heerwagen and Zagreus,
2005; Heerwagen, 2000).
Proximity
Proximity is another key determinant of the level of informal interaction in
an organization. Allen (1971) found that informal communication between
R&D scientists decreased rapidly when they were separated by 30 meters or
more. He also found that interactions were inﬂuenced by the complexity of
the movement path. As pathways become more complex, with more corners
to turn and more connecting pathways, interactions decrease rapidly. Kraut
et al. (1990) also showed the importance of proximity to collaborative work
among scientists in the same organization, but located in two research labs
40 miles apart. They found that 82 per cent of joint work took place
between those on the same corridor or ﬂoor. Being on a different ﬂoor had
the same effect as being in the building 40 miles away. The differences in
collaboration were due to the greater number of informal interactions that
resulted from proximity of ofﬁces.
Dedicated team and project rooms with group tools
Effective collaboration is greatly aided by the use of project rooms. Project
rooms normally have shared information displays for tracking project
assignments and progress, project ﬁles, access to organizational databases,
and space for individual work. Other spaces designed for collaborative
work, such as informal teaming spaces interspersed among private work
stations, are less successful due to noise distractions and inability to keep
group materials displayed for future work (Brager et al., 2000).
Research on project rooms has focused on software engineers and scientiﬁc teams. A ‘radical collocation’ experiment by Teasley et al. (2000) studied software development teams housed in large team rooms. Each of the
rooms included a large central table, white boards, ﬂip charts and individual workstations with computers arranged along the walls. The
researchers found that, compared to company baseline data, the collocated
teams had signiﬁcantly reduced product cycle time. Behavioral observations
showed that being in the same room facilitated discussions, problemsolving at the white board, simultaneous small group meetings and status
updates.
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Another approach to project rooms is the ‘extreme collaboration’ (XC)
space at NASA’s Jet Propulsion Laboratory (JPL) in Pasadena, California.
The space at JPL incorporates a variety of computer technologies to aid
collaboration, including data visualization, shared spreadsheets, large interactive graphic displays for modeling, and simulation tools. Each person also
had an individual workstation in the room, thus enabling individual work to
proceed in concert with the group work. The collaborative work space was
designed to aid mission planning and proposal development at NASA. The
room was not continuously occupied, but rather was used for design sessions lasting several hours at a time. The XC space has captured attention
because of its impact on task duration – the JPL team has consistently
reduced the time for design proposals from a typical three to nine month
period to several days (Cachere et al., 2003). A key factor in the success of
the space was the greatly reduced time between an information request and a
response. The average time taken to answer a question was less than a
minute versus several days for traditional teams. In addition to the reduced
latency between question and response, the room enabled simultaneous
‘sidebar’ conversations between small groups to share information or solve
emergent problems in real time.
Summary of findings on collective cognitive work
The research cited above shows that collective work is aided by high visual
and aural accessibility, central circulation systems, short corridors, clustered
workstations, dedicated rooms, and group tools that support visual display
of information for group use.

Finding the balance between individual and
collective cognitive work
As noted in the introduction, the cognitive workplace is full of conﬂicts
and contradictions. Individual cognitive work requires periods of quiet and
focused attention. Collective cognitive activity, on the other hand, is noise
generating. It feeds on high awareness and high levels of interaction,
including interruptions to those engaged in quiet work. This creates a situation in which risks need to be balanced from both the individual and
organizational perspectives. In an analysis of cognitive work in a high
technology company, Perlow distinguishes between ‘lost collective time’
and ‘lost individual time,’ both of which can reduce work effectiveness.
She writes:
Effective time use for a group requires a sufﬁcient number of interactive activities to achieve the group’s goals, but it also requires the
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synchronization of these interactive activities to best insure that they
occur at times that do not continuously interrupt group members’
individual activities.
(Perlow, 1999, p. 75)
Understanding how to support the balance between individual and collective cognitive work is a key theme of the US General Service Administration’s WorkPlace 20·20 program. The overarching goal of the program is to
provide federal agencies with workplaces that more effectively support strategic business goals. As in the private sector, federal agencies are experiencing a need for more collaboration and communication within and across
departments to achieve their goals. This situation provides a unique
opportunity to test how well different design features and attributes support
individual and collective cognitive work. At the present time, there are many
collaborative workplace models, but little evidence regarding their overall
effectiveness or the effectiveness of speciﬁc components (such as focus
booths for quiet work or open group spaces for easy collaboration).
The WorkPlace 20·20 projects will be testing numerous solutions, with
the goal of identifying what physical features and attributes support communication and concentration most effectively and why. This research is still
in the preliminary stages, with the emphasis now on incorporating existing
research ﬁndings into the planning and design of new federal workplaces as
well as generating new data.

Putting research to use: creating an evidence-based
design process
Research is of no value to design if it sits on a shelf in journals. Finding ways
to make workplace research useful to design is a core feature of the US
General Service Administration’s WorkPlace 20·20 program.
Effective workplaces cannot be created in a vacuum. In the WorkPlace
20·20 process, knowledge of how the environment inﬂuences individual and
collective work forms the basis for design which, in turn, generates new
hypotheses about these links. This iterative process of learning from the past
and informing the future develops through several stages in the WorkPlace
20·20 program.
1

2

First, a team of workplace consultants conducts a rapid organizational
assessment to identify business goals, key issues and concerns that
should be addressed in the workplace design. This contextual research
also identiﬁes potential research topics and hypotheses that are clariﬁed
in subsequent discussion with the organizational leadership and the
research team.
Second, the ﬁndings from the organizational assessment form the basis
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for a design charette. The charette includes the client, the design team,
the workplace consultants, and the research team. A key role for the
workplace consultants is to assure that design concepts developed during the charette adhere to the issues and concerns raised in the organizational assessment. The researchers provide relevant ﬁndings from other
workplace studies to assure that concepts are grounded in and supported by the existing knowledge base. The charette participants, as a
whole, suggest design hypotheses that are subsequently ﬁne-tuned by
the research team.
Third, the review process continues during design development as
design concepts are transformed to physical space. This is often the most
difﬁcult part of the process because of pressures to revise the design or
to eliminate key design features that may be considered too costly. Discussions involve review of the business and workplace goals and the
potential for sacriﬁcing success if key features are changed or
eliminated.
Fourth, the research team conducts pre and post research to test
hypotheses. Findings and lessons learned from the research are fed forward into the next cycle of projects and made available to external
audiences through publications and presentations.

The WorkPlace 20·20 program will ultimately result in new guidelines
and policies for the design and delivery of federal ofﬁce space. However,
its broader impact is relevant to the private sector as well and to many
types of spaces, not just ofﬁces. It provides a model for incorporating
research ﬁndings throughout the design cycle – from the early stages of
client engagement and organizational assessment through design development and post occupancy evaluation. The program will also generate a
signiﬁcant body of research on cognitive work environments that can be
used to inform design decisions that now rely largely on intuition or current fads.
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Introduction
This deals with the somewhat vexing question of human productivity in the
workplace. Vexing because we do not think that this subject is as mysterious
as many do. We set out to answer the question, ‘What features of workplaces under the control of designers and managers signiﬁcantly inﬂuence
human productivity?’ The main theme is how individual occupants are
affected. We are seeking building features that most readily improve or hinder human productivity at work. The ﬁndings can then be used in the briefmaking, design and management processes. We deliberately stick to factors
that are under the direct control of building designers and facility managers;
not to wider aspects like stress, lifestyle and organisational culture.
Our observations are mainly based on surveys carried out since 1985 in
the UK by Building Use Studies and William Bordass Associates (hence the
bias in the references). They also incorporate ﬁndings from the Probe series
of building evaluation studies (Probe Studies) with which we were closely
involved. There is also a substantial wider literature, as reviewed by Lorsch
and Abdou (1994a, 1994b, 1994c) and Oseland (1996). Most of these
sources can be relied on, but there is also quite a lot written about productivity in buildings which has shaky foundations, so do not take everything at
face value, especially exaggerated claims made about productivity gains.
Quite a lot is already known about how well people respond to different
conditions of temperature, humidity, lighting, ventilation and noise, for
example, and regulations for building design are based on many of such
ﬁndings (although sometimes with a considerable time lag so that when
legislation is introduced it can be out of date. Many of these studies come
from military, industrial and commercial sources. Although there is a reasonable consensus on key points, their ﬁndings can be contradictory and
sometimes they can be hard to fathom. For instance, Pepler and Warner
(1968) found that young people worked best (and were thus more productive) for short periods when they were uncomfortably cold. Periods of relatively uncomfortable arousal can thus be important. But it is unlikely that
people will continue to perform well in conditions of prolonged discomfort,
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which begs the question of ‘how long?’ De Dear et al. (1993) show that large
numbers of ofﬁce staff considered their working environments to be thermally unacceptable despite measured conditions falling within industrystandard comfort envelopes, so perceived and measured conditions can be
different. De Dear et al. (1993) also demonstrated that 23.5°C is the temperature which people in ofﬁces prefer, but even with this there is a sizable
minority of about 35 per cent who wanted it to be warmer or cooler, so
minority needs cannot be ignored, although they often are.
Measuring and reporting on human productivity in workplaces is fraught
with difﬁculty. For instance:
•

•
•

•

•

•

Studies of individual occupants often miss out the wider context of
physical and locational differences between buildings, and how they are
managed and operated. For example, studies may examine the relationship between lighting and perceived productivity at work, but miss out
completely other aspects of the building’s performance, such as thermal
conditions or noise, which not only may be more important factors but
may also affect perceptions of lighting as well.
Buildings and their occupying organisations are rarely even similar to
each other from case to case, which complicates comparisons.
Methodological and interpretational anomalies resulting from the ﬁrst
two points lead to problems with, for example, sampling and sample
sizes, assumptions used in studies and spurious detail in the data collected, so it can be difﬁcult to ﬁlter out the most important points from
case to case.
It is also tempting to use weighting systems to try to iron out differences.
For example, the length of time that people spend in a building tends to
be inversely associated with their perceptions of comfort, health and
productivity, so buildings with more part-time staff may show better
scores. But weighting systems are hard to manage properly, and can be
difﬁcult to understand, so it is usually better to present the data in raw
form without weightings, and explain the context clearly so that readers
can make allowances.
There is a growing tendency for building designers and managers to use
promises of improved productivity at work as a carrot to attract clients,
which means that they can become myopic about some of the research
ﬁndings. For example, be especially careful about claims for productivity gains in supposedly ‘green’ buildings.
It is impossible to measure productivity ‘objectively’ across a building in
use; results have to be based on subjective responses of samples of occupants drawn from cross-sections of users. This is not to say that subjectively obtained data are in any way inferior. It just means, as Gary Raw
so aptly said: ‘In buildings people are the best measuring instruments:
they are just harder to calibrate’ (Raw and Aizlewood, 1996).
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Approach
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On balance, we prefer the approach of ‘real-world research’ (Robson, 1993)
which deals with human activities in their real-life contexts (not experiments, laboratories or simulations which all have their place but are not real
world in the sense we advocate). This involves:
•
•
•

•

•
•

smallish surveys (10–15 buildings is an ideal number to discover most of
the key points)
benchmarked against a larger sample to get truer comparisons
drawing on high response rates from the occupants surveyed (preferably
90 per cent response or better in each individual building to avoid bias
in the responses)
controlling for context through a thorough understanding of prevailing
circumstances surveyed in advance through pre-visit questionnaires to
facility managers
technical and energy surveys to provide operational detail
reporting based on ‘exceptions proving the rule’ (that is, giving more
attention to the unusual outcomes and understanding thoroughly why
they occur).

This is the formula that was later developed in Probe (Probe Studies).
Buildings are complex systems made up of physical and human elements
with many associations, interactions, interfaces and feedback loops.
Elements and interactions create ‘emergent’ properties (Tenner, 1996) like
aesthetic qualities, which are often greater than the sum of their parts and
consequently harder to pin down, describe and analyse. Because of interdependencies, it is often fruitless to try and separate out different variables
and treat them as ‘independent’ in the sense that statistical methods often
require. Building characteristics like depth of space from wall to wall, openplan space and air-conditioning all depend on each other’s presence to a
greater or lesser extent, so they cannot be independent in the statistical
sense: they are associated because they are all part of a building. Similarly
descriptors like health, comfort and satisfaction are usually associated with
each other. As a result, they produce cat’s cradles of statistical interdependencies. Multivariate statistical techniques, which are supposed to
help simplify these complex relationships, often have a nasty habit of throwing back your own confusion in a reorganised form.
Another pitfall is to muddle association with cause. For example, if a
study shows that outside awareness of hospital patients is associated with
more rapid recovery rates, it does not necessarily mean that all patients
should be given more windows to look out of, nice as this might be! Because
of autocorrelation in the data, it is quite easy in productivity studies to show
positive and signiﬁcant relationships between variables. A common one is
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the association between the presence of natural lighting and perceived productivity. However, placed in the wider context of the building’s overall performance, natural lighting may be relatively unimportant, with a far
stronger effect created by e.g. summertime ventilation. Because some studies
look at lighting variables only, they may miss out more important variables
elsewhere in the total system.
As well as physical complexity of the building itself, designers, managers
and occupiers obviously also have different preferences, priorities and personal agendas. Changing circumstances add to the richness and dynamism
of contexts, but also make them less yielding to conventional analysis.
Although it is tempting to seek out general theories governing behaviour in
buildings (and enshrine principles in design guidance and building legislation), in practical terms constraints imposed by contexts frequently turn out
to be more important for the designer, manager or occupier. For example,
noisy ofﬁces can wreck best intentions elsewhere in the design.
Contexts – locational, social, economic, technical and environmental –
are always subtly changing, and can sometimes have surprisingly direct
effects on local situations. For example, it can be bafﬂing why two schools –
identical in design and intake proﬁles and on adjacent sites – should differ
markedly in vandalism damage rates. This can often be explained by
environmental strategies employed by the on-site building managers, especially with respect to the speed of repair of damage and the extent to which
particular individuals take responsibility for (‘own the problem’) of repair
(CIRIA, 1994). This example might tempt a designer to say that management is the cause, not design. However, as performance evaluation studies
show, buildings whose management strategy has been developed from the
outset of the design, with a clear understanding of client requirements and
management capacity, are more likely to perform better. Hence management
and design factors, like many others in buildings, depend on each other and
often cannot be meaningfully isolated in real situations (see Leaman and
Bordass, 1997).
Designers and managers constantly strive to create conditions which bring
out the best in people and add value to investments and services. As Patrick
Nuttgens put it ‘to make something out-of-the-ordinary out of the ordinary’
(Nuttgens, 2001). Occupants also like to have a niche for themselves which
suits the task they have to carry out. To further complicate matters, designers, managers and occupiers can all behave perversely. For example, in a
study of the top ﬂoor of an ofﬁce building we asked the occupants ‘Why do
the lights always seem to be on when you don’t need them, especially as the
switches are easy to reach?’ The reply came: ‘We only do it to annoy the
manager. He is obsessed with switching off the lights, so we switch them
back on again whenever he goes out just to annoy him.’
Too often, though, elements unwittingly interact and conspire to create
unforeseen and unwanted problems. In the context of technology and its
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side-effects, Edward Tenner has memorably labelled these ‘revenge effects’
(Tenner, 1996). In buildings, technical elements often work reasonably well
in isolation or in theory, but when included as part of a wider system of
operation induce inefﬁciencies which ultimately affect the ability of people
to perform their work properly. These wider aspects of the design, use,
management and operation of buildings concern us most here.

Terminology
By ‘productivity’ we mean the ability of people to enhance their work output
through increases in the quantity and/or quality of the product or service
they deliver. The intention is that productivity is positive in the sense of
better or more output. However, it is just as possible to go the other way and
produce less. In the buildings that we have studied, about two-thirds of them
exhibit ‘negative’ productivity, i.e. against some internal reference, occupants on average think that facilities and conditions in the building reduce
their perceived productivity.
In buildings, we would ideally like to assess the productivity of all the
occupants by some kind of measured means, such as counting keystrokes on
a computer. However, this is obviously impossible for most kinds of building
users as not only are their work tasks not measurable this way, but any
measures that might be devised would not capture the full richness of their
task and the circumstances in which it is carried out. How can you compare,
for instance, the productivity of operatives in a call centre with that of their
managers?
The answer is to use scales of perceived productivity which can be
answered by everyone from cleaners to chief executive, rather than attempt to
measure productivity directly. The question on productivity which has been
incorporated into most Building Use Studies questionnaires since the pioneering Ofﬁce Environment Survey (Wilson and Hedge, 1987) is shown in Figure
10.1. It is the subject of much comment, often from those who would prefer
‘objective’ measures. We know that the question is not perfect, and might be
improved upon one day. We are happy to adopt any improvements as soon
as they are forthcoming. But as yet, there have been none!

Figure 10.1 Perceived productivity question used in Building Use Studies surveys
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On balance, advantages with subjectively perceived productivity scales
outweigh disadvantages. Advantages include:
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•

•
•

•
•

•

a single question covers the topic so it can be incorporated in surveys
with wider objectives (although we ﬁnd that building managers are still
wary of the question and sometimes veto it)
the question is common to all respondents so that fair comparisons can
be made between most of them
it can be incorporated in questionnaires across different building types
(although strict comparability between types may need to be treated
circumspectly, for example between teachers and administrative staff in
a school where working conditions are different between the two)
large samples may be surveyed relatively cheaply
benchmarks of averages or medians may be used to assess how occupants’ perceptions in individual buildings score against the complete
dataset
data analysis and veriﬁcation are easier across large samples in many
different buildings.

Disadvantages include:
•

•

•

the nagging doubt that perceived productivity as measured may not
associate well with the actual productivity of the occupants (although
many agree on the key point that perceived and actual productivity are
strongly associated; see the review of sources in Lorsch and Abdou
(1994b) and Oseland (1997))
the need for occupants to judge their own reference points when
answering the question (they sometimes want to know ‘Productivity
with respect to what?’ We assume that their past experience of using
buildings is the reference point)
the possible effects of context and other ruling factors at the time of the
survey, for example, rumours of possible redundancies (although we
tested this in an unpublished building study in 2003 and found that
there was no difference in satisfaction scores between a department
recently made redundant and people in the rest of the building).

Objectives
The main objectives of the productivity parts of building performance
studies are to:
•
•

give designers and managers indications of the main factors within their
control that might inﬂuence human productivity at work
help prepare design and management strategies that measurably aim to
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improve performance for organisations and individuals without compromising individuals’ needs and introducing unhelpful side-effects.
Our emphasis is always on appropriate design and management strategies as
expressed in the design brieﬁng process and troubleshooting studies, and the
major risk factors affecting productivity. We are not attempting a ‘theory’ of
productivity at work, nor a detailed analysis of cause and effect or costs and
payoffs. These require a different approach. Bear in mind that the productivity question is only one out of over 60 questions on the standard Building
Use Studies occupant survey.

‘Killer’ variables
In technical language, a ‘killer’ variable has a critical inﬂuence on the overall
behaviour of a system. Here, killer variables are those that affect perceived
productivity most. From our own work, and from the literature, we can
guesstimate that productivity gains (or losses) of up to about 20 per cent
may be attributable to the effects of buildings on their occupants. Much of
the data comes from ofﬁce buildings, but it can be any type of building with
a permanent staff. Fifteen per cent gains/losses as a ballpark ﬁgure crops up
in the work of Brill (1986) and Vischer (1989), for example. Lorsch and
Abdou talk about the productivity of 20 per cent of ofﬁce workers in the
USA being raised simply by improved indoor air quality (1994a, 1994b,
1994c). Data from the Probe studies show perceived differences of up to 25
per cent between comfortable and uncomfortable staff, with uncomfortable
staff showing consistently lower productivity (as common sense predicts –
unless the arousal mechanism is more important) (Probe Studies). The
difference gets narrower as overall satisfaction with the building improves.
We have come across claims of productivity improvements as high as 40 per
cent, but it was impossible to inspect the methodology used, so we ignored
them.
Whatever the actual ﬁgures (no-one knows, of course), there is consensus
that indoor environment factors improve output, as well as a lot of evidence
to show associations with a cluster of related factors such as perceived
health, comfort, and satisfaction. Our map of the main variables is shown in
Figure 10.2. For a more speculatively theoretical account, see Leaman and
Bordass (1995).
Our list of ‘killer’ variables has now reached ﬁve. Each represents a group
of features which have more connections amongst themselves than with the
others. They are discrete but only to some extent: there is no such thing as an
independent variable in a building. Their order of importance depends on
prevailing circumstances – the building design, perhaps, or the way people
are treated by management.
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Figure 10.2 Factors affecting perceived control and perceived productivity

The killer variables1 are:
1
2
3

4
5

comfort, including personal control
responsiveness to need, including comfort (from 1), but a host of other
ways in which needs should be met effectively
ventilation type, which also encompasses attributes such as size, building depth and other allometric properties (i.e. how size affects shape,
volume, services etc.)
workgroups and their layout in the space plan
design intent and how this is communicated to users and occupants.

Comfort, including personal control
Research work in the 1980s into what was then called ‘sick building syndrome’ 2 conﬁrmed to a new generation of researchers what was already well
known to an older one: that people’s perception of control over their
environment affects their comfort and satisfaction. Work on thermal

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Productivity in buildings: the ‘killer’ variables

161

comfort, notably that of Humphreys and McIntyre in the 1970s
(Humphreys, 1976, 1992; McIntyre, 1980), had shown that the range of
temperatures that building occupants reported as ‘comfortable’ was wider in
ﬁeld studies than in controlled conditions in the laboratory. People seemed
to be more tolerant of conditions the more control opportunities – switches,
blinds and opening windows, for instance – were available to them.
This is a vital ﬁnding to take from pioneering thermal comfort research
and is the basis for what later came to be called ‘adaptive comfort theory’.
People are more forgiving of discomfort if they have some effective means of
control over alleviating it. However, many modern buildings seem to have
just the opposite effect. They take control away from the human occupants
and try to place control in automatic systems which then govern the overall
indoor environment conditions, and deny occupants means of intervention.
On the rare occasions when such systems can cope with all eventualities,
they can work wonderfully well but, often as not, they do not (Bordass et al.,
1994).
The extent and strength of relationship between comfort and productivity
(using the BUS variables ‘overall comfort’ and ‘perceived productivity’) is
shown in Figure 10.3. The more comfortable people say they are (averaged
for each building in the dataset), the more productive they say they are
(again taking the average score for each building). ‘Overall comfort’ is an
umbrella variable which covers people’s perceptions of heating, cooling,
ventilation, lighting and noise taken together in an overall assessment.
Similar results on the relationships between perceived control and sickness symptoms have been reported in, for example, Raw et al. (1993). In
studies on heart disease in civil servants, higher incidence of heart attacks
seems to be related to people’s perception of control over their work
(Marmot, 1997). There are numerous other such examples, including the
revived interest in the 1990s in adaptive comfort (e.g. Baker, 1996).

Figure 10.3 Perceived comfort and perceived productivity
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Figure 10.4 has results for ofﬁce workers in 11 UK buildings examined by
Building Use Studies in 1996–97. Self-assessed productivity (see Figure
10.1) is signiﬁcantly associated with perceptions of control in seven out of
eleven buildings. Perception of control is measured by the average of ﬁve
variables for perceived control over heating, cooling, lighting, ventilation
and noise.
Figure 10.5 shows that the relationship in Figure 10.4 probably gets
weaker as buildings perform better; that is, there is less need for individuals
to have means of discomfort alleviation when base conditions are good.
Figure 10.6 shows that of the ﬁve perceived control variables – heating,
cooling, lighting, ventilation and noise – the last, noise, is most strongly
associated with perceived productivity, but the relationship is quite weak.
Even so, perceived control over lighting is the only one that is not signiﬁcant.
Figures 10.4–10.6 tell a stark statistical story about personal control and
productivity. Building users in their personal comments on questionnaires
are much more forthcoming. In study after study, people say that lack of
environmental control is their single most important concern, followed by
lack of control over noise. Taking one typical comment from many in the
same vein from a building study carried out in 1996: ‘Noise has the most
disturbing effect on my work. Other factors such as heat and light are not so
disrupting.’ People often oppose the introduction of open-plan working
because they suspect that they will lose control and privacy, and it will

Figure 10.4 Relationships between control and perceived productivity for office workers
in 11 UK buildings surveyed in 1996–97 lighting and ventilation complaints and
perceived productivity for 12 study buildings
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Figure 10.5 The strength of relationship between perceived control and productivity
decline as buildings perform better

Figure 10.6 Associations between perceived control and productivity for 11 study buildings and 5 perceived control variables

become more noisy. This might not necessarily actually happen in practice,
but people are afraid that it will.
In spite of the wealth of research and occupier evidence that high perceptions of personal control bring beneﬁts like better productivity and
improved health, designers, developers and sometimes even clients seem
remarkably reluctant to act on it. There are many reasons for this, including
the absence of thorough cost-in-use analysis in the calculation of future
payoffs (and the problem of who actually receives the beneﬁt). Four are
prominent:
1

Environmental control operates at the interface between a building’s
physical and technical systems and its human occupants, or, less visibly,
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automatically and often under the supervision of computer-controlled
building management systems. Perhaps seduced by the promise of
technology rather than its delivered performance, designers assign
more functions to automatic control than are usually warranted and,
knowingly or not, make the interfaces obscure. They then often do not
seem to make clear to the client the management implications of the
technology, and whether these are acceptable to them. Simpler and
more robust systems are required, with greater opportunities for users
to intervene – especially for opportunities to override existing settings,
better feedback on what is supposed to be happening and whether or
not the system is actually working (Bordass et al., 1994). This
point is picked up in more detail later under design intent.
Building design is split into architectural and building services tasks,
often with surprisingly little integration between them. Poor attention
to detail in building controls is a common symptom of an incomplete
design and speciﬁcation process with gaps between areas of professional
responsibility. As well as lack of recognition of the problems here, there
is also an absence of tools for speciﬁcation and brieﬁng, and absence of
suitable standard componentry and systems. Manufacturers ﬁnd it difﬁcult to invest in suitable new or modiﬁed products to meet such
requirements, owing to a diffuse market with no well-articulated
demand. Those who have tried have found success elusive. For example,
the promising environmentally advanced Colt window system was
taken off the market as a complete package (Lloyd-Jones, 1994).
Designers do not fully appreciate the important difference between comfort provision and discomfort alleviation. For example, the ability to
alter the position of the computer screen – a seemingly trivial feature –
can be crucial to ofﬁce users’ comfort. By making tiny changes to their
immediate environment to mitigate the worst effects of (say) glare from
the winter sun, or down draughts, occupants can turn intolerable conditions into marginally tolerable ones without undue management intervention. Most control adjustments are at the margins of discomfort,
triggered by something experienced as uncomfortable, rather than
in anticipation. The absence of this capability to ﬁne-tune, especially
‘in space-planned ofﬁces with ﬁxed furniture systems and little or no
user control, can make the difference between tolerable comfort and
dissatisfaction.
Sadly, few building occupiers are motivated enough to take the bull by
the horns and gain control of systems that are troublesome. As a result,
chronic problems multiply and eventually become difﬁcult to reverse,
even though, individually, they may be easy to remedy. For example, a
problem which we have observed in building after building is doors that
close too loudly because their automatic door closers are set too powerfully and there are no noise dampers in the door frame. The closers also
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squeak, so that every time anyone uses a door it ﬁrst squeaks, then
bangs shut. This happens countless times, and affects all those
unfortunate enough to be sitting in the vicinity.
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Responsiveness to need
To many people, the relationship between better personal control and
human performance is common sense; so too is the cluster of variables
related to responsiveness. Many of the buildings that work well in postoccupancy studies appear to have the capability to meet people’s needs very
rapidly either in anticipation or as they arise. This applies to personal control, but it also works at other levels: the ability to reconﬁgure furniture, for
example, or adaptability of spaces to accommodate change, or speed of
response to complaints by the facilities management department.
The importance of responsiveness ﬁrst became clear to us in a study in
1992 which included One Bridewell Street, Bristol (Energy Efﬁciency Ofﬁce,
1991; Building Use Studies Ltd, 1992/93), revisited by Joanna Eley in 1996
(Eley, 1996). This building is noteworthy because, although air-conditioned,
it uses (or at least used to use, circumstances have changed) little more
energy than a good practice, naturally ventilated, open-plan ofﬁce. In
addition, occupant satisfaction was unusually high. Was this just coincidence or was there something more profound at work?
At One Bridewell Street, high occupant satisfaction seemed to be related
to the speed with which the facilities management department dealt with
complaints of discomfort: the response was exceptionally fast, and occupants were told exactly what the outcome was. The facilities manager also
learned to anticipate common problems and to deal with them, often before
anyone noticed. Personal control for the occupants was not high, with simply infrared ‘zappers’ for the lights and limited ability to change workstation
position.
To test the possible inﬂuence of response time, a new variable was added
to the Building Use Studies questionnaire in 1995 (Figure 10.7). The relationship between perceived speed of response to complaints and perceived
productivity is shown in Figure 10.8 and people’s perception of ‘quickness’
(the speed with which occupants think that heating, cooling, lighting, ventilation and noise needs are met) in Figures 10.9 and 10.10.
With the usual interpretational caveats relating to small, non-random
samples, the results in Figures 10.8–10.10 are grounds for developing
this line of analysis further. The association between speed of response
and productivity in Figure 10.8 is positive and signiﬁcant. Eight out of 11
buildings in Figure 10.9 show signiﬁcant positive associations between
perceived quickness of response and perceived productivity. Figure 10.10
shows that, just like perceived control, the strength of correlation between
quickness and productivity increases as the building’s overall performance
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Figure 10.7 Response time question used in Building Use Studies surveys

Figure 10.8 Relationship between perceived speed of response in dealing with heating,
lighting and ventilation complaints and perceived productivity for UK dataset

decreases. An obvious conclusion from this is that quickness and control are
also strongly and signiﬁcantly associated and this indeed is the case (for
individuals rho = 0.60, p = 0.0001; for building means rho = 0.75, p =
0.0125).
As measures of response time and personal control are themselves related,
are we dealing with two sides of the same coin? To some extent, yes, because
responsive control delivers rapid response by deﬁnition. But in some buildings a lack of individual control facilities is more than compensated for by
the excellence of the facilities management arrangements.
Conversely, if designers try to add control in a complicated building
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Figure 10.9 Relationships between quickness and perceived productivity for office workers
in 11 UK buildings surveyed in 1996–97

Figure 10.10 The relationship between perceived quickness and perceived productivity

which already lacks management resources, their efforts may well be
defeated as there will be less capability to manage the added complexity,
which will induce further chronic failures.
Most buildings tend to have poor levels of perceived control because they
also have relatively low levels of building management: it has been incorrectly assumed at brieﬁng and design stages that building services technology will automatically deliver what the occupants require without undue
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extra management intervention or, alternatively, that management will be
superhuman.
As the Probe studies (Probe Studies) show, these assumptions are wrong.
The buildings that came out best overall either managed technological complexity with high levels of expertise (e.g. Tanﬁeld House) or deliberately rid
themselves of gratuitous complexity and over-dependence on management
intervention (e.g. Woodhouse Medical Centre).
So designers and managers should consider both personal control and
response time implications, rather than think that they are the same. Building Use Studies has found that when something goes wrong, occupants give
building managers the beneﬁt of the doubt for a honeymoon period of up to
three days, then they get upset or give up (Building Use Studies, 1996).
The implication is that real-time responsiveness is something to be considered in the brieﬁng and speciﬁcation processes, and that different
response time standards could be set for different occupier needs. For
example, glare and severe overheating need to be dealt with and corrected
immediately, whereas a three-day threshold could be used for the replacement of components which directly affect interfaces – simple things like
blinds, chairs, luminaires and suchlike.
Ventilation type
The third killer variable is ventilation type. We have found that:
•
•
•

the deeper buildings get, overall satisfaction and productivity tend to go
down
a depth of about 12 m across the building seems optimal for human
performance variables
shallower plan forms tend to cost about £50/m2 more, assuming similar
cost levels per unit area of envelope and for building services. However,
shallower-plan buildings may lend themselves to cheaper, more
domestic envelope construction and cheaper services. Unfortunately,
cost calculations often ﬁnd it difﬁcult to consider such trade-offs;
economic calculations tend to be more precise at minimising envelopeto-ﬂoor-area ratios than building services costs, about which they tend
to be less well informed (William Bordass Associates, 1992).

Ventilation type is closely related to building depth because mechanical services have to be added whenever buildings get deeper than about 15 m
across, the limit of simple natural ventilation. Buildings have allometric (size
and depth) properties which make them disproportionately more complicated to service as they get bigger. This is not just a matter of building
services like mechanical ventilation and air-tempering, which are always
needed with depths greater than 15 m, but also spatial and behavioural
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complexity; there are many more activities and much greater likelihoods of
conﬂicts, in bigger ﬂoorplates with higher populations, and a higher
dependence on technology and management.
Looking at differences in perceived productivity in the 2004 UK Building
Use Studies dataset, the mean perceived productivity score for all UK buildings is minus 2.1 per cent (Figure 10.11). Broken down by ventilation type,
the scores are minus 2.5 per cent for natural ventilation (NV), minus 2.4 per
cent for air conditioned (AC) and minus 2.4 per cent for advanced natural
ventilation (ANV). Mixed-mode (MM) (0 per cent) gives better perceived
productivity scores. Note that none of these averages is greater than zero.
Overall, only in some 30 per cent of buildings in the dataset do occupants, on
average, report scores above zero. The naturally ventilated buildings have
higher standard errors, implying that their range of performance is wider.
The pointers are that occupants prefer natural ventilation as the default in
winter, spring and autumn, and air-conditioning, not surprisingly, in the
hot, humid parts of summer (Nicol and Kessler, 1998). Ventilation type is
also a correlate for other variables that affect human performance. Many of
these have been assessed, although not necessarily in working buildings or
conclusively. They include:
•

•

occupants’ preferences for window seats (studies usually show that
people with window seats tend to be more comfortable but this effect
tends to decrease as overall building performance improves)
ill-health, with the statistical association of chronic, building-related illhealth symptoms (like dry eyes or stuffy nose) with larger buildings
leading in the 1980s to wide speculation about the role of air conditioning as a cause. It turned out to be more a matter of how much management an occupying organisation was prepared to put into a building to
deal with chronic problems that arose in circumstances where people
were more dependent on the quality of the building, its systems and its
management.

Figure 10.11 Perceived productivity ratings by ventilation type in the UK, 2004
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Building depth introduces a double-edged effect. As buildings get bigger,
they are capable of performing more functions and more people can be
packed in. However, the penalty is increased operational complexity, which
creates a greater likelihood of failure – especially chronic performance problems. This, in turn, increases the cost of management to reduce relative risk.
On the other hand, people do not like working at high densities (with the
exception, perhaps, of ﬁnancial dealers who seem immune) but higher densities are often perceived to be needed to ‘save’ on ofﬁce costs. When this
trade-off is made in reality, building users opt for lower densities because
this gives them a sufﬁcient degree of freedom to deal with the consequences
of dysfunctional conﬂicts. Which do you prefer: an aircraft or theatre with
70 per cent of the seats ﬁlled or completely full up? We had a clear case of the
cocktail party effect (where conditions rapidly worsen as densities rise) in a
case study in 2004. People were moved into a new building sequentially.
Early movers reported that they liked the building for the most part, but that
once planned densities had been reached after about 12 months, conditions
became noticeably worse.
Workgroups
The fourth killer variable is workgroups; remarkably, given their prevalence, this is one of the least understood topics in modern buildings
(Trickett, 1991). In ofﬁces, perceptions of productivity tend to be higher in
smaller and more integrated workgroups. Like control, this will be obvious
from personal experience: given an unrestricted choice, most will opt for
their own room, for instance, or a small workgroup with a few colleagues.
That said, there is little research data to back it up and, like other aspects of
the effects of density and size, more work is needed here.
In a rare case building we had data where both productivity and workgroup topics were included. In this single instance, workgroup size was able
to explain differences in overall comfort (smaller was better, as might be
expected), but there was no association between size of workteam and
overall perceived productivity for the individuals in the study building.
Obviously a sample of one does not make the case.
Figure 10.12 has some data from a bigger sample. It shows overall comfort
scores broken down by the number of people that occupants say they sit
with – a possible surrogate statistic for workgroup size. Again, the indications are that people are less comfortable as workgroups get bigger. As
perceived comfort and perceived productivity are strongly associated, it is to
be expected that workgroup size and perceived productivity are also
(inversely) related. However, we should stress that this is only a hunch, we
do not have further evidence.
The effects of workgroup size will be hard to demonstrate properly
because there is a lot of autocorrelation in what will be ‘noisy’ data. The true
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Figure 10.12 Overall comfort scores by workgroup surrogates

effects will be hard to ﬁlter out in a more telling analysis. For example, the
effects of status (senior managers will tend to have their own ofﬁces), open
plan (bigger open plan spaces may have bigger workgroups) and density
(workgroups that are crammed together) may all introduce side effects of
their own.
Our conﬁdence in including workgroups as a killer variable came from
work in 1987 (Wilson and Hedge, 1987). Room size is a correlate of
perceived control for temperature, lighting and ventilation, with perceived
control declining with workgroups bigger than about ﬁve people. As
perceived control is a correlate of perceived productivity, it is fairly safe
to assume that workgroup size is also a contributory factor (but so are
technical factors).
From a design and management point of view, workgroups are seen as
desirable both for space-saving reasons (possibly spurious, see above) and
for better communication between colleagues. There is always a trade-off to
be considered between the risk of degrading performance in open plan and
cutting people off from each other by putting them in their own rooms.
Designers and managers both tend to opt for the open-plan approach, but
for different reasons. The evidence we have indicates (but does not prove)
that well-integrated workgroups of four to ﬁve people will probably be
acceptable, but the risks of lower productivity in bigger workgroups can
increase substantially thereafter. To support the claimed business beneﬁts, it
is therefore necessary to put in a much higher level of expertise in building
and services design, and facilities management. While we all know this to
some extent, the degree of improvement necessary can be much higher than
one would think.
A key reason is the ‘mapping’ between the workgroup’s activities, the
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available environmental controls and zones of services. Where the relationship is one-to-one (i.e. everything coincides as it should in a single room),
the sole occupant will have full control over lighting, blinds, ventilation,
heating, cooling, privacy and noise, and is able to ﬁne-tune to suit needs
exactly. Here there will be perceived productivity beneﬁts for the occupant,
who will be able to prevent undesirable impacts like distracting noise or
overheating. Supervising managers may be rather less keen on individuals
with high levels of privacy, and productive interactions may also be reduced,
but modern technology is permitting close work integration with less face-toface contact.
As workgroups get larger, the occupants might be affected in four ways:
1

2

3

4

What mapping there is between environmental controls, services zones
and activities breaks down even further (for example, the lighting may
be switched for the whole ﬂoor rather than for workgroups alone).
Occupants also have to consider their colleagues’ wishes when they
want to make changes. As a result, the likelihood that everyone will be
satisﬁed with the prevailing settings will reduce as the workgroups get
bigger, but equally most people will be inhibited in taking any action to
change conditions unless they become completely intolerable. This is an
inevitable consequence of (a) size and allometry; (b) differences in individual preference ranges.
Remote effects become important: for instance, glare from a distant
window, possibly even through a glass partition, or draughts of
uncertain origin owing to complex movements of air in both naturally
ventilated or air-conditioned spaces.
There is a greater likelihood that primary and secondary circulation
routes will break up workgroups, often cutting through the middle of
them.

The best strategies for the designer and managers are thus to:
•
•
•

•

•

keep workgroups as small and well integrated as possible
make sure that zones of activity map onto the service zones, especially
for productivity killers like irrelevant noise, glare and draughts
keep sources of unwanted distraction down to a minimum (we have
found that up to 60 per cent of staff sitting in open-plan ofﬁces can be
located directly next to a source of random distraction like the enddoors which may squeak and bang when closing, the photocopier or the
tea/coffee area)
not interfere with sources of relevant information, that is information
that is needed for work tasks within earshot and lines of sight, so that
people receive useful information by default
design and manage the overall work setting so that the default (i.e.
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normal) setting is reasonably comfortable, safe and healthy and does
not rely on excessive amounts of technological or management input to
make it work acceptably.
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Design intent
Design intent is the last of our killer variables, although it is more a key to
help understand how the other variables tie together. By design intent we
mean:
•

•

•
•

how designers intend particular features incorporated in a building to
work, including how they should be operated and the circumstances in
which they should be used
how users interpret this, if at all. Features might be included which may
work well if only they were actually used, but which are completely
transparent to the users because of some design or management ﬂaw
(e.g. trickle ventilators in windows are often ignored by users because
they do not see them, and even if they do see them, they do not know
what they are for)
the relationship between design intention and actual use (hopefully they
coincide)
the actual effect produced, which may not necessarily be the intended
one.

Donald Norman, speaking more generally about all types of everyday
artifacts (Norman, 1988), calls the ﬁrst three the ‘design model’, the ‘users’
model’ and the ‘system image’. Norman says that the user acquires all
knowledge of the system from the system image.
At one level it is obvious that design intent is important because how else
will things be used properly (Leaman, 2000)? However, many designers
make the false assumption that the way they see things (their ‘design model’
in the sense used by Donald Norman) is the same as the way users see them
(the ‘users’ model’). Designers tend to know much more about how constraints affect design decisions and the reasons why things are as they are,
which are usually unknown to the users. Their designs are outputs from a
process. Users have little or no knowledge of why, only how designed
objects work as inputs that affect the tasks they have to carry out. These
mental models are often very different.
From this it should follow that buildings will perform better as a result of
good usability, viz. better perceived productivity. We take this as a given.
However, we are saying a little more than this:
•

We know that people are more forgiving of uncomfortable conditions
when they have more perceived personal control, even if those conditions
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may be objectively poorer than they might otherwise have been (e.g.
they tend to opt for possibly poorer indoor environment conditions in
naturally ventilated buildings over more tightly controlled airconditioned). This is a fundamental ﬁnding from thermal comfort
research. The tendency has been to think that this tolerance or ‘forgiveness’ is the result of having more control. However, this may be a
mirage. Naturally ventilated and mixed-mode buildings tend also to be
simpler for users to understand and operate (although this is by no
means always the case), so that design intent tends to be better communicated to users. Because users understand better what ought to
happen, they are more tolerant if actual performance does not quite live
up to expectations.
In studies of buildings that have occupants who are themselves designers, we ﬁnd that the occupants tend to be even more tolerant, while one
might have expected them – knowing how the design might have been
better – to have been more critical of underperformance. This comes
from our own (unpublished) work on ofﬁce buildings that are occupied
by design practices and research organisations. The clients for these
studies usually are in trepidation about the results, because they think
informed designers or researchers will know more about the building,
and therefore be much more critical. In fact, we usually ﬁnd the opposite. The designer occupants tend to be less critical, possibly because
they, as knowledgeable users, understand design intent better.
We also know from our own work in Probe and other studies that there
is a subset of buildings which have high levels of both perceived productivity and energy efﬁciency. What possibly connects these seemingly
dissimilar variables?
–

–

–
–
–
–

Energy-efﬁcient buildings, especially those that are shallow-plan
with natural ventilation, are often intrinsically simpler and have
features that users tend to like anyway.
More care is often taken in their brieﬁng, design, construction and
subsequent management and monitoring, so that there is a greater
likelihood that means and ends will work in harmony and that targets set in the brief will be actually met in the ﬁnal building, making
all-round performance better.
They have more components which users operate themselves.
It is often easier for users to comprehend their functions.
They may be simpler and easier to manage.
In those of them that require high levels of management, the
management is committed to deliver both staff satisfaction and
high-energy efﬁciency.

Be careful though. Do not make the mistake of thinking that energyefﬁcient buildings ‘cause’ improved productivity. If any relationship
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exists, then it will be one of association and not cause. And do not
mix up energy-efﬁcient buildings with ‘green’ buildings. Just because a
building is called ‘green’ does not necessarily mean that it will be energyefﬁcient in actual use.
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Conclusions
We have dealt with productivity in the workplace from the perspective of
things within the control of building designers and facilities managers.
Necessarily this means missing out aspects of productivity largely or entirely
outside the inﬂuence of building professionals. These include considerations
like workplace stress (which we once tested to see whether stress was building-related, and found that for most intents and purposes it was not
(Leaman et al., 1990), management attitudes and job satisfaction (Whitley
et al., 1996).
Although the concept of productivity begs many deﬁnitional and methodological questions, we think that the available data are robust enough to tell
a clear story which designers and managers can practically incorporate.
Buildings – especially ofﬁces, but this applies to all buildings with permanent
staff – work best for human productivity when there are:
•
•

•

•

•

•

•

many opportunities for personal control, providing a background for
healthy, comfortable and safe operation as well as adaptive comfort
a rapid response environment, not necessarily only for personal control,
but for the many other aspects of a building’s operation that might
compensate for absence of personal control, such as an excellent complaints monitoring and feedback system
natural ventilation of some sort, best of all incorporated in a mixedmode scheme with which mechanical systems are properly integrated
and managed, and able to take the load where the natural ones are
inadequate
shallow plan forms, preferably demanding less technically complex and
less management-intensive systems (with the added beneﬁt of better
energy performance)
proven energy efﬁciency, which apart from the obvious beneﬁts of lower
emissions, also tends to be associated with better brieﬁng, management
and monitoring, which ultimately impacts on better human performance in the workplace
activities that properly ﬁt the services that are supposed to support
them, not only in spatial capacity (i.e. enough room for everyone), but
for the zoning and control of heating, cooling, lighting, ventilation,
noise and privacy
clear communication of design intent to users, so that users of all types
(not just the permanent staff) understand how things are supposed to
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work, can intervene to change things if necessary, and can get rapid
feedback on whether or not the change had actually occurred.
In some circumstances, not all of these will be possible or even desirable.
This is perfectly acceptable, but clients, designers and managers then need to
appreciate the extra levels of core and support services that will be needed in
order to produce good performance.
Ideally, simple, shallow plan forms, small work rooms, robust and
manageable controls and domestic levels of servicing work best. In fact,
Raw and Aizlewood (1996) show that building-related chronic illness was
signiﬁcantly lower (and perceived comfort higher) in homes than in ofﬁces.
This is exactly what would be expected from our ﬁndings.
However, such ‘ideal’ design forms (characteristic of ofﬁces in the UK up
to the 1960s) have long since been superseded. The relentless trend is now
towards intensiﬁcation (and diversiﬁcation) of building use (Leaman, 1996)
with much greater attention paid to:
•

•

•
•

risk/value pay-offs not just in rental or property investment terms as in
the past, but for the wider canvas of human and environmental
resources as well
business beneﬁts and consequential environmental disbeneﬁts, which
have to be managed if overall performance improvement is to be
achieved
design strategies linked far more closely to business missions to improve
strategic advantage in the market place and often also to cost reduction
greater interest in ‘generic’ spaces and forms of servicing that allow
rapid switching between different occupier activities.

Bigger and more complex buildings demand subtler strategies for managing
this complexity and different design strategies and technologies to support
them. Where this is successful, performance gains are possible, but where
management does not properly compensate for the extra diligence that technology needs, chronic problems usually result.
The trend towards mixed-mode buildings (with mixtures of natural ventilation and air conditioning) is a case in point. Treating ﬁndings from Probe
and other building evaluation studies circumspectly, it seems that mixed
mode can offer the best of both worlds: better occupant satisfaction and
better environmental performance – and occupants can detect the differences. Studies by Rowe and colleagues in Sydney (Rowe et al., 1998) suggest
that mixed-mode ofﬁces not only give performance advantages through
better thermal comfort and better perceived ability to perform work (i.e.
better productivity), but they are also better for perceived air quality and
overall satisfaction with workplace. As with British studies, the work also
conﬁrms that this delivers better perceived control and leads to much
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improved energy efﬁciency. By monitoring the switching behaviour in
mixed-mode buildings, Rowe has shown that a control-rich, naturally ventilated environment is the preferred default, even in sub-tropical conditions in
Australia. Moreover this preference is only abandoned on the minority of
occasions when both temperature and humidity exceed tolerance thresholds.
However, it is possible to get mixed-mode strategies and engineering wrong
too – as a number of studies have shown, in particular where the details have
not been worked through carefully enough.
Although we can be upbeat and report these ﬁndings optimistically, we
have also tried to show where things work and where they do not.
Unfortunately, the design and construction industries are much more coy,
especially about failures. They tend to report just the good news and forget
about the downsides, which often turn out to be the very things that affect
human productivity the most. Many of the matters we have dealt with here
have been known about for generations. Poor human productivity in buildings is a function not just of our ﬁve ‘killer’ variables but also poor professional feedback, lack of integration in design processes, lack of care for the
primary occupants, weak or non-existent briefmaking, and the convenient
but disturbing tendency to forget the bad news.
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1 The difference from the 1997 version of this paper is that 3. ‘Building depth’ is
renamed ‘Ventilation type’ and ‘Design intent’ is added to the list as number 5,
and 1. is widened from ‘Thermal comfort’ to a wider interpretation of comfort.
2 Now building-related ill health.
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Introduction
Thermal discomfort distracts people from their work and causes complaints,
which generate unscheduled maintenance costs. Many HVAC engineers take
the cynical view that there will always be complaints, whatever they do.
Recent analysis of complaints logs shows that this is not so: Federspiel
(1998) demonstrated that if ofﬁce temperatures had always been in the 70–
75°F range (21–24°C), 70 per cent of ‘hot and cold call-outs’ would not
have occurred, which would have reduced maintenance costs by an estimated 20 per cent. This cost reduction represents an increase in productivity
in itself, which is in addition to the undoubted productivity beneﬁt of
reducing thermal discomfort. People who feel uncomfortable lose their
motivation to work and tend to take more breaks. Both of these effects
reduce productivity. Many of the symptoms characteristic of sick building
syndrome (SBS) become more intense and affect a larger proportion of
building occupants as air temperatures rise in the 21–24°C range (Krogstad
et al., 1991). People who do not feel very well do not work very well, as
documented by Nunes et al. (1993), so SBS is one way by which productivity
can be reduced. Cold conditions indoors cause vasoconstriction and this
reduces skin temperatures. Fingertip sensitivity and the speed of ﬁnger
movements are below maximum even at thermal neutrality, and other
aspects of manual dexterity that can be important for productivity are progressively reduced at temperatures below neutrality – ﬁrst hand-eye coordination, then muscular strength, as skin temperatures decrease in
response either to lower temperatures or to prolonged exposure (Meese et
al., 1982).
Most ofﬁce workers use computers during a substantial part of their
working day. Using a computer is a very special kind of work. It involves
close attention to detail and to small visual symbols, and therefore has a high
optimal level of arousal. Modern computers introduce little delay. They are
almost always ready for the next input from the user. This in itself is a stress
factor for some people. Close attention to the screen causes a reduction in
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blinkrate. The eyes of computer users are therefore drier than they would be
if they were doing other kinds of work in the same environment. They are
therefore more sensitive to airborne particulates, air pollution, low humidity, air movement, thermal gradients and raised air temperatures. Unless
they and their computer are efﬁciently grounded, there is usually a static
electrical charge between them. This can concentrate airborne pollutants in
the facial area and further increase their eye discomfort and thermal
sensitivity.
Computers impose a particular posture. Computer users are therefore less
free to alter their posture than they would be if they were doing other kinds
of work in the same environment. This affects their heat balance in two
ways. First, it reduces their ability to alter their rate of metabolic heat production adaptively, so their thermal sensitivity is increased. Second, it
reduces their ability to adaptively alter the effective surface area of their
body that is available for losing heat to the immediate environment. Using a
computer efﬁciently involves rule-based logical thinking, if only to follow
the rules of engagement imposed by the programmer. Computer users have a
high optimal level of arousal for this reason as well. They exert effort to
maintain it under unfavourable environmental conditions and become more
rapidly fatigued. These effects ensure that their productivity is particularly
sensitive to the thermal environment.

Room temperature and SBS
A survey by Preller et al. (1990) of large numbers of people working in
Dutch ofﬁce buildings showed that individual control of temperature had a
signiﬁcant and positive effect: sick leave due to SBS was as much as 30 per
cent lower in situations where individual workers could control their own
thermal environment, in comparison with situations where they were
obliged to accept conditions that were optimum for the group rather than
for the individual. Similar studies in UK ofﬁces by Raw et al. (1990) indicate
that self-estimates of efﬁciency are signiﬁcantly higher when individuals can
control their own thermal climate, or their own ventilation, or the lighting
levels where they work, in comparison with similar ofﬁces where this is not
possible. This study also showed that while two SBS symptoms were quite
normal, six SBS symptoms were associated with a 10 per cent decrease in
self-estimated efﬁciency.
In an experimental study by Nunes et al. (1993) in Canadian ofﬁces,
workers reporting any symptoms of SBS were found to be working 7.2 per
cent more slowly on one standardised computer task, designated the Continuous Performance Task or CPT (P < 0.001), and to be making 30 per cent
more errors on another task designated the symbol-digit substitution task or
SST. The CPT was a vigilance task in which subjects monitored a series of
displays appearing on a computer screen and had to respond to one that had
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been designated as the target, while the SST was a complex coding task.
Forty-seven subjects performed each task once a week for three weeks,
without supervision, as part of their daily routine. Three papers (Preller
et al., 1990; Raw et al., 1990; Nunes et al., 1993) provide strong and
quantitative evidence for the link between SBS and productivity. Any factor
that reduces SBS will increase productivity.
Fang et al. (2002) found no signiﬁcant effect of temperature and humidity
on performance in 4.5-hour exposures ranging from 20°C/40 per cent RH
to 26°C/60 per cent RH, presumably because their subjects used clothing
adjustments as intended to remain in a state of thermal comfort. However,
fatigue, headache and difﬁculty in thinking clearly still increased at 26°C
and 60 per cent RH, indicating that productivity might well be reduced in a
real workplace towards the end of a long day’s work.
An intervention experiment by Krogstad et al. (1991) of SBS symptoms
experienced by 100 workers in a computerised ofﬁce at various imposed
temperatures in the 19–24°C range shows a very marked effect of thermal
conditions on SBS. Each thermal condition was maintained for a week. It is
quite clear from these results that virtually all SBS symptoms increase with
temperature from a minimum at 20–21°C, and in this study the effect was
widespread rather than conﬁned to a few sensitive individuals: the proportion reporting headache and fatigue increased from 10 per cent at 20–21°C
to over 60 per cent at 24.5°C, and other SBS symptoms, including skin
problems, showed similar effects.

Thermal gradients
The mechanisms by which SBS is reduced by small reductions in air temperature seem likely to take place at head height, although there may also be a
secondary effect on such general symptoms as headache and fatigue which is
linked to whole body heat balance. Vertical thermal gradients are always
positive, since hot air rises. In rooms where the airﬂow must remove a high
heat load, and particularly if this is to be done by displacement rather than
by complete or partial mixing, air temperature at head height may be 2–3°K
higher than at ﬂoor height. Cold feet and warm air to breathe is the exact
opposite of human requirements, and an individual who experiences SBS or
sensations of dryness will often be forced to lower the room temperature to
such an extent that it will be too cold for whole body heat balance as well as
too cold for the feet. Over 40 per cent were found to experience local thermal discomfort even when displacement ventilation had been adjusted to
provide preferred whole-body heat loss when 72 subjects were exposed for
one hour to two typical winter and two typical summer conditions in an
ofﬁce module by Wyon and Sandberg (1990). The experiment on which the
recommendations in ISO 7730 are based (Olesen et al., 1979) would
have predicted only 5 per cent dissatisﬁed under these conditions. The
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discrepancy is due to the fact that each subject in the original Danish
experiment was allowed to adjust the temperature continuously in the
second half of the experiment and could therefore compensate for the
discomfort of the imposed thermal gradient.
In a later experiment by Wyon and Sandberg (1996), in which over 200
subjects were exposed for one hour to vertical temperature differences of 0,
2 and 4°K per meter, with room temperatures resulting in the same three
states of whole-body heat balance at each vertical temperature difference,
local thermal discomfort was found to be unaffected by vertical temperature
difference, but highly sensitive to whole-body heat balance. Similar results
have recently been reported by Ilmarinen et al. (1992) and Palonen et al.
(1992), using only six subjects. These experiments do not deal with the
consequences of vertical temperature differences for sensations of dryness or
SBS over longer periods, but they do indicate that thermal gradients are only
a problem because they lead to an increase in air temperature in the breathing zone. Even if the individual has a choice in the matter, it is an uncomfortable one, between the risk of SBS and a room temperature that is too low for
comfort. Whichever is chosen, the end result is likely to be that productivity
is reduced by vertical temperature differences.

Thermal comfort and performance
Thermal conditions providing optimum comfort may not give rise to maximum efﬁciency. In an experiment by Pepler and Warner (1968) in which
normally clothed young American subjects performed mental work at different temperatures, they were most thermally comfortable at 27°C, the
temperature at which they exerted least effort and performed least
work. They performed most work at 20°C, although most of them felt
uncomfortably cold at this temperature.

Performance in cold conditions
In a study by Meese et al. (1982), 600 South African factory workers were
randomly assigned to work for 6.5 hours at 24, 18, 12 or 6°C in the same
clothing ensemble. Performance of a wide variety of simulated industrial
tasks involving ﬁnger strength and speed, manual dexterity, hand steadiness
and a variety of well-practised manipulative skills was found to decline
monotonically with room temperature below thermal neutrality. The critical
room temperature for unimpaired performance was either 18 or 12°C,
depending on the task. Finger speed and ﬁngertip sensitivity were measurably impaired at the air temperature preferred for thermal comfort (18°C),
in comparison with the air temperature (24°C) at which ﬁnger temperatures
were at their maximum value. Finger strength was maintained at 18 and
12°C but was measurably reduced at 6°C. A realistic laboratory simulation
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of one of the heaviest tasks still performed manually in industry was also
part of the series: the proportion of poor welds made with a heavy but
counterbalanced spot-welding apparatus was three times greater at 6°C
than it was at 18°C.
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Performance in hot conditions
The critical temperature for performance in temperate zones seems to lie at
about 30°C for normal humidity levels. This conclusion was reached by
Pepler (1964) on the basis of studies made in weaving sheds and coalmines
by the Industrial Fatigue Research Board in England.
Performance of simulated industrial work is worse at 10°C than at 17°C,
and worse at 24°C than at 20°C. These conclusions were drawn respectively by Pepler (1964), from the Industrial Fatigue Research Board
experiments, and by Wyon (1974), from the report of the New York State
Commission on Ventilation. Both experiments were carried out under realistic working conditions, subjects working a full 8-hour day for several
weeks. Field experiments in South Africa (Wyon et al., 1982; Meese et al.,
1982; Kok et al., 1983) indicate corresponding effects on the many industrial tasks that were studied both above and below thermal neutrality,
although the temperature for optimum performance was found to lie as
much as 10°K higher for these heat-acclimatised factory workers.

Office work in warm conditions
Provins (1966) was one of the ﬁrst to formulate the principle that moderate
heat stress lowers arousal, while higher levels of heat stress, e.g. above the
sweating threshold, raise arousal. There is no corresponding evidence that
arousal is raised by moderately cool conditions, below thermal neutrality.
Easterbrook (1959) had already summarised a great deal of evidence for the
effects of arousal on mental performance, showing that raised arousal leads
to reduced cue-utilisation, or breadth of attention, whatever the external or
internal driving factor may be. Bursill (1958) had already demonstrated that
high levels of heat stress reduced breadth of attention, and Hockey (1970)
later showed that loud background noise could indeed produce the same
effect. It is to be expected that bright lighting would produce a similar effect.
Thermal conditions below neutrality are unlikely to have any directly
negative effects on mental performance, but there will be a generally distracting and de-motivating effect via the mechanism of cold discomfort.
Langkilde et al. (1973) found no negative effects on mental performance of
room temperatures 4°K below individual neutrality. It might be thought
that having cool air to breathe would in itself raise arousal and enhance the
performance of tasks with a high optimal level of arousal, but it seems that
the thermal state of the body, however achieved, is what determines arousal
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and thus performance. Consequently, no difference in the performance of a
whole battery of different tasks was found between two conditions of thermal neutrality with very different clothing insulation and air temperature:
0.6 Clo at 23°C and 1.15 Clo at 19°C (Wyon et al., 1975). In other words,
thin clothing and warm air is equivalent to warm clothing and cool air, in
terms of performance as well as thermal comfort.
Under moderately warm conditions, above neutrality, it is possible to
avoid sweating by reducing metabolic heat production. This leads to a lowering of arousal, as subjects relax and generally try less hard to work fast.
This is often a completely unconscious response to warmth. Schoolchildren
at 27°C (Holmberg and Wyon, 1969; Wyon, 1969), students at 27°C
(Pepler and Warner, 1968; Wyon et al., 1979), ofﬁce workers at 24°C
(Wyon, 1974), all showed decreased concentration and 30–50 per cent
lower performance of tasks requiring concentration at temperatures just
below the sweating threshold for sedentary work. Aspects of mental performance with a low optimal level of arousal, such as memory (Wyon et al.,
1979) and creative thinking (Wyon, 1996a) are improved by exposure to a
few degrees above thermal neutrality, but they too are impaired at higher
temperatures, closer to and above the sweating threshold. Similar effects are
to be expected for unprepared vigilance, which requires the greatest possible
breadth of attention. This should not be confused with what is often termed
‘vigilance’, the ability to respond rapidly when an expected signal is
detected, which is a very simple task with a high optimum level of arousal.
Under conditions in which relaxation and reduced arousal would be
dangerous, for example when in control of a moving vehicle, even moderate
heat stress tends to raise arousal and therefore to reduce unprepared
vigilance (Wyon, 1996b).
Mental performance has been studied as a function of dynamic temperature swings with periods up to 60 minutes by Wyon et al. (1971, 1973,
1979). These three experiments were summarised by Wyon (1979). Subjective tolerance of temperature swings was greater while working than while
resting. The performance of routine work requiring concentration was
reduced by small and relatively rapid temperature swings (peak-to-peak
amplitudes up to 4°K and periods up to 16 minutes). Physiological response
to cold appeared to take place faster than response to warmth under these
conditions, so their net effect was equivalent to a slight increase in room
temperature in terms of its effect on the rate of loss of heat from the body.
Large temperature swings (peak-to-peak amplitudes up to 8°K and periods
up to 32 minutes) had a stimulating effect that actually increased rates of
working, but thermal discomfort was experienced at the peaks and troughs.
For periods of 60 minutes or more, physiological thermo-regulation is sufﬁciently fast to keep pace, and performance is a function of the temperature
at any given time. It would seem that there is no advantage in imposing
temperature swings in indoor environments designed for mental work.
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Individual control of the thermal environment for optimal performance is
another matter entirely.
The arousal model of environmental effects on performance predicts that
noise and bright lighting will interact with thermal stress by increasing
arousal. A background of recorded playground noise at 85 dBA removed the
beneﬁcial effect of warmth on the performance of a test of creative thinking
by 12-year-old boys (Wyon, 1969). Intermittent noise (equivalent to 85
dBA) reduced the negative effects of warmth (27°C), while noise removed
the beneﬁcial effects of warmth, in the performance of two complex tasks by
adult factory workers (Wyon et al., 1978). An analogous interaction
between lighting intensity and moderate thermal stress was observed by
Löfberg et al. (1975) in a climate chamber experiment in which 144
10-year-old children were exposed to warmth or thermal neutrality at 60,
250 and 1000 lx. Extreme heat stress raises arousal and therefore acts in the
same direction as noise and bright lighting. Dim lighting and low levels of
monotonous background noise can be assumed to reduce arousal and would
be expected to increase the effects of moderate heat stress.

Individual control
People differ in their clothing and metabolism, and in the requirements of
the work they do at any given time. This means that there will always be
differences of opinion as to whether it is too hot or too cold. The ASHRAE
Handbook of Fundamentals (1997) suggests that an acceptable percentage
comfort would be 80 per cent, but does not attempt to predict the degree of
individual control that would be necessary to ensure that a higher percentage could achieve thermal comfort. Using the value 1.17°K for the SD of
individual neutral temperature (as found in an experiment by Wyon and
Sandberg (1996) in which 200 subjects wore their habitual ofﬁce clothing
and assuming the usual Normal distribution of response), it may be calculated that 99 per cent of ofﬁce workers would be thermally comfortable if
the equivalent room temperature provided by their microclimate could be
individually adjusted over a range of 6.0°K, 95 per cent with 4.6°K, and 90
per cent with 3.9°K. Dress codes increase these ranges.
Wyon (1996b) demonstrated that individual control equivalent to ±3°K
would be expected to improve the performance of mental tasks requiring
concentration by 2.7 per cent. A decrease of this magnitude (2.8 per cent) in
the rate of claims-processing in an insurance ofﬁce had been demonstrated
by Kroner et al. (1992) when individual microclimate control devices in an
insurance ofﬁce were temporarily disabled. It was also shown that this
degree of individual control might be expected to improve group mean performance of routine ofﬁce tasks by 7 per cent, and performance of manual
tasks for which rapid ﬁnger movements and a sensitive touch are critical by
3 per cent and 8 per cent respectively. Although thermal conditions above
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the group mean for thermal neutrality will still reduce the group mean performance of mental work, the expected beneﬁts of individual control for
group performance are actually larger under warm conditions up to 5°K
above the group optimum than they are at the optimum. The insurance
clerks in Kroner’s intervention experiment worked in cubicles in an open
ofﬁce. The individual control of which the intervention deprived them was
provided by desk-mounted devices connected to supply-air ducts. Nonducted devices requiring only a power connection are more easily moved
and can still control local radiant temperature and air velocity. Ceiling-,
wall- and ﬂoor-mounted devices are obviously easier to connect to ducts, but
are more difﬁcult to adapt to new furniture and partition conﬁgurations.
It is obviously easier to provide complete individual control if there are
four full-height walls and a closed door around each person. This is an
expensive solution, both in terms of the ﬁrst cost and of the ﬂoor area
required for ofﬁces and their access by corridor. Open ofﬁces that are also
used as corridors can accommodate more people in the same ﬂoor area at a
lower ﬁrst cost. Communication on a minute-by-minute basis is better
between team members who occupy the same room than if they were all in
separate ofﬁces, and this is advanced as an argument in favour of open
ofﬁces.
Cubicles provide visual screening but very little acoustic screening. Everybody who has ever tried to work in a large library knows what a high level of
discipline and consideration is required for this to be possible. These courtesies are rarely encountered in open ofﬁces. Telephones ring, conversations
are held, and visitors arrive and leave all the time. Any interruption affects
everybody to some extent.
Witterseh et al. (2002) demonstrated that open ofﬁce noise distraction can
have both negative and positive effects, and that room temperature effects
interact with noise distraction effects. Subjects clothed for comfort at 22°C
were exposed for 3 hours to 22°, 26° or 30°C in quiet (35 dBA) or
recorded open-plan ofﬁce noise (55 dBA) conditions. The noise distraction
was very realistic, replayed from a high-quality Digital Audio Tape-recorder
(DAT) through loudspeakers hidden behind the partition (instead of a
source of air pollution) and during 50 per cent of the time it included clearly
audible conversation in a language understood by the subjects. Warmth
decreased perceived air quality and increased odour intensity and stufﬁness.
It increased eye, nose and throat irritation and headache intensity and
decreased concentration and self-estimated performance. Noise increased
fatigue and decreased concentration but did not interact with any thermal
effects on subjective perception. In the Addition task, noise decreased the
work-rate by 3 per cent; subjects who felt too warm made 56 per cent more
errors and there was a noise–temperature interaction: the effect of warmth
on errors was less in noise. Noise increased the speed of typing and proofreading. In the noise distraction condition, the creative thinking task was
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performed worse at 30°C than at lower temperatures. Temperature and
noise distraction thus affect both symptoms and performance, but interact
only in their effects on performance.
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Validating effects on productivity
A small cross-sectional study in a telecommunication call centre indicated
that in the area where temperatures remained below 25°C, operator performance was better: average talk-time was 5–7 per cent lower than it was
on the sunny side of the call centre (Niemelä et al., 2002). Temperatures
above 25.4°C caused qualiﬁed nurses providing medical advice in a call
centre to work 16 per cent more slowly when writing up their reports after
the call was over (i.e. wrap-up time increased) (Federspiel et al., 2002). A
third ﬁeld experiment was performed in an ofﬁce building in the Tropics by
Tham et al. (2003) to validate thermal effects on ofﬁce work. Call centre
operator performance, as indicated by average talk-time, improved by 4.9
per cent when the air temperature was decreased by 2°C from 24.5°C at the
normal outdoor air supply rate of 10 L/s/p. It improved by 8.8 per cent when
the outdoor air supply rate was raised to 23 L/s/p at the original indoor air
temperature of 24.5°C. A subsequent analysis in terms of total call-handling
time, as yet unpublished, conﬁrms the reversibility of these effects. Thermal
discomfort increased at the lower temperature but no other subjective
symptoms were affected. The productivity of call centre operators in the
Tropics could thus be improved by maintaining conditions on the cool side
of thermal neutrality. This study was modelled on the ﬁeld validation
experiment described in the chapter on IAQ effects on ofﬁce work.
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David P. Wyon and Pawel Wargocki

Introduction
Indoor air pollutants affecting the quality of indoor air originate from
indoor sources such as people, their activities, tobacco smoking, building
and furnishing materials, electronic equipment and heating, ventilation and
air-conditioning (HVAC) systems, as well as from outdoor sources, e.g.
urban trafﬁc. Exposure to high concentrations of indoor air pollutants have
been shown to reduce the performance of diagnostic psychological tests in
experiments in which subjects were exposed to toluene at 380 mg/m3
(Bælum et al., 1985) and to a mixture of 22 common indoor air pollutants
at concentrations up to 25 mg/m3 (Mølhave et al., 1986). However, these
studies were carried out on selected indoor air pollutants and at concentrations considerably higher than those that typically occur in ofﬁce buildings
(Brown et al., 1994; Wargocki, 1998). Furthermore, they used diagnostic
psychological tests of short duration, which may not predict the performance
of typical ofﬁce work over time.
The outdoor air supply rate that has been found by experience to provide
subjectively acceptable indoor air quality and to prevent the accumulation
of moisture in a building is generally sufﬁcient to maintain the concentration
of indoor air pollutants at healthily low levels (Wargocki et al., 2002b).
However, a survey in Norwegian schools showed that high carbon dioxide
(CO2) levels (up to 4000 ppm) in classrooms due to poor ventilation, presumably accompanied by a high concentration of typical indoor air pollutants from building and furnishing materials and from occupants, were
associated not only with an increased prevalence of sick building syndrome
(SBS) symptoms but also with signiﬁcantly reduced performance on a small
set of computerized tests of mental ability with short duration (Myhrvold et
al., 1996). SBS symptom prevalence was reduced and simple reaction time
improved after CO2 levels had been reduced by increasing the ventilation
rate (Myhrvold and Olsen, 1997). These studies are compatible with a
causal relationship between indoor air quality and performance but do
not prove that one exists, as in both cases there are plausible alternative
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explanations for the observed results. Moreover the tests applied may not
predict the performance of schoolwork over time.
A series of experiments has recently been carried out by the authors and
their collaborators proving that commonly occurring indoor sources of
pollution may cause a reduction in the performance of ofﬁce tasks. The
experiments are summarized in this chapter. They form a well-deﬁned body
of work that demonstrates a reliable effect of indoor air quality on the
performance of ofﬁce tasks.

Laboratory intervention experiments in offices
In an intervention experiment, Wargocki et al. (1999) altered the indoor air
quality in a normal ofﬁce while the health, comfort and performance of the
occupants were measured. Indoor air quality was altered by decreasing the
pollution load, i.e. by physically removing a pollution source without informing the subjects, while maintaining an outdoor air supply rate of 10 L/s
per person. The major pollution source was a 20-year-old carpet that was
present behind a partition in a quantity corresponding to the ﬂoor area of
the ofﬁce in which the exposures took place, but the rather innocuous building, ﬂoor and furnishing materials, and the bioefﬂuents emitted by the subjects themselves, were of course always present. Although the carpet was
taken from a building with a history of SBS problems (Pejtersen et al., 2001)
the resulting indoor air pollutant concentration levels were typical of those
currently found in ofﬁce buildings anywhere (Wargocki et al., 2000b).
Room air temperature, relative humidity, air velocity and noise level were
kept constant, independent of the intervention. Outdoor air was always
drawn in directly through the facade at a carefully controlled rate, without
passing through the building’s ventilation system, and the temperature and
humidity in the room could be controlled without any condensation on
cooling plates that might have trapped air pollutants. Freestanding fans
ensured that room air circulated behind the partition and was well mixed.
Thirty female subjects were each exposed twice, once with the carpet
absent and once with the carpet present, in groups of six at a time. They
could not see whether the source was present and they remained thermally
neutral by adjusting their clothing. Subjects performed simulated ofﬁce
work during 4.5-hour exposures to the two indoor air quality levels and
assessed the perceived indoor air quality and the intensity of their SBS symptoms in a repeated-measures design balanced for order of presentation.
Simulated ofﬁce work comprised text typing, addition and open-ended tasks
of memory and recall, all typical ofﬁce tasks requiring concentration. They
were performed over an extended period (20–50 min.). A Performance
Assessment Battery that has been widely used by the US Army was applied
as well as a diagnostic test of performance. It comprised eight tasks of short
duration (2–5 min.). It took less than 20 minutes to complete the entire
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battery. The reported acceptability of the indoor air quality, as assessed by
subjects while they were working in the ofﬁce, did not differ between conditions. However upon re-entering the ofﬁce after each exposure, the indoor
air quality caused 70 per cent to be dissatisﬁed with the air quality when the
carpet was present and 25 per cent when it was absent. The presence of the
carpet caused subjects to type 6.5 per cent more slowly, to make 18 per cent
more typing errors, and to experience more headache, odour intensity and
nose and throat irritation during the exposure.
Lagercrantz et al. (2000) replicated the study of Wargocki et al. (1999) in
a similarly standard daylit ofﬁce in northern Sweden (Östersund), but with
Swedish subjects, using the same carpet as the hidden pollutant source
behind a partition. In their study, the Performance Assessment Battery was
replaced with a proofreading task. Open-ended tasks of memory and recall
were replaced with an open-ended creative thinking task (Wyon, 1996). The
experimental protocol remained otherwise unchanged. The indoor air quality upon re-entering the ofﬁce after exposure caused 60 per cent of the
subjects to report that they were dissatisﬁed with the air quality when the
carpet was present and 40 per cent to be dissatisﬁed when the carpet was
absent. The subjects typed 1.5 per cent more slowly and made 15 per cent
more errors in an addition task, reported increased symptom intensity of the
eyes, nose and throat and increased odour, and experienced more difﬁculty
in thinking clearly, more dizziness and more fatigue when the carpet was
present. Thus results similar to those of the previous experiment by
Wargocki et al. (1999) were obtained, as conﬁrmed by a meta-analysis of the
two experiments (Wargocki et al., 2002a).
The original study of Wargocki et al. (1999) was repeated in the same
ofﬁce by Bakó-Biró et al. (2004) with a different pollution source. Instead of
carpet, they used six personal computers (PCs) with cathode ray tube visual
display units (CRT/VDU) that had been in operation for about 500 hours,
corresponding to approximately 3 months of normal ofﬁce use. The number
of PCs corresponded to the number of workstations in the ofﬁce. The
experimental protocol was that of Lagercrantz et al. (2000). Operating one
3-month-old PC per subject behind the partition, unknown to the subjects,
caused 40 per cent of the subjects to report that they were dissatisﬁed with
the air quality when they re-entered the room after the exposure, while only
10 per cent were dissatisﬁed when the PCs were absent. This implies that the
sensory pollution load of each PC was more than three times that of a
standard person, as conﬁrmed in subsequent studies (Wargocki et al., 2003).
During the exposure the indoor air was judged to be more stuffy when the
PCs were present. Although the difference between conditions in terms of
typing speed were small, more subjects typed slowly and all subjects made
more typing errors when the PCs were present. Proofreading was affected
negatively but not signiﬁcantly. Combining the observed effects on the speed
and accuracy of typing and the decrease in the speed of proofreading, it
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could be shown that overall text-processing would be performed 9 per cent
more slowly if PCs were present. The conclusions that were drawn after the
ﬁrst laboratory experiments (Wargocki et al., 1999) have thus been
validated for other sources of indoor air pollution.
In the studies described so far, the indoor air quality was changed by
introducing or removing pollution sources behind a partition, always
maintaining the outdoor air supply rate constant. To observe the impact of
changing the outdoor air supply rate, Wargocki et al. (2000c) increased the
outdoor air supply rate from 3 to 10 or to 30 L/s per person with the
original pollution source, a carpet, always present behind the partition.
The study replicated the conditions of the earlier experiments very closely:
it was carried out in the same ofﬁce as their original experiment from 1999
and used the protocol of Lagercrantz et al. (2000). The interventions did
not produce changes in noise level or velocity that could be perceived by
30 female subjects exposed. As in the previous experiments, subjective
assessments of indoor air quality did not differ between conditions during
the exposure, but did so reliably on re-entering immediately after
exposure: 60 per cent were dissatisﬁed with indoor air quality at the lowest
ventilation rate and 30 per cent were dissatisﬁed at the highest rate. By
integrating speed and accuracy into an overall measure it was possible to
show that the performance of the text-typing task improved by about
1 per cent for every twofold increase in the outdoor air supply rate. The
performance of the addition and proofreading tasks followed the same
trend, but the effects did not reach signiﬁcance. In an open-ended test of
creative thinking, subjects provided 10 per cent more and more original
answers at 10 L/s/p than at 3 L/s/p. Subjects reported feeling better during
the exposure at higher outdoor air supply rates: dryness of the throat and
mouth decreased, it became less difﬁcult to think clearly and they reported
less fatigue. Measurements of room CO2 levels indicated that subjects
exhaled CO2 at a signiﬁcantly lower rate at lower outdoor air supply
rates. Lower CO2 concentration in the ofﬁce polluted by carpet and PCs
was also observed in the studies by Wargocki et al. (1999) and Bakó-Biró
et al. (2004).
An unconventional way of supplying outdoor air to the ofﬁce was
assessed by Kaczmarczyk et al. (2004). They compared four conditions, all
with a constant room air temperature, a 15 L/s per person outdoor air
supply rate and the same quantity of used carpet present behind a partition
as in earlier studies:
1
2
3
4

a reference condition, with conventional mixing ventilation
a placebo condition with re-circulated room air supplied through a
personal ventilation system (PVS)
outdoor air supplied through the PVS at room temperature
outdoor air supplied through the PVS at 3°K below room temperature.

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Indoor air quality effects on office work

197

PVS systems, also termed task-ambient conditioning (TAC) systems, duct
supply air to outlets close to each individual’s breathing zone and thereby
achieve higher ventilation efﬁciency (Melikov et al., 2002). If any of the 15
female and 15 male subjects chose to reduce their PVS air supply rate, the
remainder of the constant outdoor air supply was mixed with room air
instead. Differences between these conditions in terms of air quality could be
demonstrated 3 minutes after entering: 20 per cent were dissatisﬁed with air
quality in Condition 1, while 7 per cent were dissatisﬁed in Condition 4. The
quality of indoor air in the ofﬁce caused 50 per cent to be dissatisﬁed immediately upon entering. Intensity of headache, difﬁculty in thinking clearly,
ability to concentrate and feeling bad/good differed signiﬁcantly between
conditions. All of these symptoms improved monotonically from Condition 1
to 2 to 3 to 4. Self-estimated performance improved similarly in the texttyping and addition tasks, but no effects on objectively measured performance could be shown. Subjects were observed to use the degrees of freedom of
the PVS (airﬂow, position, direction) very differently, so they were effectively
exposed to very different air quality conditions. When Conditions 1 and 4
were repeated at a room air temperature that was 3°K higher, the subjects
were obliged to use the PVS more uniformly and could be shown to have
made about 15 per cent fewer errors on the text-typing task when the PVS
was present than in the reference condition. However, this should be regarded
as a combined effect of indoor air quality and thermal comfort. In this repeat,
50 per cent were dissatisﬁed with the air quality in Condition 1 and 20 per
cent were dissatisﬁed in Condition 4 after 3 minutes of occupancy.
Wargocki et al. (2000a, 2000b) summarized three independent laboratory experiments (Wargocki et al., 1999, 2000c; Lagercrantz et al., 2000) in
which the same pollution sources had been used and 90 subjects exposed.
They concluded that improving indoor air quality signiﬁcantly improves the
performance of ofﬁce tasks. Performance decreases linearly as the proportion of visitors dissatisﬁed with the indoor air quality increases (Figure
12.1), while the increase in performance as a function of outdoor air supply
rate per person follows a positively decelerated curve, so that most of the
improvement takes place when very low ventilation rates are improved
(Figure 12.2). Quantitative relationships between indoor air quality, sensory pollution load, ventilation rate and the performance of ofﬁce work were
established:
1

2

a 1.1 per cent increase in performance for every 10 per cent reduction in
the proportion dissatisﬁed with the indoor air quality, in the range 25–
70 per cent dissatisﬁed, or a 0.50 per cent increase in performance for
every decrease of 1 decipol, in the range 2–13 decipol
a 1.6 per cent increase in performance for every twofold decrease of
sensory pollution load in the range 0.3–2.0 olf/m2ﬂoor at a ventilation
rate of 10 L/s per person
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Figure 12.1 Performance of office work as a function of the indoor air quality

Figure 12.2 Performance of office work as a function of the outdoor air supply rate
per standard person (olf)

3

a 1.8 per cent increase in performance for every twofold increase of
ventilation rate in the range 0.8–5.3 L/s per olf.

In these relationships, the air quality is expressed either as the percentage
dissatisﬁed with the air quality or in decipol, which is a quantitative measure
of perceived air quality based on sensory assessments (Fanger, 1988; Wargocki, 2004a). The sensory pollution load is expressed in olf units: the sensory air pollution source strength in olf is calculated from air quality levels in
decipol and the measured ventilation rate, using the comfort model of
Fanger (1988), where one olf is the sensory emission strength of one standard person. The ventilation rate in L/s per olf is calculated as the reciprocal
of the perceived air quality expressed in pol (tenfold decipol).
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Field intervention experiments in office buildings
The ﬁndings of the laboratory experiments described above were validated
in two ﬁeld intervention experiments in call centres, one in a temperate
climate (Denmark) (Wargocki et al., 2004) and one in a tropical climate
(Singapore) (Tham et al., 2003a). Call centres were selected because the
work performed by operators is a good paradigm for many other kinds of
multi-tasking, and because unlike almost all other types of ofﬁce work, it is
routinely timed with great accuracy. Call centre operators perform highlevel ofﬁce work, dealing directly with customers and thus having to solve
unexpected problems under pressure. Their work requires concentration,
verbal communication, logical thinking under time pressure, visual attention
and very often the use of sophisticated computer software. These skills are
common to most ofﬁce tasks, so if call centre performance were affected by
changes in the indoor environment, it would suggest that other ofﬁce tasks
are similarly affected.
Operators in call centres usually work staggered shifts to provide a service
outside normal working hours, and to match the number of operators on
duty to the expected call-volume at different times of day. Incoming calls in
modern call centres are distributed to available operators by the computerized telephone exchange system, which keeps a record of the exact duration
of each call (talk-time). If the quality of service remains satisfactory, this can
be used as a measure of productivity, because the number of operators on
duty would have to be increased if talk-time became longer under adverse
environmental working conditions. When operators reduce talk-time on
purpose to reduce the number of callers waiting, it seems likely that quality
of service may have been reduced. However, when talk-time is
unconsciously reduced in response to an improvement in indoor air quality,
it seems more likely that operators who are feeling better and experiencing
fewer symptoms of distress will be able to provide an increased quality of
service. Talk-time would then be a conservative indicator of productivity.
The study in Denmark was carried out in a call centre that provides a
national directory enquiries service for a telephone company, 26 operators
working in shifts received an average of 40 calls each per hour in a mechanically ventilated, open-plan ofﬁce (Wargocki et al., 2004). They used PCs
connected to the Internet and sophisticated expert systems to ﬁnd the information required by each caller. The number of callers waiting was indicated
in real time on the screen and it was found that operators reduced talk-time
linearly as a function of this feedback.
Indoor air quality was manipulated in a 2×2 design with one repetition
over 8 weeks, each condition being maintained constant for a full week. The
conditions were with a new or used supply air ﬁlter in place, the used ﬁlter
having been in the system for 6 months prior to the experiment, and with 8
per cent or 80 per cent outdoor air in the otherwise constant supply airﬂow
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of 430 L/s that was equivalent to 3.5 h−1. The two conditions nominally
provided 2.5 or 25 L/s/p at peak occupancy (14 operators present), although
inﬁltration is likely to have affected these values, since the call centre is
located on the top of a three-storey building in an area of very low buildings.
The outdoor air supply rate per person varied systematically during the day
as a consequence of the varying number of operators on duty and thus
outside peak hours was well above the nominal values cited for peak occupancy. Room temperature and relative humidity averaged 24°C and 27 per
cent, respectively, and were fairly constant throughout the entire study.
The results of interventions showed that call centre operator performance,
as indicated by average talk-time, was unexpectedly improved by 8 per cent
by decreasing the outdoor air supply rate from 80 per cent to 8 per cent of
total airﬂow with a used supply air ﬁlter in place, indicating that the indoor
air quality was better maintained by allowing a small amount of outdoor air
to inﬁltrate through the facade than by passing a larger amount of outdoor
air through a used ﬁlter. When the outdoor air supply rate was 80 per cent of
the total ﬂow, performance was decreased by 10 per cent by replacing a
clean supply air ﬁlter with a used ﬁlter, conﬁrming that a used ﬁlter is an
avoidable source of indoor air pollution (Clausen, 2004). With a clean supply air ﬁlter in place, the expected tendency for performance to be increased
by raising the outdoor air supply rate approached signiﬁcance; performance
was improved by 6 per cent. This change also alleviated many of the subjective symptoms that were indicated by operators by marking visual-analogue
scales each week, as did changing from used to new supply air ﬁlters,
although the effect of a ﬁlter change on subjective symptoms was unexpectedly greater at the lower outdoor air supply rate than at the higher, contrary
to what would be expected from the observed effects on performance.
A drop in performance (increased talk-time) as a results of increased outdoor air supply rate was also observed in a call centre study in California
(Federspiel et al., 2002). This effect was probably also caused by a presence
of a used ﬁlter in the HVAC system and was only observed when the outdoor
air supply rate was increased from 8 to 20 and 53 L/s per person. Increasing
outdoor air supply rate to the extreme and uneconomic outdoor air supply
rate of 94 L/s per person appears to overcome this effect: a multi-factorial
model that was derived using the data from this call centre predicts a 2 per
cent reduction in average handling time (a productivity index combining
talk-time and wrap-up time) at the highest outdoor air supply rate, at which
CO2 levels were less than 75 ppm above outdoor values, in comparison with
less well-ventilated conditions (Fisk et al., 2002). Presence of used ﬁlters was
probably also the reason why the performance of simulated ofﬁce work,
including addition and typing, could not be shown to be signiﬁcantly
reduced by low ventilation rates resulting in CO2 concentrations of 3000–
4000 ppm in the experiments carried out by the New York State
Commission on Ventilation in the 1910s (1923).
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The study in Singapore was carried out in a call centre located on the
second storey of a high-rise ofﬁce building in the downtown area of Singapore (Tham et al., 2003a). The call centre provides an enquiries service to
taxpayers, in which 26 operators worked normal ofﬁce hours in an airconditioned open ofﬁce. They used PCs connected to a central computer
system to answer a wide range of queries and to provide assistance. Each call
generated a variable amount of subsequent work, and call-handling time
was on average considerably longer than talk-time. The data have to date
only been reported with talk-time as the index of productivity.
In the Singapore study, indoor air quality and temperature were manipulated within currently accepted limits in a 2×2 design with one repetition
over 8 weeks, each condition being maintained for a full week. The two
indoor air quality conditions were nominally 10 or 23 L/s/p of outdoor air
in the otherwise constant supply airﬂow, and the two thermal conditions
were 22.5°C or 24.5°C. There were no bag ﬁlters and electrostatic ﬁlters
were in operation instead. Call centre operator performance, as indicated
by average talk-time, improved by 5 per cent when the air temperature was
decreased by 2°C from 24.5°C at the normal outdoor air supply rate of 10
L/s/p. It improved by 9 per cent when the outdoor air supply rate was
raised to 23 L/s/p at the original indoor air temperature of 24.5°C. A
subsequent analysis in terms of total call-handling time conﬁrmed the
reversibility of these effects. Headache intensity and difﬁculty in concentrating were reduced by 19 per cent and 13 per cent, respectively, when the
outdoor air supply rate was approximately doubled (Tham et al., 2003b).
Thermal discomfort was more marked at the lower temperature but no
other subjective symptoms were signiﬁcantly affected by the change in air
temperature.
The results of the two studies in call centres in Denmark and Singapore
validate the conclusions that were drawn after the laboratory experiments
and show that indoor air quality had a larger effect on the actual performance of ofﬁce work in the ﬁeld than would be predicted from the laboratory
experiments (Wargocki et al., 2000a, 2000b).

Implications
The experiments summarized above provide evidence of the very considerable beneﬁts of providing good indoor air quality, whether it is achieved by
careful selection of building and furnishing materials and ofﬁce equipment
or by providing clean outdoor air at an increased rate. They can be used to
make an economic case for improving indoor air quality beyond the minimum required to avoid visitor dissatisfaction for a wide range of climatic
regions.
Wargocki and Djukanovic (2005) compared the life-cycle costs of investments that would improve indoor air quality in an ofﬁce building with
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the resulting revenues from increased ofﬁce productivity that would be
predicted from the results of the present series of experiments. The analysis
showed that the beneﬁts from improved indoor air quality can be up to 60
times higher than the investment required to achieve it; investments can
generally be recovered in no more than two years (with payback times similar to the payback of 1.4 years suggested by Dorgan et al. (1998)); and the
rate of return can be up to seven times higher than the minimum acceptable
interest rate. These estimates do not include the beneﬁts resulting from
reduced health costs and reduced absenteeism. Lower absenteeism from an
increased outdoor air supply rate can result in additional annual savings of
$400 per employee, according to a study by Milton et al. (2000), who
showed that the risk of short-term sick leave associated with respiratory
diseases caused by infection was signiﬁcantly higher in ofﬁces with 12 L/s
per person compared to ofﬁces ventilated with 24 L/s per person. These
estimates imply that improving air quality from the ‘mediocre’ level (50 per
cent dissatisﬁed) to the ‘excellent’ level (10 per cent dissatisﬁed), in a smallsize ofﬁce building with 100 employees, could result in an annual revenue of
approximately $100,000.
A detailed review of scientiﬁc peer-reviewed literature by a multidisciplinary group of European scientists found that there is reliable evidence that
increasing outdoor air supply rate improves indoor air quality (Wargocki et
al., 2002b). It is important to realize that this is not the only way to improve
indoor air quality. Reducing indoor air pollution sources by careful selection
of low-emitting building and furnishing materials will result in a decreased
overall pollution load and is a very efﬁcient way of improving indoor air
quality. Efﬁcient energy recovery systems can often minimize the extra
energy consumption used to increase outdoor air supply rates. High-quality
air in the breathing zone can even be obtained at low ventilation rates by
using personalized ventilation (Melikov et al., 2002) instead of traditional
HVAC systems whose aim is to achieve complete mixing. Thus the provision
of good indoor air quality need not cost more or require more energy. This
can only be achieved by assuring that HVAC systems deliver air of good
quality, rather than themselves being a source of pollution (Wargocki et al.,
2002b, 2002c). Effective maintenance and cleaning of HVAC systems is thus
essential.

Conclusions
•
•

•

Poor indoor air quality can reduce the performance of ofﬁce work by 6–
10 per cent.
Field intervention experiments in two call centres demonstrate that the
decrement in performance can be larger in practice than it is in realistic
laboratory simulation experiments.
There is an approximately linear relationship between the percentage
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dissatisﬁed with indoor air quality (from 25–70 per cent) and the
measured decrement in performance of ofﬁce type work.
Negative indoor environmental effects on performance were accompanied by negative effects on general symptoms such as headache and
concentration.
The present results have far-reaching implications for productivity, the
life-cycle costing of buildings and the efﬁcient use of energy.
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Introduction
Many people have read about the Hawthorne experiments on illumination
(Roethlisberger and Dickson, 1939; Snow, 1927), in which a set of selected
employees moved to a specially prepared space, where they assembled electrical products under a variety of lighting conditions. The results surprised
everyone. Regardless of the direction of the lighting change (even when
lighting levels dropped), the work output of the employees increased. Even
when the investigators gave the appearance of having changed the lighting,
but had in fact simply taken out and replaced the same lamps, performance
increased. The results led to an important series of studies concerning the
relationships between employers and employees (Roethlisberger and Dickson, 1939). On closer analysis the investigators realised that the special
experimental set-up, the separation from other employees, and the knowledge that they were participating in work that might beneﬁt their working
conditions, were powerful motivators to the participants in the lighting
experiments. The investigators, and many others, concluded that the physical
environment at work was relatively unimportant to workers’ performance.
Management–employee relations seemed to be the important consideration.
This conclusion rests on an oversimpliﬁcation: the assumption that there
is a direct cause-and-effect relationship between physical conditions and
human behaviour. Because they did not ﬁnd that lighting levels improved
performance, the researchers assumed that light levels were irrelevant to
performance. Instead, psychologists know now that the effects of physical
conditions on human behaviour are mostly indirect, via complex cognitive
processes. Thus, in the Hawthorne experiments, the employees’ interpretation of their working conditions – as indicators of the company’s concern
for them – probably led to the improved work output. It was not the case
that the physical environment was irrelevant to their performance, rather
that it inﬂuenced the participants’ expectations and beliefs, which in turn
changed their behaviour. Psychologists call this type of chained effect
mediation.
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One consequence of the Hawthorne experiments was a prolonged
drought in psychologists’ interest in lighting and other physical conditions
(Gifford, 2002). Today, we are only beginning to understand how the lit
environment inﬂuences mental states and processes that, in turn, determine
work performance, satisfaction, and other important outcomes. The motivation for much of this research, for lighting and for other indoor conditions,
is economic. Buildings cost less than employees, so any environmental condition that decreases individual performance (either in quantity or quality),
increases absenteeism, or contributes to turnover, is more expensive to
organisations than the capital and operating costs of better indoor environments (Brill, Weidemann and BOSTI Associates, 2001; Woods, 1989).
Productivity, the organisational outcome most sought after, is a complex
concept deﬁned in different ways in various disciplines, but which is not
synonymous with individual performance (Pritchard, 1992). One common
deﬁnition of productivity is efﬁciency; in this deﬁnition, productivity is an
index of output relative to inputs. Using the efﬁciency deﬁnition, a poor
indoor environment decreases organisational productivity both by reducing
the value of outputs and by increasing input costs.
The research literature concerning micro-level environmental conditions
and productivity does not lend itself to direct calculations of the consequences for organisations (Rubin, 1987). Simple, direct promises of the
form ‘This lighting design will improve productivity by 15 per cent’ are not
possible, however desirable they might be to marketing agents. However, by
understanding the psychological and organisational processes that inﬂuence
employees in their working environments, we can develop advanced design
recommendations that support employee workspace needs (Veitch et al.,
2004). This is the approach taken here. The sections of the chapter provide
brief overviews of the effects of lighting conditions on people, via three
general mediating processes: vision, activation and meaning. The chapter
concludes with design guidelines aimed at providing suitable lighting
conditions based on our current knowledge about these mediating processes.

Light and vision
Electromagnetic radiation between 380 and 780 nm in wavelength is called
light (Commission Internationale de l’Eclairage [CIE], 1987). This radiation
stimulates vision when it enters the eye through the pupil, is focused by the
lens, and is detected by photoreceptive cells on the retina (for more detail
about the visual system, see Gregory, 1997). The focal point for a correctly
focused eye is a point on the retina called the fovea, where specialised cells
(cones) detect colour in red, green or blue bands. These cells respond selectively to the wavelength composition of the light, and higher centres in the
brain interpret the signals to perceive colour. Elsewhere on the retina, other
photoreceptors (rods) detect light and dark. Neural impulses from the
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retinal receptors pass through the optic chiasm to the lateral geniculate
nuclei (LGN), and terminate in the primary visual cortex.
Lighting researchers have focused much of their attention on visibility,
with the result that we have an excellent understanding of what is needed to
make objects visible. Four variables have the greatest effects: the age of the
viewer, task size, task/background contrast, and the task luminance.1
Objects are more easily viewed when they are larger, have higher contrast,
and at higher luminance. Rea and Ouellette (1991) produced a model of
relative visual performance (RVP) that allows precise predictions of visual
performance given these input conditions. The model includes the effects of
the decreasing visual acuity that occur with age.
The model shows asymptotic relationships. For any given task luminance
and task size, there is a range of task contrasts for which RVP is high and
nearly constant; however, below a certain value (which depends on the
luminance and size), RVP drops drastically. Rea and Ouellette (1991) have
called this a ‘plateau and escarpment’ model, for this reason. Likewise, for a
given task contrast and size there is a range of task luminances that produces
consistently high RVP. The asymptotic relationship between visual performance and luminance means that, as Boyce said, ‘To put it bluntly . . . for
many visual tasks, lighting is unimportant to visual performance’ (Boyce,
1996: 44). There is a broad range of acceptable light levels that provide
adequate quantity of illumination to see in most workplaces.
Certain industrial tasks, however, will require special attention to the task
characteristics. Some details are so small or have such low contrast that
increasing the task luminance will not sufﬁciently increase task visibility (for
example, sewing with black thread on black cloth). In these cases, magniﬁers
and directional lighting (to increase contrast by using relief) will be necessary parts of lighting design. For more details, see common recommended
practice documents such as the Society of Light and Lighting (SLL) Code
for Lighting (2004) or the Illuminating Engineering Society of North America (IESNA) Lighting Handbook (2000). These documents provide guidance
concerning light levels appropriate to various tasks and settings, usually
expressed in terms of maintained illuminance values.
In any workplace, lighting conditions that reduce task contrast will
adversely affect visibility. Reﬂected images of luminaires in video display
terminal (VDT) screens and veiling reﬂections (regular luminaire reﬂections
superimposed on diffuse lighting) are both examples of glare that reduces
task contrast. Changes in the lighting can prevent such problems, as can
changing certain task characteristics. Parabolic-louvred luminaires,
designed to reduce glare from reﬂected images in VDTs, give better
performance on computer-based tasks and lower ratings of glare (Veitch and
Newsham, 1998). Computer-based task performance is also better when the
display uses a light background and dark characters (Sanders and Bernecker,
1990; Veitch and Newsham, 1998).
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For the present, ﬂuorescent lighting systems dominate workplace electric
lighting because of their high-energy efﬁciency. Fluorescent lighting is a
complex system that includes the lamps, the luminaires that hold them, an
optical system (usually either a lens or a louvre), and a ballast to create the
needed circuit conditions (voltage, current and waveform) for starting and
operating the lamp. When operated on alternating current (AC), ﬂuorescent
lighting system output goes up and down by up to 100 per cent, with the
degree of this luminous modulation depending on the speciﬁc lamp and
ballast combination (Veitch and McColl, 1995; Wilkins and Clark, 1990).
Conventional ballasts used a magnetic core-coil system that resulted in oscillations at twice the rate of the AC electrical supply (thus, oscillations at 100
Hz in the UK and Europe, 120 Hz in North America). Most people cannot
perceive this modulation as ﬂicker, but there is evidence of neural activity in
response to modulation at rates as high as 147 Hz (Berman et al., 1991).
This response occurs not only at the retinal level, but in the LGN and the
visual cortex as well (Eysel and Burandt, 1984; Schneider, 1968). Mounting
evidence suggests that low-frequency ﬂicker interferes with visual processing, disrupting the eye movements in reading, causing visual fatigue, and
hampering visual performance and computer-based task performance
(Küller and Laike, 1998; Veitch and McColl, 1995; Veitch and Newsham,
1998; Wilkins, 1986). Energy-efﬁcient, high-frequency electronic ballasts,
which use integrated electronic circuitry to operate lamps at rates between
20,000 and 60,000 Hz, alleviate this problem because the modulation rate
exceeds the capacity of human physiology. Functionally, they produce a
constant luminous output.
The sensory system, from retina to visual cortex, is but the ﬁrst step in a
sequence of complex processes leading to the perception of objects, colour,
depth, movement and other features. Without these interpretive mechanisms, the images delivered by the sensory system would be so much noise,
like a grainy, blurred photograph. Lighting has few direct effects on perceptual processes, but lighting inﬂuences on the visual image can interact to
produce visual illusions. For example, depth perception on stairs requires a
contrast contour of either colour or shadow. Some visual illusions caused by
lighting can be dangerous if they obscure important details such as the depth
of a stair or the movement of machinery (stroboscopic effect). Detailed consideration of these processes is beyond the scope of this chapter; however,
excellent general works are available (e.g. Gregory, 1997; Hubel and Wiesel,
2005; Kaiser, 2004).

Light and activation
Exciting new developments in photobiology have revealed that there is a
second pathway from the eye to the brain in addition to vision. Space does
not permit a detailed discussion of this body of knowledge, but a report
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released in 2004 by the CIE is a good summary of the current state of
knowledge (CIE, 2004).2 Brieﬂy, a novel photoreceptor cell in the retina
detects the presence of light and sends this signal through the retinohypothalamic tract (RHT) to the suprachiasmatic nucleus of the hypothalamus,
from which it branches to other structures in the hypothalamus, the thalamus, the midbrain and the spinal cord. These structures control many
physiological processes. Five dimensions of light inﬂuence physiology
through this pathway: intensity, spectrum, timing, duration and temporal
pattern of exposure (CIE, 2004).
The most-studied light-inﬂuenced physiological processes are the circadian rhythms mediated by the hormone melatonin, which is secreted principally by the pineal gland, although it also occurs in other organs. Light and
dark signals, mediated by the secretion of melatonin during darkness, are
the principal means of controlling the timing of the intrinsic circadian
rhythm of waking and sleeping. Under normal conditions of daytime activity, melatonin secretion is very low – almost nil – during daylight hours, but
begins to rise during the evening, reaching its peak in the middle of the night,
during darkness. Bright light exposure at this time suppresses melatonin
secretion (e.g. Brainard et al., 1988; Czeisler et al., 1990). Several studies
have demonstrated that alertness and task performance in the middle of the
night also improve following bright light exposure at that time, when
normally one would be asleep (e.g. Bernecker et al., 1994; Boyce et al., 1997).
Thus, this rapidly developing body of science has particular relevance to
lighting design for workplaces with night shifts. Many night-shift workers
experience drowsiness, fatigue and diminished task performance during the
shift, together with problems sleeping during off-hours and health consequences such as gastrointestinal upset, heart disease and depression (CIE,
2004), which appropriately timed light exposure can reduce. Successful use
of light to assist night-shift workers requires both light exposure at work
during the night shift, and co-operation from the worker to ensure that there
is a balancing period of darkness during non-working hours. Because the
precise timing of both light and dark exposures are key to successful phase
shifting, consultants with expertise in this area should be consulted to
formulate a regime that suits the particular shift schedule. For example,
Eastman and Martin (1999) proposed a schedule for permanent night-shift
workers working from 23:00–07:00, involving three-hour exposures to
1200 lx each day at speciﬁc working hours together with adherence to light
avoidance and a sleep schedule during the day at home.
Bright light exposure during the day has little effect on circadian rhythms
because the hormonal system changes in sensitivity to external stimulation
depending on the state of the intrinsic clock mechanism (Gillette and
Tischkau, 1999). However, there is some evidence that exposure to higher
illuminance for some part of the day might beneﬁt well-being. The average
daily light exposure in industrialised countries is quite low, even at low
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latitudes. Espiritu et al. (1994) found that residents of San Diego, California,
spent most of their waking hours being exposed to between 0.1 and 100 lx;
furthermore, there was a correlation between low light exposure and
increased incidence of depressive symptoms. Several Finnish studies have
found increased self-reported vitality and well-being following occasional
exposures to higher illuminances (e.g. 2400 lx instead of 600 lx in a gym
during three 1-hour workouts per week) (Partonen et al., 1998; Partonen
and Lönnqvist, 2000).
The lighting community has not reached agreement about the necessary
light dose for health and well-being (CIE, 2004), but it does appear that
workers might beneﬁt from having access to higher illuminances for at least
some of the workday. This exposure might be effectively provided by judicious use of daylighting within buildings, or by spending part of the day
outside. The current evidence does not suggest the need for an increase in
general illumination levels. Using daylighting to achieve the higher daily
light exposure indoors would be an energy-efﬁcient solution (when coupled
with appropriate electric lighting controls), and in addition would probably
be biologically effective because daylight is rich in the spectral regions to
which the novel photoreceptors are most sensitive (450–470 nm) (CIE,
2004).
Not all activating effects of light are desirable; it is possible to overload
the system. Stress is a process in which ‘environmental demands tax or
exceed the adaptive capacity of an organism, resulting in psychological
and biological changes that may place persons as risk for disease’ (Cohen
et al., 1997, p. 3). These adaptive demands are called stressors. Stressors
can include environmental conditions such as loud noise; life events, such
as bereavement; or emotional states, such as conﬂict. Researchers continue to debate the biological and psychological mechanisms underlying
stress responses, but chief among the biological routes are some of the
same pathways, neurotransmitters and hormones that are implicated in
the control of circadian rhythms by ocular light. Lighting conditions that
exceed the responsive capability of the nervous system can constitute
stressors.
In aiming to increase daily light exposure, workplace lighting design also
must avoid creating stressful conditions. A bright light shone directly on the
face during interrogation is a classic example of a deliberately created stressful, threatening situation. Glare, which is unwanted light that is higher in
luminance than the adaptation level, can be a stressor that causes discomfort. This can occur either directly from light sources in the ﬁeld of view,
or by reﬂection in glossy surfaces. Discomfort is a well-known response to
glare that has a physiological basis (Berman et al., 1994). Very high
luminances in the ﬁeld of view, or very highly non-uniform luminance distributions, can cause discomfort, and laypeople believe that glare can cause
headaches (Veitch and Gifford, 1996a). Veiling luminances can also be
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unacceptable, even if the degree of contrast reduction does not reduce visual
performance (Bjørset and Fredericksen, 1979).
Low-frequency ﬂicker might also constitute a stressful lighting condition
because of the neural activity it generates, which may interfere with the
individual’s actions (Eysel and Burandt, 1984; Schneider, 1968). In a ﬁeld
experiment in which participants were unaware of the changes in lighting
conditions, reports of headaches and eyestrain dropped dramatically when
ﬂuorescent lights were run on high-frequency electronic ballasts instead of
low-frequency magnetic ballasts (Wilkins et al., 1989). Lindner and Kropf
(Lindner and Kropf, 1993) also found that increasing the operating rate of
ﬂuorescent lighting decreased the complaint rate for eyestrain, headache and
other symptoms, particularly among women and people aged 20–30 years.

Meaningful light
Physiological responses and the behaviours they trigger are modiﬁed by
other, higher cognitive processes and existing states. What we already know
and believe inﬂuences the information we attend to can bias our thinking
and perception (Norman, 1976; Tversky and Kahneman, 1974). These processes extend to reactions to lighting, with implications for workplace lighting design. For example, people distrust ﬂuorescent lighting on principle,
believing that it can cause adverse health effects ranging from headache to
melanoma (Stone, 1992; Veitch et al., 1993; Veitch and Gifford, 1996a).
Except for headache and eyestrain associated with ﬂicker, discussed above,
these fears are groundless (Stone, 1992). However, these fears inﬂuence
lighting choices. People who feared the ill-effects of ﬂuorescent lighting were
less likely to purchase compact ﬂuorescent lamps for their homes (Beckstead
and Boyce, 1992). Successful attempts to implement novel lighting technologies and designs will require an understanding of existing beliefs about
lighting in order to direct information and education towards removing such
biases.
Another reason for understanding existing beliefs and preferences about
lighting is to create luminous conditions that match what the occupants
want and expect. Obtaining these lighting conditions is believed to lead to a
pleasant emotional state that psychologists call positive affect. Positive
affect theory (Baron, 1994) states that environmental conditions that create
positive affect lead to better performance, greater effort, less conﬂict, and
greater willingness to help others. Experiments in which positive affect was
induced using fragrance have supported this theory (Baron, 1990; Baron
and Thomley, 1994). Application of positive affect theory to lighting
requires, ﬁrst, that we know which luminous conditions people prefer.
Several studies of preferred lighting conditions have determined that there
are wide individual differences in preferred lighting conditions (Begemann et
al., 1997; Boyce et al., 2003; Halonen and Lehtovaara, 1995; Moore et al.,

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Lighting for high-quality workplaces

213

2002a, 2004; Newsham et al., 2004b; Veitch and Newsham, 2000). This
wide inter-individual variability makes it unlikely that any ﬁxed illumination level will satisfy more than half of the occupants (Newsham and
Veitch, 2001). Evidence is mounting, however, that working under one’s
preferred lighting conditions confers beneﬁts of improved mood, comfort
and environmental satisfaction (Baron et al., 1992; Newsham and Veitch,
2001; Newsham et al., 2004b).
Individual lighting controls can address the problem of individual differences in lighting preferences. When one does not know which conditions
will create positive affect, individual controls allow people to self-select their
preferred conditions. Many lighting designers and researchers alike believe
that people with personal controls will be more satisﬁed and will work more
productively (e.g. Barnes, 1981; Simpson, 1990). Furthermore, evidence
shows that people respond favourably to having such control (Leaman and
Bordass, 2001; Moore et al., 2002b, 2004). Not only will desired luminous
conditions result, the reasoning goes, but the state of perceived control is
itself desirable. Moreover, several investigations have found that lighting
installations with individual controls result in lower energy consumption
because some people choose lower light levels, some people switch off when
they leave the ofﬁce, and some people near windows will dim or turn off
when daylight is available (Boyce et al., 2000; Moore et al., 2002a; Veitch
and Newsham, 2000).
The psychological literature generally supports the hypothesis that control leads to beneﬁcial outcomes, but with some exceptions (Burger, 1989).
Perceived control does not lead to desirable outcomes when the individual
fears that making the wrong choice will cause a loss of face, when it appears
that an expert is more likely to make a better choice, or when the individual
thinks that choosing will lead to failure. In one experiment, making a lighting choice in front of the experimenter and another participant led to poorer
and slower performance on a creativity task than occurred for people who
had no lighting choice (Veitch and Gifford, 1996b). Furthermore, Wineman
(1982) suggested that in a demanding, stressful workplace, providing additional choices about physical conditions could add to the job load in
undesirable ways. Individualised controls that people do not understand
how to use, that do not work as intended, or that demand responses from
overworked employees, are unlikely to achieve satisfactory results (Leaman
and Bordass, 2001). Similarly, controls must be maintained so that they
work properly; a broken control is a source of annoyance and frustration.
Despite the wide individual variability in preferred lighting conditions,
individuals show consistent preferences from one day to another (Carter et
al., 1999) and there are commonalities in the ranges and averages of preferred illuminance levels. In general, the distribution of preferred horizontal
desktop illuminance levels for ofﬁce work with a computer is approximately
normal, with a range from around 100 lx to approximately 1000 lx and
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centred somewhere between 300 and 500 lx (Boyce et al., 2000, 2003;
Moore et al., 2002a; Newsham et al., 2004b; Veitch and Newsham 2000).
One analysis determined that most preferred illuminance fell in the
range 300–500 lx rather than at a single point (Newsham and Veitch, 2001).
Several studies have also found that people prefer relatively bright vertical
surfaces (Newsham et al., 2004a, 2004b; Ooyen et al., 1987; Sanders and
Collins, 1996; Veitch and Newsham, 2000). Expressed as luminance values,
preferred values for walls or cubicle panels should be greater than 30 cd/m2
(Loe et al., 1994; Newsham et al., 2005; Veitch and Newsham, 2000).
Assuming that the surface reﬂectance is 0.50 (the usual design assumption),
this corresponds to a minimum vertical illuminance of ~190 lx, which is in
line with the 200 lx preferred by participants in a study by Newsham et al.
(Newsham et al., 2004b). This is higher than the 50 lx value recommended
by the IESNA (2000), but could be in the same range as UK recommendations for vertical surface illuminance in the range of 0.5–0.8 of the working
plane illuminance (SLL, 2004), depending on the working plan illuminance.
Preferences are also greater for luminous conditions described as ‘interesting’, which are somewhat non-uniform, using luminance to reinforce the
design features (Hawkes et al., 1979; Loe et al., 1982, 1994; Newsham et
al., 2004a, 2005; Veitch and Newsham, 2000). Most importantly, areas of
non-uniform luminance should highlight features worth looking at, whether
they be the architectural elements of the space, or introduced objects such as
works of art.
People show consistent preferences for daylight when it is available, and
many believe that it is superior to electric light (Heerwagen and Heerwagen,
1986; Veitch et al., 1993; Veitch and Gifford, 1996a). A large ﬁeld study of
open-plan ofﬁces in North America found that the strongest predictor of
satisfaction with lighting was the presence of a window in the workstation
(Veitch et al., 2003). People with a window, or people with access to daylight
within 5 m (15 ft) had higher satisfaction with lighting than people without
a window. Having a window in the ofﬁce appears to assist the coping process in response to stress at work and at home (Kaplan, 2001; Leather et al.,
1998). These ﬁndings conﬁrm the wisdom of those European countries that
require access to windows for most workers. However, successful daylighting also requires attention to controlling thermal effects – cooling in winter
and overheating in summer – by using insulating windows and shades or
blinds to control direct sunlight (Roche et al., 2000; Veitch et al., 2003).
Several studies have now found that people prefer a combination of direct
and indirect light over fully direct ofﬁce lighting (Boyce et al., 2003; Hedge
et al., 1995; Houser et al., 2002; Katzev, 1992; Veitch and Newsham, 2000).
Several research methods are represented among these studies. Boyce et al.
(2003) conducted a ﬁeld simulation study with a large sample of temporary
workers for full-day exposures, and found that ~80 per cent of participants
rated the direct/indirect lighting designs as being comfortable, as compared
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to ~70 per cent for recessed direct systems (lensed or louvred); ~90 per cent
of people rated individually controllable direct/indirect lighting as comfortable. Houser et al. (2002) reported a laboratory investigation in which participants rated their preference for the lighting in a room across the range
from fully direct to fully indirect; the most-preferred conditions were those
with more than 50 per cent indirect lighting in the mix. Hedge et al. (1995)
found a preference for a direct/indirect system in a ﬁeld setting over several
months. This methodological diversity increases conﬁdence that the result is
reliable.

Conclusions
Productivity is not synonymous with individual work output; rather, it is
best deﬁned as hanging in the balance between the costs of doing business
and the value of the outputs (Pritchard, 1992). Thus, creating a productive
workplace using lighting means making lighting choices that both keep
input costs low and uphold or improve the value of the outputs. Lighting
choices occur through the process of lighting design, when selections of
lighting equipment, including controls, determine the physical lighting
conditions that will occur in the workplace.
Table 13.1 provides simple guidelines for appropriate lighting conditions,
but is primarily aimed at ofﬁces, which is the setting most often studied.
Other documents provide more detail and discuss other sorts of workplaces.
In particular the IESNA Lighting Handbook 9th edition (2000) deserves
Table 13.1 Lighting guidelines for productive workplaces, based on office research
Mediating
process

Guidelines

Visibility

•
•
•
•
•
•
•
•
•

Activation

Meaning

•
•
•
•
•
•

appropriate horizontal vertical illuminances for tasks and viewers
control unwanted light (glare), both direct and reflected
use high-frequency ballasts for fluorescent lights
investigate light exposure schedules for aiding night-shift workers
enable increased light exposure for some part of the day
avoid creating stressors: direct glare, excessive luminance contrast
use high-frequency ballasts for fluorescent lights
learn end-users’ expectations beliefs about lighting
design to allow users’ preferred range of illuminances (in offices, average
between 300 and 500 horizontal illuminance)
keep vertical surfaces bright, above 30 cd/m2 (200 lx vertical)
provide individual controls
keep controls simple and responsive
maximise access to daylighting and windows, but protect against thermal
and glare problems
create interest by integrating luminance variability with architecture
use lighting designs with both direct and indirect components
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mention for its chapter on ‘Quality of the Visual Environment’ (chapter 10)
and the associated Lighting Design Guide. The Lighting Design Guide
deﬁnes and prioritises the various dimensions along which lighting professionals characterise the lit environment, enabling the reader to pay most
attention to the issues that are most crucial. Most importantly, this guide
covers many different tasks and many settings, recognising that not all
workplaces are ofﬁces.
The model of lighting quality illustrated in Figure 13.1 underlies both the
recommendations in Table 13.1 and the IESNA Lighting Design Guide
(IESNA, 2000). Good lighting is contextual. There are the needs of occupants, which this chapter has emphasised; the economic needs of clients; the
need to integrate lighting in a pleasing way with architecture and to respect
building codes and standards; and, not least, the long-term need to protect
the environment. Lighting quality requires energy efﬁciency. One implication of this model is that decisions about lighting which inﬂuence its quality
affect both the input costs and output values side of the organisational
productivity balance.
The literature supports the argument that investments in lighting pay off
in the long run. Lighting contributes to environmental satisfaction and to

Figure 13.1 Lighting quality: the integration of individual well-being, architecture and
economics
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individual performance at levels sufﬁcient to support capital and operating
expenses for lighting (e.g. Boyce et al., 2003; Newsham and Veitch, 2001;
Veitch and Newsham, 1998; Wilkins et al., 1989). Lighting is a popular
target for such investment because it is a small portion of the building
investment, which itself is a minor expense in comparison to employee
compensation (Fisk, 2000; Woods, 1989).
Clearly, the goal of creating high-quality lighting to improve organisational productivity is more challenging than the Hawthorne researchers realised when they changed workplace lighting by increasing the wattage of
incandescent lamps. Good-quality lighting demands simultaneous
resolution of requirements that sometimes conﬂict, and co-ordination with
other building systems. Difﬁcult or not, the effort is worthwhile, for in
achieving this goal, everyone beneﬁts.
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Notes
1 Luminance is the density of luminous ﬂux propagated in a given direction from a
point on a surface. The unit for luminance is the candela per square metre (cd/m2),
which is a measure of raw light energy weighted by the sensitivity of the human
eye for various wave-lengths. Luminance gives rise to the sensation of brightness,
but the relationship is not linear; the two terms are not interchangeable. Illuminance, another term used throughout this chapter, is the density of luminous ﬂux
incident on a surface, and is measured in lumens per square metre (lux or lx). This
unit is also weighted by the sensitivity of the human eye. An analogy that can help
to understand these terms is that of a shower: Luminance is analogous to the rate
of ﬂow out of the shower head, whereas illuminance is analogous to the rate at
which it strikes the surface of the bathtub.
2 Known by the acronym of its French name, CIE, the Commission Internationale
de l’Eclairage (International Commission on Illumination) is a technical, scientiﬁc
and cultural, non-proﬁt autonomous organisation devoted to international cooperation and exchange of information among its member countries on all matters relating to the science and art of lighting. It is recognised by the International
Standards Organization as an international standardisation body. Further information is available at http://www.cie.co.at/cie.
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Most of our activities in the workplace involve exercising skills of various
kinds. Control of these activities is organised at different levels in the nervous system, from relatively low levels (such as keyboard skills) to relatively
high levels (such as overall planning of a project).
Attention, the conscious awareness of the task in hand, may be focused at
different levels. It is important for comfort and efﬁciency that it is focused at
an appropriate level. For example:
•
•

if one is preparing a computer spreadsheet one doesn’t want to be distracted by a sticky key or a malfunctioning mouse
if one is leading a discussion on company policy one doesn’t want to be
disturbed by an erratic air-conditioning system.

In this chapter I shall look brieﬂy at the characteristics of skilled tasks from
the point of view of their attentional demands, and give a few examples to
show where better design could lead to improvement in both comfort and
efﬁciency.
At the outset it is worth noting that it is not just in the workplace that we
exercise our skills, but in all our everyday transactions with things and with
people. As well as going to work we play games involving all kinds of mental
and physical effort for enjoyment. The activity of playing the game is
intrinsically satisfying. No external reward is necessary.
Sometimes the activities we carry out at work are intrinsically satisfying;
often they are not. The work may be carried out solely for the reward or pay
external to the task. Pay is clearly important for satisfaction at work, but
there is no reason why we shouldn’t attempt to make the skills we use at
work as satisfying as those we use in play.
Hence my theme is not just a matter of making work comfortable, which
was the intent of many of the old ergonomists, but that of making it more
enjoyable.
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The nature of skills
Skills involve coordinated goal-directed activities. The criterion of success is
whether the goal is achieved, not whether a routine sequence of actions is
accurately repeated (Bartlett, 1947).
The essence of a goal-directed system is that relevant information is taken
in, a course of action is formulated, the action is carried out and, if the
system is working as it should, it receives information back about the results
of its action – the extent to which the goal has been achieved.
When we engage in skilled activities we bring into action all kinds of goaldirected systems at different levels. For example, the neuromuscular system
that enables us to grasp a pencil without either letting it slip or crushing it
depends on information circulating at the level of the neural control loops
in muscles and joints, whereas the neurophysiological system that enables us
to point the pencil accurately at a target depends on different kinds of
information at a different level (the control loops involved in eye–hand
coordination).
Higher-order cognitive decision-making systems require the input and
analysis of other kinds of information. Their proper functioning may
depend on the integrity of the lower-order systems, but the higher-order
systems do not (usually) access the kind of information which the lower
systems are processing.
Attentional control may be moved between levels, but for the most ﬂuent
performance it is best to direct attention at the highest level required by the
task.
On the other hand, during training, attention may be directed at quite low
levels of task organisation. For example:
•
•

how to control the limbs when making a stroke at tennis/cricket
how to control the ﬁngers when developing keyboard skills.

The result of training is to make actions at lower levels almost automatic.
One no longer has to think about them. Attention is left free to deal with
organisation at a higher level.
In learning a skill we build up at each level an internal (neural) representation or model of the way we interact with the external situation. Provided
there is no radical change in the situation, the model allows prediction or
even anticipation of the next move, without collecting and analysing further
information. So the system becomes quicker to react and generally more
efﬁcient. Attention is left free to deal with organisation at a higher level so
that one can think in terms of strategy, rather than moves (Fitts and Posner,
1967).
When, however, something goes wrong, if the external situation changes,
or one is disturbed by events, or otherwise stressed, attention is diverted

Attention and performance

227

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

back to the level where the inconsistency or conﬂict occurs. The internal
representation may have to be modiﬁed, the model reprogrammed, all of
which may disrupt the task in hand, giving rise to feelings of discomfort and
dissatisfaction.
There is an old distinction (which in some languages is preserved by using
different words) between:
•
•

knowing that – propositional knowledge, which can be made explicit,
and verbalised
knowing how – procedural knowledge, which is often implicit and
cannot be put into words.

Procedural knowledge is very characteristic of skilled activities. Most
people who can ride a bicycle ﬁnd it difﬁcult, if not impossible, to describe
how they do it. This is one of the reasons why the best performers are not
necessarily the best instructors.
Not only may we be unable to describe the constituents of skilled activities
which we carry out very competently, we may be unaware of them while we
are carrying them out. For an experienced driver the actions involved in
changing gear become almost automatic; they are carried out below the level
of awareness. Only if something goes wrong is attention directed towards
them. Furthermore, when the task in hand is being carried out smoothly, it
may be disrupted if one tries to attend to what is going on at the level of
constituent activities.
The centipede was happy, quite,
Until the toad in fun
Said, ‘Pray, which leg comes after which?’
This raised his doubts to such a pitch
He fell exhausted in the ditch,
Not knowing how to run.
These characteristics of skilled tasks have material consequences for the
design of the workplace:
•

•

for training the novice – identifying and using appropriate information;
making it easy to deal with, without having to direct attention towards
it
for expert performance – recognising that highly organised processing
of information is going on below the level of awareness and that
decisions/actions may be controlled from this level (indeed, the smooth
execution of the task in hand depends on such organisation).

Now let me turn from talking about the characteristics of skilled

228

Davis

activities to give a few examples of principles which can be applied in the
workplace.
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The use of information in training
It is important to recognise that the information or ‘cues’ used by an expert
at the job are not necessarily those used spontaneously by a beginner. During
training one must direct the attention of the novice towards the appropriate
cues.
For example, in training keyboard skills the novice may rely on vision for
locating the keys, whereas the expert relies on touch and proprioceptive
information from the muscles and joints, leaving vision free for reading text
and monitoring the progress of the task.
This has very general application. For example, in all kinds of social interaction ‘cues’ are generated, such as a slight change in facial expression, or in
tone of voice, Unless attention is drawn to them a person may be unaware of
producing such cues. A skilful participant will be sensitive to the cues he/she
is producing and in noticing the cues generated by the other participant(s).
Social skills of this kind are also susceptible to training.

Different ways of presenting information
The way in which we deal with information depends a great deal on the way
it is presented to us. For a simple example, contrast the way in which the
time of day may be presented by an analog clockface as compared with a
digital display (see Fig. 14.1).
Both show the same time of day, but the analog display is usually read as
‘twenty to eleven’, whereas the digital display is usually read as ‘ten-forty’.
Whereas a digital display gives a clear read-out of the instantaneous value,
an analog display may have an advantage for judging intervals, estimating
rates of change, or reading off the time one has to one’s next appointment.
One sees that there are twenty minutes to elapse before 11 o’clock, rather
than having to subtract 10.40 from a mental representation of 11.00 hours.
If circumstances lead to errors being made, the type of error generated by
misreading a digital display will be different from that generated by misreading an analog display. For example, one may confuse visually similar ﬁgures
in a digital display, whereas one may mistake the hour hand for the minute
hand in an analog display.
There is a long and tragic history of aviation accidents attributed to pilots
misreading their height above ground level as a result of confusing the pointers in the 3-pointer altimeter, a design which was used for years in civil and
military aircraft (Fitts, 1951; Green, 1983).
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Figure 14.1 Analog and digital clock displays

Using visual symbols/icons to convey information or
instructions
With the expansion of international trade and travel there is an increasing
use of symbolic displays to provide information and to give instructions. A
visual symbol may be used to supplement, or replace entirely, a written
notice, which by its nature is language-speciﬁc. If the symbol is well designed
and generally understood its use can save much time and trouble. If it is
inappropriate it may be confusing, even hazardous.
Figure 14.2 shows trafﬁc signs taken from the Highway Code (Department of Transport, 1996, 1999) which, presumably, are generally understood. Note the sign prohibiting the passage of bicycles (Fig. 14.2(iv)),
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Figure 14.2 Traffic signs from the Highway Code (1996)

which is derived from the sign prohibiting the passage of all vehicles (Fig.
14.2(iii)).
Figure 14.3(i) and (ii) shows signs that are also in common use. Referring
to the Highway Code one ﬁnds that (ii) is given as the sign prohibiting the
passage of pedestrians (similar in style to the sign prohibiting the passage of
bicycles), but one quite often sees the sign shown in (i) used for the same
purposes! In fact, in earlier versions of the Highway Code (e.g. 1968 edition), it is this sign, with the diagonal bar, that is used to indicate ‘no
pedestrians’.
What is one to make of this change in use in the Highway Code? It is
widely accepted that the diagonal bar indicates prohibition of the activity
depicted, for example, in ‘no smoking’ signs, and in the current Highway
Code signs for prohibiting left, right and U-turns (Fig. 14.2(ii)). The sign
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Figure 14.3 Alternative signs prohibiting the passage of pedestrians

without the diagonal bar is interpreted differently by different people, and in
different contexts. It creates confusion because the way it is used conﬂicts
with the expectations held by many people. Has it contributed to any
accidents? It is difﬁcult to tell, because the kind of information it conveys
tends to be processed automatically. People are not aware of its potential
ambiguity unless their attention is drawn directly to it.
Interest in the relationship between signs and what they symbolise goes
back to classical antiquity. Plato’s dialogue Cratylus introduces a discussion
on the principles of naming, and raises many issues still unresolved today.
To what extent is there a ‘natural’ relationship between a symbol and what it
represents? What is the basis for it? Does it depend on properties of the
world common to everyone’s experience, or is it speciﬁc to certain cultural,
social and language groups (Brown, 1958)?
There is evidence that some relationships are found universally, whereas
others are culturally dependent. The way in which arbitrary shapes are
matched with ‘nonsense’ sounds is consistent over a wide range of culture
and language groups. For example, there is good evidence for universal
agreement that the sound produced by saying ‘TAKETE’ is a more appropriate match to the shape in Fig. 14.4(ii), than the sound of either ‘MALUMA’
or ‘ULOOMU’, which are thought to be more appropriate to the shape in
Fig. 14.4(i) (Köhler, 1929; Davis, 1961). On the other hand, associations
such as those between colour and mood may be culturally determined
(Davis, 1995). Of course as cultural inﬂuences extend internationally, there
is a tendency towards universal interpretations of signs and symbols which
were originally culture-speciﬁc.
This is not the place to attempt to sort out these issues, but I will give one
example to illustrate their application, in the design of visual displays for
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Figure 14.4 Shapes similar to those used by Köhler (1929) and Davis (1961)

aircraft pilots. ‘Head-up’ displays project information about the state of the
aircraft (air-speed, altitude, compass bearing, etc.), so it is seen through the
windscreen in front of the pilot, superimposed on the landscape in the background. For pilots of military aircraft, ‘helmet-mounted displays’ are being
developed on similar principles (Stinnett, 1989). The display may also be
used to provide information for the pilot about features in the surroundings
which may not be seen, perhaps because of bad weather conditions. This
may require a symbolic representation of some features, such as other aircraft in the vicinity, and it is important that these symbols are interpreted
unambiguously and as quickly as possible.
Figure 14.5 shows two alternative displays. One is intended to represent a
ﬂight of aircraft identiﬁed as ‘friendly’, the other a ﬂight not identiﬁed, or
potentially hostile. If one asks almost anyone in the general population to
choose between the two displays as to which best indicates ‘friendly’ and
which indicates ‘hostile’, there will be almost universal agreement. One may
argue about the reason why, but one neglects these relationships at one’s peril.

Stimulus–response compatibility
Our consideration of skilled activities has shown that we build up expectations about the way in which the artefacts we construct relate to things in
the external world, and I have given examples of the kind of expectations
people have when interpreting visual signs and symbols.
Another kind of expectancy may be described in terms of stimulus–
response compatibility. When one is required to select a response on the
basis of information presented in some kind of display, the way in which the
information is presented may suggest that one kind of response is more
appropriate than another.
Figure 14.6(i) is an example of high stimulus–response compatibility,
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Figure 14.5 Visual displays of the kind used for pilots of military aircraft

simple spatial correspondence. The button to be pressed is immediately
opposite the signal light (although it could have been designed otherwise). In
Fig. 14.6(ii) the relationship between display and control is more problematic; it rather depends on the assumptions about what it is one is controlling.
In Fig. 14.6(iii) the most compatible relationship between the numerical
display and the response panel seems obvious, but perhaps only for those
who are accustomed to using numerals in the context of a general habit of
reading text from left to right? In Fig. 14.6(iv) one would generally move a
control to the right to move a display value upwards (and both would be
described as an ‘increase’) but this is not always the case.
The controls of gas and electricity cookers show an interesting variation.
To increase the heat from an electric cooking ring the control knob must be
rotated clockwise, whereas to increase the heat from a gas ring the control
knob must be rotated anticlockwise. Although many people have carried out
these actions on both types of cooker many times in their lives, their knowledge about which way the knobs should be turned may remain totally
implicit, and when questioned they may be unable to say (Oborne, 1987).
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Figure 14.6 Types of stimulus–response compatibility

Natural objects often show ‘affordances’. By their very look they invite
certain actions (Gibson, 1979). Artefacts can be designed to show such
affordances. A door handle can visually suggest ‘push me’ or ‘pull me’.
When the design ﬁts the function all goes well, but all too often it does not.
Figure 14.7 is a diagram of a passenger exit door on the Barcelona Metro,
Line 1. This is a very pleasant line to travel on, but the exit doors present a
problem. They open automatically once the door latch is released, but to do
this the passenger has to push the latch in the direction shown as ‘a’. This is
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Figure 14.7 Door latch, Barcelona Metro, Line 1

contrary to expectation, and against the movement of the door as it starts to
open. It is quite common to see visitors to the city struggling with the door
latch and sometimes failing to get out at their chosen station!
A similar problem arose with the latch used to lock the toilet door on
some British Rail InterCity trains a few years ago. Figure 14.8(i) shows,
from inside the door, the latch in the ‘locked’ position. It became obvious
that because of the way the latch was ﬁtted, many passengers regarded this
as the ‘open’ position and confusion arose when trying to get out. The design
was subsequently modiﬁed by engraving an arrow on the latch handle
to show which way to move it (Fig. 14.8(ii)). But perhaps it could have
been solved by ﬁtting the latch the other way round in the ﬁrst place
(Fig. 14.8(iii))?
I use these examples to illustrate a simple point. If one gets the design
right, if it ﬁts in with people’s expectations, the action at this level is carried
out ‘automatically’ without having to divert attention. If expectations are
contravened, attention has to be redirected, and one’s whole pattern of
thought and behaviour may be disturbed. The point may be simple, but how
often is it ignored in practice?!
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Figure 14.8 Door latch, British Rail InterCity toilets

Before leaving this theme may I give one more example of recent folly, in
the design of numeric keypads.
Figure 14.9(i) shows the arrangement used for telephones. Figure 14.9(ii)
shows the arrangement used for calculators and computer keypads. Why
should they be different? Many people reveal on casual questioning that
they are unaware of the difference. Does it matter? It may! Tapping in
well-rehearsed codes tends to become an almost automatic procedure. If one
transfers the habit of entering a code from one keyboard to another there is a
potential source of error. If one has to divert attention to observe precisely
which keyboard layout is in front of one, it slows one down and may be
distracting. It is a further hazard in trying to use the computer for telephone
dialling.
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Figure 14.9 Numeric keypad layouts for telephone, calculator/computer, cash-point

When it comes to keypads at bank cash-points, the situation becomes
even more confusing. In Britain the telephone layout seems to have gained
dominance for cash-points, but in continental Europe one can ﬁnd either
arrangement in different banks in the same street. I have even seen one
arrangement used by a particular bank for a publicity display in their window and the other arrangement used for its own cash-point at the entrance
to the bank.

Relating psychological variables to physical
variables
We have seen how, when using one device to control one variable in the
physical world, unfortunate design can cause difﬁculties for the user. When
several variables have to be controlled it can become even more confusing. I
take an example from Donald Norman (1990) of a situation which at one
time or another confronts all travellers – that of using the hotel shower.
What you want to control (‘the psychological variables’) are:
•
•

the temperature of the water (how hot?)
the ﬂow (how much?)
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The way the system usually works is that ‘hot’ water is produced at a ﬁxed
temperature and the ﬂow of ‘hot water’ is controlled by one tap. The ﬂow of
‘cold water’ is controlled by another tap, and one has to regulate the temperature of the shower by mixing the ﬂows from the ‘hot’ and the ‘cold’ taps.
So the ‘physical variables’ to be controlled are:
(a) the ﬂow of water in the ‘hot’ tap
(b) the ﬂow of water in the ‘cold’ tap.
The temperature and the ﬂow of water interact, so that in order to change
one of them one inevitably has to change the other, with consequent problems of adjustment, aggravated by the delay between the user’s action and
the system’s response. (This delay is something which always has to be taken
into account in the design of control and communication systems, whether
physical or human, or a mixture of both (Wickens, 1992).)
There are, of course, various designs of ‘mixer’ taps, some with elaborate
multi-function controls, but many of them seem to aggravate the problem,
leaving the unaccustomed user even more bafﬂed.
One recommendation we can derive from this example is that the mapping of physical variables onto psychological variables should be as straightforward as possible. People ﬁnd it very difﬁcult to cope with interaction of
this kind between the variables they are trying to control. In Donald Norman’s terms the system should be as transparent as possible to the user
(Norman and Draper, 1986).
The controls should feel good. They should inspire conﬁdence. The level
of control should be appropriate. The system should be responsive, and if
the quality of control is good, people will enjoy using it.

How to take account of the user
Most designers nowadays are well aware of the importance of taking account
of the user, both during the design process and after the user’s experience of
the ﬁnished product. However, a word of caution may be needed!
One of the commonest ways of taking account of the views of potential
users is by administering questionnaires, perhaps supplemented by interviews, open-ended or structured, with varying degrees of constraint. In most
cases the information from the user is in the form of verbally expressed
responses (whether spoken or written). This information is very valuable,
but it may not be enough.
I will pass over the fact that in an interview, or when answering questionnaires, people may not say what they mean, for all kinds of reasons, which
are well documented. More signiﬁcant for my theme today is the fact that
much of the information which people have stored inside them, which they
use in work and play and in all everyday activities, is not accessible to verbal

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Attention and performance

239

description. It is implicit procedural knowledge, not explicit propositional
knowledge.
Hence it becomes very important to watch what people do, and analyse
their behaviour, as well as to listen to what they say.
I think it was John Christopher Jones (1992) who said that design is the
process of making external what is normally internal, or, if I may paraphrase, making explicit the implicit. People may not be able to say, perhaps
not even realise what they would like, but they know a good thing when they
see one, or rather after they have experienced one.
So what a real designer has to do is dig out from the users their implicit
knowledge, and put it to use, not just as it is, but extrapolate from it, to
anticipate what the users are going to need, going to like, in the future. This
requires a combination of skills and insight which not many people possess,
but it is a goal we can set ourselves, and train our students to accomplish.
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Concentration and attention:
new directions in theory and
assessment
David A. Schwartz and Stephen Kaplan

Introduction
The human being is a highly adaptable animal. It can survive and even
accomplish things under a wide range of circumstances. While this adaptability is an admirable asset it can at times be a serious liability. The reason
for this is simple. People who adapt to an unfriendly environment – for
example a poor work situation – may appear not to be handicapped by the
inadequacy of the setting. In general this is an illusion: there are costs, but
they are frequently hidden. The costs of an unfriendly work environment,
for example, might appear at home rather than on the job. Or they may be
reﬂected in work productivity, but not recognised as related to problems in
the setting. Employee characteristics such as irritability and distractibility
might be attributed to the person rather than to the setting. To the extent
that costs are hidden and unrecognised, careful analysis will not be carried
out and corrective action will not be taken.
Given these problems, the main purposes of this chapter are: (1) to make
visible these often hidden consequences – both conceptually and as they
express themselves in the workplace; (2) to describe possible interventions to
eliminate these unfortunate consequences; and (3) to examine some ways of
assessing the effectiveness of these interventions. Our intention is to introduce the conceptual underpinning of this approach in as intuitive a way as
possible. For a more rigorous treatment of the conceptual issues and a
description of the considerable empirical work that supports this approach,
see Cimprich (1993) and Kaplan (1983, 1995).

What constitutes mental effort?
A useful way to think about the often hidden costs of an unfriendly
environment is in terms of mental effort. Mental effort, in turn, is importantly related to the difﬁculty of what we are trying to do. At every moment
of our waking lives we ﬁnd ourselves attending to or thinking something,
but not all forms of thought are equally taxing. Compare, for example, the
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experience of daydreaming with the experience of studying train schedules.
They differ certainly with respect to content, but also with respect to how
much mental effort we need to expend in the process. Another example:
compare the experience of sitting in a cafe watching the parade of passers-by
with the experience of trying to remember where you left your keys when
you emptied your pockets last night. Again, the two experiences differ with
respect to content, but also in terms of the amount of mental effort each
demands. If we were to consider a large number of such comparisons, we
would discover that two factors seem to distinguish those situations that
demand mental effort from those during which our thoughts seem to unfold
effortlessly.

Goals and obstacles
First, we tend only to exercise mental effort in the service of some goal. The
nineteenth-century psychologist William James wrote that ‘We never make
an effort to attend to an object except for the sake of some remote interests
which the effort will serve’ (1892, p. 88). When we have no particular goal or
purpose in mind, we let the outer world’s impressions and the shifting contents of memory and imagination carry us where they will. Once we undertake to achieve some desirable future state, however – that is, once we set
ourselves some goal – certain phenomena in the world or bits of information
in our minds take on greater salience than do others. And because of their
greater relevance for the accomplishment of our aims, these salient objects
and ideas attract our attention and we dwell on them more than we might
otherwise, plucking them, as it were, from the stream of ongoing thought.
A goal, therefore, seems a necessary condition for mental effort. It is not,
however, a sufﬁcient condition. Goal-directed thought, like goal-directed
action, is effortful only when obstacles exist to its completion. Examples of
physical obstacles, such as impassable mountains and unfordable rivers,
come readily to mind, but obstacles may also be psychological in nature.
Suppose, for example, a man hiking down a trail comes to a point at which
the path branches into two forks. No physical barrier blocks his path, but
none the less he ﬁnds that he can’t proceed. Why? Because he doesn’t know
which fork to take. Uncertainty, therefore, is one kind of psychological
obstacle.
While the lack of information can paralyse action, a surfeit of information
can prove equally disruptive. This latter kind of psychological obstacle
occurs whenever one confronts multiple sources of information, whether in
the world or in one’s memory, all of which impinge on awareness more or
less simultaneously. In our lives we face this kind of psychological obstacle
more or less all the time, for at any given moment there exist numerous
sights, sounds, smells and so on to which we could attend, as well as an
ample storehouse of knowledge we could draw upon. Only a small subset of
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the information available to us, however, is likely to be relevant to any
particular goal we might undertake. It’s useful, for example, to draw upon
one’s knowledge of aerodynamics when attempting to sail a boat, but not
when choosing a wine to drink with dinner. It is useful to focus on a street
sign when ﬁnding one’s way in an unfamiliar neighbourhood, but not when
attempting to cross the street safely. Thus, effective functioning requires the
ability to select, both from our knowledge and from the world, the information most relevant to our goal, and to stave off the interference from the rest.
Let us, therefore, deﬁne concentration as this process of selecting from
among multiple sources of information those most relevant to some goal,
and of managing the interference from non-selected sources.
Note that while we are often aware of ourselves selecting one type of
information and rejecting another, nothing in the proposed deﬁnition
requires consciousness of the selection process. When our powers of concentration are operating effectively, in fact, we may be totally unaware that we
are constantly rejecting information irrelevant to our momentary goals.
When our powers of concentration begin to ﬂag, however, we may ﬁnd it
increasingly difﬁcult to ignore irrelevant information, and so increasingly
may notice things that we previously had unconsciously suppressed. A concrete example may serve to illustrate the point. A colleague sometimes leaves
his ofﬁce door open when he works at his desk. The desk faces the door, and
the door opens on to a long hall that accommodates considerable pedestrian
trafﬁc over the course of the day. He has found that in the morning, while
working on some task, he hardly notices the steady passage of people in the
hall outside. By the end of the afternoon, however, his head reﬂexively jerks
up each time a person passes by, and he ﬁnds it necessary to close the door in
order to sustain attention to the work at hand. An undergraduate student
recently described to us an experience that may be another example of a
decline over time in the ability to screen out interference. He typically studies
during the evening in his dormitory room, and ﬁnds that the music emanating from the adjacent room seems to grow steadily louder as the evening
progresses.

Mental fatigue
The examples above suggest, and experimental studies conﬁrm, that certain
limits exist on our capacity to concentrate, such that after periods of sustained mental effort we ﬁnd it more difﬁcult to focus our attention or to
manage interference in pursuit of some goal. The reader no doubt has
experienced the phenomenon of ‘mental fatigue’ in his or her own life, and
so understands intuitively both the feelings and the consequences associated
with this state of mind. The fatigued state is, in fact, so familiar that most
people probably accept it simply as a fact of life without questioning why the
human mind should be susceptible to this sort of cognitive impairment. And
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yet, why should the mind tire? If, as we have argued, achieving goals often
requires the ability to select from among multiple sources of information
and to manage interference, why should evolution not have equipped us
with the capacity to concentrate without wearying for hours, for days, for
however long it might take to achieve a given goal? Nobody knows for
certain, but comparisons with other species may offer some clues.
Anyone who has observed trained sheep dogs herding a ﬂock, for
example, can attest to the intensity of concentration and stamina these animals bring to their work. Hundreds of generations of selective breeding have
produced a dog that will perform physically and intellectually demanding
work for hour after hour without tiring. One handler has written that male
border collies working stock will neglect to eat and will even ignore females
in heat. Much as an employer or manager might admire this kind of workaholism on the part of an employee, the process of natural selection clearly
would not favour the ability to concentrate tirelessly on tasks that serve no
intrinsic survival or reproductive purpose. Perhaps in the future corporations will attempt to engineer fatigue-resistant employees just as the British
highlanders have engineered the traits of the border collie. In the meantime,
we shall have to design our workplaces around the limitations of a creature
that is easily distracted not only by food and sex, but by many other types of
interference as well.

Mental effort and mental fatigue in the workplace
On the job, the sources of interference that tax our powers of concentration
can be either intrinsic to a given task or extraneous. Intrinsically demanding
tasks are those that, for example, require us to consider several ideas at once,
to generate and evaluate alternatives, to analyse complex data sets, to plan
and organise, to bring order to a confusing mass of information, to coordinate the work of several people, and so on. What all these tasks have in
common is that they present a worker with a problem that often has no
obvious or routine solution, a problem which by virtue of its complexity
deﬁes the application of any simple algorithm. When faced with such a
situation, one must explore the problem space, conceive and compare alternatives, take account of various constraints, select a particular interpretation or course of action, and proceed to the next stage of the process. In a
word, intrinsically demanding tasks require one to think, and thinking, as
we all know, is hard work.

Is the banishment of effort a useful strategy?
Suppose, now, a consultant proposes that your company could increase
productivity by decomposing all intellectually demanding tasks into a
sequence of simple if–then rules that direct an employee’s thought along
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prescribed pathways, thus freeing the worker from having to exercise any
judgement. Should you embrace this proposal? Probably not. First, one usually cannot anticipate all possible situations that may arise on the job for
which some action may be needed. Thus, there is no getting away from the
need for considered judgement. And even were it possible to engineer tasks
in a way that allowed for their mindless performance, we ought not to do so,
because when we remove opportunities for exploration, for creativity and
experimentation, and for wrestling with uncertainty, we undermine the very
conditions that nurture excellence on the job. Moreover, we end up removing those features that make intellectually demanding work so satisfying and
which thus attract and retain talented people to our organisations. In their
perceptive analysis of outstanding companies, Peters and Waterman (1982)
emphasised the importance of what they called ‘productivity through
people’. In successful companies, Peters and Waterman observed, managers
challenged employees to take on increasing responsibility in the workplace
and to explore possible innovations that might improve the company’s performance. Thus, far from freeing the employee from the challenges of thinking and decision, there are strong arguments for moving in the opposite
direction. Let us, therefore, take the intrinsic demands on our powers of
concentration as a given.

Sources of job interference
Extraneous sources of interference, however, are another matter entirely.
Extraneous sources of interference include such things as random noise,
interruptions, lack of privacy, poor lighting, that we can well do without. If
we assume that both the extraneous and the intrinsic sources of interference
tax the same limited mental capacity, then the more mental effort one
expends managing extraneous interference, the less mental effort one can
devote to the intrinsic demands of the task at hand. Thus, the more inhospitable the work environment, the more quickly will people’s effectiveness and
productivity decline.

Consequences of fatigue
This decline can manifest itself in many different ways. For example, laboratory experiments have found that when people become mentally fatigued
they behave more impulsively and exhibit greater distractibility. On the job,
such lapses of attention and of impulse control can undermine employees’
effectiveness, with severe, even lethal consequences. Supporting this concern
is a study of the relationship of mental lapses to auto accidents (Larson and
Merritt, 1991). The authors examined the driving records of individuals
who reported experiencing frequent absent-mindedness and found that
these people had caused a signiﬁcantly higher level of accidents. Translating
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this example to a work setting, one needs only to consider some of the
occupations for which lapses in attention could be particularly costly.
Research by Yoshitake (1978) provides thought-provoking examples. He
found that people in certain occupations were particularly likely to experience ‘difﬁculty of concentration’. The fatigue-prone employees included
‘helicopter pilots, air-trafﬁc controllers, key punchers, bank clerks, broadcasting personnel, incinerator-plant operators, pharmacists and research
workers’ (p. 232).
Fatigued people also tend to think and act in stereotyped, habitual, or
routine ways. They fail to notice subtle cues that make one course of action
more appropriate than another, attending instead to what is most obvious
and performing in ways that are most familiar. In their analysis of the central
role of innovation in effective organisations, Peters and Austin (1985)
emphasise the importance of going round the formal structure and the usual
ways of doing things. Clearly this would be difﬁcult for individuals suffering
from fatigue.
Finally, fatigue induces impatience and irritability, which can increase
feelings of tension and hostility among coworkers and hamper progress on
collaborative projects. A fatigued workforce thus is likely to experience
more on-the-job accidents, commit more careless errors, conceive and/or
implement fewer innovations, and experience more interpersonal tensions
than will a less fatigued workforce. All of this, of course, translates into lost
earnings, lost opportunities, and probably lost personnel. This would seem
an ample incentive for employers to identify ways to nurture employees’
cognitive functioning on the job.

Strategies of intervention
There are two categories of intervention for keeping mental fatigue levels
under control. The ﬁrst involves the elimination or mitigation of sources of
extraneous interference. There are a wide range of possible interventions
in this category. They can be as simple as installing sound-dampening
materials to reduce noise levels or as complicated as improving lines of
communication to reduce worker uncertainty. The second category involves interventions that actually reduce fatigue. Since these events restore
the individual to a pre-fatigued level of effectiveness, they are referred to as
restorative. In the context of the workplace, a particularly helpful restorative intervention has been to provide a window with a view that includes
natural elements (Kaplan, 1993). A modest literature is available that provides both conceptual and empirical guidance that could prove helpful in
understanding, identifying, and implementing appropriate interventions
(Kaplan, 1995).
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Assessing the effect of an intervention
Whatever changes one decides to introduce, some method for assessing
whether the intervention has achieved its desired effect is essential. Ultimately, the goal is to determine whether the workplace changes have
improved your organisation’s productivity. ‘Productivity’, however, means
different things to different types of organisation. A manufacturing concern
will assess it differently to an educational or social service institution. In
addition, concentration ability is only one of several factors that inﬂuences
how well the members of an organisation perform their jobs. Motivation
and knowledge, for example, also matter a great deal. Thus, we will conﬁne
ourselves in this chapter to a discussion of tasks psychologists have devised
to assess basic cognitive processes, leaving the measurement of productivity
to those more familiar with the particular kind of work a given organisation
performs.
Although the tasks we describe below may seem dull and unrelated to the
type of work employees do on the job, we believe they are useful tools for
assessing changes in a person’s ability to concentrate; that is, to select goalrelevant information and to manage interference posed by irrelevant information in memory or in the task environment. As we have seen, this abstract
ability is a prerequisite for successful performance across a wide range of
activities and settings.
The tasks
By way of summary, in our discussion thus far we have proposed that
concentration is the process of suppressing cognitive interference (‘mental
noise’, if you will) in the service of some goal. We have further suggested that
sources of interference that tax our limited powers of concentration can be
either intrinsic or extraneous to one’s task, but that both types of interference draw upon the same limited cognitive capacity. We infer, therefore, that
reducing the amount of extraneous interference workers confront on the
job, or providing opportunities for mental restoration, should improve their
ability to suppress intrinsic interference, enabling them to work better for
longer periods of time. Each of the following tasks serves as a measure of
concentration because successful performance requires coping with some
form of intrinsic interference.
Hidden figures test (Witkin et al., 1971)
Each item of this timed paper-and-pencil task consists of a complex
geometric ﬁgure within which a simpler geometric pattern is embedded
(Fig. 15.1). Some versions of the task specify which of several simple target
patterns is embedded in each complex ﬁgure, while others do not specify.
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This is a test of your ability to tell which one of five simple figures can be found in a more
complex pattern. At the top of each page in this test are five simple figures lettered A, B, C,
D, and E. Beneath each row of figures is a page of patterns. Each pattern has a row of letters
beneath it. Indicate your answer by putting an X through the letter of the figure which you
find in the pattern.
NOTE: There is only one of these figures in each pattern, and this figure will always be right
side up and exactly the same size as one of the five lettered figures.
Now try these 2 examples.

The figures below show how the figures are included in the problems. Figure A is in the
first problem and figure D in the second.

Your score on this test will be the number marked correctly minus a fraction of the
number marked incorrectly. Therefore, it will not be to your advantage to guess unless you
are able to eliminate one or more of the answer choices as wrong.
You will have 10 minutes for each of the two parts of this test. Each part has 2 pages.
When you have finished Part 1, stop. Please do not go on to Part 2 until you are asked to
do so.
DO NOT TURN THIS PAGE UNTIL ASKED TO DO SO.
Figure 15.1 Hidden figure task (© 1962 Educational Testing Service)

The participant’s task is to locate and trace the outline of the simple pattern
embedded in each complex ﬁgure. The participant’s score is the number of
items completed correctly within the allotted time.
Psychologists have traditionally used this task to study supposedly stable
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individual differences in a cognitive factor, known variously as ‘ﬁelddependence’, ‘ﬂexibility of closure’, and, most transparently, ‘perceptual
disembedding skill’. While some researchers have interpreted performance
on the task as a measure of intelligence or cognitive style, and have
attempted to correlate performance on the task with other psychological
variables, it will sufﬁce for our purposes to articulate those aspects of the
task that render it a suitable measure of concentration ability. On each item
of the task, a person must search for a target object within a visually noisy
environment. More technically, in order to locate the target pattern within
the complex ﬁgure, a person must impose a ﬁgure-ground segregation upon
a scene that does not lend itself easily to such parsing. Psychologically, the
task thus calls upon many of the same processes as does trying to discern the
contours of a well-camouﬂaged animal. Concentration comes into play
because the person studies each complex ﬁgure with a goal in mind (i.e. the
location of the simple target ﬁgure) and because achieving the goal requires
overcoming the perceptual interference created by the context in which the
target is embedded.
Letter cancellation (Diller et al., 1974)
This task was designed to assess an individual’s capacity to sustain vigilance,
but it can also be conceptualised as a measure of one’s ability to pursue a
goal in the face of interference intrinsic to the task. The task consists of page
containing rows of letters, and individuals are instructed to locate and mark
(e.g. by circling or striking through) every instance of a particular character
(Fig. 15.2). The individual’s score is the number of targets correctly marked
within the allotted time. In our own research we separately record the number of errors of omission and of commission.
The task can be made difﬁcult in several ways. First, one can select a target
letter that has few distinctive features, that is, a character that closely
resembles one or more other characters. In Fig. 15.2, for example, the target
letter i closely resembles the letter j. In fact the physical form of i is wholly
subsumed within the form of j, thus making discrimination difﬁcult. The
task can be made still more difﬁcult by complicating the instructions, such as
by making the target a conjunction of two conditions. For example, we
might instruct participants to strike through only those instances of the
letter i that precede a vowel. One can vary the task in many other ways as
well. The letter cancellation task, like the hidden ﬁgures task, requires an
individual to search for a target within a visually noisy context, though in
this case the target and its context consist of recognisable symbols rather
than arbitrary geometric shapes.
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Figure 15.2 Letter cancellation task

Category-matching task (Purdum and Schwartz, 1995)
This task, adapted from Melnyk and Das (1992), was developed to assess an
individual’s ability to select one kind of information over another. Each page
of the task contains pictures from ﬁve different categories: boats, ﬁsh, balls,
mammals, and fruit (Fig. 15.3). These pictures are arranged on each page in
thirty-six pairs, with four pairs on each of nine lines (Fig. 15.4). In about 20
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Figure 15.3 Category match task items grouped by category (© 1995 Gary E. Purdum and
David A. Schwartz)

per cent of the pairs, both pictures are from the same category; these are the
target pairs. The remaining pairs, in which the two pictures are from different categories, are the distractor pairs. Participants are instructed to draw a
circle around each target pair, and only around the target pairs. They are
further instructed to work as quickly and as accurately as they can, from left
to right across the page beginning with the top row. When administering the
task to groups of people, we typically allot the participants 60 seconds to
complete as much of the task as they can. When administering to an individual, one has the option of allowing the person to complete all three pages
of the task and measuring how long it takes the person to complete the task.
Whichever timing method one chooses, the number of correctly circled pairs
serves as one score. In addition, each participant receives a score for each of
two kinds of errors: errors of omission, in which a participant fails to circle
a target pair, and errors of commission, in which a participant circles a
distractor pair.
Note that one member of each category appears physically more similar to
members of another category than to members of its own category. For
example, the kayak looks more like the banana than it does the sailboat, and
the dolphin looks more like the ﬁsh than it does the cat. We know from
experimental research that people judge physical similarity more quickly
and easily than they do categorical similarity. A person completing the task
thus will be psychologically predisposed to commit both errors of omission
(by judging the dolphin and cat as dissimilar) and errors of commission (by
judging the banana and kayak as similar). Close concentration is required to
resist these error tendencies.
Melnyk and Das (1992) found that performance on their version of this
task discriminated between adolescent students classiﬁed as either good or
poor attenders on the basis of teacher ratings. They concluded that performance on the exercise functions as a measure of individuals’ capacity to inhibit
responses to distractors, a capacity roughly synonymous with the ability to
concentrate. In our own research (Schwartz, 1994) we found that performance on the task modestly predicted teenagers’ self-reports of focus, persistence, self-control, and effectiveness, all aspects of functioning in which we
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Figure 15.4 Sample page of category match task

believe concentration plays an important role. Furthermore, in a study of
concentration ability among University of Michigan undergraduates
(Schwartz, 1995), we found that performance on this task correlated negatively with self-reported forgetfulness and mental fatigue.
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The importance of multiple measures
There are many other simple pencil-and-paper tasks that one might proﬁtably employ as measures of concentration. In fact, we believe that many of
the tasks neuropsychologists use to assess frontal lobe functioning will serve
as measures of concentration. Let us conclude by emphasising that when one
undertakes the assessment of some workplace intervention on workers’ ability to concentrate, it is imperative to administer a battery of several different
measures. There is no pure measure of concentration, and performance on
any given task is a function of many different factors. Administering only
one measure, therefore, leads to a hopeless confounding of concentration
ability with the inﬂuence of other variables such as perceptual speed, scanning strategies, memory and spatial and verbal ﬂuency. By administering a
variety of tasks, and by employing the appropriate statistical analysis, we
can study the independent contribution of concentration ability to performance on the various tasks, and how this ability changes in response to our
attempts to enhance it.

Conclusions
It is our thesis that mental fatigue plays a profound, albeit often hidden role
in undermining productivity in the workplace. Since salaries are often the
greatest single budget item, in both the public and private sectors, Romm
and Browning (1994) have argued that even a modest increase in productivity can have substantial economic beneﬁt. In that case, mental fatigue seems
too expensive to ignore. We have divided possible interventions into two
categories, those oriented to limiting fatigue-causing factors and those that
reduce fatigue directly. Noise control and the reduction of distractions fall
into the ﬁrst category; providing a view of nature out the window, the
second. In neither case can or should the improvements be taken on faith.
There are measures that can provide useful indices of productivity, and
hence of the degree to which interventions have led to improvement.
Ongoing research of this kind promises not only to enhance employee
productivity, but very likely, to enhance the quality of workplace life as
well.
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This is a time of unprecedented social, political and economic change, with
global competition in the ascendant and the irresistible rise of information
technology continuing to bring with it greater freedoms – and greater
responsibilities. Add to this ﬂux a more general awareness of the true
environmental costs of wasted resources, human as well as material, and it
becomes clear that if they are to thrive in this new climate, then organizations
too must be ready to change: to think afresh about ways of driving down
costs, delivering value and, above all, getting the best out of their people.
In the sphere of ofﬁce design, this organizational pressure has in recent
decades resulted in a widely acknowledged imperative to move from costcutting, space-reducing efﬁciency to a more holistic effectiveness. But now
the best and most adaptive organizations are coming to realize that their
future lies in expression: the mature embodiment of all the values associated
with the organization, expressed as a brand by the physical workplace. The
challenge is for organizations to provide an efﬁcient, effective and expressive
work environment that will support changing work processes over time,
meet the business objectives and strategies of management, and add value to
the performance and well-being of the end user. This elevates the organizational ambitions and expectations of traditional two-dimensional ofﬁce
space planning into a different realm – one in which the creative and productive heart of an organization is given physical expression through the
‘narrative’ ofﬁce: in which efﬁciency, effectiveness and expression together
form a template for the productive workplace in the twenty-ﬁrst century (see
Fig. 16.1).
Increased efﬁciency stems from a reduction in the overall space occupied
by a single organization, and follows the uncoupling of the sort of one person/one desk mathematics that dominated space budgeting through the
1980s and 1990s. Instead organizations must build on an increasing reliance
on shared facilities, due to the high levels of staff mobility.
Increased effectiveness will come about as the result of more creative,
better designed places that meet both individual and collective aspirations.
These places will promote the generation of knowledge, enable both the
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Figure 16.1 Efficiency, effectiveness and expression: the bigger picture

overt and tacit sharing of ideas across networks (real and virtual) and stimulate a more creative, empowered workforce to exploit the full potential of
information technology and intelligent environments.
Stronger expression is a further move forward: a more vibrant representation of the company’s core values and beliefs. This expression will communicate a consistent, coherent message both internally and externally.
Supporting an increasingly transient workforce, it will need to adapt in
order to update and refresh and respond to legitimate national, cultural, and
individual identities.
It is this last concept that offers the greatest challenge to the organization
of the (near) future – creating a branded narrative that will allow the organization to work (efﬁciently and effectively) at all the levels of meaning now
required: the latest stage in the development of the ofﬁce as a manifestation
of organizational values.

Changing models of office use
During the course of the twentieth century, the workplace became increasingly associated with the ofﬁce building, so that by the end of the century the
two concepts had become almost synonymous. But this obscures the relative
newness of the ofﬁce as a building form. Only in the late nineteenth century,
with the increasing bureaucracy associated with governing nation states,
or running large corporations, did ofﬁce buildings emerge as a specialized
type. Previously, ofﬁce work was accommodated in buildings derived from
palaces, industrial buildings or collegiate forms. In its contemporary form,
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which has outwardly changed little since the early days, the ofﬁce building
emerged largely thanks to American innovation in construction and the need
to service a burgeoning economy – a ‘new’ economy. Chicago provided the
archetype, with the high-rise ofﬁce building now symbolic of the corporate
workplace – a building form produced by the emergence of the corporation,
with its separation of ownership and management, and the resulting professionalization of the management role.
The dominant business ideology of the time was based on a mechanistic
view of ofﬁce workers as units of production, to be housed in a uniﬁed and
controlling space. The system of building supply, where developers became
the intermediary between users and owners, perpetuated this paradigm in
both Europe and America until after the Second World War. The destruction
in Europe and the extreme shake-up of civil and economic society led to the
emergence of more democratic, or user-orientated, forms of ofﬁce planning,
although in the rest of the world the American model retained its
dominance.
Over the four decades leading up to the end of the twentieth century, the
design of ofﬁce buildings in Europe evolved alongside changing trends in
business management.
In the 1960s the ofﬁce was seen as a communications system, with the
ﬂoorplan opening up to facilitate the free ﬂow of information across the
open plan (Bürolandschaft or ofﬁce landscaping, pioneered by the German
Quickborner Team). This ofﬁce concept is characterized by interlocking,
ﬂuid and organic working spaces with minimal divisions and area makers
designed for groups of up to 20 people. The ofﬁce landscape was intended to
foster communication and ﬂexible teamwork. In this context it may be considered to be the precursor to today’s open ofﬁces and ﬂexible furniture
systems.
In the 1970s, increasing labour power in Europe and the consequent
articulation of users’ interests saw the development of the ofﬁce as a place
of social engagement. Issues of privacy, acoustic control and the provision
of individual rooms and of healthy and personally controllable environments became increasingly important. In Europe, therefore, ﬂoorplates
became increasingly narrow and highly articulated, while in North America the reverse was happening as ofﬁce buildings became deeper and simpler, more generic and less responsive to individual control. In the late
1970s, Swedish designers invented the combi-ofﬁce – private cells grouped
around a common space. This concept represents a special form of the
traditional European cellular ofﬁce, with enclosed space for one or two
persons.
The 1980s saw a workplace revolution as the computer moved from the
computer room to the desktop. At the same time, new network technologies
facilitated the increasing globalization of particular industries (especially
ﬁnancial and professional services), with a corresponding demand for
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consistent worldwide guidelines to regularize patterns of space provision.
European ﬁnancial centres, in particular, began to import North American
design practices. The distributed intelligence of desktop PCs required
increasing facilities management, and saw the emergence of the so-called
‘intelligent building’. This was deﬁned as a building with integrated management and information communication technology systems, providing a
robust infrastructure for ubiquitous information technology, and one that is
more responsive to changing user demands.
In the 1990s a second workplace revolution saw the introduction of ‘new
ways of working’ – a response to the realization that information technology
was transforming cultural, social, technological and construction processes.
The virtual world and digital tools reduced the need for synchronous, faceto-face communication and co-location of ofﬁce workers for the purposes of
carrying out deﬁned tasks – the phenomenon of the distributed workplace.
But with distributed workforces only accessing buildings periodically, the
role of the building had once again shifted dramatically.

The distributed workplace
When it seems that work can take place anywhere, the question is raised:
why should anyone come to the ofﬁce? Is it that the ofﬁce is a means to
express the culture and reinforce the values and beliefs of an organization?
Or is it that physical work environments, with the opportunities they provide for interaction, collaboration, knowledge transfer, and communication,
form a vital element of the learning (knowledge) organization’s
infrastructure?
In 2002 an extensive EC-funded research programme came to the rescue
of leading organizations grappling with the problem of how to create this
infrastructure for a dispersed workforce. SANE (Sustainable Accommodation for the New Economy) looked at the combined impact of the new
economy on place, people and process, with the objective of enabling space
designers, technology developers and other professionals concerned with the
workplace to move from a location-centric to a location-independent
approach (SANE, 2002). The overall aim of the project was the provision of
a uniﬁed framework of space environment, human environment and processes and tools modelling for the creation of sustainable, collaborative
workplaces for knowledge workers across Europe, encompassing both
virtual and physical spaces. The space environment modelling was undertaken by architects DEGW, who in 2000 developed a distributed workplace
model (see Fig. 16.2) that would form the basis for much of the SANE
research. This initial model attempted to incorporate the increasing congruence between physical and virtual work environments, acknowledging the
impact that information and communications technologies have had on
the work process of most individuals and organizations. It also examined
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Figure 16.2 DEGW distributed workplace model

the continuum between public and private space and produced novel solutions to their integration into workplaces. It divided workplaces into three
conceptual categories according to the degree of privacy and accessibility
they offered.
The three categories used were café, club and cloister, each composed of
a number of different types of work settings, the relative proportion of
each forming the character of the space. Café space was characterized as
predominantly suited for informal interaction and touchdown working for
relatively short periods of time. Club space was seen to support collaborative project team and meeting spaces as well as providing space for concentrated individual work. Cloister space also contained both individual and
collaborative work settings but with a greater emphasis on privacy and
conﬁdentiality, with deﬁned space boundaries and security.
Each of the physical work environments had a parallel virtual environment that shared some of the same characteristics. The virtual equivalent of
the public workplace was the internet, where access is open to all and
behaviour is relatively ‘unmanaged’. The equivalents of the privileged
workplace were extranets, where communities of interest use the internet to
communicate and as an information resource. There are restrictions to entry
into a knowledge community (such as registration or membership by invitation only) and membership has obligations and responsibilities attached,
perhaps in terms of contributing material or communicating with other
members. The virtual equivalents of the private workplace were intranets,
the private knowledge systems belonging to an individual organization that
contain the organization’s intellectual property. Access to the intranet is
restricted to members of the organization and the value of the organization
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is related to the contents of this virtual space – the customer databases, the
descriptions of processes and project histories.
When designing accommodation strategies, organizations would increasingly need to consider how the virtual work environments would be able to
support distributed physical environments and how the virtual environments could contribute to the development of organizational culture and a
sense of community when the staff spend little or no time in ‘owned’ facilities. These spaces would be used in different ways by different types of
organizations at different stages in their organizational development (from
embryonic to mature).
The distributed workplace model contained several key principles:
•
•
•

the central notion of privacy or access as a descriptor of work locations
or work settings
the grouping of a number of different types of work settings into a
workplace with a distinctive character
the idea of increasing congruence between physical and virtual
workplaces.

This model was subsequently developed further (see Fig. 16.3) to make the
café, cloister, club metaphor less prescriptive, and to take into account the
importance of the boundaries between virtual and physical spaces. This
more robust model emphasized the importance of hybrid work environments, based on the tripartite split of private, privileged and public spaces,
and applied at two scales of focus: the virtual and the physical workplace
and also the larger-scale environment in which knowledge work takes place,

Figure 16.3 Modified workplace model emphasizing the importance of hybrid workspaces
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from the ofﬁce building up to the scale of the entire city. This model proved
fertile in leading to a richer understanding of how places for work function,
how they ﬁt into their wider environmental context, and how humans
experience space. It has now been applied productively in real-world consultancy projects, helping organizations improve their strategy for the provision and use of ofﬁce space.
It became evident, however, that there was a gap between the level of
focus of this model and the factors that needed to be taken into account
when making decisions about what kinds of workplaces should be provided
and what kinds of knowledge work they best accommodated, remembering
that ‘workplace’ includes both physical spaces and virtual work settings,
mediated by technology. In fact a new term, workscape – the combination of
virtual and real work settings within a work arena, located in a work
environment – came to be adopted to mark how complex and ﬂuid the once
straightforward concept of workplace had become. Not only had the knowledge work activities themselves to be considered (see Fig. 16.4), but they
had to be seen in the widest possible business and organizational context
(see Fig. 16.5). In addition, the activities were clearly mediated by a variety
of factors (see Fig. 16.6) that would interact with the characteristics of speciﬁc workscapes (see Fig. 16.7) en route to the eventual choice of a workscape (see Fig. 16.8).
A third and ﬁnal model (see Fig. 16.9) demonstrated this more obvious
and explicit relationship between knowledge work activities (the layers of
what we do) and the workscape (the layers of where we do it). Not only
does this comprehensive space environment model provide a methodology
for the provision of a workscape – virtual or physical – appropriate to any
organization, it also reveals the extent to which any organization has a

Figure 16.4 Knowledge work activities
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Figure 16.5 Activities, tasks and business processes in their organizational context

Figure 16.6 Key mediating factors of activities

Figure 16.7 Characteristics of workscapes
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Figure 16.8 The workscape – structure and some examples of the components

Figure 16.9 The SANE space environment model – moving from activities to workscapes

complex story to tell, made up of the work its people do, and where and how
they do it (Harrison et al., 2004). To a large extent, the success of the
organization is bound up with its success in telling that story – in focusing
the terms of that story in its physical fabric.
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The narrative office
The emergence of the narrative or branded ofﬁce comes at a time when
individual cynicism of corporate and institutional bodies has reached a
peak. While traditionally the word ‘brand’ has referred to a physical product
– and one, moreover, generally associated with the values of trustworthiness
and honesty – increasingly it has become synonymous with the larger corporate bodies, deregulated nationalized industries and even political parties
and movements. It is now increasingly associated as much with individuals,
cultures and ideas as with products. And with each shift in meaning, we have
come to trust it less. We now seek afﬁrmation from institutions and corporate bodies that they adhere to a set of values that we are ourselves attracted
to. The power of the individual to choose has focused the minds of corporate
board members seeking a secure future. The new democracy of consumer
choice has a direct impact on corporate success.
We know that organizations are increasingly faced by:
•
•
•
•

increased competition and greater market saturation
the threat of merger and acquisitions and increased internationalization/
globalization
market volatility within the current downturn in economic performance
the pressure to rationalize and drive down overheads.

At the same time, however, they need to:
•
•
•
•
•

attract and retain the best talent
maintain their drive for innovation and creativity
encourage cultural integration within global and local communities
maintain corporate values and beliefs in an increasingly transient
workforce
communicate with and deliver to a more disperse and diverse audience.

With the rise of new, more mobile forms of technology we might expect
these organizations to rely less on the physical space and more on virtual
connections. But the de-specializing of space wrought by the digital revolution has in fact, perhaps paradoxically, served to increase the importance of
face-to-face interaction. And if work is where you ﬁnd it – and not in rigidly
constrained factory space, communications space, ofﬁce space – the symbolism of the physical environment becomes a powerful element in the organization’s drive to foster innovation, creativity and cultural cohesion – to
realize corporate identity through the better design of creative physical
space.
Nowhere is that symbolism more critical than in the vast and complicated
property portfolio of Britain’s ﬂagship cultural organization – the BBC.

The narrative office: BBC case study

267

A total workplace strategy

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

The name of the BBC is recognized and respected both within the UK and
around the world. Its role as a provider of a public service underpins absolutely every aspect of its work.
The BBC is a unique institution. Owned by the British people and
independent of political and commercial interests, it exists to serve
everyone, regardless of age, income, sex, race or religion. Its purpose,
largely unchanged in 80 years, is to enrich the life of every person in the
UK with programmes that inform, educate and enrich.
(BBC, June 2004, p. 25)
The BBC does not have shareholders, instead it has a remit to provide
value to the entire population of the UK. It is paid for by the public: 24.5
million licence fee payers in the UK provide a core income of almost £2.8
billion every year. It provides services to over 90 per cent of the UK population every week. It is seen by many as a national treasure, and 72 per cent of
the British public say that they would miss the BBC if it weren’t there (BBC,
July 2004, p. 8). It employs almost 25,000 people nationwide. It also occupies over 500 buildings, making it one of the largest freeholders in the UK.
The BBC has much in common with other organizations: it is constantly,
for example, seeking ways to reduce its overheads. But unlike other organizations, it has the added pressure of knowing that all expenditure that does
not result in a programme reduces the money available for programmes and
therefore reduces its ability to fulﬁl its public remit.
In the spring of 1998 the BBC commissioned international design and
consultancy practice DEGW to assist in an initiative that would examine the
BBC’s operational structure and its role at the turn of the century, and that
would review the vast property element of the BBC’s assets. (Subsequent
projects have ranged from strategic studies to workplace design and
implementation.)
The BBC is a complex organization and unique in terms of DEGW’s clients:
its drivers, values, role and place in society are fundamentally different from
those of any other organization with which the practice works. It did, however, offer an opportunity to examine, at close quarters, the way in which
many organizations are increasingly focused on the quality of space design in
order to sustain quality of output and maintain culture and knowledge.
At the time, the BBC property portfolio included buildings of varying age
and quality, many of which were designed for a different function and in a
different era. The workstyles, work processes and technologies being introduced into the BBC at an ever-increasing rate demanded more responsive
workplace solutions than were being delivered by the corporation’s existing
workplace and property provision.
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DEGW’s objective was to develop a blueprint for the workplace of the
future at the BBC. This began with the Hearts and Minds project – a study,
carried out across the corporation’s key opinion formers, that sought to
understand the differences and the consistencies that existed within a seemingly diverse workforce and output.
DEGW then worked with the BBC to develop eight pilot workspaces in
four divisions: television, radio, resources and corporate affairs (see Figs
16.10–11). Groups were selected to represent the range of work processes
across the BBC, the geographical dispersal of the organization and the mix
of property types. These reviews provided the selected departments with a
clearer understanding of their future needs, a strategy to develop ﬂexibility
within the workplace, and technologies more conducive to creativity and
cost efﬁciencies.
A summary outcome from these pilots was the creation of a comprehensive set of workplace guidelines that could be applied across the BBC’s
estate, used to measure performance and communicate the aspirations of the
business for the workplace. In 2000, these guidelines formed a key element
in the change management programme which provided the baseline guidance for Land Securities Trillium (LST), the BBC’s outsourced property
management company, by describing and illustrating the type of environment they were expected to deliver in the future (see Fig. 16.12). Through
this process the BBC was able to engage the corporation’s leaders, identify
visible champions, build a high priority for the workplace throughout the
business, and remove the element of chance from space effectiveness.
The BBC’s property partnership with Land Securities Trillium was
announced in September 2001: a ground-breaking approach, intended to
free up millions of pounds for programme-making and to improve accommodation for BBC staff at no additional cost to the licence fee payer. The

Figure 16.10 Corporate department pilot space: in touch, accessible, open
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Figure 16.11 Corporate suite in Broadcasting House: now a listed space – a memorial to
the days when staff knocked and waited

BBC’s estates strategy in London was to move thousands of previously
dispersed staff from 30 sites to three major campuses in central and west
London: the Media Village in White City, Broadcasting House in Regent
Street, and Television Centre in Shepherd’s Bush. This strategy presented
two rare opportunities for the BBC: to change the way space was used to
provide a better support for the business, and to involve occupiers, at all
levels, in the design of their spaces.
Under the terms of the deal, the freehold of the BBC’s new Media Village
at White City (completed in 2003) transferred to the LST partnership. In
addition, LST assumed responsibility for developing the business case and
implementation plans for the redevelopment of Broadcasting House in central London and the development of the new BBC Scotland HQ at Paciﬁc
Quay in Glasgow (both due for completion in 2007). LST also undertook to
provide property development and management of the BBC’s estates in
London and Scotland for a 30-year period. This agreement covered 65
buildings and resulted in the transfer of approximately 340 BBC facilities
management and construction management staff to the LST partnership.
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Figure 16.12 Change management programme

Media Village, White City
In 2002 DEGW was appointed to design and ﬁt out the interiors of the two
new Allies & Morrison buildings – the Media Centre and the Broadcast
Centre – that make up the BBC’s planned Media Village at White City. The
key challenges were to:
•
•
•
•
•
•

square the needs of 3,000 staff with the available space (50,000 sq m
NIA)
reﬂect and express a sense of departmental ‘tribal identity’
create a sense of ownership through intense involvement from users
create spaces that are sustainable and adaptable
ensure that space was allocated according to need rather than status
rely on the minimal provision of enclosed ofﬁces (only two ofﬁces in the
entire Broadcast Centre and Media Centre are owned).

Since then a team of DEGW designers has worked closely with the
departments designated to move into the Media Village. DEGW’s involvement has been wide ranging: space planning, detailed brieﬁng, concept
design, intense user consultation, interior design and branding, and ﬁnally
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change management (the processes of preparing people for the move) with
the groups moving into the space.
The Broadcast Centre was the ﬁrst building to be occupied: a single client,
BBC Broadcast (BBCB), took two and a half ﬂoors to house its 700 staff.
DEGW worked closely with BBCB’s own steering group to develop space
planning and a design concept, and moved the concept forward into a
scheme that creates a cohesive story across all of BBCB’s ﬂoors. An eclectic
mix of rooms (green room, brainstorm, sanctuary), diverse furniture settings, and a rich range of full-size images on glass combine with bespoke
textured walls (relating to editing activity within) to create unexpected but
informative experiences as users move through the space (see Fig. 16.13).
In contrast to these generalist spaces, the critical task for DEGW in the
Media Centre was to help each of the 17 departments housed in the building
to create its own tribal identity. DEGW encouraged users to represent their
own departmental stories through images, artwork, props and installations,
and treated the elements of each scheme as theatrical devices allowing for
dynamic change over time. The resulting spaces are sustainable and adaptable, yet each department has a deep sense of ownership of its area.
In order to create 17 different design schemes within a single building,
with intense involvement from users, DEGW managed user group involvement through a series of design workshops and a tight approvals programme. This approach ensured that each department’s wishes were
addressed – from the department wanting a different theme for all 32 of its
meeting rooms, to the team wanting the feel of walking in the park – while
the project remained on time and on budget.

Figure 16.13 BBC Broadcast – space is free-flowing, non-specialist, overlapping
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The BBC and cultural change
In 2002 the BBC’s then Director General, Greg Dyke, launched an internal
programme, Making It Happen, with the aim of bringing about cultural
change in the BBC. The early years of Making It Happen have been important in terms of raising awareness of the importance of the workplace and
its potential in supporting change. In particular, one of the strands of the
programme addressed the workplace and gave a voice to existing staff
wanting to work differently, enabled by new forms of technology and new
types of workplace.
Key issues raised included providing staff with a real choice in where they
worked in the ofﬁce; greater variety in furniture settings; a ﬂuid, less corporate overall look; and an end to ‘one size ﬁts all’ ofﬁces. These principles have
informed DEGW’s work with the BBC to date. DEGW’s approach to
interior design in the Media Village helped the BBC to push its workspace
thinking forward. Space is allocated according to need rather than status; in
the whole of the Broadcast Centre and Media Centre only two ofﬁces are
owned. The workspaces engage users while inbuilt ﬂexibility allows for
future change.
The BBC has faced numerous challenges over the past 12 months and
remains in a period of intense change, but continues to stand by the recommendations put forward by Making It Happen: one of the corporation’s
stated objectives for 2004/05 is to ‘build on the Making It Happen initiatives
to make the BBC a more creative, collaborative and audience-focused organization that is inclusive and reﬂects the diverse society it serves’ (BBC,
17 June 2004a).
In January 2004 the BBC lost both its Chairman and its Chief Executive
(Director-General) within 24 hours, when Gavyn Davies and Greg Dyke
resigned as a result of the ﬁndings of the high-proﬁle Hutton Inquiry into the
circumstances surrounding the death of Dr David Kelly. To compound the
corporation’s difﬁculties, at the peak of the fallout from the Hutton Inquiry,
the BBC entered into its ten-yearly Charter Review, the parliamentary process
that determines the future shape of the corporation. (The Royal Charter sets
out what the BBC is for, what it does and how it does it: the Charter Review
process involves full public and industry consultation as well as a parliamentary stage, and inevitably acts as a focus for in-depth scrutiny and soulsearching both externally and internally.) The Charter Review also comes at a
turning point in the development of British broadcasting – what the BBC calls
the ‘second phase of the digital revolution’. The BBC, along with ITV and
Channel 4, is pushing for the analogue signal to be turned off from 2007 in
order to encourage viewers to upgrade to digital television – presumably to
pre-empt the challenges implicit in the UK’s shift to an all-digital, multichannel service in about 2012. The BBC has built its contribution to the
debate over Charter renewal around the role of the BBC in a new digital age.
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Mark Thompson, the new Director-General, started restructuring and
reviewing the BBC as soon as he joined the corporation. On his ﬁrst day in
his new role, in his ﬁrst speech to staff, he said:
Talking to some people at the BBC you get the sense that they think
they’ve done change, in fact they’ve had a skinful of it, thank you very
much – projects, working parties, initiatives, out-sourcing, new ways of
working, you name it. [But in fact] we’re going to have to change the
BBC more rapidly and radically over the next three to ﬁve years than at
any previous point in its history.
(Wells, 2004)
At the same time Thompson announced reviews into the BBC’s commercial
activities, production and commissioning, a new structure for the executive
boards, and a number of senior personnel changes, thereby making clear his
commitment to fast-paced and potentially radical change.
The concept of providing a public service, and the principles of public
service broadcasting – universality, equity and accountability – underpin the
BBC’s approach to every aspect of its performance, as stated in the BBC’s
Charter Renewal submission: ‘Public value should be the goal for everything
the BBC does.’
One element of management that lends itself to scrutiny for value is, of
course, the reduction in non-programme-related costs. In the three years to
2003, overhead costs were cut from 24 per cent to 13 per cent, and the target
is to reduce them further, to 10 per cent of expenditure in the next Charter
period (2007 onwards).
The BBC is also committed to meeting the needs of audiences across all
nations and regions of the UK. This is having an impact on all aspects of the
BBC’s work, from increased investment in a wider range of locally produced
content through to an increased awareness of the role of property as the
local face of the corporation: ‘The BBC’s physical presence in cities and
towns across the UK spreads economic beneﬁt as well as enabling the BBC to
engage directly with segments of the audience currently under-served by
either network or local broadcast offerings’ (BBC, 17 June 2004b).
The drive towards a strong presence in the regions is now resulting in
initiatives such as the planned move to Manchester, in which a signiﬁcant
proportion of programming and operations staff will be relocated to Manchester within the next ﬁve to six years. Detailed proposals will not be
announced until later, but several major departments are being considered
for the move, including Children’s BBC, Sport and BBC3. The overriding
aim of the BBC, however, as stated in its manifesto, Building Public Value, is
to make a signiﬁcant shift in broadcasting, production and other operations
from London and the South-East and into the rest of the UK. By the end of
the next Charter period, half of the BBC’s public services staff will be based
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outside London. The BBC will spend more than £1 billion a year on programmes outside London, a third more than the current ﬁgure.
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Business benefits of the branded workplace
Many of the internal challenges currently faced by organizations – the retention and attraction of staff, the appropriate work–life balance and the future
cost-effectiveness of decision making – would be met by a branded workplace: a workplace that fully expresses the culture, beliefs and values of the
organization. Beneﬁts might include:
•
•
•
•
•

a critical opportunity to realize and leverage the intrinsic value of a
company’s brand
help in reinforcing a consistent internal and external presentation of the
company
making tangible the intangible
focusing on the differential aspects of the organization
giving a focus to disparate parts and connecting individuals to groups.

In the case of the BBC, the changes envisaged have demonstrable and quantiﬁable business beneﬁts across the company in terms of efﬁciency and
adaptability, motivation and image, and communication and education.
Approximately 7 per cent of the BBC’s annual property budget is spent on
projects that have no long-term beneﬁt to the value of the property portfolio
– on hundreds of staff moves, many of which will be modiﬁed or repeated
within the year. More ﬂexible space, avoiding this unnecessary churn, will
prove more efﬁcient, and so beneﬁt the BBC’s bottom line.
The human aspect is, of course, harder to measure. Mobility within the
ofﬁce – enabled by new work-setting technology – reﬂects mobility in the
wider world and is a physical manifestation of a value shift towards the
empowerment and motivation of staff. allowing employees to tailor their
work-day or work-week to their task assignments. A new kind of work
imperative ensues: collaborative, communicative or concentrated as the task
demands. An egalitarian allocation of space to employees based on functiondriven measures ensures that the correct tools of space, time and technology
are made available to the correct individual, team or product. Accessibility
to senior members of project teams demonstrates a commitment to mentoring and education. These methods have been shown to increase product
quality. The image is an open, conﬁdent, energetic one. It is reinforced by
informal settings where staff interaction leads to new connections, ideas and
knowledge sharing. The result will be highly motivated staff, reduced turnover and increased success among new recruits – to build on the BBC’s
established tradition for high-quality programming, resources and career
opportunities.
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The increased scope for communication will also add beneﬁts to programme making, cross-fertilizing ideas and innovations not only within
project teams, but across department lines. Adding quality through shared
successes in programme budgeting, scheduling and conceptualization will be
a natural outgrowth of increased information ﬂow. Team performance as
measured by the members themselves will be more informed, benchmarked
against their colleagues’ performance and thereby improved. This new attitude toward communication across information boundaries will improve
commissioning, editing, production, scheduling and broadcast and will lead
to new markets, new products and new audiences.

Conclusions
The branded workplace is a physical expression of an organization’s corporate values, ethos, beliefs and behavioural codes. It makes tangible those
things typically expressed by the intangible. In the best examples, the brand
does not exist solely as a point of identiﬁcation on the shop window, the
forecourt or the headed paper: it permeates the organization’s whole way of
doing business. Hand in hand go work practice, work process, ethics and
decision making, the physical ofﬁce landscape and the virtual web. Where
an organization’s mission, goals and objectives are closely aligned to the
concerns of the individual (the individual as an internal resource or as a
customer), then its value cannot be over-estimated (see Fig. 16.14). And, of
course, the reverse is true: if the outward expression of the organization says
very little about its mission, then its internal perception to its staff will be
almost non-existent.
As we have seen, achieving the branded workplace must be balanced with
the other challenges faced by corporate bodies in the twenty-ﬁrst century –
the need for efﬁciency (anything that drives down occupancy costs per person per year), effectiveness (anything that has the potential to add value to
business) and expression (anything that evokes the essence of the organization’s ethics, values and beliefs).

Figure 16.14 Values made visible
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The narrative ofﬁce with multiple messages can be seen as an active
medium offering many integrated uses. The advantages of new ways of
designing and using space are both outward-looking and inward-enhancing.
By preparing for the vagaries of uncertain markets while maintaining its
position as a forward-looking, service-oriented organization, the BBC will
ensure future success. Seeing the resource of accommodation as an essential
component of a much larger strategy, the BBC also demonstrates not only a
commitment to its staff and licence fee payers but also to the creation of
high-quality output through more creative workspaces.
The BBC’s workplaces are far removed from those of a decade ago, when
institutional corridors and outer ofﬁces of personal assistants hid the decision-makers from view and prevented the free ﬂow of communication. Over
the last seven years DEGW has guided the corporation away from managing
property as nothing more than accommodation for its operations and has
encouraged it to demand more and more of its space as it faces each new
challenge. The past ﬁve years in particular have seen the BBC move towards
an open-plan workplace, where space is allocated according to need rather
than status and where the focus is on collaboration and sharing rather than
silo thinking. This changed approach to the workplace is particularly in
evidence at the White City Media Village. The BBC is now beginning to
share its White City experience with other parts of the organization and
strongly believes that the workplace plays an important part in attracting
and retaining talented staff. The potential of the workspace is ﬁrmly on the
agenda.
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The SMUD Call Center and Desktop
Studies
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Introduction
Buildings are built to house human occupations. Any building that can
enhance the purposes of its occupants is inherently more valuable. To the
extent that we can provide reliable information to architects and building
owners about how design decisions will inﬂuence the performance of workers in those buildings, we can promote the construction of a physical
environment that is more supportive of our health, our comfort and our
overall productivity as a society.
This chapter reports on a ﬁeld study of how ofﬁce worker performance
can be inﬂuenced by indoor environmental conditions, especially those
related to the function of windows.1 The study used a multivariate regression analysis, a powerful statistical technique, to control for multiple potential inﬂuences on ofﬁce worker performance, while attempting to isolate the
magnitude and statistical certainty of any effect associated with speciﬁc
environmental conditions, such as worker exposure to daylight and electric
light illumination levels, window views, ventilation and air temperature.
Two related studies were conducted simultaneously within the ofﬁces of
the same organization, the Sacramento Municipal Utility District (SMUD).
The ﬁrst study measured the performance of 100 workers in an incoming
call center. The workers’ performance, measured in terms of time to handle
each call, was continuously tracked by a computer system. The second study
looked at the performance of 200 other ofﬁce workers on a series of short
cognitive assessment tests, taken at each individual’s desktop computer.
The Sacramento Municipal Utility District is a large, publicly owned utility company in the state capital of California. It operates about a dozen
buildings at one central campus. We selected three buildings, shown in Fig.
17.1, for our study, which would allow a comparison of workers in the same
company who are working in the same location and climate, but with an
interesting range of interior environmental conditions, especially relating to
daylight and views.
SMUD’s newest building, the Customer Service Center (CSC), completed
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Figure 17.1 Exteriors of the three SMUD study buildings. Left: Headquarters building,
south

in 1995, is a four storey ofﬁce building, with exemplary daylighting and
many other innovative design features intended to promote both worker
comfort and energy efﬁciency. Ample daylight is provided from skylights on
the top ﬂoors and high windows close to all ofﬁces. The Headquarters building, completed in 1960, was also an exemplary building of its time. Also
four storeys, it features expansive views out into a mature botanical garden,
with movable sun shades on the exterior walls. However, dark-tinted glazing
prevents almost all daylight from entering the building. A third building, the
Distribution Services building, completed in the early 1970s, is a two-storey
ofﬁce building that was recently renovated. It has wide supporting columns
outside each window which block both the sun and views and allow only
minimal daylight into the building.
All three of these buildings support a large population of ofﬁce workers
housed in nearly identical workstations, as illustrated in Fig. 17.2. Corporate standards provide ergonomic furniture, medium-height partitions, and
up-to-date computers at each workstation. (A detailed description of each
building is provided in the study report, along with a photo-tour of each
building.) All three buildings are all very well maintained and carefully
operated to ensure occupant comfort at all times.

Figure 17.2 Similarity of workstations in the three study buildings.
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Two simultaneous studies
One of the key challenges of any study looking at the relationship between
the indoor environment and ofﬁce worker performance is ﬁnding meaningful metrics of ofﬁce worker performance. While there is much discussion of
the value of ‘productivity’, the productivity of ofﬁce workers is notoriously
difﬁcult to assess. Clearly, an organization is only as good as the sum of its
parts – i.e. each worker. However, there are also structural and synergistic
effects at the organizational level that may affect overall performance of
the company in addition to the performance of the individuals. Thus, an
ideal measure of productivity would measure the efﬁciency of the work
performed by all members of the organization.
To achieve these goals, we pursued two studies simultaneously. One study
looked at how worker performance in the call center varied with exposure to
light and ventilation over time, and the other measured differences in
worker performance across the range of day lighting and ventilation conditions in each of the three buildings. We also hoped that the rare opportunity
of conducting two concurrent studies on related ofﬁce spaces, even with very
different outcome metrics, would potentially increase the validity and value
of both studies. We called the ﬁrst the Call Center Study and the second the
Desktop Study.
In the SMUD call center, which handles incoming service requests and any
customer questions about the utility’s programs, over 100 workers are doing
nearly identical tasks, have similar levels of education and experience, and
are continuously and objectively monitored for their performance through
the use of automatic tracking software. In the Call Center Study, the linkage
between individual performance and organizational productivity is clear,
since the call center’s management uses the same metric (average time to
handle a call) to measure both individual worker performance and overall
productivity for the call center as a whole. For the Call Center Study we were
also able to directly analyze the dollar value of performance changes.
However, there were two limitations to the call center for our purposes.
First, the range of daylight conditions was limited, since all of the workers
were located in the same daylit space. We sought to overcome this limited
range of conditions in the call center by introducing a few modest interventions. We artiﬁcially restricted or increased the amount of daylight and ventilation for a few days in the study period in order to increase the range of
study conditions. Second, performance in a call center is a highly specialized
subset of ofﬁce work and cannot necessarily be translated into more generalized ofﬁce or professional work. We addressed the second limitation by
running the parallel Desktop Study.
For the Desktop Study we recruited a population of 200 similar workers
across 12 departments in the three buildings, and then administered a set
of brief performance tests that could gauge aspects of individual worker
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performance, such as speed, accuracy, attention and memory. The tests were
administered via each employee’s desktop computer during the same time
period over the course of ﬁve weeks. Thus, we had individual performance
metrics for 200 people in a variety of physical conditions. These tests had
previously been used in various laboratory studies on ofﬁce worker performance, providing normative data and a link to related research. In particular, the tests were chosen to capture effects of visual fatigue and mental
fatigue. The assumption is that reducing fatigue in the ofﬁce environment is
likely an indicator of improved individual contribution to organizational
productivity. While these performance tests for the Desktop Study could not
achieve our objective of measuring organizational productivity, we hoped
that they might provide insight into some of the discrete mechanisms that
contribute to individual performance.
Measuring indoor environmental characteristics
Lighting quality, thermal comfort, ventilation and acoustics can all plausibly
be argued to have an effect on overall comfort, ability to concentrate, or
performance on tasks. Each one of these issues has been studied independently in laboratory studies. However, in real environments they are never
fully independent of one another. For example, more daylight can also raise
air temperatures or more ventilation can change the acoustic conditions in
an ofﬁce. Furthermore, the human body integrates the inﬂuence of all of
these comfort conditions into one output – the physiological status and
mental performance of the individual. These issues are clearly intertwined
and work together to determine ofﬁce worker comfort.
The ofﬁce study sites allowed us to control for some potential inﬂuences
by providing an environment that was extremely uniform in some dimensions, such as acoustics and ergonomics. In other dimensions, the study sites
are quite complex, with multiple interacting systems, and variation in both
time and space. Our speciﬁc methodology for recording variation in air
temperature, ventilation, illumination and view are described below. Then
we discuss a few of the challenges in deciding what to measure, and how.
Measuring daylight illumination
Daylight illumination was the primary environmental condition that we
wanted to describe and measure. One of the more obvious qualities of daylight is that it is constantly varying. It varies in intensity by time of day and
season, as the sun moves through the sky and with atmospheric conditions.
It varies with location within a building and relative to the perspective of the
viewer. It also varies in spectral composition throughout the day and season.
In order to understand what to measure, we need to understand the
expected effect on humans. Are we looking for an instantaneous visual
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effect? A delayed emotional or morale effect? A physiological circadian
effect, which might be most evident on a daily or weekly performance scale?
A long-term health effect, expressed in years? Or all of the above? A different hypothesis would suggest a different time period for measurement, such
as instantaneous levels, or average hourly, daily or annual exposure. Should
we measure averages or peak exposure? Should we attempt to account for
duration and frequency of exposure? Or perhaps measures of variability,
such as standard deviation?
Hypotheses about the mechanism by which daylight affects human performance should also inﬂuence how daylight illumination measurements are
collected. For example, the most common assessment of illumination in an
ofﬁce space is made by measuring the average horizontal illuminance at the
desk (as was done for most of the illuminance measurements in this study).
This metric was developed decades ago when the typical ofﬁce task was
reading or writing on paper. However, in computerized ofﬁces the most
common visual task is now viewing a vertically mounted, self-illuminated
screen, which changes the issues of visibility of tasks dramatically. Alternatively, if the key issue of interest is circadian stimulation, then cumulative
or peak daily illuminance received vertically by the eye of the worker may be
a more important dimension of illuminance to measure.
There is also the question of how to quantify daylight intensity by wavelength. Standard light meters (illuminance meters) measure the intensity of
the visual spectrum of wavelengths weighted according to the visual sensitivity of the eye. However, if exposure to daylight in an ofﬁce space also has a
circadian or physiological function, then an illumination measurement
weighted to the wavelength sensitivity of the biological system would be
more appropriate.
Considering all of these issues together makes it clear that we are only
beginning to sort out the critical issues in measuring the presence of daylight
relative to human performance. In this study, we attempted to collect multiple measurements of daylight exposure, so that we could test for such
things as time dimension or variability. But in reality, we were greatly constrained by the available technology for cheap and unobtrusive measurements of illumination. Our illumination measurements were all made with
simple illuminance measuring devices (hand-held light meters and small,
matchbox-sized 15-minute interval data loggers, called Hobos), weighted to
the eye’s visual sensitivity. We took most of our measurements in the horizontal plane, with a modest attempt to correlate those measurements to
vertical readings. We have looked at illuminance averages, peaks and variation over one hour, one day and multi-week periods. We also tested
whether a one-hour or a one-day time lag provided a better ﬁt in predicting
performance. We made no attempt to account for people’s exposure to light
outside of their workstation.
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Describing other characteristics of windows
Windows are a very complex component of the ofﬁce environment. They
can provide an ofﬁce with daylight, views, ventilation and a communication
conduit with the outside world. They can also create thermal discomfort,
glare, noise and distractions in the workplace.
Of all of these characteristics of windows, perhaps the most interesting
and most controversial is the importance of view. In ofﬁce buildings it has
long been a truism that the senior executives are rewarded with corner
ofﬁces, with the biggest boss getting the best view. Given the value people
normally place on a good view, researchers have sought to understand what
constitutes a ‘good’ view and how such a view might positively impact
workers.
There are a variety of hypotheses about how view might affect human
performance. These include improved eye health, by reducing eye strain
through the provision of a variety of distances for the eye to focus on; mental
stimulation or mental relaxation, including a restoration of attention
capacity and ability to concentrate; and/or a reduction in stress due to
some natural afﬁnity of humans to views of nature. Another important
possibility is that a view to the outside may provide needed circadian
stimulus, via bright light and biologically processed information about the
time of day.
We attempted to isolate the effects of daylight from the other characteristics of windows by including a wide range of study conditions with combinations of view and daylight exposure. These included workstations with
lots of daylight but no view, lots of view but no daylight, and a variety of
conditions in between. We considered a variety of options on how to categorize view. These included window size (viewing angle), distance of a
workstation to an exterior wall, qualitative assessment of glare potential
and content, and sun penetration. We also measured temperatures at the
workstation that might be partially a function of daylight illumination
levels. In addition, we asked participants in the Desktop Study to make their
own assessment of their personal view, which correlated reasonably well to
the surveyor assessments.

The Call Center Study
Call centers are a rapidly expanding type of ofﬁce work, as more and more
industries ﬁnd ways to market to or serve their customers over telephone
lines. Two million people work in call centers in the United States and a total
of 10 million people work in call centers internationally. The call center
workforce is expected to expand by 50 per cent over the next decade.2
Call center work is highly dependent upon both acoustic conditions, since
agents are talking to customers on the phone, and visual conditions, since

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Windows and office worker performance

283

they are typically entering and processing information on computer screens.
Since call center workers are using electronic equipment, primarily telephones and computers, it is easy and common to closely monitor their
work performance with computerized tracking systems. Often workers
are provided with instantaneous feedback on their performance and
the call center group as a whole. This feedback, along with incentive
programs based on performance metrics, creates pressure for ever better
performance.
The SMUD call center in this study handles all incoming calls from residential and commercial utility customers who have service requests, questions about billing or want information about utility programs. About 100
workers, called Customer Service Representatives or CSRs, have been
trained to handle any customer question or request. The SMUD call center is
strictly an inbound call center, where the CSRs only respond to incoming
requests.
Call center: Physical layout
The call center is located in the newest of the SMUD ofﬁce buildings, the
Customer Service Center. It occupies all of the ﬁrst ﬂoor of the southwest
wing, a space 20 m (65 ft) wide and 36 m (117 ft) long, with the long
dimension oriented east–west. Along the north and south walls there are
large windows designed to maximize daylight penetration into the space. An
internal central aisle runs down the length of the call center, allowing entry
into various subsections of cubicles.
Customer Service Representatives sit at uniform cubicles, about 2.1 m
(7 ft) square. SMUD pays a great deal of attention to ergonomics, and each
employee has a chair and keyboard customized to their size and preferences.
The cubicles are separated with 0.9, 1.2, or 1.5 m (3, 4, or 5 ft) high acoustic
partitions. The 1.5 m (5 ft) high partitions delineate boundaries between
groups within the call center. Supervisors have the lowest height partitions.
A number of workers also are located near full height walls. Each worker
has a computer with a ﬂat panel 43 cm (17 in.) monitor and a telephone with
a headset.
Daylight is provided via 4.3 m (14 ft) high double-glazed, low-e windows
on the north and south walls, and is regulated by the occupants with perforated vertical blinds that still allow some view outside when blocking 95 per
cent of the daylight. The south windows are extensively shaded, while the
north windows receive much reﬂected daylight from the nearby north-west
wing of the building. In general, during the study period the majority of
workers left their blinds on the north windows open, while a majority on the
south kept their blinds partially drawn. Electric illumination is provided
from linear direct/indirect ﬂuorescent ﬁxtures, with dimming ballasts and
3500°K T8 lamps.

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

284

Heschong

Workers are provided with a variety of individual lighting and thermal
comfort controls. Each workstation is provided with a mobile compact
ﬂuorescent task light. Some workers request two lights and some prefer not
to have the task light at their workstation. There are also operable vents in
the ﬂoor, which allow each worker to control the amount of ventilation
provided near their desk via a pressurized underﬂoor ventilation system.
Workers who have a workstation located near a window also have the
ability to open a small awning window to increase ventilation. Security
protocols for the call center ask employees to close their blinds and windows
every evening before leaving the building, thus if the worker desires them to
be open they must be re-opened again in the morning.
Call center: Selection of study population
The call center had a total of 129 employees located in the ﬁrst ﬂoor of the
CSC building during our study period. Out of these, a total of 100 full-time
Customer Service Representatives were selected for our study population.
The call center is organized in ﬁve shifts covering a 12-hour service period
from 07:00 to 19:00. Each shift is served by two groups, for a total of ten
groups. The shifts overlap so that there is the highest population of CSRs in
the middle of the day when there tends to be the greatest number of incoming calls, and the lowest population at the beginning and end of the day (see
Fig. 17.3).

Figure 17.3 Population of call center by hour of the day
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Call center: Performance metrics
The SMUD call center is very tightly managed. Supervisors have access to
real-time performance metrics of all of their employees. Each worker
typically handles six to eight calls per hour, including both talking and
reporting time, tracked as average handling time (AHT) per call, which is the
bottom-line measure of individual, group and department performance.
Employees are given continuous and instantaneous feedback on the performance of the call center as a whole via animated LED signs posted
around the work area. Thus, they can gauge their actions based on the
current status of incoming calls. CSRs are judged by their AHT on a daily,
monthly and yearly basis, and given rewards for faster overall performance,
including both immediate prizes and long-term salary increases. Both
individuals and groups with the best, and/or most improved, performance
metrics are given public recognition for good performance.
The call center management gave us access to information on the daily
(September) and hourly (November) performance of CSRs, along with some
basic information about the individuals, shown as ‘Personal Status’ in Fig.
17.8 on page 290. Identiﬁcation numbers were used to preserve employee
conﬁdentiality. In addition to average handling time (AHT), our outcome
metric for each employee discussed above, we were also provided with
measures of group performance and the overload load on the call center,
shown as ‘Call Center Status’ in Fig. 17.8.
Call center: Data collection
We undertook the study of the SMUD call center in two phases: an initial
pilot study of the daily performance during four weeks in September
2002, hereafter referred to as Phase 1, and a more detailed hourly study
during three weeks in November 2002, called Phase 2. We settled on two
primary methods of environmental data collection: observations of the
space while it was not occupied and ongoing data collection via miniature
data loggers.
Our goal was to collect information that would reﬂect the variation of
indoor environmental conditions that workers were exposed to during the
study period. We were interested primarily in how light varied in time and
space, along with concurrent changes in view, temperature and/or ventilation. In addition, we wanted to ﬁnd the least intrusive methods for observing
environmental changes in the space, so that our study would not disrupt
call center operations and so that we would minimize the possibility of
inﬂuencing our study subjects’ behavior.
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Illuminance levels (electric and daylight)
We measured horizontal illumination levels during unoccupied periods
along transects across the building, indicated by letters D, F, H, J and K in
Fig. 17.4. Measurements were taken at 1.2 m (4 ft) above the ﬂoor, at every
1.5 m (5 ft) interval, using a hand-held digital illuminance meter. Data for
these transects were collected under four lighting conditions (lights off/
blinds closed; lights on/blinds closed; lights on/blinds open; and lights off/
blinds open) and for three time periods (morning; midday; and afternoon).
By subtracting the readings with the lights off from the readings with the
lights on, we were able to derive the electric and daylight illumination levels
for the various blind conditions and times of day. A typical illumination
pattern is illustrated in Fig. 17.5.
To continually measure illuminance, temperature and humidity, Hobos
were installed on top of the 1.5 m (5 ft) high partitions, as shown in Fig. 17.6.
The Hobo data logger was located near each cluster of 4–6 cubicles. We took
also hand-held illumination readings at every cubicle. The one-time handheld readings were then calibrated to the simultaneous reading from the
closest Hobo location to create a continuous data stream for each cubicle.
View factor
Two types of views were assessed for each cubicle location: the primary view
and the break view. We were interested to see if the inﬂuence of view
changed, depending upon whether it was a constant or occasional event
during the workday. While most call center workers had some access to

Figure 17.4 Call center transects and Hobo locations, Phase 1
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Figure 17.5 Daylight and electric illumination transect in call center

Figure 17.6 Hobo placement on a partition

views, the quantity and quality varied considerably depending on cubicle
orientation, height of nearby partitions, proximity to walls, etc., and was
independent of job status.
The primary view was rated by sitting in the chair in each cubicle facing
the computer monitor. The amount and quality of view visible within a 90°
cone of the monitor was rated from 0 = none to 5 = largest, based on the
methodology described below. The surveyor then moved away from the
desk, still sitting in the workstation chair, and rated the amount of break
view available from all other seated positions within the cubicle.
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Figure 17.7 presents images that visually represent the scale used to assess
the view in this study. A view rating of 5 almost completely ﬁlled the visual
ﬁeld of the observer seated at the cubicle, representing a 50–90° angle of
view. A view of 4 ﬁlled about one-half of the visual ﬁeld. A view of 3 represented about one-half the size of a view 4, but still with a coherent view. A
view rating of 2 represented a narrow and typically fractured view. A view
rating of 1 represented a glimpse of sky or sliver of the outside environment,
representing a 1–4° angle of view. (See the original report for more details
on view assessment.)
Ventilation
Most cubicles also had under ﬂoor ventilation registers. We assessed the
position of personal ﬂoor vent on a scale of 0–4, where 0 = closed or missing
and 4 = fully open. An assessment of changes to ﬂoor register position during
the second phase showed that 25 per cent had their settings changed either up
or down at least two points on the scale over the previous two months.
However, the aggregate average setting for the call center remained the same.
We were provided with data from the environmental management system
(EMS), which allowed us to derive outdoor ventilation rates for Phase 2.
During this period, we also kept outside air rates to code minimum for a few
days in order to increase the variation in the data set between climate conditions, indoor temperatures, air delivery rates, and proportion of outside air.
Call center: Statistical methodology
From the data collected in the two phases of the study, three statistical
models were created, using multivariate regression analysis run in SAS (statistical analysis software). Each model had an outcome variable based on an
individual employee’s average daily or hourly average handling time (AHT)
and many explanatory variables. The variable selection method used was a
variant of the backward elimination method.
For the ﬁrst model, called the September Daily Model, the average individual daily AHT was used as the outcome variable. Daily averages were
also created for the explanatory variables from data collected in Phase 1. For
the second model, called the November Daily Model, we used Phase 2 data.
For the third model, called the November Hourly Model, we used the same
Phase 2 data, but in an hourly format for both outcome and explanatory
variables.
For the two November models, we also created ‘lagged’ variables which
described the illumination levels of the previous time period, either one hour
before or one day before the performance metric. This allowed us to test the
hypothesis that daylight illuminance might inﬂuence performance after a
time lag rather than instantaneously.
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We also tested the ﬁt of the models with variables deﬁned as natural logs,
in addition to linear scales. A logged function is potentially a better ﬁt for a
variable that has a diminishing effect with increasing size. Among the variables tested with logged functions were variables based on illumination
levels. This is consistent with the observation that the eye has a narrower
dynamic range of sensitivity at a low light level and a greater range of
sensitivity at high light levels. Some timed functions, such as AHT, were also
considered as logged variables.
Call center: Findings and discussion
The ﬁndings from the three statistical models are presented in Fig. 17.8 in
terms of their percentage effects. The percentage effect shows how much the
outcome variable would change over the range of that variable speciﬁed in

Figure 17.8 Percentage effects of the three call center models
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the table, if all other factors considered in the regression equation were held
constant. Percentage effects are only shown for those variables that were
found signiﬁcant (p < 0.10). Dashed lines indicate that a variable was not
considered in a particular model. Those explanatory variables that have a
consistent effect across all three models are underlined. (Full statistical
details are available in the original project report.)
The positive effect shown in the white column indicates improved (faster)
performance. A negative effect shown in the gray column indicated poorer
(slower) performance. For example, in the Daily September Model, a
worker with the best Primary View is seen to perform 6 per cent faster than
those workers with no Primary View, but to have no signiﬁcant change in
both the November models. The effects between variables are additive, so
that if a worker had both the best Break View and a Primary View in
September, they would be working 12 per cent faster.
The AHT for our data sets was approximately 7 minutes per call. Thus, a
+10 per cent improvement indicates handing calls 10 per cent faster on
average, or within 6.3 minutes. A −10 per cent reduction indicates handling
calls 10 per cent slower, or within 7.7 minutes.
Illumination
The logged illumination variables were found to have a better ﬁt in the
models, increasing the models’ explanatory power slightly. The lagged
illumination variables were not found to improve the models.
Daylight was found signiﬁcant in only one model, November Daily, and
was found to slow overall performance slightly, by −0.2 per cent for every
10 per cent increase in average daily daylight horizontal illumination level.
The intensity of electric illumination, on the other hand, was found to
increase performance by about the same amount, +0.3 per cent in only the
November Hourly Model. The relative effect of these two ﬁndings is shown
in Fig. 17.9, where the dashed line is average daily daylight illuminance and
the solid line is electric illuminance.
The illumination ﬁndings in the three models are somewhat contradictory
and less than compelling. It is somewhat odd that daylight, which varies
hourly, was only found signiﬁcant in the analysis model using daily averages, while electric illumination levels, which are essentially static, were only
signiﬁcant in the hourly analysis. Since we know from our illumination
transects that electric light increases in the center of the call center and
daylight increases at the perimeter, these two effects are basically complements of each other, indicating relatively faster performance for workers
located in the core. It is possible that people in the core are functioning
slightly better than people at the perimeter for some reason other than
illumination, although we tried to control for any such confounding effects
with the ‘Distance to Window’ variable.

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

292

Heschong

Figure 17.9 AHT in relationship to daylight and electric illumination

View
The ﬁndings about view are perhaps the most striking ﬁndings of this analysis. A better Break View consistently predicts 6 to 7 per cent faster performance. A better Primary View also predicts an additional 6 per cent faster
performance in the September Daily Model. Since the effects of the various
explanatory variables are additive, those workers with both the best Primary
and Break Views were performing 12 per cent faster than those with no view
at all.
As a complementary ﬁnding, those employees at a workstation with partition heights above eye level on two sides are seen to be performing 11 to 18
per cent slower than those with all their partitions below eye level. Workers
with high partitions have fewer opportunities for views, especially primary
view. Workers with these conditions, however, were a small proportion of
the population, fewer than ten workers.
Temperature and ventilation
From the results we ﬁnd that cooler temperatures are associated with faster
performance in the November Hourly analysis. A small increase in air temperature inside of the space, from the average of 23°C to 24°C (74°F to
76°F) was seen to slow worker performance by 2 per cent, or said more
simply, a one degree Celsius increase in air temperature was associated with
a 2 per cent drop in performance.
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‘Floor Register Status’ was one of the most powerful explanatory variables in the models. Those workers who had their ﬂoor registers set to fully
open, presumably to maximize ventilation near their workstation, were consistently seen to have faster performance than those with their ﬂoor registers
fully closed. This ﬁnding could potentially be related to increased local air
ﬂow or alternatively to lower local air temperature. Upon examination of
the facility records for the study period, we conﬁrmed that the delivery air
temperatures were substantially cooler than average room air temperatures
for the call center. In September the delivery air ranged around 14°C (58°F),
which was about 9°C (15°F) cooler than the room air, while in November
the delivery air was at about 18°C (64°F), or about 5°C (10°F) cooler than
the average room air. Thus, people with their ﬂoor registers open were
receiving both more ventilation air and cooler local temperatures than those
with their registers closed.
In the November Hourly Model, we were able to include a variable indicating the amount of outside air introduced into the space on an hourly basis
(‘Outside Air Delivered’). As the ﬂow rate of outside air per square meter
increased, performance also improved. Increasing the rate of outside air by
18 m3/h/m2 (1 CFM/sf), or double the average rate, was associated with 4
per cent faster handling of calls.

The Desktop Study
The Desktop Study presented us with the opportunity to study ofﬁce worker
performance across a greater range of daylighting and other environmental
conditions than the Call Center Study. We had the opportunity to investigate
three buildings with a substantial range of daylight versus view conditions:
one with basically no views and no daylight; one with excellent views and no
daylight; and the third with a combination of high daylight levels provided
by skylights, where workers often had little or no view, and other areas with
both high daylight levels and excellent views. All three buildings also
included core ofﬁce areas where workers had no daylight and no views.
The greatest challenge of the Desktop Study was creating a metric of
performance that could be uniformly administered to the participants and
would create a meaningful measure of changes in ofﬁce workers’ capabilities. We were also constrained by the need to minimize the time requirement
to participate in the study, so that the study itself did not create a negative
productivity impact on SMUD’s ongoing operations. In discussion with
management, we agreed to create a test of performance that would take no
more than 5 or 10 minutes to complete.
Since we wanted to analyze the relationship of actual workplace environmental conditions to worker performance, this assessment had to be
administered at the worker’s own desk and under as uniform and normal
conditions as possible. We decided to create a computerized assessment test
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that could be administered simultaneously to our full study population. This
assessment was successfully administered to a ﬁnal study population of over
200 participants multiple times. Volunteers took the test from one to four
times over the course of a 5-week study period in October and November
2002. The details of the study methodology and its ﬁndings are described
below.
Desktop: Selection of study population
For the Desktop Study we wanted to recruit a sufﬁciently large population in
order to be able to able to analyze a range of environmental conditions and
to achieve sufﬁcient statistical power to detect fairly subtle effects.
We needed to ﬁnd a population that was fairly evenly distributed across
the range of environmental conditions that we wanted to study, and which
represented a sufﬁciently balanced population to avoid introducing
inadvertent demographic bias. In order to recruit this population, we ﬁrst
worked with the Human Resources Department within SMUD to identify
an initial pool of 800 potential study participants, and then used a survey to
further screen the population and recruit volunteers. Our ﬁnal study population of 201 ofﬁce workers was well balanced among profession types, status
and location in the various buildings.
Desktop: Environmental data collection
The process of onsite data collection for the Desktop Study was based on the
experience from the Call Center Study. We used a similar methodology to
collect information about the workstations, their illumination levels and
other environmental conditions.
We followed the procedures described earlier in the Call Center Study to
rate the Primary View and Break View at each desk. In addition, we rated the
glare potential from the window sitting at the monitor on a scale of 0–3,
where 0 was no likelihood and 3 represented high likelihood. We collected
illumination data using hand-held equipment following the methodology
described for the call center Phase 2. In the CSC building we also noted the
ﬂoor register status for each cubicle. Unfortunately we were unable to calculate changes in ventilation rates or outdoor air components for the Desktop
Study.
Desktop: Performance metrics
In the Desktop Study we were faced with a rather unique challenge – how to
measure ofﬁce worker performance in the ﬁeld in a meaningful way that
might inﬂuence a manager’s assessment of overall organizational productivity. We decided to create a series of mini-tests that would assess employee
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visual and mental performance, including short-term and long-term memory. Our primary criterion was that these tests could be administered in a
5- to 10-minute time span. We decided to identify a suite of tests that could
be self-administered at a worker’s own computer, with performance metrics
that could be automatically measured and recorded by the computer. This
created fairly rigorous selection criteria which narrowed our search for
potential tests to relatively few possibilities. Based on these criteria, and
input from other researchers, we selected ﬁve types of tests that represented
a range of commonly used visual and cognitive assessments.
A single mini-test session was constructed with each of the ﬁve tests. Each
session of a mini-test included three to four trials of each test type. The ﬁve
tests were as follows:
1

2

3

4

5

Landolt C. Identify the direction of a square ‘c’. As administered in our
format, it measures visual acuity and speed of response. It is a standard
visual acuity test, widely used in vision research.
Letter search. Find a ‘c’ in a random ﬁeld of ‘o’s. This measures visual
acuity, visual scanning efﬁciency, manual dexterity and speed of
response.
Number search. Count the number of a certain digit randomly distributed in a larger matrix of digits. This measures visual acuity, visual
scanning efﬁciency, mental alertness, speed of response and short-term
memory.
Backwards numbers (aka Digit Span Backwards). Repeat a series of
digits backwards. This is a standard psychological test for mental acuity, attention span and short-term memory.
Memory test. Remember a number of images presented earlier. This
measures short-term (within 10 minutes of ﬁrst presentation) and longterm (2 to 4 weeks later) visual and verbal memory.

Figure 17.10 gives a graphic representation of the cognitive functions
assessed by each of the ﬁve mini-tests.
The participants were instructed to take at least four sessions of the minitests (called sessions from here on) on four consecutive Thursdays between
mid-October and November of 2002. The tests were accessible only
between 10:30 and 12:30 on those days to control for variation in time of
day and daylight exposure. This time period was chosen to let the employees
be exposed to the environmental conditions in their workspace for a few
hours before they took the tests, and to be tested when daylight illumination
was likely to be near its highest, but before they were likely to leave the
workplace for a lunch break and thus be exposed to outside environmental
conditions.
The participant accessed the tests using their connection to the SMUD
intranet. This allowed us to instantaneously record their timed response in
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Figure 17.10 Cognitive functions assessed by the five mini-tests

milliseconds, to a central database. For every session of the mini-tests, along
with instructions, a practice screen was provided before the actual test
began. This reduced the potential effects of a learning curve, although we
also controlled for a learning curve by session in our analysis.
Questionnaire
In addition to the mini-tests, the participants were asked to ﬁll out a 15-page
questionnaire at the end of the study period. Topics included thermal comfort, air quality, lighting quality, view, acoustics, stair usage and general
health. General comfort questions were asked on a seven-point scale.
The answers to the questionnaire allowed us to compare employees’ own
assessment of their workstation environment with our physical measurements and subjective surveyor ratings. We used Pearson’s correlations to
look at these relationships. For example, there was a strong correlation
between survey rating of a better view and employee assessment of the size
of their view. We also used the questionnaire to answer questions raised
during the regression analysis and provide insight to the ﬁndings. For
example, we found a strong correlation between proximity to skylights and
complaints about glare on computer screens, but no correlation between
proximity to skylights and complaints about thermal comfort.
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Desktop: Findings and discussion
A separate model was created for each of the ﬁve tests, using an outcome
variable created from the calculated scores. The ﬁndings from the ﬁve statistical models are presented in Fig. 17.11 in terms of their percentage effects.
The percentage effect shows how much the outcome variable would change
over a certain range of that variable, if all other factors considered in the
regression equation were held constant. Percentage effects are only shown
for those variables that were found signiﬁcant (p < 0.10). Dashed lines indicate that a variable was not considered in a particular model. Full descriptive
statistics for each model are available in the study report.
The positive effect shown in the white column indicates improved performance in that test, while a negative effect shown in the gray column
indicated poorer performance. For example, ‘Glare from Windows’ is seen

Figure 17.11 Percentage effects of the five Desktop Study models
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to induce a 21 per cent decline in performance compared to ‘No Glare’, in
Number Search, a 15 per cent decline in Backwards Numbers, and a 17 per
cent decline in Memory Test. It has no signiﬁcant effect in Landolt C and
Letter Search models.
Because this is a multivariate regression model for ﬁeld study conditions
where the explanatory variables are not fully independent of each other, it is
possible that there are interactions between some of the explanatory variables. Due to project limitations, we only explicitly tested for interaction
between the view and glare variables. We were also able to investigate participant answers to comfort questions on the questionnaire in order to probe
potential causal mechanisms for some outcomes. In the discussion below, we
include some hypotheses for interactions between variables that might aid
interpretation. It should be remembered that each human subject is in reality
a physiological integrating mechanism, responding to all inﬂuences simultaneously. Thus, interactions among environmental inﬂuences are likely to
always be an issue in ﬁeld studies.
Lighting
‘Daylight’ came up signiﬁcant and positive for the widely used attention and
short-term memory assessment test of Backwards Numbers, aka Digit Span
Backwards. The analysis indicates that for every 10 per cent increase in
horizontal daylight illuminance on the log scale, there was a 0.45 per cent
increase in performance in the Backwards Numbers test. Daylight can be
inferred to be consistent with a higher level of concentration and better
short-term memory recall.
The magnitude of this effect is plotted in Fig. 17.12. Since the daylight
variable was logged, it implies that there is a larger gain in performance at
small increases of daylight illumination at the low ranges of illumination,
and a diminishing effect at higher illumination levels. The graph shows that
an increase in daylight from none to 720 lx (67 footcandles [fc]) is associated
with a one point change in performance. Normative data show average
adult performance on this test is the ability to recall ﬁve digits. Being able to
recall seven digits approaches genius level, and is indicative of high mental
function and focused attention. Thus, a one point rise in performance which
might be attributable to daylight exposure could be interpreted as an
important effect.
However, daylight was not found signiﬁcant for any of the other tests
measuring speed and visual acuity or for the long-term Memory Test. Likewise, ‘Electric Light’ illumination levels did not show up as signiﬁcant in any
of the models. Thus, while increased daylight illumination was found to be
signiﬁcantly associated with better mental performance in one test of cognitive function, we did not see a consistent trend for an association between
increased illumination levels and better performance in all models studied.
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Figure 17.12 Backwards Numbers score in relation to daylight illumination

The ‘Skylight Zone’ variable had a negative effect for the Letter Search
test, which means that when the participant’s desk was located directly
below a skylight, it was found that they performed 15 per cent worse in
Letter Search than a participant who was not located near a skylight. This
result is best explained through a correlation study between the participants’
description of problems reported in the questionnaire and physical measurements collected by the surveyors. We found a statistically signiﬁcant and
inverse relationship between people who reported glare from skylights on
their computer screen and distance of their desk from the skylight. We did
not ﬁnd a similar relationship between increased thermal discomfort and
proximity to the skylights. Thus we believe that the most likely reason the
‘Skylight Zone’ variable was negative for this one visual acuity test was due
to increased glare on the computer screens nearest skylights.
View
‘Primary View’ was signiﬁcant in four out of the ﬁve tests, positive for the
three tests requiring mental function, and negative in the test based purely
on visual acuity. For the Letter Search, Backwards Numbers and Memory
Tests, it was found that being at a workstation with the highest quality
primary view results in an increase in performance by 8 per cent, 10 per cent
and 16 per cent respectively. The negative effect of 16 per cent in Landolt C
test might be explained as the effect of reduced contrast sensitivity in the eye
due to higher adaptation levels induced by the bright light from the primary
view.
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‘Break View’ also was signiﬁcant and positive with an increase in performance by 8 per cent and 9 per cent for Letter Search and Memory Test
respectively, as compared to having no break view at all. Both tests again
require mental function rather than visual acuity, dexterity or speed.
The consistency of these results among the mini-test models and with the
Call Center Study models suggests a remarkable importance of view in ofﬁce
worker performance. It is possible that the mental stimulation or relaxation
achieved from a view improves mental function. It is also possible that the
higher vertical illumination levels to which an employee is exposed when
looking at a view help to stimulate a physiological circadian response. It may
be that view, as a measure of vertical luminance, is a better measure of
daylight exposure than the horizontal illumination readings which we
collected with our Hobos.
Glare from windows
Glare was signiﬁcant in three of the tests and had a consistently negative
impact for each of them. It is interesting that whenever ‘Primary View’ is
positive, ‘Glare from Windows’ is negative, implying that the positive effect
of a large ﬁeld of view while looking at the monitor needs to be modiﬁed by
the negative potential for ‘Glare from Windows’.
Employees were more likely to have a high glare rating if they looked out
onto sunlit building surfaces or parking lots, and likely to have a lower
rating if they looked out to only vegetation or had no view at all. Employees
near windows on the south side of the CSC building were twice as likely to
have a high glare rating as those on the north. Those on the north were most
likely to have a high glare rating if they looked out onto a brightly sunlit
portion of another wing of the building.
We also observed informally that employees on the south side of the building were much more likely to keep their blinds closed. Thus, ‘Glare potential
from windows’ could also potentially be a proxy for ‘Window blinds closed
more often’. Unfortunately, we did not collect data on daily blind position
for the Desktop Study, and so could not investigate such a relationship
further.
This study was not designed to tease out the relationships between glare
potential from windows, occupants’ response with use of window blinds,
and the resulting changes in daylight illumination and view quality. Certainly there is likely to be some behavioral accommodation to glare that
could affect all of these parameters. However, it is clear from these models
that higher window glare potential is associated with negative performance
impacts which modulate the positive impacts of view.
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Temperature
Higher ‘Air Temperature’ was signiﬁcant, and a negative indicator of performance for the Landolt C and a positive indicator for the Memory Test.
The percentage effect for a 1.1°C (2°F) increase in temperature was 8 per
cent for both cases. This is the inverse of what might be expected, with the
usual expectation that warmer temperatures slow mental functions but
improve manual dexterity.
However, it is possible that the ‘Air Temperature’ ﬁndings in the Desktop
Study are also a secondary indicator of the amount of daylight illumination
level exposure for workers. Indeed, when we ran a model with daylight as
the outcome variable, air temperature was highly correlated with more daylight (p > .0001). That model predicted that for each 0.6°C (1°F) increase in
air temperature around a cubicle, that daylight illuminance would increase
by 65 lx (6 fc). Since the range of air temperature in the study was only
4.4°C (8°F) from minimum to maximum, this potentially represents a range
of 4.4*65, or 290 lx (8*6 or 48 fc). Assuming the ‘Air Temperature’ variable is also an indicator of daylight illumination would make the ﬁndings
above more consistent with expectations that higher daylight illumination
might reduce performance on the Landolt C visual acuity test while
improving performance on the long-term Memory Test.
Questionnaire findings
A separate analysis was made for the data collected from the Desktop
Study questionnaire. The results from the questionnaire helped inform
interpretations of the regression model ﬁndings.
The ﬁnal page of the questionnaire asked the participants to report the
number of days they experienced symptoms for 13 health-related symptoms
within the past ﬁve days. The analysis compared the responses from the
health-related questions and the responses on other comfort-related questions, as well as the data collected on-site about the physical environment. In
general we found that those who reported no physical discomfort also
reported fewer negative health symptoms. Causal relationship is unknowable here, so it is possible that those with health problems are less likely to be
comfortable, or that those who are less comfortable are more likely to have
health problems.
One of the most striking ﬁndings from this analysis is the strong relationship of various characteristics of ‘View’ with health symptoms, which was
stronger and more frequent than any other characteristics of the physical
environment, whether described by the participant or the surveyor. The
strongest of these correlations were for the milder health complaints, what
we termed ‘malaise’, such as reports of fatigue, headaches, eye strain and
difﬁculty concentrating.
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Fatigue
Of the 15 health-related questions, we found the complaint ‘fatigue’ (‘I have
experienced fatigue X times in the past ﬁve days’) to be one of the most
interesting and sensitive indicators of problems related to the person’s physical environment. Figs 17.13 and 17.14 show the negative and positive correlations results isolated for only reports of ‘fatigue’. Both the tables have
been sorted by the Pearson’s Correlation Coefﬁcient, with the strongest
(negative or positive) correlation on top. Only those variables that had high
signiﬁcance level, where p < 0.1, are shown.
In the negative correlation table shown in Fig. 17.13, it can be seen that
the comfort conditions with the largest correlations are related to view:
‘relaxing’ (−0.31), ‘interesting’ (−0.27) and those having a ‘view of plants’
(−0.26). In other words, those who reported their views were ‘relaxing’ or
‘interesting’ were also the least likely to report incidents of ‘fatigue’ in the
previous week.
In the positive correlation table we see that the top eight variables that are
most signiﬁcant and most strongly related to having ‘fatigue’ are other
health-related problems. This means that having ‘fatigue’ is strongly associated with also having other health-related problems. These are followed by a
view being ‘boring’ (0.25) and having ‘not enough daylight’ (0.24). These
view qualities are slightly more likely to predict worker fatigue than recent
incidents of the common cold (0.20).
The results show a surprisingly strong relationship between view and

Figure 17.13 Negative-comfort conditions correlated with less ‘fatigue’
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Figure 17.14 Positive-comfort conditions correlated with more ‘fatigue’

‘fatigue’. Assessments of view were the most consistent predictor of ‘fatigue’
of all the comfort conditions considered.

Overall study discussion and conclusions
Both studies successfully measured variation in ofﬁce worker environmental
conditions and related these to measured ofﬁce worker performance under
actual employment conditions. The Desktop Study pioneered the use of
computerized cognitive assessment tools to gauge ofﬁce worker performance in ﬁeld conditions. The studies have shown that indoor environmental
conditions can have a measurable relationship to changes in ofﬁce worker
performance, and have established a range of likely effect sizes (approximately the partial R2 of explanatory variables) that other researchers can use
to reﬁne the needs of future studies. Other studies will be required to test if
these ﬁndings can be replicated in other settings and to explore potential
causal mechanisms between the environmental conditions and worker
performance. In this conclusion, ﬁrst we summarize the key ﬁndings of both
the Call Center and the Desktop Studies together, then we discuss some of the
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broader ﬁndings of this study – how much inﬂuence decisions about the
physical environment may have on worker performance – and useful lessons
from this study for other researchers.
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Key findings
•

Daylight illumination levels were signiﬁcant and positive in predicting
better performance on a key test of mental function and attention.

The Backwards Numbers (Digit Span Backwards) test is widely accepted in
psychological research as a valid test of mental function and attention span.
A logged function was found to have the best ﬁt, implying the greatest
increase in performance at the lowest levels of daylight illumination and a
diminishing positive effect at increasingly higher daylight illumination
levels. An increase in minimum daylight illumination levels from 11 to 215
lx (1 to 20 fc) resulted in a 13 per cent improvement in performance in the
ability to instantly recall and mentally reverse strings of numbers. However,
at the higher end of indoor illumination levels, from 860 to 1,080 lx (80 to
100 fc), a 215 lx (20 fc) increase in daylight was reﬂected in only a 1 per cent
improvement in performance. Daylight illumination was found to have the
greatest predictive power of any variable considered for the Backwards
Numbers test.
Daylight illumination was not found signiﬁcant in any of the other outcomes considered in the two studies, with the exception of the November
Daily Model for the call center, where an increase in daily average horizontal
daylight illumination from 11 to 215 lx (1 to 20 fc) was found to be associated with a 6 per cent decrease in performance, or a 23 second increase in
daily AHT. However, an hourly analysis of the same time period did not ﬁnd
a signiﬁcant change in performance related to hourly ﬂuctuations in daylight
illumination levels. In the hourly model, however, increased local air temperature, which was somewhat collinear with increased daylight, did predict
slower performance. (See discussion below on indoor temperature.)
•

An ample and pleasant view was consistently found to be associated
with better ofﬁce worker performance.

A better view was the most consistent explanatory variable associated with
improved ofﬁce worker performance, in six out of eight outcomes considered. Workers in the call center were found to process calls 7 per cent to
12 per cent faster when they had the best possible view versus those with no
view. Ofﬁce workers were found to perform 10 per cent to 25 per cent better
on cognitive tests when they had the best possible view versus those with no
view.
Results from the questionnaire administered to participants in the
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Desktop Study supported the performance ﬁndings. There was a high correlation between workers’ and surveyors’ ratings of view. Those workers in
the Desktop Study with the best views were the least likely to report negative
health symptoms. Reports of increased fatigue were most strongly associated with a lack of view. A large window view could also potentially be an
indicator of the exposure of the worker to vertical daylight illumination
levels.
•

Glare from windows was found to be associated with reduced ofﬁce
worker performance.

In the Desktop Study, the greater the glare potential from windows, the
worse ofﬁce worker performance was on three mental function tests,
decreasing performance by 15 to 21 per cent. For the Backwards Numbers
test further analysis showed that ‘Primary View’ had a positive relationship to performance only if there was no glare potential from that view. It is
hypothesized that participants with a high glare potential were more likely
to close their window blinds, thus diminishing their view. Participants close
to windows generally had control of their windows blinds, but blind position was not monitored during the test period, thus this hypothesis could
not be tested.
•

Increased ventilation was found to be associated with improved worker
performance in the call center and improved ofﬁce worker performance
on one mental function test.

In the hourly analysis of the November study period for the call center, it
was found that an 18 m3/h/m2 (1 CFM/sf) (50 per cent) increase in outside
air was associated with a 4 per cent improvement in hourly worker performance. It is possible that this ﬁnding could be confounded by other hourly
changes in working conditions.
Workers in both the call center and the Customer Services Center had the
ability to set their ﬂoor register to provide more or less ventilation from the
building’s air handling system. In the call center, those workers who set their
ﬂoor registers fully open handled calls faster in all three models considered,
3 per cent to 10 per cent faster than those workers that had theirs fully
closed. Desktop Study ﬁndings were mixed: workers who left their ﬂoor
registers full opened performed 17 per cent better on one test of mental
function (Number Search), while their performance was worse for two tests
of visual acuity and dexterity (−15 per cent to −20 per cent).
These ventilation ﬁndings may also be related to local air temperature in
the cubicle. Researchers observed that the ventilation air supply temperature
was 5.6°C to 8.3°C (10°F to 15°F) lower for employees in the Call Center
than for participants in the Desktop Study. Indoor air temperature in the
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models was measured at 1.5 m (5 ft) above ﬂoor level, which may not have
captured the personal thermal comfort effects of an individualized ﬂoor air
delivery system. Thus, in the call center, workers with a fully open ﬂoor
register were likely to be surrounded by lower air temperatures than those
recorded by the data loggers, while participants in the Desktop Study were
more likely to be in a local thermal environment close to the recorded air
temperature.
•

Increased indoor air temperature was found to reduce worker performance in two out of eight outcomes and improve it for one outcome.

Over the course of the study periods, indoor air temperature varied over
only a 3.3°C to 4.4°C (6°F to 8°F) range. For each 1.1°C (2°F) increase in
temperature, average hourly call handling speed increased by 2 per cent. In
the Desktop Study, an increase in 1.1°C (2°F) was associated with an 8 per
cent decline in performance on a visual acuity test (Landolt C), while it was
also associated with an 8 per cent increase in performance on the long-term
memory test.
It is likely that the air temperature ﬁndings were confounded by both
ventilation supply rates, as discussed above, and by daylight illumination
levels. Room air temperature was found to be collinear with daylight
illumination levels: each 0.6°C (1°F) rise in hourly air temperature was
likely associated with 65 lx (6 fc) additional hourly daylight illumination.
Further investigation into the interaction of these variables may be able to
sort out their relative effects.
Explanatory power: Implications for future research
The statistical models discussed in this study do a modest job of describing
the inﬂuences on worker performance measured by our outcome metrics.
For the call center, our models explain a little over 20 per cent of the variance in workers’ daily performance (i.e. model R2 = 0.20) and 8 per cent of
their hourly performance. Similarly, the Desktop Study models explain the
11 per cent to 20 per cent of the variation in the range of performance on the
mini-tests.
What is interesting is the relative explanatory power of the different types
of variables. As expected, we ﬁnd that information that is speciﬁc to the
individual (such as job status or test score on a previous test) tends to have
the greatest explanatory power. Information about what kind of group the
individual belongs to (demographic information such as age or sex) is the
next most powerful in explaining performance. And ﬁnally, information
about the physical environment tends to have the least overall explanatory
power.
The signiﬁcant physical variables are each found to explain from about
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0.5 per cent to 1 per cent of the variation in performance (variable partial
R2). Altogether, information about variation in the physical environment is
found to explain about 2 per cent to 5 per cent of the variation in worker
performance.
On the one hand, this might seem to be a very small, even trivial amount
of explanatory power. However, when the power of the physical environment is held up in comparison to our ability to predict performance based on
other information we can collect about people – such as their age, sex or job
classiﬁcation – we can see that information about workspace conditions
provides about one-eighth to one-third of our total ability to predict variation
in individual worker performance in the ﬁeld. This range of explanatory
power is in the same range as was found in the companion study of an
elementary school district.3 This is important news for managers, architects
and anyone who makes investment decisions about the physical
environment.
It is also important to note that these studies were done in the ﬁeld under
nearly ideal ofﬁce conditions. The Customer Services Building at SMUD is
an exemplary ofﬁce environment by current standards. It is carefully maintained at comfort conditions and provides numerous opportunities for
occupants to customize their comfort conditions to their particular needs.
Thus, the effects we observed were not likely to be threshold effects, or at the
margin of performance, but rather under close to optimum conditions.
The ﬁndings about the explanatory power of the environmental variables
are also important news to other researchers interested in the effects of the
physical environment on human performance. These effect sizes suggest that
we need large populations in order to successfully study these effects. It
strongly suggests that researchers should not expect to be able to isolate
environmental inﬂuence on workers with study populations of only 30 or 50
individuals, but instead should expect to involve hundreds of subjects.
The value of improved performance
While the potential inﬂuences of physical conditions may be subtle, even
small improvements in worker productivity are of great practical importance. For the call center we were able to attach a monetary value to
increased speed in answering calls, since the SMUD call center functions as a
self-contained budgetary department within the larger organization. Based
on yearly operating costs provided by SMUD management, a 7 per cent
improvement in performance, such as that associated with a better break
view, was worth $1,270/m2 ($118/sf) per year in 2003. This is an astonishing number, given that the entire cost of construction of a low-rise ofﬁce
building for a comparable period in Sacramento was $910–$1,300/m2
($85–$120/sf) during the same time period. The exemplary SMUD
Customer Services Center, with its narrow ﬂoor plates, high windows, and
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its many other environmental comfort features, was built for about 2.5 to 3
times normal construction costs at the time. Thus, the improved performance of workers due to simply the increased view opportunities could be
more than justiﬁed with a short-term payback of two years or less. Alternatively, it could be said that building a new call center at twice normal
construction costs could easily be justiﬁed if the workers were given ample
views throughout the center.
Furthermore, many of the design decisions, such as designing a building
that provides an ample view for as many workers as possible, will continue
to contribute for the life of the buildings, hopefully for 50 years or more, and
inﬂuence generations of employees for many years to come. Thus, both in
terms of duration and number of individuals inﬂuenced, there is a fairly
large multiplier which should be considered in judging the relative importance of the explanatory power of the building design and operation conditions considered in these models. A small effect that is likely to persist for a
very long time, such as designing ofﬁce buildings with views, may be even
more important than a large effect that is ﬂeeting, or that requires a great
deal of effort to maintain, such as new management procedures.

Notes
1 Heschong Mahone Group (2003) Windows and Offices: A Study of Office
Worker Performance and the Indoor Environment, Public Interest Energy
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2 Industry Report (2000) Ofﬁce of Occupation Statistics and Employment Projections, Bureau of Labor Statistics, US Department of Labor.
3 Heschong Mahone Group (2003) Windows and Classrooms: A study of student
performance and the indoor environment, Public Interest Energy Research, California Energy Commission.
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information in this report; nor does any party represent that the use of this
information will not infringe upon privately owned rights. This report has
not been approved or disapproved by the Commission nor has the Commission passed upon the accuracy or adequacy of the information in this report.
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Managerial and employee
involvement in design
processes
Jean E. Neumann

The problem
During the course of organisational consultancy with clients who require
assistance in addressing changes or developments to social systems, I frequently have met or been presented with strong feelings about the design,
construction and use of buildings. The people expressing these feelings tend
to be the users of the building: managers and employees of a sub-unit for
whom the decision to expand, build or renovate their workplace was taken
elsewhere in the hierarchy of their larger organisation. In all the cases I have
come across, consultation of the users was practically non-existent.
Attempts to exert even mild inﬂuence were met by resistance from those
personnel responsible for the design and building processes. As a result,
productivity suffered dramatically post-construction.
As an applied social scientist who has been working with issues of
motivation and cooperation since 1971, I ﬁnd it hard to understand that
well-established methods of involvement and consultation seem to be underutilised in the construction industry. Manufacturing, ﬁnance and retail
industries have proved the productivity beneﬁts of such methods for at least
three decades. The concept of user involvement has been progressively
important in information technology industries.
By increasing the involvement of the users of buildings in design and
construction processes, construction managers could help avoid the worst
problems of productivity caused by the construction industry in carrying out
its work. The notion of the construction ‘client’ needs to be broadened from
the joint executives who are commissioning the building to include the managers and employees of the sub-unit(s) who will be using the actual building.
Efforts to decrease adversarial relationships within the construction supply
network can be expanded to introduce more cooperation with those who
are going to be using a building.
Many different actors are engaged already in designing, constructing and
using buildings. They hold perceptions characteristic of their identities and
positions which can work against appropriate involvement and consultation
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of users. An understanding of the role of perceptions in creating productive
workplaces may help to motivate some willingness to cooperate more
actively with users.
My colleagues and I have identiﬁed a model of the construction process
overlaid with points of potentially useful involvement. Combined with
knowledge about how to craft involvement strategies, that model can serve
as a guide for thinking through with clients the questions, ‘which users
should be involved, when, and about what issues?’ Much is known about
managerial and employee involvement in decision-making that can be
applied to the construction situation.
Even so, construction managers may not be willing to develop their competence in this regard if it means extra meetings within the client system. A
determination to contribute to a genuinely productive workplace is needed.
Three cases from my own experience illustrate the negative impacts of
inadequate involvement on workplace productivity.

The case of ‘no windows’
I had been awarded a signiﬁcant consulting contract with the UK site of a
multinational chemicals corporation. The 20-year-old site was in the process
of being expanded from one to two facilities and products. Simultaneously,
headquarters wanted the UK company to introduce ‘group-based working’
on the shopﬂoor and to increase employee quality of working life. In early
summer, I arrived to begin consulting on these topics, delighted to be visiting
a particularly beautiful part of the country. The manager of the new plant
offered to walk me round the construction site. We dressed in protective gear
and climbed steps, looking at expansive empty ﬂoors and trying to imagine
where the operators would be located during their working hours. There
were no walls built yet, and I was thrilled by the terriﬁc views surrounding
the plant. I asked enthusiastically, ‘Where will the windows be?’ The Plant
Manager looked puzzled and said, ‘There are no windows.’ To my look of
amazement, he responded, ‘Do you think that matters?’
My determined ‘Yes!’ seemed to confuse the Plant Manager even more.
He took me to speak with the Senior Construction Engineer, on secondment
from headquarters. To make a long story short, the Engineer explained that
windows could not be put in the chemical plants. Even though it would be
six months before the walls were built, such a major decision would hold up
construction deadlines. My client system, the UK site, was a part of the
Manufacturing Division, whereas the Engineer worked for the Buildings
Division. Any major change would have to work its way up ﬁve levels of
hierarchy to the Engineer’s boss and back down again. Attempts to inﬂuence
the ‘no windows’ decision on the part of the Plant Manager and his
Managing Director failed.
A few years later, managers in the new plant complained that operators
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tended to cluster at the doors during working hours. These same operators
were caught engaging in dangerous acts to entertain themselves during offshifts. One particularly wild stunt was reported in the national press. The
lack of windows seemed to lure workers away from their positions and
contributed to an isolated workplace.
The designers, working in the headquarters’ Building Division, altered an
existing standard blueprint for the new UK plant. Their ofﬁces were located
in the midst of an ugly, ﬁve-mile maze of chemical plants and pipes. Windows were not a priority for them. The organisation of design–build meant
that the users of the factory, managed by a separate corporate division, had
practically no involvement in design. The Senior Construction Engineer,
eventually sympathetic to the problem, conﬁded that his bonus depended on
meeting his deadlines and, besides, his family wanted to be gone from the
UK by Christmas.

The case of the colour-coordinated floors
Productivity had been reliable for years within the Patents Department at
the headquarters of a European mining company. More recently, however,
there had been an increase in inter-ofﬁce bickering and intra-departmental
conﬂict. I was brought in to analyse the problem and work with the partners
on a solution. It quickly became apparent that the workload had increased
dramatically during the previous year. No new solicitors had been hired,
however, because the entire company was suffering a spending freeze. Partners had been told that this freeze was in order to help the company to pay
for its new headquarters building.
To a person, all eighty employees reported hating the new building in
advance of even seeing it. For decades, the department had resided away
from the main headquarters, located in cramped but cosy wooden-panelled
rooms winding throughout a Victorian ofﬁce block. Soon, they were to be
moved into a new 25-ﬂoor skyscraper. Three qualities of the new building’s
design upset the solicitors. Firstly, each ﬂoor would be mostly open-plan
with only a handful of the most senior partners being given ofﬁces. In addition to the lack of privacy afforded the majority of employees, special
treatment for some violated the department’s culture which underemphasised hierarchy and status. Secondly, the furniture would be standardised chairs, desks and ﬁling cabinets. Desks were to be bolted to the ﬂoor so
the design could not be changed, and no family photos or other personalised
touches would be allowed. The solicitors felt this over-control contradicted
their rights as individuals, as well as forcing them out of a comfortable,
idiosyncratic legal atmosphere into a ‘corporate man’ culture. Lastly, the
colour scheme of each ﬂoor was different: carpet, drapes, wall hangings
and furniture were made to match the colour for that ﬂoor. The Patents
Department ﬂoor would be red.
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A meeting was convened between the four Directing Senior Partners, the
Facilities Director and representatives from the construction management
ﬁrm in charge of the new building. The Partners expressed their concern at
the damage the move would have on productivity, and made some suggestions for ‘their ﬂoor’ to minimise the shock anticipated to their departmental
culture. While the Facilities Director sympathised, he was concerned that
changes would add to an already exorbitant construction bill. One of the
architects was less sensitive. After listening in silence for over an hour, he
held forth for ten minutes about the aesthetic beauty of the design, the
concept underlying it and the general lack of artistic taste in employees.
Needless to say, the meeting did not result in any changes to plan.
I rang my client contact three months after the department had moved
into the new building. He reported that there had been a 30 per cent turnover in the department leading up to and since the relocation. There was a
general feeling that relations between senior and junior partners were colder
than before; a more formal atmosphere prevailed as communications were
more prescribed in the big open-plan ofﬁce. ‘Quick chats in the corridor’ or
‘popping into an ofﬁce for a word’ no longer took place. The department
had been allowed to hire new solicitors, but those attracted to work in the
new building seemed a ‘different breed’ from those who had worked there
before. My client contact had managed, with some effort, to gain permission
for photos and plants to be left on desks overnight.

The case of a great building that does not work
A European government department commissioned a new ‘operation central’ for one of its agencies. As public relations was important for this agency,
executives took a decision to make sure that the building ‘looked great’ and
contradicted a ‘stuffy reputation’. They hired an internationally known
architect to design the building, while managing the construction using
multiple contractors and subcontractors well-known to them. The cost of
an ambitious design with unusual materials put pressure on the agency to
keep building costs as low as possible. Another factor in terms of cost was the
date on which the new building could be occupied: the agency would incur
additional expenditure for any delays, which the Minister would not allow.
Pressures on costs and pressures on time created havoc among the nearly
thirty contractors and subcontractors. They blamed each other for delays
and cost-overruns, often suing one another to avoid being blamed by the
agency. Many delays were due to such factors as: mismatches between an
ordered part (e.g. a window) and the space created for the part; damage to
designed materials when building did not go to plan; and difﬁculty in scheduling specialist contractors in the correct sequence and in relation to other
contractors. Despite all these problems, the building was ﬁnished on time
and attracted public comments that it was ‘a great building’.
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The building opened, however, before the landscaping was completed
and most of the operational equipment installed. For several months,
employees complained of working on a building site. This inconvenience
was compounded by many petty ‘hygiene’ problems. For example, the
majority of doors stuck, requiring a hard push to open or close. The restaurant equipment turned out to be too large for the space designed and built
for it. Employees had to improvise tables and cabinets to hold equipment,
thus disrupting trafﬁc ﬂows in some areas. Air-conditioning and heating
functioned unevenly in many sections of the building. Agency managers
reported that morale remained low (and absenteeism high) for months as
employees adjusted to the disappointments of the ‘great building that does
not work’.

Attending to social and organisational perceptions
These three case stories illustrate the main points of my argument. The
multiple actors involved in designing, building and using workplaces have
different roles and responsibilities. From their positions within occupational
groups and organisational contractors, they perceive different priorities and
needs for what constitutes a productive and healthy workplace. Often the
losers in this difference of perceptions are the users of the buildings. From
my professional value system, I think that users of buildings have a right to
inﬂuence the design of their working environment.
Perceptions held by multiple actors within the design–build process shape
the degree to which those buildings make a contribution towards productivity and well-being. The perceptions of an expert in some aspect of construction can often result in a better quality of working environment than lay
users could desire or suggest themselves. Typical examples include air quality, lighting, trafﬁc ﬂows, noise pollution and ergonomics. Other aspects of
construction, however, are open to wide interpretation and inﬂuenced by
factors that have little to do with potential workplace productivity as determined by experts or users. In addition to the obvious example of aesthetic
values, many elements of initial design conception and speciﬁcation
requirements emerge from negotiation between designers, contractors and
those members of the client system who take executive decisions.
It is not unusual for each group of actors to experience their perceived
needs and opinions as more worthy than those of the other actors. The
Senior Construction Engineer in the chemicals plant considered the negative
consequences of having to change his construction schedule as more important than the negative consequences of the chemical operators having to
work without windows. Those in the ﬁnal implementation stages of building
the new mining headquarters felt little empathy for the solicitors’ attachment to a ‘legal culture’ working environment. And, the executives of ‘operation central’ were determined to avoid additional expenditure for their
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budgets regardless of the discomfort of employees or the chaos and ﬁnancial
losses to contractors.
Social and organisational forces often constitute barriers to recognising
and incorporating different perceptions into design and building processes.
Financial limits would be mentioned by most clients and construction managers as a shaping force in the designs that they commission. However, the
actual organisational structure and decision-making processes within the client system emerge in these three cases as signiﬁcant as well. The ‘discovery’
that windows might matter to the Manufacturing Division’s mandate for a
better quality of working life for its employees stood in direct opposition to
the Buildings Division’s construction schedule. Neither the Engineer nor the
Plant Manager was sufﬁciently convinced that such a social concern would be
welcomed by their divisional vice-presidents to justify raising it. Similarly, the
‘discovery’ that employee satisfaction might suffer in the face of the colour
coordination and open-plan designs for the new headquarters was hidden
from the executives involved. The executives of the government agency
focused on the appearance of the ‘great building’ and left more junior staff to
struggle with the implications of unreasonable and ineffective decisions.
Actors involved in design, building and use hold different roles and
responsibilities. Contained within social identities and organisational
boundaries, these roles and responsibilities encourage ways of looking at the
numerous decisions necessary in the construction industry. These ways of
looking, or perceiving, result in decisions considered positive by one group
of actors and negative by others.
I am using the word ‘perception’ to mean these socially and organisationally supported ways by which people view, feel and generally sense the tasks
of designing and building. Perception, in this meaning, does not concern
primarily individually oriented ‘human factors’ or ‘ergonomics’, notions
which emphasise the physiological bases of human sensation and perception. I focus, instead, on ways of thinking and apprehending the world
that have been socialised into the occupational and other identities held
by the people who make up the groups and organisations responsible for
construction (Holti and Standing, 1997).
My purpose is to illustrate how differing priorities and understandings of
what is important – embedded in the organisation of design, building and
use – often result in conﬂicting notions of what is a productive and healthy
workplace. Further, such differences in perception often carry with them
ideas of superiority and other judgements of worth that hinder genuine
collaboration and problem-solving.
Sometimes those differences have to do with the design itself. The designers of the chemicals plant did not consider windows necessary or important,
even in a facility located in an area of outstanding natural beauty: chemical
operators often work without windows. By contrast, they were very
interested in the challenge presented by new computerised technologies, and
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in linguistic difﬁculties of working with contractors from throughout
Europe. The Architect of the mining corporation’s headquarters felt strongly
about the superiority of his aesthetic sense over that of the solicitors.
The Facilities Manager, already overwhelmed by the task of dealing with a
25-ﬂoor building, considered consistency easier to manage than the idiosyncratic concerns of a particular department. The ambitious design of the
‘great building’ superseded usability. The agency’s middle managers dealt
with their thirty contractors as if they were building a standard design that
had been built many times before, not the unique design with many specialist materials and subcontractors that their executive bosses had commissioned for them. When there is relative harmony on the design, difference in
perceptions focus on priorities for decision-making and task implementation
related to design and build processes.
All three cases indicate one result of inadequate consultation with a broad
sample of the user population. Mismatches between users’ perceptions and
needs and the building design only became apparent when the chemical plant
and the mining headquarters were almost built. At that point, schedules and
budgets inﬂuenced the lack of action most strongly. Individual needs, e.g. the
Senior Construction Engineer’s bonus and the Architect’s professional ideology, may play some role. However, perceptions of organisational decisionmaking and occupational groups’ task ﬂows play a more powerful role.
These aspects of organisational behaviour impact directly on the degree to
which a completed building can be turned into a productive workplace by
those people who must work within it. Ironically, in these instances, the
productivity and well-being of designers and builders tend to take priority
over the productivity and well-being of users. Users are then left to adjust
themselves or those aspects of the building that can be made ﬂexible.
As the three cases illustrate, some of the adjustments employees make
are not in the best interests of their employing organisations. Employees of
the chemical plant enacted feelings of isolation by leaving workstations to
cluster at doors or in a central control room that held computer ‘windows’
of all the plant. Solicitors left their jobs in the Patents Department, while
those remaining evolved a new way of working with new employees that felt
less productive than before. And employees of the ‘great building’ complained bitterly of petty hygiene problems and enacted low morale through
high absenteeism.
Broader, more effective participation of user groups could help avoid
some of the worst excesses of design and build processes. Construction
management already involves a complicated multiple party network; key
players could be forgiven for not wanting to add more. However, mechanisms for effective participation have been tested for decades in other
industries – notably manufacturing – and can readily be introduced into
construction. Such processes can go far in recognising and incorporating
different perceptions.
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Managerial and employee involvement in
decision-making
‘Involvement’ and ‘consultation’ are versions of a broader area of organisational behaviour related to participation in decision-making. The terms and
phrases have changed over the years: employee participation, participative
management, employee involvement, employee empowerment, teamwork
and ﬂexibility, to name a few. But the basic research underlying these seeming fads is strong and stable.
People are more likely to be motivated to implement decisions well that
they have had a role in shaping, however minor that role. Many lessons have
been learned by those in other industries who have worked extensively with
involvement and consultation processes. I think three are of particular
importance to the issue of managerial and employee involvement in design
and construction processes. These can be summarised as a general principle:
involvement in design and construction processes should be genuine,
appropriate and interconnected.
Genuine involvement means that managers and employees are asked to
participate in decisions by their bosses only to the degree that their participation will really make a difference to the outcome. Over the years, a
range of participation has become well recognised amongst researchers
and practitioners (see Fig. 18.1). This range begins on the left with less
involvement (degree D), simply being informed in a face-to-face setting
about a change or development planned by another group of people, usually at a higher level of hierarchy. From there, managers or employees
might be consulted about decisions that are being taken by others (degree
C). The consultation certainly takes the form of offering reactions,
positive and negative, to any proposals. But it might as well take the
form of giving data or information prior to or after signiﬁcant points in
decision-making.
Being involved (degree B) is a more engaged form of involvement. Those
managers or employees who are involved to this degree actively generate
information, analyse those data and develop options or proposals. They
may also make recommendations. This work then becomes the input for
decisions taken elsewhere.
Finally, taking decisions is the most occupying form of participation
(degree A) and shows up on the right hand side of the continuum (see Fig.
18.1). Here there is no difference between participation and taking decisions.
People who take decisions usually do so in small to medium-sized groups.
Their decision may need to be ratiﬁed elsewhere, but the power to conclude
a decision lies with the group.
Genuine involvement, therefore, is a process of matching the degree of
participation with the actual authority available to groups of managers and
employees by virtue of their hierarchical or occupational position, or by
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Figure 18.1 Continuum of degrees or range of participation in decision-making

powers invested in them by others whose hierarchical positions makes it
possible. One of the main reasons why people do not participate when given
the chance (Neumann, 1989) is that the participation on offer is not real.
That is, managers or employees feel that they are being asked their opinion
but no one will take notice. Within the construction industry, one of the
gross examples of this is the so-called consultation that takes place long after
the design is ﬁnalised. It is too late for managers and employees actually to
make a difference with their opinion. Even so, a launch event is held and
people are asked to ﬁll out a questionnaire or make comments on a design
that is practically written in stone.
Appropriate involvement refers to some degree of participation that
makes sense in the light of the content of the decision and its actual relevance
to the individuals or groups being invited to participate. Research and practice have demonstrated repeatedly that the majority of people prefer more
involvement in decisions that affect them directly (Neumann, 1989). One
way of thinking about this is in terms of three concentric circles, with the
individual and his or her work at the centre (see Fig. 18.2). Design and
construction issues, for example, that are going to affect the individual and
his or her work directly are those in which the individual will most probably
want to have a say. Theoretically, such decisions are profoundly appropriate
for that individual’s involvement.
Secondarily, the individual feels concerned about the group or unit in
which he or she works. Generally speaking and of relevance to design and
build, the more closely one works with others, the more concerned an individual will be with the fate of those individuals. If design options relocate a
department or shift the relationship patterns between groups or units that
interact continuously, then their involvement to a signiﬁcant degree on the
participation continuum would be seen as appropriate.
Lastly, individuals have some claim on appropriate involvement when
their position in the larger organisation is going to be affected by construction. ‘Position’ would normally refer to issues of occupational identity or
status level. Design options can and often do have implications for the
‘relatedness’ (Miller, 1990) of groups to each other. Relatedness means the
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Figure 18.2 Concentric circles of preferred involvement in content issues

fantasies and projections that groups have about each other in a complex
social system; those perceptions, feelings and opinions that are not necessarily based on face-to-face interaction but have to do with symbols and stories.
Issues like size of ofﬁces, differentials in furniture, special meeting rooms
and the like often speak to the symbols of relatedness. In the light of how
seriously such matters can affect morale, appropriate involvement in the
larger picture of the organisation needs to be kept in mind.
Genuine and appropriate involvement of managers and other employees
tends to raise important interconnections between construction decisions
and other organisational concerns. The sort of issues indicated certainly will
relate to the larger organisation as a social system: through involvement, the
emerging meanings that managers and employees are placing or might be
inclined to place on certain design options become apparent. But more concretely, there may well be implications for job and organisational design in
terms of ﬂow of communication and tasks. These may have knock-on effects
in terms of training and development for implicated groups. Previous
research has identiﬁed ﬁve substantial interconnections in most comprehensive change projects (Neumann et al., 1995) – which most construction
projects can be considered to be.
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Points of involvement in design and construction
processes
The principle of genuine, appropriate and interconnected involvement can
be applied to design and build processes. A generic model of the main stages
through which a building goes from design to build to use to eventual demolition offers a basic framework onto which can be added the involvement of
users. Such a model can be used to help identify points of involvement that
might be beneﬁcial or necessary from a construction perspective.
At The Tavistock Institute, consulting social scientists have been working
with construction companies and academics to improve cooperation across,
and to reduce adversity in, the construction supply chain. Known as the
‘building down barriers’ approach to supply chain management, one of
the tools that has emerged through this action research is a model of the
construction process (see Fig. 18.3). This approach, also called ‘prime contracting’, replaces short-term, single-project adversarial supply chain relationships with long-term, multiple-project relationships based on trust and
cooperation.
The advantage to this discussion of managerial and employee involvement
is strong. Based on supply chain relationships, the model incorporates
accepted ﬂows of construction work with points of needs assessment related
to clients. A new model is not necessary; greater involvement of clients along

Figure 18.3 Points of potential involvement in design and construction processes
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the principle of genuine, appropriate and interconnected involvement can be
hypothesised based on notions already developed by the industry.
Five phases have been agreed as common across all construction projects:
initiation and feasibility; concept design; detailed design and construction;
hand-over and maintenance; and demolition (Holti and Nicolini, 1998).
Initiation and feasibility is the phase of inception of a new construction
project: the client’s needs are established; an internal client-led team is set
up; a strategic brief of business requirements is produced; a prime contractor
selected; and an outline programme and fee for the overall project through
the concept design phase agreed. The second phase, concept design, explores
the client’s functional requirements in more detail resulting in a project
brief: the supply chain will be involved at this point, developing and
appraising solutions to problems with an eye on life-costs, risk management
and value analysis. A project brief and ﬁrm price, signed off by all parties,
constitutes the terms of reference for action.
The third phase of detailed design and construction is completed with the
involvement of the supply chain to allow construction to happen in the most
efﬁcient, cost-effective and risk-neutral manner. At the completion of this
phase, the building is handed over to the client for use and maintenance
(Holti and Nicolini, 1998). Post-hand-over may involve the prime contractor in monitoring the operation of the building through its life-cycle, to
the point of demolition – the ﬁnal phase.
I have been experimenting in my consultancy practice with the idea that
signiﬁcant points for potential user involvement come at the beginning and
end of each of the phases of the design and construction processes. At the
beginning of each phase, those managers and employees directly affected by
the design and construction need to be given opportunities to be involved
(degree B) or to take decisions directly (degree A). During or towards the end
of a phase, those who are less affected need to be informed of what is or will
be taking place (degree D), or even consulted about proposals and plans
(degree C).
As the ﬁrst two phases are likely to be iterative, clarity as to who is
involved when and about what issues is important. In practice, experimenting with this model has meant the establishment of a small steering team
made up of those internal clients who will be directly working on the design
and construction processes (e.g. facilities managers, information technology
engineers, heads of departments directly and powerfully affected, change
agents). This team works throughout the design and construction processes
to interface with the prime contractor as well as the clients’ other contractors and suppliers as are implicated in the change. This approach normally means that the client has a prime contractor who handles much of the
construction management process.
In addition to interfacing with the prime contractor, the small steering
team ensures that appropriate, genuine and interconnected involvement
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takes place. This means that executives need only be brought in as appropriate; similarly, managers and employees directly affected can be involved as
appropriate. The team also ensures that broader consultation and information is made available to themselves, their bosses and their prime contractor
as evaluation of actions and decisions from one stage and as input into the
next stage.

Summary
Workplace productivity problems can be caused by design and build processes that inadequately involve users. The chemical plant without windows,
the colour coordinated and open-plan scheme for the patents solicitors, and
the ‘great building’ with numerous petty problems are some examples. Perceptions of the multiple actors that are necessary to designing, constructing
and using buildings can hinder suitable involvement. Both organisational
and social factors stand as crucial in willingness and ability to include the
actual users in design processes.
The principle of genuine, appropriate and interconnected involvement of
user groups can help to craft an involvement strategy. Mapped onto a model
of cooperation across the supply chain network, users may be involved at
the beginning and end of each phase of design and construction. An infrastructure within the client system, typically using some sort of steering
committee, has proved facilitative for prime contractors and clients alike.
Such involvement can help the construction industry to make a positive
contribution to workplace productivity.
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The Robert L. Preger
Intelligent Workplace™ and the
Building as Power Plant™/
Invention Works at Carnegie
Mellon University
Volker Hartkopf, Vivian Loftness and Azizan Aziz

The Robert L. Preger Intelligent Workplace™:
the living and lived-in laboratory
The Robert L. Preger Intelligent Workplace™ (IW) (Fig. 19.1) is the result of
an unprecedented collaboration between the Center for Building Performance and Diagnostics, the ﬁrst National Science Foundation Industry/
University Cooperative Research Center in the building industry, and its
supporting industry and governmental members, organized in the Advanced
Building Systems Integration Consortium (ABSIC). The 7000 square foot
IW is a living laboratory of ofﬁce environments and innovations.
Occupied in 1997 and continuously being adapted, the IW is a rooftop
extension of Margaret Morrison Carnegie Hall on the Carnegie Mellon
campus.
The project provides a test bed for:
•
•

organizational innovations for the advanced workplace
innovations in information technology

Figure 19.1 The Intelligent Workplace™, a rooftop extension of Margaret Morrison
Carnegie Hall
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innovative enclosure, HVAC, power, voice, data networking, and
interior systems
products for thermal, air, visual, acoustic, connectivity, and spatial
quality
demonstrations of products’ performance in an integrated setting
training in material, component, and systems choices and their integration for performance; and hands-on training in instrumentation and
metrics for evaluating performance and occupancy comfort, and in
development of CAD packages for design, simulation and management.

The IW enables the interchangeability and side-by-side demonstrations of
innovations in HVAC, enclosure, interior, and telecommunication components and assemblies. Most importantly, as a ‘lived-in’ occupied ofﬁce,
research, and educational environment, the IW provides a testing ground to
assess the performance of new products in an integrated, occupied setting
(see Fig. 19.2).
Goals of the Robert L. Preger Intelligent Workplace™
1

2

Individual productivity and comfort. The demonstration of advances in
individual comfort and productivity requires that both interior system
and engineering infrastructures are ‘plug and play’ to ensure that
furniture and space reconﬁgurations for individual productivity and
creativity are immediately matched by technology and environment
reconﬁgurations for comfort, health, and corresponding productivity.
Organizational ﬂexibility. The demonstration of advances in organizational ﬂexibility requires that the community of workplaces be
reconﬁgurable on both annual and daily levels to ensure ‘organizational
re-engineering’ for collaboration supporting regrouping and sharing for
organizational productivity, creativity and innovation.

Figure 19.2 Peel-away view of the Intelligent Workplace™ illustrating the floor-based
integration

The Robert L. Preger Intelligent Workplace
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Technological adaptability. The demonstration of advances in technological adaptability requires that vertical and horizontal pathways for
connectivity are accessible and open and that both interior systems and
engineering infrastructures support changing technological demands for
horizontal and vertical work surface, lighting, acoustics, thermal conditioning, and ergonomics.
Environmental sustainability. The demonstration of advances in
environmental sustainability requires that both energy and materials are
used effectively over a building’s and its components’ life cycles. Concepts, such as system efﬁcacy, user controls, micro-zoning for ﬂexi-time,
just-in-time delivery of infrastructures, environmentally sustainable and
healthy materials, natural conditioning, should all be demonstrated and
comparably measured to standard practice.

Systems integration for performance
The IW is not envisioned as a one-time ‘show-and-tell’ demonstration project, but rather as a dynamic environment for the teaching and evaluation of
how integrated building components, systems, and assemblies affect building performance. In-house post-occupancy research is critical to validating
predicted performance through simulation and to assessing the performance
in the integrated setting. The IW also provides the platform to explore broad
environmental and ecological issues such as recyclability of building products and assemblies, and long-term resource management. As a test bed of
new ideas, and a demonstration center for successful innovations, combined
with innovative ofﬁce concepts and portable diagnostics, the IW is a unique
living laboratory of ofﬁce environments.
The IW is conceived as a modular system, the units of which can be
stacked or reconﬁgured to adapt to the needs of multiple ofﬁce settings,
allowing the organization and the employees to decide and constructively
adjust the location and density of people and equipment, as well as their
enclosures for physical, visual, and acoustic privacy.
New design approaches to absorb change and avoid
obsolescence: flexible grid – flexible density – flexible
closure systems
To avoid frequent environmental quality failures, or medium- and long-term
obsolescence, it is critical to invest in user-based infrastructures that are
modular, reconﬁgurable, and expandable for all key services – ventilation
air, thermal conditioning, lighting, data/voice and power networks. The
dynamic reconﬁgurations of space and technology typical in buildings today
cannot be accommodated through the existing service infrastructures –
either the ‘blanket systems’ for uniform open-plan conﬁgurations or the
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idiosyncratic systems for unique conﬁgurations. Instead, what is needed are
ﬂexible infrastructures capable of changing both location and density of
services: Flexible Grid – Flexible Density – Flexible Closure Systems are a
constellation of building subsystems that permit each individual to set the
location and density of HVAC, lighting, telecommunications, and furniture,
and the level of workspace enclosure. These services can be provided by
separate ambient and task systems where users set task requirement and the
central system responds with the appropriate ambient conditions, or they
can be fully relocatable, expandable task/ambient systems.
Advanced buildings today demonstrate that ﬂoor-based servicing may
more effectively support the dynamic workplace (Fig. 19.3), since networking, ventilation and thermal conditioning needs to be delivered to each
workstation, services at ﬂoor level or at desktop offer a greater ease of
reconﬁguration than ceiling-based systems. In addition, ﬂoor-based systems
such as electrical and telecommunication cabling and outlet terminal units
can be continuously updated to meet changing needs. Today, a number of

Figure 19.3 Concept of grid and nodes. Conventional large zone approaches to thermal
conditioning and lighting are incapable of delivering adequate environmental
quality to accommodate the dynamics of technology, workstation density and
teaming concepts
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industry partnerships are forming to offer collaborative solutions to ﬂexible
infrastructures – ﬂoors, data/ voice, power, thermal conditioning, and ventilation. With these modular, ﬂoor-based services, the ceiling can become more
playful and elegant – as a light and acoustic diffuser – deﬁning working groups,
work neighborhoods as well as recreating the ceilings of landmark buildings.
Interactive multimedia and web-based technologies create the possibility
to work within ever changing teams, both locally and globally. This requires
that built environments be responsive to ever changing organizational and
rapidly evolving technological circumstances.
Reduced waste in construction of the Intelligent Workplace
The IW project exempliﬁes how the design and engineering, as well as
material selection, can result in 70–90 per cent reduction of emissions and
waste during production of the materials used for the exterior wall, ﬂoor
and roof, compared to a conventional building. This includes the reduction
of NOx by 90 per cent, SO2 by 70 per cent, and CO2 by 80 per cent. An
analysis of the project also showed dramatic savings potentials when selecting recycled aluminum and steel rather than virgin materials. Here the
avoided emissions ranges were similarly pronounced.
In addition, there was no on-site waste during most of the construction
phase (steel structure and facade erection as well as interior ﬁt-out), because
of the IW’s modular design and its off-site fabrication with complete
recycling capacity of all by-products. This also resulted in a reduced
potential for injury and signiﬁcant time-savings during construction, which
ultimately leads to capital savings by shortening delivery time.
Reduced waste in operation
The IW is conditioned for six or more months through ‘natural’ energies
alone during daylight hours (passive and active solar heating, cooling,
day-lighting and ventilation).
In addition to the resource savings of operating a building, there is signiﬁcant potential to reduce material waste through the management of material
and subsystem obsolescence. The reconﬁgurable/relocatable interior systems, with modular interfaces to the envelope, HVAC, lighting, communication, structure, power systems, enable organizational change on demand, as
well as technological change on demand, as demonstrated in the IW.
This dual concept of just-in-time organizational change and technological
change ensures that the building is meeting ﬂexibility and adaptability
requirements without redundancy or waste. Access in the ‘open’ system and
plug-and-play technologies allow for the complete component-bycomponent, or system-by-system change-out of technology with complete
recyclability when and where necessary. These concepts also ensure that the
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building is a renewable asset for its investors and will not become a straitjacket that eventually has to be discarded in whole or in part. These concepts
also ensure that all changed-out components or systems are fully recyclable,
since composite materials are avoided and systems are demountable. For
instance, the IW enclosure and structural elements are pinned or bolted and
made from recycled aluminum and steel.
Consequently, the integrated, modular, and demountable systems reﬂect
the fact that buildings are made from components that have different life
cycles. The envelope as a system should have a life of 50–100 years, with a
possibility of exchanging glazing materials, photovoltaic elements and other
components, when superior performance becomes economically feasible.
The structural system should have a life of 100 years, and when becoming
obsolete at a particular site should become redeployable elsewhere (a column is a column, a truss is a truss). Whereas interior systems have considerably less ‘life expectancy’, down to computing systems that might have a
useful life of 2–3 years. When all fails, at the least, the demountable system
can be recycled completely.
In summary, the four waste-management and environmental beneﬁts of
the IW are:
1

2
3

4

The materials, components, and systems during their production and
assembly require a fraction of the energies and produce a fraction of the
emissions of comparable systems.
During the construction phase, due to prefabrication and modular
design, waste is eliminated.
During the operational phase, the management of obsolescence supports organizational and technological changes-on-demand. This is
enabled through relocatable infrastructure: HVAC, lighting, power,
communication, and interior systems. In addition, the fact that major
building components and systems have different life cycles is accounted
for through the use of the modular, plug-and-play systems. This allows
for easy change-out and advancement of technology as the need or
opportunity arises.
The design anticipates a complete decommissioning of the building and
its constituent parts. The ‘long life systems’, such as structure and envelope, can be redeployed elsewhere. Or, as in all other cases, the materials
of non-uniﬁed components of subsystems can be completely recycled.

Intelligent Workplace energy systems analysis
The energy usage and performance of the Intelligent Workplace and its
building control systems is being analyzed. The lessons learned during
this study are being used in the design and engineering of integrative
demonstration and ‘laboratory’ project, the Building as Power Plant™/
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Invention Works (BAPP) on CMU’s campus (see below). The analysis
focused on (a) data acquisition system, (b) building control systems, and (c)
the next BAPP design.
The IW uses several energy systems to provide heating, cooling, ventilation, dehumidiﬁcation, and lighting. Heating is provided by the warm water
mullions of the facade. The cooling is provided through multi-modal strategies consisting of radiant panels, COOLWAVES by LTG, Johnson Control
Personal Environment Modules (PEMs), a make-up air unit to supply the
PEMs and ﬂoor vents, and a SEMCO air-handling unit. The SEMCO unit,
which is controlled by an Automated Logic system, is a 100 per cent outdoor
air system with enthalpy wheel for dehumidiﬁcation. A JCI Metasys system
controls most of the HVAC system. The lighting system is controlled by a
Zumtobel-Staff LUXMATE system.
The IW uses three different systems to record energy data. Energy Sentry
(72 data points) records electrical energy consumption, Metasys (160 data
points) is used for HVAC related data, and Weather-Station (8 data points)
records outdoor environmental data. These three systems record data in
different formats in different locations and within the systems, each sensor
records data in a different ﬁle. To expedite and facilitate the analysis process,
it is necessary to bring the data into the same format. As a result, a tool was
developed to collect data from the different systems (that is in different
formats and in various locations) and organize it into one common, easily
usable database. This tool has several features that allow easy analysis of the
building data.
The data collected from sensors in the building were analyzed to determine energy usage and trends. It was found that the data contained had
missing values. Reasons for this were incomplete documentation of the ﬁle
storage structure, IP address problems and the system going ofﬂine for various reasons. Statistical techniques and simulation were used to ﬁll missing
data to make the calculations more accurate. The existing DOE 2.1E simulation model of the IW was calibrated to match the current measured conditions in the IW. This model was then used to predict energy consumption
under different scenarios.
It was found that although energy usage was considerably less in the IW
when compared to standard US ofﬁce buildings (Fig. 19.6, page 332), there
were still areas where the energy consumption could be reduced further. This
will be accomplished by the BAPP.
Several hypotheses were suggested to explain the results obtained
from the analysis. These were based on the design of the building and its
mechanical systems.
•

The high air inﬁltration, due to leakages in the interfaces between the
facade and the roof, as well as facade below and one uninsulated area in
the IW caused the heating load to increase.
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The heating set point in the IW was higher than that of a standard ofﬁce
building, which further increased the load.
The higher than typical amount of glass and exposed surface area
caused an increase in cooling energy.
This cooling load was sometimes increased by inappropriate operations
of windows.
The unconditioned underﬂoor plenum was measured to have an average
temperature of 31°C during the summer. Since it is not insulated from
the IW living space, it also increased the cooling load.
Fluorescent ﬁxtures with dimmable ballasts provide artiﬁcial lighting.
At the time of construction, these were available only for 220V therefore transformers were used. It was found that of the total annual lighting load of 18.92 kWh/m2 (about one-ﬁfth of best US practices), 10.12
2
kWh/m was caused by transformer losses (the ‘parasitic’ load therefore
is a 50 per cent of this reduced load).

Building as Power Plant™/Invention Works
Building on the concepts of and experiences with the Intelligent Workplace™, a living (always adapted and updated) and lived-in laboratory at
Carnegie Mellon University (Hartkopf et al., 1999; Napoli, 1998), a
research, development and demonstration effort is directed at the ‘Building
as Power Plant – BAPP’. This project seeks to integrate advanced energyeffective enclosure, Heating, Ventilation, and Air-Conditioning (HVAC) and
lighting technologies with innovative distributed energy generation systems,
such that most or all of the building’s energy needs for heating, cooling,
ventilating and lighting are met on-site, maximizing the use of renewable
energies. (Fig. 19.4 schematically illustrates this idea.)
BAPP is designed as a six-story extension of the existing Margaret Morrison Carnegie Hall Building with total area of about 6000 m2, which houses
classrooms, studios, laboratories and administrative ofﬁces for the College
of Fine Arts. It is our intention to develop a building, which will be equipped
with a decentralized energy generation system in the form of a combined
heat and power plant. This will include a 250 kW Siemens Westinghouse
Solid Oxide Fuel Cell (SOFC) and absorption chiller/boiler technologies. In
addition, advanced photovoltaic, solar thermal, and geo-thermal systems
are being considered for integration.
An ‘ascending–descending energy scheme’ integrates energy generation
and building HVAC and lighting technologies. In an ‘ascending strategy’,
fenestration, shading, and building mass will be conﬁgured to minimize the
lighting, cooling, and heating loads and to maximize the number of months
for which no cooling or heating will be needed. Then, passive strategies such
as cross ventilation, stack ventilation, fan-assisted ventilation and night
ventilation would be introduced. Passive cooling would be followed by
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Figure 19.4 Building as Power Plant conceptual scheme for a building-integrated
‘ascending–descending’ energy system

desiccant cooling when humidity levels exceed the effective comfort zone.
Geothermal energy will be used to activate the building mass for cooling and
heating. As outdoor temperatures or indoor heat loads exceed the capability
of these systems, then absorption and ﬁnally refrigerant cooling will be
introduced, ﬁrst at a task comfort level. Only the last stage of this ascending
conditioning system will be a task-ambient central-system refrigerant
cooling system.
Complementing these ‘ascending’ energy strategies is ‘cascading’ energy
strategy designed to make maximum use of limited natural resources. In a
cascading system, a fuel cell and photovoltaic panels might be bundled for

Figure 19.5 Column-free, flexible floor plan, perspective, modular design, stacked bays and
solar-thermal collector arrangements for the new wing of the Building as
Power Plant™/Invention Works.
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Figure 19.6 Source (primary) and site energy comparisons

the building’s power generation; reject heat can be converted into steam
which can be used to ﬁrst drive desiccant, absorption and refrigerant systems; and ﬁnally the resulting reject heat can be used for space heating and
hot water.
Conclusion
Fig. 19.6 clearly delineates the vast opportunities, increased building performance and energy effectiveness hold for 40 per cent of the primary US
energy consumption and 67 per cent of the US electricity demand. In fact,
the expected performance of the Building as Power Plant™/Invention
Works, which will include integrated solar-thermal ground-source heat
pump as well as fuel cell technologies, is expected to function as a signiﬁcant
net energy exporter to the campus at large. This is in addition to providing
the environment for occupant productivity, organizational effectiveness and
the conservation of material resources.
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Air-conditioning systems of the
KI Building, Tokyo
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The KI Building in Tokyo, Japan, provides a comfortable, productive
environment for occupants while also meeting the requirements of an intelligent building. Many new technologies were successfully implemented to
meet these goals.
This chapter describes these technologies and summarises the results of
the systems employed in the building. It begins with the planning process
and concludes with a physical and psychological survey of the occupants
regarding the completed building and its systems.
At the centre of the KI Building is a garden atrium that opens to corridors
on the ﬂoors above (see Fig. 20.1). The atrium was constructed on a comparatively small scale, with a ﬂoor area of 600 m2 and a height of 15 m. This
space is designed to be relaxing and comfortable for occupants.
Natural light ﬁlters through the atrium’s skylight down to the tropical
plants surrounding the ponds. This produces a satisfying environment for
workers, particularly those with work areas facing the atrium. However, the
atrium and work areas required original, innovative systems designed to
provide indoor comfort.

Special systems
Besides systems that control the thermal environment, the KI Building features other special systems. These systems enhance the building’s amenities
by considering the effects of sight, smell and sound on the human occupants.

Thermal environment
One of the features of the atrium is that there is no glazing and the ofﬁce
space is open to the atrium. Due to a variable and large direct solar gain, and
also because of large temperature stratiﬁcation between the top and bottom
of the atrium in summer, some difﬁculties were envisaged as to whether the
thermal environment in the ofﬁce area would be satisfactory. Due to these
concerns, two ideas were introduced.
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Figure 20.1 Atrium at the KI Building

The ﬁrst idea is the extract fan system to remove hot air at the top of the
atrium in summer. This fan will be operated automatically by thermostat.
The second idea is an air curtain along the ofﬁce perimeter facing the atrium.
This air curtain is provided by low-proﬁle ﬂoor-mounted fan coil units
(FCUs) and is expected to block hot air into the ofﬁce. It was anticipated
that supplying high-temperature air would result in a major stratiﬁcation in
winter, therefore supply temperature limit control is introduced to minimise
stratiﬁcation, and ceiling-mounted FCUs discharging air downwards are
installed around the atrium for heating.
Computer ﬂuid dynamics (CFD) analysis was carried out to assess the
atrium environment. Figure 20.2 shows traces of markers in the atrium;
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Figure 20.2 Traces of markers in the atrium

Fig. 20.3 shows the air distribution ﬂow to the atrium. Fig. 20.2 shows
marker tracing only within a cross-section having a narrow width. The
starting points of markers are randomly arranged in the cross-section. The
marker which has overshot space is rearranged nearest to the overshooting
location. By this method, it is possible to express the secondary ﬂows
which occur near the main in relation to airstream.
Site measurement was carried out after practical completion and the result
is shown in Fig. 20.4. Occupancy zone temperature in the atrium is relatively
low and varied between 24°C and 26°C (setting temperature in cooling
mode is 25°C). The stratiﬁcation in cooling mode is shown in Fig. 20.5 and
temperature at ﬁfth ﬂoor level is higher than occupancy level by only 1 to 2
K, while maximum temperature at the top of the atrium is 40°C.
The measurements match the results of a survey of worker satisfaction
with the atrium environment quite well. Figure 20.6 shows the survey results
for a typical summer day. Satisfaction with the thermal environment was
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Figure 20.3 Air distribution flow in the atrium

Figure 20.4 Thermal environment in the atrium
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Figure 20.5 Stratification in the atrium: summer

high, although some occupants claimed to be ‘a bit hot’ when the ﬂoor of the
atrium had a direct solar gain at around 13:00.

Fragrance environment
Essential oils have a long history in Oriental healing traditions and are popular today in aromatherapy. A recent study shows that ‘bathing in woods’,
meaning walking through a wood with relaxed feelings, improves freshness.
Through recent measurements of work efﬁciency (such as measuring a test
group’s brain waves, particularly expectation waves), some human physical
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Figure 20.6 Post-occupancy evaluation for thermal environment of the atrium:
summer

and psychological responses to fragrances have been documented (Sugano,
1987).
On the other hand, the latest intelligent buildings are fully equipped with
ofﬁce automation equipment, e.g. personal computers, in order to adapt to
information technology or borderless business circumstances, and are
planned to improve intellectual productivity and creativity of workers.
Hence ofﬁce occupants working in such intelligent buildings are forced
to deal with a large amount of information exactly and speedily. This
sort of mental tension in the ofﬁce could result in a physical and psychological strain, so-called techno-stress (Shuei-sha, 1991; Industrial Survey
Committee, 1987).
This phenomenon indicates that ofﬁce automation originally intending
improvement of the working environment for workers could result in
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impaired physical and mental health. Intelligent buildings in a real sense
have to provide a comfortable workplace in terms of not only physical but
also mental aspects, by overcoming harmful effects.
Based on these studies, a fragrance control system was introduced in the
KI Building. Its purpose was to create a comfortable environment and
combat techno-stress (see Fig. 20.7). The fragrance system consists of an
air-handling unit (AHU) for the atrium, a fragrance generator containing
three fragrance essences, and a direct digital control unit, with which the
air-handling unit controls the dispersal of the fragrances.
The fragrance control scenario (see Fig. 20.8) was based on the human
reaction to each aroma and the living pattern of the building occupants.
Fluctuation control was introduced to counter the sense of smell becoming
dull. Operating status of the fragrance environment system, e.g. status of
dispersal, kind of fragrance, and accumulated dispersal volume is monitored
by the building management system in real-time mode.
CFD analysis was carried out in order to optimise the volume, pattern and
time of fragrance dispersal into the atrium. Figure 20.9 shows the simulated
fragrance density distribution in the atrium, and it was expected that the
density of fragrance in the occupied zone would reach the speciﬁed density
in ten minutes of dispersal. The trend graphs showing the fragrance density
of supply air from the AHU and return air to the AHU are shown in Figs
20.10 and 20.11.
Post-occupancy evaluation was carried out to prove the effect of the
fragrance control system. Figure 20.12 shows occupants’ responses.
Through careful experimentation, a comfort ratio increase of 24 per cent

Figure 20.7 Atrium fragrance control system
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Figure 20.8 Atrium fragrance control scenario

Figure 20.9 Predicted fragrance density distribution in the atrium

(simple mean value) was achieved by implementing the fragrance
environment.

Airflow fluctuation control
The pleasurable feelings associated with congeniality and positive attitudes
(such as when a person is experiencing a calm breeze at the seashore) can be
observed in the heartbeat rate. When spectral analysis with the frequency
of f is applied to the intensity of heartbeat ﬂuctuations, the distribution to
1/f can be obtained. This is so-called 1/f ﬂuctuation. This theory was duplicated and introduced in the atrium’s air-conditioning system on a trial basis
(Ichinose, 1992).
By loading the software of 1/f ﬂuctuation into the building management
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Figure 20.10 Fragrance density of supply air from AHU

Figure 20.11 Fragrance density of return air to AHU

system, the speed of the inverter (variable voltage and variable frequency) in
the atrium’s air handler is controlled. The control cycle was set for approximately 10 minutes and spectral analysis of air velocity measurement results
shows the distribution of 1/f (see Fig. 20.13). 1/f ﬂuctuation control was
applied for only cooling, and it was set to operate only when the supply air
temperature was equal to or less than 24°C (set temperature in summer
is 26°C).
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Figure 20.12 Post-occupancy evaluation for fragrance control

Figure 20.13 1/f distribution

A post occupancy evaluation was carried out to prove the effect of airﬂow
ﬂuctuation control. A total of 77 people replied, and we can conclude that a
certain level of satisfaction has been achieved. The details are as follows:
•
•

more than half of the occupants that replied felt air ﬂuctuations, but
some of them may not have recognised it had they not been asked
most of the occupants who did recognise the airﬂow ﬂuctuations considered it preferable and comfortable; some would have preferred it to
be stronger
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•
•
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most of the occupants who were not comfortable felt cold due to the air
ﬂow
male occupants generally recognised the air ﬂuctuations rather than
the female occupants; this tendency depended on the location and
clothing
airﬂow made the occupants feel colder, and sunlight made the occupants
hotter; this tendency was dependent on clothing
most of the occupants who claimed they were not comfortable were
those who felt less air ﬂow and more sunlight.

Biomusic
Another innovative amenity of the KI Building was the creation of a musical
environment. Music was composed for the building based on analysis of the
human brain wave response to sound waves. The so-called biomusic was
introduced speciﬁcally to upgrade ofﬁce comfort.
The musical programme alternated between achieving stimulated and
relaxed mental states. In a relaxed state,  waves of 8 to 12 Hz are dominant;
in a stimulated state,  waves of 14 to 20 Hz are dominant (Nuki, 1990).
The different types of biomusic were properly combined for the programme.
Figure 20.14 shows the percentage variance of  and  waves with time when
test subjects listened to stimulating music and relaxing music.
The music in the atrium area has had favourable results. Accordingly, a

Figure 20.14 Percentage variance of  and  waves
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music programme is being planned for work spaces separated from the
atrium, to comply with the needs of the occupants in these areas.
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Diversifying workspaces
The environmental advantages of intelligent buildings are often degraded by
changes in ofﬁce layout or applications after practical completion of the
building. These changes are typically deemed necessary to meet changing
demands on corporate resources.
However, these changes can have adverse effects on the indoor environment. Speciﬁcally, cooling loads from new ofﬁce equipment can increase,
and these loads can be unevenly distributed.
To prepare for such situations in the KI Building, technologies were
introduced to upgrade ﬂexibility and reliability and save energy. The VAV
diffuser was one such technology. This new product has three functions:
temperature control, temperature detection and air ﬂow rate control. The
air ﬂow rate can be controlled for each 3.6 m grid.
As the room temperature begins to rise due to the increasing cooling load,
the power element containing wax in the VAV diffuser expands to open the
damper, providing a higher air ﬂow rate (see Fig. 20.15). When the room
temperature drops, the power element contracts, reducing the airﬂow rate
until the room temperature reaches the set point. According to the test in the
mock-up room, it was proved that room air was induced toward the temperature sensor, which detects approximately the room temperature. At the
start of heating operations in winter, the diffuser spring of shape-memory
alloy fully opens the damper when the supply air temperature is equal to or
more than 28°C. This aids in reducing warming-up time. This self-regulating
control VAV diffuser works without the building management system,
therefore installation costs as well as running energy costs are lower.

Figure 20.15 Cross-section of the VAV air diffuser
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Figure 20.16 Occupant satisfaction with the indoor environment

Sound masking
In an open ofﬁce area, occupants sometimes complain about noise from
the conversation of others, especially telephone conversation. In the KI
Building, there is no glazing between the adjacent ofﬁce space and the
atrium, therefore it was expected occupants would suffer from the atrium
noise. A sound masking system was introduced for the open ofﬁce area
facing the atrium to combat this noise. According to the questionnaire
responses, it had favourable results.

Occupant satisfaction
The creation of a comfortable environment by using several new technologies has been appreciated by KI Building occupants. Figure 20.16
depicts the satisfaction of occupants with their working environment.
Speciﬁcally, comfort dissatisfaction decreased to 7.17 per cent. This is
approximately one-ﬁfth of what it was before workers moved into the KI
Building. The satisfaction level increased seven-fold.
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This chapter presents the results of two consecutive research studies related
to individual control of the microenvironment and human performance.
First, it brieﬂy describes the results of a year-long study of the emerging
developments related to individually controlled environmental systems
(environmentally responsive workstations, ERWs1) and their associated
technologies. Second, it presents the results of a year-long ﬁeld study related
to ERWs and worker productivity conducted at an insurance company in the
northern Mid-west of the United States. The study revealed a statistically
signiﬁcant positive association between the change in productivity and the
change in ‘overall satisfaction’ with the workspace (Kroner et al., 1992).
Researchers found that improved indoor architectural and environmental
design contributed to an overall increase in productivity of 16 per cent.
ERWs were estimated to increase the level of worker productivity by
approximately 3 per cent.

Towards an ERW research agenda: state-of-the-art
study background
Three distinct events between 1985 and 1989 predated this study:
1

2
3

1985 – the Architectural Research Center Consortium Workshop on the
Impact of the Work Environment on Productivity (Dolden and Ward,
1985)
1988 – the International Symposium on Advanced Comfort Systems for
the Work Environment (Kroner, 1988)
1989 – the Ofﬁce Productivity and Workstation Environment Control
Research Planning Workshop (W.I. Whiddon and Associates and
Ostgren Associates, 1989).

Two clear research challenges resulted from these three workshops: (1) the
ERW concept should be researched and developed, and (2) research related
to ERWs’ impact on worker productivity was essential.
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All three groups emphasised that in the context of continual change,
whether those changes are in the building design decision-making process, in
the occupant’s organisational and managerial processes, or related to the
shift towards employing ever-increasing numbers of knowledge workers,
expectations are constantly shifting. With such a dynamic workenvironment it is difﬁcult to predict needed or desired levels of performance
for almost any of the building system and environmental quality categories.
As a result, the ERW concept should be explored and developed along with
the concept of heterogeneous environmental systems. Such systems include
combinations of ERWs, conventional HVAC systems, and other environmental strategies.
In 1990, in direct response to the above research challenges, the authors
undertook a state-of-the-art study of ERWs and related technologies in an
effort to: (1) pull together information relating to divergent and isolated
ERW developments; (2) review critically the technical dimensions of ERWrelated developments by industry and their experience; and, (3) identify the
key issues and questions which should inform the continued development of
this potentially signiﬁcant research area (Stark-Martin and Kroner, 1991).
The study concluded that ERWs are an emerging technology and represent a new and innovative way of potentially improving worker comfort and
productivity and energy efﬁciency in buildings, and providing new demandside management strategies to building owners. There is strong evidence to
suggest that, if ERWs are integrated with a building’s thermal inertia, nightﬂush cooling potential and similar strategies, energy costs in ofﬁce-type
buildings can be reduced by as much as 40–50 per cent (Von Thiel, 1987).

The impact of ERWs on productivity and
satisfaction: an insurance company’s office
environment
The study was initiated in 1990 in direct response to the research needs
identiﬁed above. The study’s research objectives were to analyse the impact
of ERWs on ofﬁce worker productivity and worker response to individualised environmental conditioning. The study consisted of three distinct surveys: (1) a productivity analysis of individual workers; (2) a comfort and
satisfaction survey; and (3) an examination of worker absentee patterns.
The study had several unique strengths. It used an established companygenerated productivity monitoring system; combined objective productivity
data with multiple subjective assessments of worker satisfaction and comfort; included measurements of three distinct inﬂuences on productivity (a
major organisational relocation, a new built environment and a new
environmental conditioning technology); and included randomised experimental intervention to assure the internal validity of assessments of causal
effects.
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The insurance company and ERWs
The insurance company occupied its ‘old’ ofﬁce building from 1960 to
1991. Expansions to the original structure in 1972 and 1982 resulted in a
ﬁnal gross ﬂoor area of 61,800 square feet. The old building had conventional lighting, HVAC, and ventilation systems similar to most ofﬁce
buildings today. In July 1991, the company moved into a newly designed
ofﬁce building, within the same city, encompassing 149,800 square feet of
gross ﬂoor area. This new building was designed to incorporate 370 ERWs,
making it the largest ERW ofﬁce installation in the world.
The particular ERW involved in this study provides the workstation
occupant with individualised control of: the temperature, velocity and direction of air delivered to the desktop through two air diffuser towers; a radiant
heat panel located below the desk top; a desk-mounted task light; and a
sound-masking device. Each ERW has its own replaceable air ﬁlters. An
occupancy sensor shuts down the unit if the workstation is not occupied
for over ten minutes and returns it to the set levels of operation when the
occupant returns.
Methodology
The study began on 1 January 1991. For 27 weeks researchers observed
conditions and collected productivity data in the old building. In July 1991,
the company employees moved to the new ofﬁce building, providing the
study team with 24 weeks for productivity data collection and observations
there. The move to the new building created problems of disentangling the
separate impact of the new building and the ERWs, however. The research
team’s response to this challenge was deliberately to introduce variation in
the ‘application’ of ERWs. This meant that, while we continued to receive
information from the insurance company on each worker’s productivity, we
randomly disabled their ERWs during the last 24 weeks of the study. We
selectively ‘disabled’ the ERW units by disconnecting three features: air temperature and velocity control and the radiant heat panel. All other features
were left intact.
The productivity analysis
The productivity analysis focused on 118 workers in the Underwriting
Departments. The measure of productivity was the number of ﬁles each
worker processed during a given week. The productivity assessment method
used was company-generated, had been in place for over two years prior to
the analysis, and was known to and accepted by the company’s employees.
Subjects were not informed that an analysis of their productivity was being
conducted by the research team. They were told that two surveys were under
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way; one which examined their reactions to their work environment
through a questionnaire, and the second an energy study which required the
random disabling of some ERWs for a period of time. Since the company’s
productivity measurements were ongoing and were not speciﬁcally noted by
the employees, the effect, productivity, was not affected by the subjects’
knowledge of being under study.
The Tenant Questionnaire Survey Assessment Method
To measure worker comfort and satisfaction, the study team utilised the
Tenant Questionnaire Survey Assessment Method (TQSAM) (Dillon and
Vischer, 1987). It is based on occupant surveys using a standardised questionnaire. The TQSAM provides a quick and efﬁcient method for assessing
ofﬁce buildings from the user’s point of view. The results of the survey are
used to generate a proﬁle of the tested building, which can then be compared
to a normative proﬁle and/or a previously occupied building’s ratings. The
decision to use the TQSAM was based on the following: (1) it was a readily
available ‘tool’; (2) its use allowed the study team to compare the company’s
ofﬁce building with other ofﬁce buildings in the TQSAM database. The
study team realises that there may be some inherent problems with the
TQSAM due to the statistical techniques used in its development. However,
because the emphasis of this project was on the productivity study, the
TQSAM survey form was adequate for our use.
The TQSAM was administered to the company’s employees on three separate occasions: in March, while the company was still in its old building; in
July, soon after the company moved into its new building; and in November,
after occupants had a chance to acclimatise to the new building.
Study results
The productivity study
We studied changes in productivity associated with three different causes.
Table 21.1 shows the results of the signiﬁcance tests. Figure 21.1 presents a
schematic view of the changes in productivity over the course of the study.
The greatest effect was the drop in productivity caused by the disruption of
the move between the old and new buildings. The second, and perhaps most
signiﬁcant, effect was the improvement in productivity that resulted from
the move to the new building with its innovative environmental and architectural design concepts. The third most notable effect was the increase in
productivity associated with the new ERW technology.
The most subtle effect was the drop in productivity associated with temporarily disabling the ERWs. The size of this effect was attenuated by noncompliance with the experimental protocol: workers frequently insisted that
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Table 21.1 Estimated median changes in productivity by cause (95 per cent confidence
interval for median percentage change)
Cause of change

Low

Mid

Disabling the ERWs
unadjusted
adjusted

−18.3%
−22.9%

−11.8%
−12.8%

−1.7%
−2.7%

4.4%

15.7%

28.4%

−39.7%

−31.7%

−21.4%

New building with ERWs
Move between buildings

High

Figure 21.1 Changes in productivity over the course of the study

the disabled ERWs be reconnected. When we plotted a worker’s average
percentage change in productivity against the average fraction of full ERW
function during the experimental weeks, we found a weak (R2 = 4 per cent)
but statistically signiﬁcant (p = .04) positive association. Therefore, we
extrapolated to full compliance with the experimental protocol and used the
regression intercept as an adjusted estimate of the experimental impact.
After this adjustment, the drop in productivity associated with disabling the
ERWs was even more signiﬁcant. Furthermore, the fact that there was a
correlation between the extent of ERW disabling and the extent of the drop
reinforces the case that it was indeed the experimental manipulation that
caused the change in productivity.
In round numbers, we can summarise Table 21.1 as follows. The move
between buildings temporarily reduced productivity by about 32 per cent. In
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the longer run, the combination of new building and ERWs increased productivity by about 16 per cent over the baseline in the old building. Disabling
an ERW for one week reduced productivity by about 13 per cent relative to
the new baseline in the new building.
These ﬁgures apply to the median worker, so half the workers had larger
changes and half had smaller. We note that the ﬁgures, while quite certain as
to sign, are rather uncertain as to magnitude. Thus, the productivity drop
associated with the move could actually be anywhere in the range from 21.4
per cent to 39.7 per cent, with 31.7 per cent as the most likely estimate. The
increase associated with the combination of new building plus ERWs could
be anywhere in the range from 4.4 per cent to 28.4 per cent, with 15.7 per
cent most likely. Likewise, the decrease associated with disabling the ERWs
could be anywhere from 2.7 per cent to 22.9 per cent, with 12.8 per cent
most likely. These uncertainties are rather large but accurately reﬂect the
extent of variability within and across workers and the relatively small
numbers of person-weeks in the dataset.
Finally, it appears that disabling the ERWs resulted in something like a 2
per cent overall drop in productivity. We arrived at this ﬁgure by multiplying
the median 12.8 per cent drop in productivity when the ERWs were disabled
by the median 15.7 per cent increase in productivity achieved in the new
building [(+ 15.7% change from new building + ERWs) × (− 12.8%
change from disabling ERWs) ≈ − 3 per cent impact on productivity
associated with ERWs alone] (Fig. 21.2). Given the uncertainties in the components, the actual ﬁgure could easily fall anywhere between a fraction of 1
per cent and 7 per cent, with 2 per cent a reasonable point estimate.
Stepping back from the details, we believe these ﬁndings are a major step
in the study of the link between work environment and productivity. We

Figure 21.2 Total increase in productivity in the new building with ERWs
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have solid statistical evidence that objectively computed measures of productivity increased for underwriting personnel in the new, ERW-equipped
building. Because of our experimental manipulations, we have solid statistical evidence that the ERWs played a signiﬁcant part in the increase,
because temporarily disabling the ERWs caused statistically signiﬁcant
decreases. Finally, to give some scale to these changes, we showed that the
combined positive effect of the new building and ERWs was about half the
size of the transient negative effect caused by the move between buildings.
As previously mentioned, the 16 per cent increase in productivity associated with the move to the new building is perhaps the most signiﬁcant ﬁnding of the study. For the ﬁrst time we have a quantitative measure of the
signiﬁcance of a high-quality indoor environment that has been architecturally and environmentally designed to facilitate work-ﬂow management and
maximise occupant comfort and satisfaction. The fact that this study was
carried out in a real ofﬁce building, as opposed to a laboratory, and used an
established employer-generated productivity measure is equally signiﬁcant.
While the results of the productivity study provide useful and interesting
productivity data as mentioned above, they also raise several additional
questions. For example, though we know that productivity dropped when
the ERWs were disabled, we cannot be certain whether this effect was
caused solely by a reduction in comfort, by the loss of individual control
associated with the disabled ERW, or because individuals were frustrated
due to being inconvenienced. Additional questions remain as to whether the
results would have been similar had we disconnected the task-lighting and/
or some other ERW function. Further study in these areas is indicated.

Conclusions
A number of factors contribute to making this study a unique contribution
to the ﬁeld. The impact of quality architectural design has often been
debated, but never quantiﬁed. The quantifying of productivity as it relates to
architectural design and/or a particular environmental technology satisﬁes a
long-standing need for a basis for decision-making related to building
design, innovation in environmental technology and energy, and other
considerations.
Through an almost uncanny series of coincidences, we were able to take
advantage of a rare opportunity that involved the largest installation of
environmentally responsive workstations (ERWs) in the world, in a company that had a tested productivity measure in place, and at a time when the
company was moving from a conventional ofﬁce building to a modern and
innovative architectural design. We were handed, in other words, a clear-cut
before-and-after scenario. Up to now, a signiﬁcant amount of analysis has
been performed on the impact of environmental quality on productivity.
This work, however, has been performed either in laboratories or in ﬁeld

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Productivity and the intelligent workplace

355

studies that attempted to measure the impact of isolated environmental factors on productivity using measures meaningful to scientists, but not to
managers in the workplace. The study was designed to focus on knowledge
workers and provide information pertinent to management as well as the
research community.
Out of our good fortune came a series of ﬁndings, of which the most
signiﬁcant are the following.
•

•

•

We can claim with certainty that individual control over one’s environment yields a 2 per cent improvement in productivity. The actual
improvement in productivity produced by the ERWs is undoubtedly
greater, but given the relatively short time span (two weeks) in which we
were able to disable the ERWs and study the results, this is what we can
claim conservatively. However, the Senior Vice President of the Insurance Company, states that ‘By our results, productivity went up from
4 to 6 per cent, and with a payroll of over $10 million a year, that’s a
substantial return on investment’.
In the TQSAM study of the individual workers, the tremendous transformation of the workers’ response to the perceived quality of their
environment is equally signiﬁcant.
In a holistic sense, these ﬁndings allow us to quantify the impact of a
well-designed, high-quality environment on productivity.

What our ﬁndings do not tell us is what particular aspect of environmental quality is most important to an individual worker. We do not know,
for instance, the relative importance of the individual’s control of air velocity versus air temperature. We do not know whether a direct ﬂow of air is
preferable to an indirect ﬂow of air. And we do not know the circumstances
under which a worker would be willing to trade a movable radiant heat
panel below the desk for one at a different location or with a different
conﬁguration.
However, it is important to be able to establish quantitatively and without
doubt that the ability of an individual to control his or her own work
environment in response to personal needs makes an appreciable difference.
In fact, we have anecdotal evidence that individual control is such a powerful factor that workers have refused offers of higher-paying jobs elsewhere
once they realised that the new position would not include individual
environmental controls.
As is invariably the case, arriving at answers to pressing questions has
uncovered a whole new set of concerns, for example:
•

the availability of individual controls appears to contribute to lower
energy consumption – but the extent of the reduction needs to be
quantiﬁed
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the availability of these controls leads to a signiﬁcant drop in worker
complaints – but that, too, needs to be quantiﬁed
economic impacts result from worker satisfaction and retention –
employers have fewer people to replace and train – but these impacts
remain to be measured.

Clearly, the study justiﬁes additional studies of this type. We feel that it is
well worth investing R&D funds to gain a better understanding of individually controlled environments in both economic and environmental terms.
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Note
1 Environmentally responsive workstations (ERWs) integrate and provide heating,
cooling, lighting, ventilation and other environmental qualities directly to the
occupants of workstations. Additional integrated components may include:
communication and information systems, electric power service, optical view
panels, and fragrance options. The key feature of an ERW is that the occupant
controls, modulates, and maintains the environmental conditions. ERWs are
designed to operate when the workstation is occupied. ERWs are at their best if
they are integrated with an environmentally responsive architecture.
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Business in the UK has changed fundamentally in the last 20 years. With
manufacturing having largely given way to a thriving services sector, people
power is now at the heart of our economy. And the face of those people is
changing. Women now make up nearly half the workforce.1 The labour
market is ageing too: by 2010, only one-ﬁfth of the workforce will be made
up of white, able-bodied men under 45 years old and in full-time work.2
With the end of the ‘job for life’ came the end of staff loyalty. Businesses
are now competing for skilled employees in an increasingly tight labour
market. Businesses look to leadership, pay and staff development to attract
and retain the brightest people, but as we are spending more and more time
at work, few business leaders actually consider the impact of the four walls
around them. Isn’t it time that we, practitioners and academics, looked
outside the realms of design and architecture as an industry and asked: ‘Is
the British Office up to the job?’
The business community needs a clear vision of the impact of the British
Ofﬁce on our workforce and ultimately our organisations as a whole. How
can our workplaces be improved to ﬁt our business strategies? How can our
ofﬁces match and support the workstyles of this century? Can we create
ofﬁces to make us more innovative?
In 2005, Gensler decided to investigate these and other questions by
commissioning an independent survey of middle and senior managers in the
legal, ﬁnancial and media sectors. What follows is the short story of the real
British Ofﬁce told by those who work in it.3
Our new research shows that good design makes business sense. High
value professionals across sectors including law, ﬁnancial services and media
told us that a better working environment would make them nearly 20 per
cent more productive, the equivalent to £135 billion per year. Furthermore,
four in ﬁve professionals maintain that the quality of their working
environment is very important to their sense of job satisfaction yet the vast
majority don’t believe their ofﬁce has been designed to support their
company’s business or their own job function. Is it possible that, in an effort
to drive out costs, businesses may be missing the point that working

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

358

Wheeler and Almeida

environment has a fundamental impact on recruitment, retention, productivity and ultimately on the organisation’s ability to achieve its business
strategy?
Business leaders need to look at properties not as a ﬁxed cost or overhead
but as an asset that could make the real value in the business – its people –
work smarter. We hope our report gives professionals a voice in shaping the
British Ofﬁce of the future.

The productivity leap: the bottom line
With productivity, knowledge sharing and responsiveness to market conditions identiﬁed as the true sources of competitive advantage, there is an
increasing awareness that the workplace is where organisations link people,
processes and technology. In this context, is there a business case for
reassessing the British Ofﬁce?
Our new research shows that poorly designed ofﬁces cost UK business up
to £135 billion a year.4 UK managers and senior managers estimate that an
improved workplace would increase employee productivity by 19 per cent,
and their own productivity by 17 per cent. This evidence suggests that the
potential that might be unlocked by improving British ofﬁces is equivalent to
a productivity leap on a grand scale.

Figure 22.1
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Building costs represent 8–12 per cent of our turnover. Lawyers
represent 65 per cent of it, and we need to make sure they’re happy.
(Peter Charlton, Managing Partner, Clifford Chance, London)
There is a well-known formula within the construction industry which states
that for every £1 spent on construction, £5 is likely to be spent on maintenance and £200 on stafﬁng costs. If the actual cost of real estate is much
greater than the cost per square foot – businesses must look at the impact of
space (positive or negative) on their people. Companies need to start thinking about value. If people power is now our greatest asset – and the UK
works the longest hours in Europe – how can we better support a happy and
productive workforce?
Our ﬁrst conclusion is that workplace matters. Four in ﬁve (79 per cent)
professionals say the quality of their working environment is very important
to their sense of job satisfaction, with 88 per cent of professionals in media/
publishing putting a high value on the quality of their ofﬁce environment.
However the majority (58 per cent) of professionals don’t believe their ofﬁce
has been designed to support their company’s business and their own job
function. This ﬁgure rises to 66 per cent of female professionals and 69 per
cent of managers in media/publishing.
One third (33 per cent) of professionals say that their working environment has been a contributing factor in their decision to accept or reject a job.
This ﬁgure rises to 41 per cent in Greater London, where greater job choice
makes ofﬁce design a more important differentiating factor. Furthermore 44
per cent of respondents in media/publishing and 39 per cent in legal services
say that their working environment has been a contributing factor in their
choice of employer. In a tight labour market, companies with high quality
workplaces have competitive advantage.
Britain’s ofﬁces are not highly rated. Only half (52 per cent) of professionals rate their working environment as good or very good, with senior
managers having a considerably higher opinion of their ofﬁces (68 per cent
good/very good) than middle management (45 per cent good/very good).
Professionals in legal services are the most satisﬁed with their ofﬁces, with
3 per cent rating their ofﬁces as poor or very poor, while 21 per cent in
ﬁnancial services and 31 per cent in media/publishing rate their ofﬁces as
poor or very poor. Forty-three per cent of women rate their ofﬁces as good
or very good, versus 56 per cent of men. The average score of the British
ofﬁce is 3.5 (3 being adequate, 4 being good).
Worryingly, more than one third (35 per cent) of professionals (44 per
cent in media/publishing) believe their company doesn’t consider the quality
of their working environment to be a high business priority. Forty-seven per
cent of professionals in the Midlands and 44 per cent of professionals in
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Figure 22.2
Greater London say their company doesn’t consider the quality of their
workplace to be a high business priority. Professionals based in the North
are more satisﬁed, with 78 per cent of managers saying their employers do
consider the quality of their workplace to be a high business priority.
Middle managers are perhaps more cynical, or perhaps experiencing less
favourable working conditions than senior managers, with 39 per cent of
middle managers agreeing that their employer doesn’t consider the quality
of their working environment to be a high business priority versus just
23 per cent of senior managers. Similarly 57 per cent of senior managers
argue that their ofﬁce has been designed to support their company’s business
and their own job function, versus a more sceptical 37 per cent of middle
managers.
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Figure 22.5

Figure 22.6
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Designed for work life?
We wanted to know what in the opinion of business managers is determining the shape of our workplaces. Professionals are clear: it’s a question of
cost. Forty-one per cent of middle managers (36 per cent overall) believe
minimising ofﬁce costs is the main reason behind their ofﬁce’s design, with
31 per cent saying creating a productive and enjoyable working environment is the objective, 13 per cent stating company tradition, 10 per cent
apathy and 4 per cent company brand.

Figure 22.7
Focus on media and publishing
In the media sector the creation of new ideas and new intellectual property is
particularly key, so media professionals arguably have much to gain from
working in an environment designed to foster innovation. However, media
professionals are the least satisﬁed group – they care the most about the
quality of their working environment yet the majority have a poor quality
workplace.
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Contrary to popular perception, creating a more efﬁcient workplace is
not at odds with minimising costs, as proved by the results achieved by
Corinthian Television.
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Media case study: Corinthian Television – creating a space to inspire
and retain talent
When broadcasting television facilities company, Corinthian Television,
decided to move out of central London, the need to create a workplace that
would foster interaction and help attract and retain the best staff was top of
the agenda. As Mike Silverman explains:
Our move to Chiswick Park was much more than a physical move.
Corinthian had just won a contract to become the main service provider
for an international media company who would share our facilities. We
were thus moving our client away from the freedom of choice of television facilities. And for Corinthian staff, who had been used to working
with a range of different clients, their client diversity was gone. So it was
very important to make everyone feel that they were gaining rather than
losing. We had to replace client diversity and freedom of choice with an
exciting place to work.
Our main goal was to create a ﬁrst-class digital television broadcasting facility that would convey our identity and use innovative design to
consolidate a range of production, operational, and administrative

Figure 22.8
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operations within a single building. What we have today is an uplifting
workplace that enables our technical and creative staff to enjoy, focus,
collaborate and perform at their best. We are also proud to share our
facilities with our visitors, many of them in show business.
The design has created a true sense of openness and integration. One
strategy for accomplishing this was to place shared experience areas at
the front door. The ground level includes a café, breakout space and
auditorium to allow different people from different departments to use
the space in different ways but still interact with each other.
Sharing of experience was also a key component of our strictly functional areas. Since transmission control is what keeps our television
screens on, the transmission suites are a focal point. The suites are acoustically segregated, but glass partitions between them mean that one controller can cover for another while he or she, say, grabs a cup of coffee.
But they also emphasize Corinthian’s core business. Every passer-by has
the chance to experience the heart and lungs of its televised life.
People love working at Chiswick Park. As a direct result, we have seen
our staff retention improve 150 per cent. An added beneﬁt is we have
achieved signiﬁcant economies in logistics and operating costs. But the
greatest testament to the quality of the new environment is that Corinthian didn’t lose a single member of staff in the move to Chiswick Park.
(Mike Silverman, Chief Executive Ofﬁcer, Corinthian Television)

Brand central
Your workplace communicates a brand by design or default – it’s your
choice.
(Marla Brown, Principal, Gensler)
The workplace is the most three-dimensional, physical representation of any
organisation’s brand and has a huge impact on the way employees – and
potentially customers – live and experience the brand on a daily basis. Yet in
the UK the workplace is a huge missed opportunity. Professionals are split
50/50 as to whether their workplace enhances their company’s brand (the
culture, values, image and reputation associated with their company). A
shocking one in ﬁve professionals (25 per cent in media/publishing) would
be embarrassed to show customers their place of work. Could this be a huge
missed opportunity for internal marketing and staff retention as well as
customer relationship building?
The question is not ‘Can we afford to improve our workplaces?’ but ‘Can
we afford not to?’ Too often business managers think of their brand as the
logo over the front door. In fact the address, the architecture, the interior
and the furnishings are all expressions of a company’s brand. Companies
must think through all the ‘touch points’ where their brand interacts with
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their employees and customers – just as retailers plan the ‘customer journey’
through their shops – from the reception area and meeting rooms to the
work zones and toilet facilities. If there is a gulf in quality between the
‘client’ and ‘employee’ areas, what does this say to your customers and your
employees about your values?
Financial services case study: London Stock Exchange – building a
brand in three dimensions
How do you create an environment to embody the brand of one of the oldest
and most inﬂuential institutions in the world and take it into the twenty-ﬁrst
century? Evelyn Fujimoto, Gensler, takes a walk through a rejuvenated
London Stock Exchange:
As visitors walk into the main foyer of the London Stock Exchange, they
are drawn towards the Source – a kinetic sculpture that marks the start
and ﬁnish of each business day. The installation embodies the energy of
the London Stock Exchange and is the focal point of the main atrium.
In the reception area, an electronic ticker tape strip across the ceiling
provides a continuous ﬂow of up-to-date ﬁnancial news. Gazing
through the atrium glass, visitors can see news in the making in the
Media Centre that hosts daily live transmissions by ABC, BBC, CNBC,
CNN, and Sky, underlining the Exchange’s delivery of real-time market
intelligence to the local and international ﬁnancial community.
The journey through the building is mapped by a signage system
inspired by a pictorial interpretation of the London Stock Exchange’s
prestigious address at Paternoster Square. The iconic square provides a
framework to represent the leading ﬁnancial centres in the world to
reﬂect the Exchange’s position in the global market.
The hub area on the ﬁrst ﬂoor acts as an interaction point for staff.
This dynamic and engaging recreational area also displays a knowledge
wall where staff can exchange information and ideas.
The café, another main social point in the building, has also been
given a new identity. It was re-named ‘The Foundation’ as the original
foundation stone of the building formed part of the café ﬂoor. This is a
symbolic gesture to emphasise the importance of interaction within the
work environment and celebrate the Exchange’s rich heritage. This
stone is also a square – a recurring motif – and is used to brand the
menus, paper cups and serviettes.
Furniture icons destined to become twenty-ﬁrst century classics
reinforce the enduring and forward-looking values of the Exchange
while reasserting the timeless elegance of the interiors.
The London Stock Exchange reﬂects the brand in three dimensions –
paying tribute to the Exchange’s heritage whilst enabling the organisa-
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tion to embrace new ways of working and respond to evolving needs of
the global ﬁnancial community.
(Evelyn Fujimoto, Gensler)
Our new headquarters reﬂects how much the London Stock Exchange
has changed in the last 30 years. Its design allows us to work in new ways
and gives us the ﬂexibility to continue our development as a commercial
enterprise. In addition, our new Media and Business Complex is being
used for a variety of meetings and events, with the constant ﬂow of
communication and ideas putting us ﬁrmly at the heart of the city.
(Chris Gibson-Smith, Chairman, London Stock Exchange)

Office futures: workstyles/workspaces
So what do we really want from our working environments? Personal space
(39 per cent), climate control (24 per cent) and daylight (21 per cent) are
the most important factors in a good working environment, according to the
professionals we interviewed.
Open plan is currently the dominant ofﬁce layout, with 62 per cent of
professionals currently working open plan, compared to 28 per cent in their
own private ofﬁce, 7 per cent in shared private ofﬁces and just 2 per cent
ﬂexible working.
The private ofﬁce retains its cachet with half (50 per cent) of professionals
saying they would prefer to work in private ofﬁces (30 per cent solo, 20 per
cent shared) and one third (33 per cent) of professionals saying they would
most like to work open plan.
There is room for designers to propose a fresh look at hot desking in the
light of ﬂexible working arrangements and new technologies. Currently just
1 per cent of professionals would choose to hot desk and 68 per cent say hot
desking is their least favoured ofﬁce option.

Figure 22.9
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Figure 22.10 A typical British office at its best

Figure 22.11
Overall we are creatures of habit – professionals are most likely to favour
their current ofﬁce style – 91 per cent of those with private ofﬁces would
most like to work in private ofﬁces, 48 per cent of open plan workers favour
an open-plan workspace.
Private ofﬁces are still seen as a reward for seniority, with 47 per cent of
those aged 50–60 having a solo private ofﬁce, compared with 18 per cent
of those under age 40. However, 51 per cent of professionals (60 per cent of
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female professionals) have greater respect for leaders who work in an
open-plan environment with their teams.
Our research illustrates how little ﬂexible working has penetrated the
UK’s professional labour market despite the ongoing debate about work–life
balance, but 16 per cent of professionals state ﬂexible working as their
preferred work option for the future and 36 per cent claim to be able to be
more productive at home than in the ofﬁce.

Figure 22.12

Figure 22.13
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Focus on legal services
Legal businesses are most likely to reﬂect tradition and hierarchy, with
private ofﬁces dominating in current and ideal ofﬁce scenarios.
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Legal case study: Allen & Overy – A space to transform working practices
Forward-thinking law ﬁrm Allen & Overy used a new ofﬁce space as an
opportunity to introduce a variety of new working practices, as Andrew
Clarke explains:
Our new ofﬁce at 40 Bank Street in Canary Wharf was a strategically
important step for us. We wanted to retain and nurture strong links with
our clients in Canary Wharf and create a truly innovative and efﬁcient
work environment that would differentiate the ﬁrm among clients, staff
and competitors. We also saw 40 Bank Street as a test-bed for innovation, wireless technology and new ways of working which we could
benchmark for our future main space at Bishops Square and possibly
adopt across the company.
We worked with Gensler on some blue sky thinking, followed by a
series of interviews and a ﬁrm-wide survey to ensure that everyone had a
say in the design process.
Design was part of our strategy to achieve the collaborative, crossselling culture that is so vital in today’s competitive legal world. Pushing
boundaries often means taking risks but we were happy to experiment
with new concepts. We did this particularly with the ratio between
private ofﬁces and team working spaces, which at 40 Bank Street is

Figure 22.14
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balanced, so our staff, especially the lawyers, can choose the buzz or
stimulation they need to work at their best.
Reﬂecting Allen & Overy’s egalitarian approach, we broke the mould
of the traditional law ﬁrm set-up and created teamwork spaces and
breakout areas to occupy prime ofﬁce space and beneﬁt from the stunning
views over the city of London. The open plan environment has allowed us
to increase levels of teamwork. Our trainees and secretaries can learn
from listening to associates and partners so a huge amount of knowledge
sharing is taking place effortlessly. The shared teamwork spaces not only
provide the opportunity for important social interaction but are also seen
as a breeding place for creativity and cross-fertilisation of ideas.
The combination of wireless technology and creative design at 40 Bank
Street is encouraging staff to work whenever and wherever they want.
Whether based at 40 Bank Street or just visiting the ofﬁce, our staff are
truly mobile – and so is knowledge, which means people can be productive in many different areas. Workstations have been individually designed
to give them a sense of belonging and we have created shared spaces
inspired by the interests and hobbies of all our staff. Whether in the mood
for recreation (Sports Area), relaxation (Library) or retreat (Zen Area),
our staff have the choice to use a breakout area to get work done.
At 40 Bank Street, we have achieved an environment that contributes
to our mission of attracting and retaining the best legal and support
staff, improving organisational agility and fostering knowledge sharing.
(Andrew Clarke, Partner, Allen & Overy)

The creative office
The brain is a wonderful organ. It starts working the moment you get up
in the morning and does not stop until you get into the ofﬁce.
(Robert Frost)
Q: How do we add value in a services economy?
PEOPLE.

A: By investing in

As Dan Pink argues in his recent book, A Whole New Mind,5 we are now
witnessing the rise of right brain thinking – increasing commoditisation
means that future economic advantage lies in advanced knowledge networks
and ideas. The irony is that if you ask people where they think best, chances
are the ofﬁce isn’t top of the list. Thirty-eight per cent of professionals (45
per cent in ﬁnancial services) say it’s difﬁcult to be creative or innovative in
their ofﬁce.
The new economy requires creativity and collaboration yet the professionals we spoke to suggest that we might be in danger of becoming a nation
of desk jockeys. Middle and senior managers spend more than half (52 per
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cent, 58 per cent in legal services) of their time desk bound, just a third
(28 per cent) of their time in internal meetings/interacting with colleagues,
and the remaining ﬁfth of their time travelling and in external meetings.
However, they come up with their best ideas in meetings/interacting with
colleagues (30 per cent), at home (22 per cent) and in various other scenarios. If employees are at their most creative when they work together, why
aren’t businesses investing more in interactive spaces? The right balance
must be found between concentration and collaboration with team spaces,
breakout areas and quiet rooms.
The growth in many types of creative business has meant that more professionals are enjoying the beneﬁts of creativity rooms, chillout areas, meetings in unusual venues and team-building activities. But how can creativity
be built into the fabric of a working environment and can an innovative
workplace really foster innovation and new ways of working?
Public services case study: GCHQ – A place to transform
organisational culture
Re-housing a sizeable, sensitive and critical operation like GCHQ was an
ambitious undertaking in itself. But GCHQ not only wanted to move staff
from 50 buildings spread across two campuses into a single location, the aim

Figure 22.15

Figure 22.16
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was also to create a new sense of culture and identity for GCHQ as it evolves
to become a dynamic, twenty-ﬁrst century organisation.
In addition to providing a more integrated set-up, there was a desire to
achieve a ﬂexible environment and create a sense of community in what was
traditionally seen as a compartmentalised and hierarchical organisation.
How could this new openness be achieved without compromising operational security and efﬁciency?
The space conceived to achieve the cultural impact GCHQ sought, without compromising operational and security priorities, was the Intelligent
Campus. Three identical, interdependent ofﬁce buildings now nestle in
GCHQ’s new, circular headquarters at the Benhall campus. The circular,
radiating shape brings GCHQ together, keeping the three divisions autonomous but closely linked.
The all-encompassing structure – constructed from local Cotswold stone,
aluminium and glass – draws staff together, creating a sense of community
and belonging within a secure environment. A wide, landscaped courtyard
in the middle of the circle forms the ‘heart’ of the community, whilst a
planar wall of reinforced glass cloaks the perimeter to provide security: staff
can see out, but it is impossible to see in.
The design of the entrance is also key to GCHQ’s cultural revolution:
staff and visitors enter through linked blocks – three shared spaces between
the buildings. This brings people from different divisions together,
whilst amenities in two of the entrances offer convenience and encourage
integration.
The interior is conceived as a people-friendly, high-performance workplace, with the emphasis on ﬂexibility, integration, collaboration and
efﬁciency. Open-plan ofﬁces are conﬁgured to ensure that no member of
staff is more than ﬁve minutes away from any colleague. The circular shape
enables scalability by eliminating dead ends, so that teams may expand both
horizontally and vertically. Dotted around the complex are breakout areas
to encourage spontaneous communication, while the ‘Secret Garden’ offers
landscaped areas for staff to relax.
If the courtyard is the heart of the GHCQ community; then a bright, glassroofed, internal ‘street’ is its lungs. The street runs through all three buildings, aiding circulation by linking all sections, shedding light and providing
an area for staff to eat, drink and relax.
By investing in innovative design, GCHQ has seen to fruition a practical
solution to its unique cultural and logistical needs, ensuring that staff are
truly empowered to focus on protecting the nation.
This state-of-the-art building will enhance GCHQ’s ability to provide
vital intelligence which will help counter global terrorism and other
serious threats to the UK and its allies.
(Jack Straw, Foreign Secretary, UK Government)
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The traditional ‘barbed wire’ security model doesn’t work in an
environment where employees choose to come to work and need to
work together. GCHQ proves that a sense of openness and a positive
working environment can be achieved without compromising security,
and a new working environment can renew an organisation and its
working practices beyond recognition.
(Chris Johnson, Managing Principal, Gensler Europe)

The ‘thinking time’ directive
UK professionals work the longest average week in Europe despite the
Working Time Directive and other initiatives to limit working hours. And
work has become even more intense as advances in ICT enable us to be
available 24/7. As executive ‘think time’ is being eroded, what is the cost to
professionals and British business?
Seventy-eight per cent of professionals say increasing work pressure
means they have less time to think than they had ﬁve years ago. Furthermore, pressure on their time and information overload is reducing the value
professionals can add to their companies by a ﬁfth (21 per cent). Professionals estimate that they abandon/are unable to investigate more than a
quarter (28 per cent) of their ideas due to time pressure.
Shockingly, more than half (52 per cent) of professionals never completely
switch off from work. Seniority has a price tag: 58 per cent senior managers
never switch off as compared with 50 per cent of middle managers. Different
sectors also reﬂect different levels of stress, with 48 per cent of ﬁnancial
services professionals unable to switch off as compared with 57 per cent of
professionals in legal services and 63 per cent in media/publishing. If we
acknowledge that people working in professional jobs will often work long
hours, how can we improve the workplace to support these time-pressed
employees?

Legal case study: Clifford Chance – Supporting work–life balance
When the world’s largest law ﬁrm, Clifford Chance, moved out of the City
of London to Canary Wharf, supporting hard-working staff and clients with
state-of-the-art facilities was top of the agenda:
Clifford Chance is renowned for its quality of service and we wanted
our new ofﬁce space in Canary Wharf to support our 3,000 staff and
our clients with the best possible facilities. Our move gave us the
opportunity to create a truly world-class 24/7 operation in London.
(Peter Charlton, Managing Partner, Clifford Chance)
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Today the ofﬁce has achieved a balance between public and private spaces.
The rooms are totally versatile and can be transformed from intimate
deal rooms into conference rooms. The elegant open spaces throughout
the building have fostered communication and interaction between staff
and provided elegant surroundings for visitors. With state-of-the-art
workstations and staff amenities, the 24-hour secure deal zones and 24-hour
staff canteen have all had a positive effect on productivity within the ofﬁce
and provided staff with welcome support facilities.
Space highlights include a health club featuring a sky-lit 20m-lap pool,
2 squash courts, aerobic studios, gym, a 257-seat auditorium, a space
known as ‘The Street’ with a ‘well being’ centre, information services area,
print room, travel ofﬁce, prayer room, restaurant, coffee bar and convenience store; a dining and events facility on the 30th ﬂoor with spectacular
views over Canary Wharf, Greenwich and The Dome. Client facilities
include a restaurant for up to 450 people; and a client meeting facility over
two ﬂoors with 80 rooms with unique ‘deal zones’ which convert into secure
spaces for sensitive negotiations.
In addition, each ﬂoor offers self-contained breakout areas incorporating
vending machines and seating areas. There is also a hospitality lounge with a
bar, lounge, library, touchdown desks, showers, private meeting rooms and
business centre, amongst other areas.
The building has become known as the Green Giant for its energy efﬁcient
design, and the business beneﬁts from a win-win combination of low operational costs and low environmental impact.
The impressive nature of the interior has been very well received by staff
and clients alike, with staff retention at an all time high. Clifford Chance’s
new premises are set to become an international landmark for truly global
law ﬁrms.

Conclusion: The future of the British Office
British business has traditionally viewed the ofﬁce as an overhead, with
the result that minimising costs rather than creating a productive and
enjoyable working environment for staff and customers often determines the shape of Britain’s workplaces.
Our independent research shows that many professionals in the UK
are at best neutral about their working environment and at worst
ashamed to show their ofﬁces to their customers. The vast majority of
managers believe that their ofﬁce was not designed with their company’s
business – let alone their own job function – in mind. Yet this apparent
cost-cutting means that UK businesses are missing out on a productivity
gain of up to 19 per cent – the equivalent of £135 billion every year.
The strategic value of workplace design is beginning to be recognised
in the boardroom. We must encourage business leaders to understand
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the performance of their buildings, rather than limiting their property
strategy to minimising cost and square foot per person. In a services
economy, added value comes from innovation through fostering collaboration. The workplace is not a cost – it is a strategic resource that
can be used to foster greater success.
Recent innovative approaches to workplace by pioneers from
Corinthian Television and IBM, to GCHQ and the London Stock
Exchange (and their clear impact on productivity, brand and staff/client
satisfaction) have given us a glimpse of what the twenty-ﬁrst century
working environment can be. These early adopters point the way in
a trend which is seeing the British Ofﬁce transformed from a generic
shell into a living embodiment of a company’s brand, designed to
support the particular needs of the employees and customers who will
work in it.
Business leaders are beginning to realise the impact of workplace on
organisational performance. Brand, working practices, technology and
creative spaces are the four walls within which future businesses will
thrive. We look forward to the day when the four walls of the British
ofﬁce will support employees, customers, brand and ultimately the
success and productivity of the company as a whole. Today’s business
leaders and designers have an unprecedented opportunity to improve
the quality of work and life for all of us.
(Gary Wheeler, Director of Workplace, Gensler
Alessandra Almeida, Associate, Gensler)

About Gensler
Gensler is a leading global architecture, design, planning, and strategic consulting ﬁrm that partners with companies to achieve measurable business
and organisational goals through the use of design. For over 35 years,
Gensler has been a pioneer in creating great places that enhance the quality
of work and life. Today, Gensler has over 1,700 people and ofﬁces in
25 cities. Gensler London was founded in 1988 and currently employs over
150 people. It has designed over 25 million square feet of ofﬁce space and is
responsible for over £1 billion of construction work.
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Research was conducted on Gensler’s behalf by independent business-tobusiness research specialists, Vanson Bourne. In total, 200 middle and senior
managers were interviewed in the UK between 14 and 31 March 2005. They
were drawn at random from legal, media and ﬁnancial services sectors.
The workplace productivity equation
The results of our new research enable us to make a clear link between
workplace and productivity. According to our research, professionals in the
services sector estimate that ‘a better working environment would increase
employee productivity’ by 19 per cent. If we multiply the service sector GVA
(Gross Value Added – latest available ﬁgure, 2003) by 19 per cent the results
are as follows:6
(% Productivity Increase × UK Service Sector GVA) − UK Service
Sector GVA = £ Productivity Increase
(1.19 × £709,907 million*) − £709,907 million = £134,882 million
(£135 billion, where billion means a thousand million)

Notes
1
2
3
4
5
6

ONS, Labour Force Survey 2004.
Department for Work and Pensions.
See Research Methodology.
See Research Methodology.
Dan Pink (2005) A Whole New Mind. New York: Riverhead Books.
Figures taken from UK National Accounts, Blue Book 2004, UK service sector
GVA, Section 2.3, p. 112.
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Future design – guidelines and
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Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

John Doggart

Designing buildings is a complex task, requiring many judgements and priorities to be made. Costs, spatial layout, services and aesthetic issues are just
four of the factors which the design team must reconcile, and the good
designer is the one who achieves the right balance.
One priority is starting to stand out above all others: to produce a highperformance building that outperforms its competitors by contributing to
better occupant health and well-being. By raising the importance of these
factors, productivity gains can be made which overwhelm most other
considerations. For example, a 1 per cent gain in productivity is typically
worth more than saving the entire fuel bill, while a 5–10 per cent loss in
productivity can wipe out a company’s proﬁt and send it to the wall.
So how can the designer contribute to increased productivity? Until
recently information has been scanty and uncertain, but there is a growing
body of knowledge that allows design performance to be predicted with
some conﬁdence. Even when beneﬁts cannot as yet be quantiﬁed, and there
are many areas where this is true, the evidence shows that one direction is
better than another, i.e. which factors are beneﬁcial and which are to be
avoided.
Productivity is affected by a huge range of design factors:
•
•
•
•
•
•
•
•
•

comfort temperatures
cooling systems
thermal mass
window design
day and night light
controls
ﬁnishes
building sickness
built form.

All of these are under the control of the designer. So what should the design
team aim for, and what tools and guidelines are available? These notes aim
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to provide some guidance, while recognising that these are early days and
much more remains to be investigated before a full and stable picture
emerges.
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Comfort temperatures
In the 1930s the idea took hold that people were like machines, requiring
certain average operating conditions to function satisfactorily. For the
designer this manifested itself in simple guidelines, for example that temperatures should be 21°C in winter and 22°C ± 1 K in summer. Clearly this
assumes that all people want the same temperature, all the time. This
over-simple view of human needs is being supplanted by more subtle
understanding of people and their needs.
One of the most interesting challenges to the mechanistic view is: why do
most people in the UK prefer naturally ventilated buildings, when these
plainly don’t meet the standard comfort criteria? This was shown in a survey
for agents Richard Ellis, where 89 per cent of the sample said that they
preferred buildings without air conditioning (Harris Research Centre,
1994). Another survey indicated that this was only true if severe overheating
was avoided in summer.
These results require that comfort deﬁnitions are revisited. It now appears
that occupants accept, and perhaps even like, variations of temperature over
time, provided that they remain within overall limits. In particular occupants seem content to accept higher temperatures for short periods of time:
the higher the temperature the shorter the time. These times and temperatures vary between different sources, but a coherent view emerges when these
sources are aggregated (Table 23.1).
The values in Table 23.1 provide a coherent time–temperature proﬁle
which can be speciﬁed by the client and used by the design team to test
their design. This is carried out using a detailed energy and temperature
analysis program such as TAS, ESP, or APACHE. Predicted performance is
then compared with the time–temperature proﬁle. Because of program
Table 23.1 Acceptable temperatures and time periods
Temperature

Maximum time for temperature
to be exceeded

Source

21°C
25°C
27°C
28°C
28°C
29°C

100%
5%
2.5%
1%
<30 degree hours
0%

All
Cohen (1993)
CIBSE (1986)
Cohen (1993)
Cohen (1993)
Petherbridge et al. (1988)
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uncertainties, we like to use a safety factor of two, i.e. that predicted temperatures never exceed half those allowable by the time–temperature criteria.
By using this technique, severe summer overheating is avoided. At last a
client can get a building that will perform well and is likely to be preferred
by occupants, without summer overheating which would erode productivity
gains.

Comfort cooling
In virtually all ofﬁces, some degree of comfort cooling will be required
at some time of the year. This can be provided by conventional
air-conditioning, but this route is now being severely questioned. Airconditioning is an expensive user of fuel, with consequent effects on increasing greenhouse gas emissions. Fuel costs can be £8/m2 per year more than
natural ventilation, and extra maintenance costs can increase the cost difference to £13/m2 per year. Air-conditioning is also frequently cited as a cause
of sick building syndrome, and a paper at the 1997 European Respiratory
Society Conference reported that people working in air-conditioned ofﬁces
are almost two and a half times more likely to suffer from respiratory infections than those in naturally ventilated buildings. These conditions
accounted for 17 per cent of days off work among staff in air-conditioned
ofﬁces, compared with 9 per cent in other buildings (Teculescu, 1997).
Coupled with the preferences previously stated for naturally ventilated
buildings, there now must be a serious question mark on the continued use
of air-conditioning, except where necessary. Certainly air-conditioning is
no longer a safe haven for designers and occupants, but must be judged
alongside alternatives which often appear less risky and more healthy.
Obtaining reliable cooling from natural sources requires a different
approach to design, using many elements of the building in combination to
obtain the desired effect. The techniques vary according to climate. In
northern temperate climates the most common method is to design with
more heavy materials to make the building into a giant thermal store, which
absorbs temperature rises during the day. At night the building is cooled
down by cool air, leaving it ready for the next day. In Mediterranean countries this strategy is reinforced by more active techniques such as pre-cooling
the air through pipes embedded in the ground. In hot countries air movement can be used to provide comfort conditions (ECD Energy and Environment, 1998). Detailed modelling and air ﬂow analysis is needed to predict
performance with conﬁdence.

Window design and daylight
Windows are vital to the comfort and well-being of the occupants, but their
beneﬁts have been neglected for many years. On apparently reasonable
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economic grounds, ﬂoor plates have been getting deeper and windows often
cannot be opened. Yet this goes completely against occupants’ desires. When
Longman’s new head ofﬁce was being designed, the staff were asked what
features they would prefer. Unprompted, 80 per cent said that they wanted
an openable window, far higher than any other wish (Standley, 1994).
In another example when the Open University was upgrading its premises, a trial was made with retroﬁtting air-conditioning on one ﬂoor, as an
alternative to improved windows and thermal mass to another. In a subsequent survey occupants overall said they preferred the naturally ventilated
ﬂoor (BRECSU, 1997). To produce this result, designers needed to design
the windows carefully to avoid draughts, make sure that blinds did not clash
with opening windows, and that the manual controls were easy to use and
immediately understandable. Programs such as N-Light and Daylight provide the designer with the means of predicting adequate daylight (ECD
Energy and Environment, 1998, 1999).
The growing importance of windows has resulted in Dutch Health Codes
requiring that no one should sit more than 6 m away from a window for any
extended period. This requires buildings to be narrow plan, typically 12 m
wide.

Nightlight
In the absence of daylight, tasks still need to be well lit. Six per cent productivity increases have been reported by the Rocky Mountain Institute at a Post
Ofﬁce at Reno, and 15 per cent gains at Lockheed (Romm and Browning,
1994). The tools for achieving this improvement are well known, taught to
engineers, and easy to apply – there really is no excuse for poor design.
The quality of light is also very important. The BRE has shown that highfrequency lighting cuts headaches and eyestrain by 50 per cent in ofﬁces
(Wilkins et al., 1989), worth about 0.5 per cent in productivity improvements
through reduced absenteeism. High-frequency lighting should therefore be
ﬁtted as standard.

Controls
Personal control is greatly prized by occupants. There can be problems
between occupants when they need to share controls; to avoid problems the
number sharing them should be kept to seven or less. Controls which switch
on lights automatically are disliked intensely; the general rule is to switch on
manually, and have absence detection to switch off when people leave their
room or space. Controls should result in fast reaction response, either directly by occupants operating their own controls or through a facilities manager, the latter requiring excellent organisation if delays, dissatisfaction, and
consequent productivity losses are to be avoided.
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Finishes
Allergic reactions to ofﬁce materials are becoming increasingly common,
due to a cocktail of problems. Two main issues stand out. The ﬁrst problem
is off-gassing from materials and ﬁnishes. Volatile organic compounds
(VOCs) result from many materials, such as solvent glues used to ﬁx down
carpets, solvents used in paint, and formaldehyde used in chipboard and
many manmade ﬁbre boards. Some of these have short-term effects, but
others can last for months and even years. Careful speciﬁcation and preference for natural materials can avoid the problem at source. The likelihood of
off-gassing of suspect materials can be checked using a method developed at
SBI, the Danish Building Institute (BRECSU, 1997).
Dustmites are the second major problem. As buildings have become
sealed up and temperatures have risen, conditions for dustmites have
improved. To combat the problem, materials such as carpets, soft materials
and open shelves which act as breeding grounds, should be avoided.

Building sickness
Sick building syndrome is not yet understood, but its effect on absenteeism is
undoubted. Figure 23.1 shows that the reduction of one building sickness
score reduces absenteeism by around ﬁve days per person per year, or about
2.5 per cent (Jones et al., 1995). Avoidance is more difﬁcult, but guidance is
given in the Building Research Establishment Environmental Assessment
Method (BREEAM) for existing ofﬁces (BRE, 1993). This lists the main
features of a building that correlate to building sickness and their relative
weighting. One BREEAM credit is given for 30 points or more, two for
45 points or more and a maximum three credits for 60 points or more
(Table 23.2).

Figure 23.1 Health and productivity in the office. Each diamond represents the data
from one building
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Building form
The requirements listed in Table 23.2 suggest a particular building form
for temperate climates, with ﬂoor plates about 12 m wide, maximum of
seven people sharing controls (preferably individual control), ⭓3 m high
ceilings to aid natural ventilation, and cross-ventilation designed in. Airconditioning is not needed in most temperate climates, and this can be
extended to Mediterranean climates with enhanced natural cooling
systems.

Table 23.2 Indicators of healthy buildings
Points

Issue

2

Heating, ventilating and air-conditioning
no air-conditioning (except in computer suites, secure rooms and other special
high heat load situations) and building designed to avoid overheating
openable windows or mechanical ventilation with individual control
air intakes (a) designed to ensure exhaust air does not re-enter, (b) located
away from sources of outdoor pollution and (c) protected by suitable filters (one
point for each)
steam or no humidification *
no recirculation of used air *
recirculation with adequate particulate filtration
systems designed and installed for easy maintenance and cleanliness, with filter
media, thermal and acoustic insulation prevented from releasing fibres into the
airstream *
extract ventilation to areas used as toilets, kitchens, and for smoking,
photocopying and other polluting activities
occupants provided with local control of temperature, e.g. by thermostatic
radiator valves, and, where appropriate, information on the use of these controls
commissioning complete or system recommissioned in past five years, including
check procedure on the commissioning data *
all systems thoroughly cleaned before hand-over or at least within the past five
years *
no collection of stagnant water or dirt within ventilation system *

3
1

Building and furnishing materials
all furnishings thoroughly cleaned within the past year or shown to be clean
use of non-static carpets

5
3
3
2
3
1
3
3
2
3
3

2
2
2
2
2

Lighting and solar control
no tinted windows
solar control blinds (external or inter-pane) on all windows oriented more
southerly than NE or NW
lighting able to meet CIBSE standards with provision for visual display unit work
where necessary
use of high-frequency ballasts for fluorescent lighting
artificial lighting with local controls plus task lighting and with a view out of a
window from each workstation
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3
3
3
3
3
3

3
3
3
2

Noise
for meeting the BREEAM indoor noise requirement
Layout
cellular rather than open plan, i.e. at least 90% of rooms designed for ten or
fewer occupants
shallow plan: maximum distance of occupants from a window of 7 m
Operation and maintenance issues
hygiene and maintenance schedule including: all air intakes checked and cleaned
regularly, filters replaced, wet regions in air-conditioning systems cleaned and
sterilised and regular checks for and cleaning of dirt accumulations in system *
operational maintenance schedule including: automatic control system (e.g. local
thermostats), humidification units
operational maintenance schedule including: control point settings, a
requirement for recommissioning on repartitioning and a check for blocked air
supply grilles *
carpet cleaning specification requiring high performance, regularly maintained
vacuum cleaners with high efficiency, hot water extraction (steam) cleaning
(with minimum operating temperatures of 70°C) or liquid nitrogen treatment at
least once a year and, where papers are stored for more than two years, cleaning
them
questionnaire-based staff survey to determine prevalence of sick building
syndrome symptoms one year after occupation and then every two years
policy to minimise the use of polluting processes, equipment and materials
including adhesives, floor waxes, stains, polishes, spray cans, deodorisers,
detergents, etc.
smoking ban or smoking allowed only in designated and separately ventilated
rooms which make up less than 5% of the floor space
lighting levels checked and light fittings cleaned on a regular basis

Note
* Automatic credit for natural ventilation.

The benefits of good design
The combination of techniques leads to an impressive array of beneﬁts
(Table 23.3). Well designed buildings can dramatically improve the organisation’s bottom line. Savings of 3 per cent to 15 per cent can be made,
worth £600 to £3,000 per person per year at typical salary of £20,000
including overheads. These savings are all bottom-line beneﬁts, and can be
made by good design, with short payback times.

Evaluation
Assessment and evaluation of performance can be complex and timeconsuming. To overcome these difﬁculties, ECD has developed two programs, AssessA and PerformA, which simplify evaluation. AssessA is for
new ofﬁce designs, while PerformA is used when buildings are occupied.
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Table 23.3 Benefits of good design
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Issue

Guidelines

Benefits

•

Comfort temperature

5% over 25°C
2.5% over 27°C
1% over 28°C
0% over 29°C

89% of people prefer natural
ventilation, provided high
summer overheating is
avoided

•

Comfort cooling

Avoid mechanical cooling
where possible

Staff preference, also
reduced operating costs of
around £13/m2 per year

•

Window design and
daylight

Openable, maximum 6 m
distance to window

80% of people want
openable windows

•

Nightlight

Normal lighting guidelines,
max 400 lx, avoid glare,
personal control

6–15% work improvement

•

Light quality

High-frequency lights

0.5% absenteeism
improvement

•

Controls

Quick response,
understandable, personal
control

Reduced complaints,
increased staff satisfaction

•

Finishes

Avoid VOCs, fabrics and
carpets, dust collectors

Reduced allergic reactions

•

Building sickness

Follow BREEAM
guidelines

2.5% absenteeism
improvement

The programs report on what has been achieved so far. They then outline
where further improvements can be made, and provide an action plan for
achievement.
PerformA has been developed to assess the likelihood of sick buildings and
to report on the ﬁnancial beneﬁts of avoidance. It also generates ﬁnancial
improvements through better lighting, as well as reporting on health, legal
and other ﬁnancial beneﬁts of high performance buildings. PerformA has a
module to allow whole buildings portfolios to be inventoried and managed.

Conclusions
There has been a step increase in knowledge on how buildings can be designed
to improve productivity. Designers can now predict how to improve productivity, and offer their clients a real improvement to their bottom-line performance. Tools such as PerformA and AssessA exist so that current performance
can be quickly assessed and areas for further achievement identiﬁed. The
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potential savings are vast – between £600 and £3,000 per person per year.
This allows designers to establish their position, to offer buildings which
provide real tangible beneﬁts to their clients. A client in turn will demand
not only a beautiful building but also one that helps their company to be
more productive than their competitor. Good designers will be able to
respond positively. Good design really is good for business.
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John H. Jukes

Two of the great mysteries of the 1990s are as follows.
1

2

Why do 90 per cent of computer installations fail to meet their original
productivity performance speciﬁcations? (Recently published ﬁgures
show IT investment in the USA increasing by 700 per cent and labour
productivity plummeting by 80 per cent.)
Why do over 80 per cent of staff in ordinary ofﬁces suffer from the
classic list of sick building syndrome symptoms? (Headaches, tiredness,
dry/itchy eyes, sore/dry throat, cough, cold/ﬂu symptoms, irritability,
skin rashes/itches, pains in the neck, shoulders and back, etc.)

An involvement with the ﬁrst problem, as we shall see, led to the second one.
The solution to both questions has evolved over several years of practical
development in a number of different organisations.
In 1988, after 25 years in ofﬁce productivity measurement and improvement programmes, we found an increasing demand to investigate new
computer systems that were failing to meet their performance standards.
For example, a new PC network system for a major ﬁnancial services
organisation was planned for forty staff and was failing to cope with eighty
staff. Checking the workload measurement standards showed that forty
staff should handle the work easily. Observing key tasks in operation
showed that staff were able to do them in the time planned. However, at the
end of the day their output was only some 50 per cent of what it should be.
Attempts to improve performance met with unusually emotional response,
so they were not pursued. Staff on non-computerised tasks using the same
basis for setting time standards had no problem in meeting the daily target.
The observed situation was that sitting someone in front of a PC all day
resulted in their personal performance dropping by around 50 per cent
without them being aware of it. The problem was eventually resolved by
making conventional improvements in the system and organisation. Eventually forty staff were coping with the workload. However, the new systems
meant the planned stafﬁng should be twenty. The productivity gap
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remained. Management felt that enough was enough, and were happy to let
sleeping dogs lie.
After several PC network projects with similar results, we decided to
investigate this mysterious productivity gap. The question was: why did the
same staff working in the same ofﬁce seem to work at a much slower pace
using a PC all day than they did doing non-PC tasks?
The opportunity to ﬁnd the answers came in the form of a project involving some 250 design engineers and support staff. The ﬁrst twenty CAD
systems were not performing to target and could not justify any further
investment in CAD. Here was a powerful incentive, since all the younger
engineers felt that CAD experience was necessary for their future as
engineers.
This time we made the conventional improvements and set targets including the mystery gap. Within 6–8 weeks four staff reached them and the rest
went sick – with a bewildering array of different symptoms. Our medical
advisers said it was stress: we were making them work too hard.
We took the twenty off the CAD machines to train another group while
we sorted out the problem. The original twenty, once back on the drawing
boards, recovered their normal productivity levels and stopped going sick.
An article on sick building syndrome listed symptoms which coincided
with our list of symptoms experienced by staff. Further investigation
showed that most staff experienced them to some degree, but usually in a
mild form that did not prevent them from coming to work. They tended to
go critical under external stress.
We reasoned that an anti-sick building syndrome pill would solve all our
problems. Further investigation revealed that, although there seemed to be
general agreement on the symptoms, there was less agreement on the causes,
other than they were likely to be many different ones.
We therefore decided to see if we could ﬁnd our own solution, so we
worked back from the symptoms. The common major complaint was tired
eyes. Experimenting with a variety of VDU ﬁlters eventually produced one
or two that had an effect in reducing eye symptoms but had little effect on
productivity. The type of ﬁlters that we used also seemed to give protection
from the various more controversial variety of non-ionising radiation that
the VDUs seemed to generate. This is everything from soft X-rays through
ultraviolet, infrared, microwaves, radio frequencies, very low frequencies,
extra low frequencies and static.
We tried the NASA solution of one large specimen plant per person. This
had no measurable effect other than the experimental group asking for
them to be taken away because other staff kept offering them bananas and
nuts.
From one eminent university professor we had our ﬁrst workable clue.
‘People sitting in front of a VDU all day tend to sit still; they sit badly; they
become upper chest breathers; they don’t get enough oxygen to the brain
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and they slow down; their immune system gets impaired; the slightest stress
and they go sick.’
The next clue was from a well known consultant optician: ‘Staff are sitting
gazing at brightly coloured images at a ﬁxed focal length. Their blink rate
drops, their eyes dry out. The eye muscles get tired from being locked in one
position all the time. When they try to look at a more distant object, the eye
muscles won’t relax.’ Another source of advice suggested that looking at a
bright image at a ﬁxed focal length for extended periods induced a light
hypnotic trance.
So the solution was – get them to sit right, blink, look away from time to
time to change their focal length and have regular breaks.
The problem of what was right sitting took us through the world of ergonomics, orthopaedics, chiropractors, osteopaths, the Alexander System and
A.C. Mandal. After much conﬂicting advice and experiment we came to the
conclusion that we had to be able to adjust the height of the desk for the
individual. We found a 15 inch differential in the sitting height between our
tallest and shortest staff member. A stress-free active sitting position meant
getting the chair and desk height right for the individual and supporting the
pelvis rather than the lumbar region. It also meant rethinking the shape and
dimensions of the desk to accommodate VDU, keyboard, etc. and leave
enough room for paperwork.
With some Alexander tuition on correct sitting posture for the staff, most
back, neck and shoulder aches went, as did some headaches. Productivity
started to improve noticeably. We waited for the gap to close, but it didn’t –
it only closed about 25 per cent.
Since everyone complained about the air-conditioning system we looked
at that next. There were enough data to show that productivity falls when
it is too hot or too cold. However, we ﬁnally gave up trying to ﬁnd an air
temperature that everyone agreed was comfortable. We decided that there
was some work to be done on high air velocities which made a reasonable
temperature feel too cool. We found air turbulence created by the hot air
rising from groups of computers reacting with the cool air coming in
from ceiling slots. We found people sensitive to radiant cold from windows. We decided that the ideal thing would be to give everyone their
own mini system to control air temperature and velocity, but at the time
we could not ﬁnd one. We found that putting the air intake into the ﬂoor got
rid of turbulence and created a more even temperature with lower air
velocities.
We found that the humidity was too low, at 15–20 per cent. The main
building humidiﬁers had been turned off due to a legionella scare some three
years before. Some staff were drinking thirteen cups of tea and coffee a day
and were showing dehydration symptoms.
A small army of portable humidiﬁers and gallons and gallons of water
later the humidity was up to 50 per cent – and everyone hated it. It felt
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clammy and thundery and stuffy and close and oppressive and headachy,
etc.
This time another well known university came to the rescue. ‘It’s negative
ions that you need. Air-conditioning strips them out of the outside air and
the computers’ static charge soaks up the rest. Positively charged air feels
stuffy and thundery.’
It took some time to ﬁnd ionisers that really did work and did not wipe
your credit card or computer disk, or plaster the place with black goo, or
make people feel woozy (from too much ozone). We found one type which
combined ionisation with air ﬁltration.
The ioniser ﬁlters soon ﬁlled with large amounts of black stuff. It was
carbon – apparently derived mainly from the skin cells. We all shed skin cells
at the rate of several million a day. Eighty per cent of household dust is skin
cells but they are grey. The PC and associated electrical equipment provide
the electromagnetic ﬁelds which cold-cook the cells down to carbon, oxygen
and hydrogen.
Airborne carbon particulates, it seems, have some unpleasant characteristics in that they become positively charged; they are brittle and break into
ﬁner and ﬁner pieces; they get down to below 0.1 of a micrometre (millionth
of a metre); they go through the body’s ﬁltration defences; they get into the
bloodstream and wreak havoc. This huge volume of tiny particles comprising several million a cubic foot provides a vast absorbent surface area which
is home to volatile organic compounds, bacteria, viruses, fungi spores,
etc. The body’s immune system gets rid of them but gets tired and stressed
in the process. One theory is that 70–80 per cent of SBS symptoms may be
attributed to this one factor.
The air now seemed fresh and sharp. In fact the building manager accused
the staff of opening the windows. ‘You can tell when they have opened the
windows, you know; the air smells different.’ Staff seemed more cheerful
and alert. Most of the respiratory problems and eye problems seemed to
vanish.
The output took a sharp upward swing and we waited for the gap to close
this time. It did not. It stuck at about two-thirds of the way. This was pretty
good, but there was obviously something else we had not found.
We noticed that despite all the complaints about screen reﬂections and
glare, the output from the staff near the windows was always higher than
that of those in the centre of the ofﬁce. There was something about daylight,
but what?
We seriously contemplated putting light wells through the upper ﬂoors,
using optical ﬁbres or even mirrors. Someone then said that his uncle used
some special lights to grow his prize orchids which imitated natural daylight. They turned out to be daylight full-spectrum lighting. The facilities
manager nearly had a heart attack when he saw the price of the tubes. We
decided to invest in another pilot project.
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Some staff did not like the new lights and complained of ﬂicker. We found
later that full-spectrum lighting increases visual acuity, which made some
staff aware of the ﬂicker that was always there. Fluorescent lighting is ﬂashing on and off at 50 times a second: the brain only processes at twenty to
thirty times a second, so it seems like continuous light. An electronic ballast
puts the frequency up to 30,000 cycles, which is virtually continuous light.
We added electronic ballasts.
Some staff still did not like the light and found it too harsh. We then found
a polarising ﬁlter which got rid of reﬂected glare and covered the bare tube.
Since daylight is polarised by the atmosphere, we now had our goal of
virtual daylight. Polarised light, it seems, is largely absorbed by the objects it
fall on.
In a day or so the hard core of headaches had vanished. We had now not
only closed the productivity gap but passed it, and symptoms were down by
about 80 per cent.
We still had some skin trouble and one or two staff experiencing nausea.
Although the ionisers neutralised most of the static in the environment, we
adopted a policy of earthing everything we could to prevent any build-up on
chairs, desks, ﬂoors and other surfaces.
We had a rash of respiratory symptoms which we found related to fungus
spores breeding in the carpets. We swopped the carpet tiles for ones that had
received anti-fungal, anti-bacterial, anti-microbial treatment.
By now we regularly monitored symptoms as well as productivity.
Staff now complained that the ofﬁce was too noisy. We got in a sound
engineer and sound-absorbed everything in sight – ceiling, ﬂoor, walls and
screen panels. Everyone then said it was too quiet. We experimented with
the wall and screen panels until (nearly) everyone said that it was OK, but
– they could now hear other people’s conversations more clearly. Sound
masking provided the answer to this by increasing the ambient noise level.
Rather to our surprise, the productivity curve took another sharp upward
lift. We had not expected any signiﬁcant effect from sound suppression. It
was some time later that we realised the reasons. Apart from distracting
conversations, the different wave form patterns, particularly saw-tooth from
continuous machine noise, can create muscle tension and stress. Also,
reﬂected sound creates confusion and stress in our sound-direction sensing
mechanism.
We now realised that what we were doing was recreating the outdoors,
indoors. In hindsight this is, of course, the sort of environment that the
human body has evolved to cope with over the past 273,000 years, compared with the ofﬁce environment which has only existed for the past 100
years.
If the great outdoors is good for the body – what about plants again? We
found that by using a different mix of hydroponic plants researched for
NASA, we could add to cooling and humidity and get rid of volatile organic
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compounds, which are an unavoidable component of all plastics. More
importantly, they could add to the oxygen levels and reduce carbon dioxide.
The result was a marked reduction in respiratory symptoms and got total
symptom reduction to around 90 per cent.
What we also decided we were attempting to do was to get people to work
in a poised, relaxed, alert manner free of undue physical stress. In this way
they could handle and recover from external psychological stress which is
the inevitable part of any job. Some staff were now getting sick when they
went home. We now seemed to have a well building syndrome situation.
This raised the question of how far can we go with this. Can we create an
environment that does not just not make people tired and sick? Can we create
an environment which positively supports the mind and body in achieving a
maximum performance all the time? Can we leave staff at the end of the day
with energy in hand to enjoy their leisure? What about geopathic stress,
what about Feng Shui, what about the positive psychological effects of colour and smell, what about even more user-friendly desks and chairs, what
about reclining chairs, what about the effect of aesthetics (can ofﬁces be
beautiful instead of bland, boring and messy?), what about ﬂat screens,
what about what people eat? Why not treat staff like athletes who could be
coached, groomed and supported by an environment that could provide
super performance? All this we are working on and testing now.
So what was the problem? The evidence indicates that a body working in
an ofﬁce with other people is subjected to a number of ergonomic and
environmental stressors for which the body has not yet evolved an adequate
adaptive mechanism. Electricity has only been around for the past 100
years, and personal computers for the past ten years. All this is in the context
of 273,000 years of evolution. The PC itself is not the problem, it is just one
more additional source of stress. Air-conditioning is not itself the problem,
since the problem is observable in non-air-conditioned ofﬁces.
It seems that the body responds to the right light, air quality, working
position and neutralising the effects of electromagnetic radiation (EMR),
static, sound, bacteria and fungi spores. The observed effect is an automatic
improvement of around 32 per cent in personal productivity from sharper
reaction times; a reduction in errors from better visual acuity and a marked
improvement in cheerfulness and morale.
Can an employer afford to provide such an environment? We suggest that
the cost of not investing in optimising the working environment is already
being paid in the form of additional stafﬁng and occupancy costs. The
improvement in personal productivity can be translated into tangible staff
savings in the order of 12–16 per cent. The cost of implementing the
improvement of the working environment is equivalent to around 4 per
cent. This is a return on investment of 3:1 to 4:1. Carefully phased, the
project can be virtually self-funding, with an additional proﬁt contribution
of around £2,500 per employee.
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All this depends on being able to measure productivity. Contrary to popular belief, there are many well-tried productivity measurement systems.
Alexander Proudfoot’s short interval scheduling system has been in use for
forty years and has been applied successfully to almost every human activity
in thousands of organisations.
So the solution to the two mysteries is that working with a PC in an
ordinary ofﬁce subjects the body to a complex cocktail of ergonomic and
environmental stressors. The body, adapting to outside stress, uses energy in
the adaptation process. The body slows down to conserve energy. As more
energy is consumed the body gets tired and reaction times increase. Eye
fatigue results in impairment of visual acuity. As the adaptive process falters,
so other parts of the body malfunction and manifest what are called sick
building syndrome symptoms.
An optimum workplace environment reduces external stress. Normal
response times return, productivity is automatically enhanced, visual acuity
is recovered and enhanced. Environmental health symptoms just disappear.
The working environment becomes a pleasure to be in and enables staff to
cope with the inevitable psychological stress that work and life bring to all of
us. Now stress can be dissipated by well-spent leisure and a good night’s
sleep without slowly accumulating.
There are some 100 million people working with computers around the
world that are costing their employers some £250 billion in lost productivity,
and some 60 million staff are suffering physical discomfort unnecessarily.
Here we have a workable affordable solution that is applicable to everyone.
The computer and the ofﬁce are with us. Let us learn to live with them
for the beneﬁts they bring and avoid the ‘disbeneﬁts’. These are some of
the answers to the problem; there are bound to be others. Sick building
syndrome need be no longer a mysterious complex complaint but something
that can be solved logically and systematically.
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Francis Duffy

Introduction
The ﬁrst purpose of this chapter is to examine why current developments in
information technology have had so little impact on North American ofﬁce
design with the extraordinary and paradoxical result that a sharp contradiction now exists between the vitality of new ofﬁce technologies and processes
and the inertia of those who design and supply ofﬁce space. The second
objective is to propose a means of bringing supply and demand not just into
equilibrium but into a virtuous cycle of continuing improvement.
To a European, ofﬁce design in North America today seems to be largely
stuck in a cost-cutting time warp. American ofﬁce developers over the last
two or three decades appear to have reduced their expectations of architectural innovation to cutting ﬁrst costs and accelerating construction times.
The same stereotypical ofﬁce designs are replicated over and over again,
only in cheaper, quicker and, it must be said, generally ever nastier ways.
Unimaginatively standardized ﬂoor plates, ever more superﬁcial skins, gasguzzling environmental systems, formulaic space planning, interiors full of
cubicle work stations in the mode of Dilbertville are the salient features of
the vast majority of ofﬁces, high or low rise. All of which is very different
from the magniﬁcence and inventiveness of the American ofﬁce buildings of
the 1960s and 1970s. While things are somewhat better on this side of the
Atlantic, the fear is that the same could easily happen here for similar underlying, allegedly ‘economic’ reasons.
There are in fact two paradoxes in this situation. The ﬁrst is that, unlike
their European equivalents, few American ofﬁce workers complain about
their working conditions. They seem to take the low quality of the ofﬁce
accommodation they are given as inevitable. The second paradox is that
during exactly the same period as ofﬁce accommodation has been degraded,
ofﬁce work (as opposed to ofﬁce buildings), has been completely revitalized
largely through American technological achievements. The ubiquitous availability of robust, reliable information technology has transformed ofﬁce
processes in ways that are at least as important as the changes stimulated by
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the huge burst of economic activity and technological invention that led to
the invention of the high-rise ofﬁce in Chicago and New York in the decades
following the end of the American Civil War. Indeed what is happening
today in ofﬁce work may turn out to be as spectacular as the enormous
changes in social structure, temporal conventions and urban conditions
created by the Industrial Revolution.
The data on which this discussion is based are (a) the author’s experience
of working for the last three years as an architect and workplace strategist in
DEGW’s ofﬁces in New York; (b) a literature survey of studies of the impact
of ofﬁce design on business performance carried out in 2004 by DEGW for
the Commission for Architecture and the Built Environment (CABE) and the
British Council of Ofﬁces (BCO) and (c) ongoing work by DEGW on the
measurement of the contribution of ofﬁce space to the achievement of business goals for Capital One, the Federal General Services Administration
(GSA) and other corporate and business clients.
The conclusion of this chapter is that the degenerative condition cited
above is certainly not inevitable. Overemphasis on cost-cutting in the supply
of ofﬁce space in North America has been like a temporary medical condition blocking the ﬂow of blood or oxygen to the brain and preventing the
body as a whole achieving its full potential. There is far more to ofﬁce design
than economy. Ofﬁce space can, and indeed must, perform many higher
functions for business, especially in the increasingly intellectually demanding knowledge economy. However, in order to harness the power of ofﬁce
design to enhance business performance two conditions are necessary: ﬁrst,
users must be prepared to measure ofﬁce performance against clearly articulated business goals and second, developers, architects and other suppliers of
ofﬁce space must listen to the results of such performance measures and be
prepared to act accordingly.

An auspicious beginning
When Frank Lloyd Wright designed a new ofﬁce building for the Larkin
Company in Buffalo, NY, exactly 100 years ago, he was not working on his
own. His clients were pioneers in the rapidly expanding mail order business.
They wanted a new ofﬁce building to enhance their chances of commercial
success. They chose Wright as the best architect available to help them
reinvent the workplace to take advantage of the latest ideas in technology
and management. Wright, despite his notorious ego, played a deftly handled
part within a carefully directed and completely self-conscious managerial
programme. His wonderful building, tiny in relation to the huge expanse of
warehouses and manufactories that surrounded it, with its noble atrium,
innovative environmental systems, all-round visibility, interconnectedness
and inclusiveness, and above all its sharply directed if somewhat paternalist
branding, was at least as much the Larkin Company’s achievement as his.
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Each feature of the architecture of this extraordinary building had a business
purpose: to support a commercial strategy, to accommodate innovative
work processes, and to broadcast a particular set of business values.
Why are not all ofﬁce buildings today in North America – or indeed in
Europe – as purposeful as the Larkin Building was in its day? How did we
get from this shining example of using architecture as the infrastructure of
business achievement to where we are today in the USA, the land of Scott
Adams’ melancholy comic strip, Dilbert, based on his own experience of
working in the ofﬁces of Paciﬁc Bell, where cubes and labyrinthine interiors
had become such powerful metaphors of bureaucratic frustration?
This question was the background to the study commissioned in December 2003 by CABE in liaison with BCO. CABE/BCO’s formal objective was
a review of the academic and scientiﬁc literature that has over the last century attempted to assess the relationship between the design of the workplace and business performance. An important underlying component of
CABE/BCO’s motive for commissioning the study was the hope that somewhere in the scientiﬁc archives must lie a treasure-trove of immediately
applicable scientiﬁc ﬁndings, for some reason capriciously neglected, that
would throw immediate light on how to make ofﬁce environments more
productive.
DEGW’s 30 years of experience of both ofﬁce design and scientiﬁc
endeavour in this area made us somewhat sceptical of such an outcome. This
ﬁeld of research is still inﬂuenced by the long-term consequences of one of
the best-known crises in the development of social science in the ﬁrst half
of the twentieth century, the famous Hawthorn Studies (Mayo, 1933;
Roethlisberger and Dickson, 1939) which dashed determinist expectations
of ﬁnding a simple connection between the working environment and productivity. This disappointment had the unfortunate effect of devaluing for
many decades the physical environment as an independent variable worthy
of serious scientiﬁc consideration by mainstream social scientists.

The CABE/BCO literature review
The CABE/BCO study was an ambitious endeavour in a complex and little
understood ﬁeld, in which the inadequacies of design research overlap the
limits of social science. It is hardly an exaggeration to say that the continuing
failure to understand in a scientiﬁc way the relationship between the working environment and business purpose puts architects and designers, in this
particular ﬁeld at least, in an analogous position to early nineteenth-century
physicians before the science of epidemiology had been ﬁrmly established,
with their limited and erroneous notions about the transmission of disease.
The bulk of the CABE/BCO report consists of an examination of the
research literature on the relationship between ofﬁce design and various
aspects of business productivity. Most of the sources quoted are direct
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attempts to establish such relationships. These studies have generally been
initiated by researchers who have started from the examination of ofﬁce
design variables, such as density of occupation, degree of enclosure, lighting
levels, presence or absence of external views, in order to establish or test
some hypothetical individual or social consequence – such as the Holy Grail
of increased productivity. As the CABE/BCO study progressed, we came to
see that one of the principal reasons for the relatively small amount of progress in innovative ofﬁce design noted above has been that too much has
been expected of the wrong scientiﬁc model. Given the difﬁculties inherent
in this particularly complex ﬁeld, treating features of ofﬁce design as
independent variables may very well have been exactly the wrong starting
point. An alternative perspective exists, tantalizing but fugitive, expressed
occasionally by business writers such as Tom Peters (2003), who have
looked at ofﬁce design through the business end of the same telescope.
Such commentators, who tend not to be researchers, start from a business
perspective and ask a similar question about the relationship of ofﬁce design
to productivity but in reverse. They are less curious about the consequences
of design variables on business but much more interested in the ofﬁce design
implications of business drivers and priorities. This alternative literature was
also reviewed but since it stems more from intelligent commentary than
from ﬁeld work, we were able to use it more for its insights than as a
database.

Overcoming failure
There are at least seven very real and practical reasons for the general failure
to establish a robust empirical basis on which the design of working
environments, and especially ofﬁces, can be based:
1

2

3

4

5

the volatile commercial and economic context within which businesses
operate, which means that they have continually to plan and re-plan the
use of the working environment to meet their changing priorities
the inherently complex and multivariate nature of the relationship, even
at a single point of time, between the working environment and business
processes, organizational structures and corporate cultures
the large-scale, longitudinal, multi-layered nature of the physical working environment itself – ranging from urban design to tiny ergonomic
details of the adjustment of individual workplaces
the clumsy, fragmented and largely feedback-free ways in which the
ofﬁce building supply chain is managed from strategic and long-term
investment decisions by ﬁnancial institutions to the tactical, short-term
changes continually being made by end users to their immediate
working environment
the rapid rate at which ofﬁce organizations and ofﬁce technology are
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changing and developing, compared with the sluggish pace at which
ofﬁce buildings are planned, procured, erected and reﬁtted
the plural and highly political nature not only of businesses, which by
deﬁnition are directed and purposeful, but also of ofﬁce buildings and
interiors, which are used, usually in a less than fully conscious way by
various constituencies as a medium to express their culture and values
the largely unexploited potential of the workplace environment, especially in the context of the processes by which such environments are
acquired, designed and modiﬁed, to accelerate business and cultural
change.

Given such a wide canvas of constituencies and interests and the huge
variety of physical and temporal scales within which businesses operate, it is
not surprising that conventional social science methods have not worked.
They have excluded too many variables. They have relied too much on data
from individual respondents. Perversely and pointlessly, they have aspired to
be value free. This line of attack will never be rich or agile or subtle enough
to draw a complete picture of the ever changing and politically charged
relationship between people and the working environment.
The seven problems listed above can be transformed into advantages.
Looking coolly at the data surveyed in the CABE/BCO study, one can detect
a distressing absence of relevance to business performance in most ofﬁce
workplace research. An opposite approach, founded on an insistence of
relevance, should cumulatively lead to much more useful results. However,
before practical recommendations can be made conﬁdently to developers,
designers and researchers, design needs to be linked systematically to business purpose. The best way to do this is by creating two complementary
evaluative frameworks.

The value of evaluative frameworks
The absence of such a theoretical approach is the principal reason why
management has given up trying to understand a series of relationships that
come into the ‘too difﬁcult to solve’ category, thus opening the way to a
simplistic over-emphasis on cost-cutting. No one discipline can provide a
complete set of answers to such a wide range of inherently interdisciplinary
questions. An alternative, integrated research approach is essential because
research in this complex and changing ﬁeld must depend on the experience,
judgement and commitment of all the key constituencies involved in ofﬁce
work processes. A much more sophisticated economic dimension of the contribution of design initiatives to business performance is obviously critical to
both sides of the demand/supply equation – i.e. research must be conducted
in ways that demonstrate to corporate real estate managers and to
senior management the contribution that workspace can make, not just to
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cost-cutting but also to stimulating and sustaining business success.
Similarly, research must demonstrably help institutions and developers to
make more proﬁtable and less risk-prone investment decisions.
DEGW’s recent work on two complementary evaluative frameworks has
proved useful as guides to the measurement of the performance of many
aspects of ofﬁce space in relation to a wide range of business goals – perhaps
because they are both simple and memorable enough to keep the big picture
of business purpose in everyone’s mind.
The ﬁrst of these frameworks, now often called the three e’s, is about
measuring what the work environment can do for business. The framework
distinguishes between three very different contributions that the working
environment can make to business – greater efﬁciency, greater effectiveness
and more powerful and better directed expression. The framework has been
developed over the last ten years, initially as the result of a very fruitful
period of collaboration between DEGW and Steelcase in the late 1980s and
early 1990s (Duffy and Tanis, 1993, p. 427; Tanis and Duffy, 1999). Initially, only two e’s were involved, borrowed from the management writer,
Peter Drucker, who famously distinguished between efﬁciency (i.e. ‘doing
things right’) and effectiveness (‘doing the right things’). What Drucker was
referring to, in the widest business sense, was:
1

2

lower-order business decisions, the effect of which can be only be
measured within their own narrow terms, i.e. efﬁciency, of which
cost-cutting design features and more intensive space use are the most
obvious examples
higher-order business initiatives which cross conventional barriers in
order to create value, as it were, out of nothing through sheer cleverness
and imagination, i.e. effectiveness, examples of which in ofﬁce design
are environments that make possible greater interdepartmental interaction or are stimulating enough to help bright people collaborate more
closely.

What Tanis of Steelcase and Duffy of DEGW contributed to Peter Drucker’s
neatly encapsulated insight was to apply the distinction between efﬁciency
and effectiveness to ofﬁce design, i.e. to measuring the business beneﬁts of
design features which save money and add value. By putting ofﬁce design
into the general context of business, they asserted that the beneﬁts of ofﬁce
design were measurable.
In 2000 Duffy, within the context of DEGW’s continuing interest in
measuring the contribution of ofﬁce design to business performance, added
a third dimension of measurement: the capacity of ofﬁce design to express
business values and aspirations, internally and externally. The ofﬁce
environment, it was argued, should be seen by management as a powerful
and extremely persistent medium of communication. This third dimension
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was ﬁrmly and operationally established as part of DEGW’s evaluative
framework devised for Capital One early in 2002 and has been used extensively ever since.
Within this framework the performance of the working environment is
measured in terms of success in contributing to three kinds of business
objectives:
•
•
•

cutting occupancy costs and other business costs – measures of
efﬁciency
value added by design to business performance – measures of
effectiveness
success in broadcasting business values externally and internally –
measures of expression.

It will be obvious that such measures also provide the basis for setting targets for business performance. Both targets and measures, of course, must be
expressed operationally in the same terms, which is a powerful way of connecting ofﬁce design and business purpose.
The second framework has the function of relating these speciﬁc measures
of business performance directly to a wide range of business goals. The preexisting framework that DEGW (in collaboration with HOK, Gensler and
other consultants working together from late 2003 for the Federal General
Services Administration and for other US clients) has found most useful for
doing this is the Balanced Scorecard (Kaplan and Nolan, 1992), widely used
today in business circles to encourage management to think more strategically and systemically about targets and measures of business performance
that go beyond the achievement of purely ﬁnancial goals. The Balanced
Scorecard framework not only takes account of measures of ﬁnancial success but also three other ranges of measures of business performance that
must command the attention of all well-run businesses. The four quadrants
of the framework are:
•
•
•
•

Process: the design and conduct of business processes
Customers: maintaining good relations with customers
People: maintaining good human relations within the business
Finance: achieving desired levels of ﬁnancial performance.

Within each of the quadrants, appropriate targets and measures – based in
environmental terms upon the three e’s – can be organized and displayed.
For example, in the CABE/BCO study, the two frameworks were used
together to provide the rationale for reviewing the contributions of the
working environment to business performance that have been recorded in
the empirical literature.
It is important to note that the objective of the Balanced Scorecard is not
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to insist on any preordained hierarchy of attainment in any of the four
quadrants of the model. Nor do the three e’s in themselves set automatic
targets. Instead the objective of both frameworks is to help each particular
business establish and maintain its own systemic balance between targets
and performance measures. All businesses must work out their own priorities for achieving success within their own unique environments and circumstances. The chief value of the Balanced Scorecard is to ensure that none
of the four quadrants either totally dominates or is entirely omitted from
management’s agenda.

Some practical lessons
The main lessons that architects and designers may derive from the
approach described above when seeking to help clients use ofﬁce space in
more powerful and better directed ways can be summarized as:
1

2

3

4

5

Always to relate measurement to business purpose. Both the workplace
and contemporary organizations are complex entities operating within
at least four highly volatile environments: physical, technological, social
and economic. The workplace does very little on its own. It is only when
it is harnessed to business strategy and speciﬁc business targets that
measurement of workplace performance becomes practical.
To recognize that business priorities vary between sectors and, within
businesses, even between departments. Moreover business priorities
change over time. Consequently diversity and ﬂexibility in the working
environment are not just good things in the abstract but are vitally
necessary to achieve business objectives.
To avoid too great an emphasis on measures of cost-cutting, in order to
prevent the dire consequences so evident in contemporary North American ofﬁce design noted above. Measures of effectiveness and expression
are generally even more important than efﬁciency.
To respect in the measurement process the complexity of workplace
design, one dimension of which is the varying longevity of different
components of the working environment, some aspects of which are
measured in decades and some in months. Another increasingly important dimension of the complexity of workplace design is the shifting
relationship between real and virtual environments as global networks
and distributed working become more important.
To take into account the relationship between supply and demand in
ofﬁce design, i.e. to understand the relationship between the workplace
design and work processes in the context of a full (and critical) understanding of the various ways in which clients and users articulate their
requirements, of how buildings are procured and delivered, of how
the design and construction processes are carried out, of how facilities
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management is best conducted. All these processes have an impact on
the quality of the workplace (and hence on workplace performance) and
must therefore also be evaluated in the context of business purpose. In
particular, two parallel kinds of data must be distinguished but also
brought together: (a) measures of the performance of ofﬁce buildings
from the point of view of the supply side (investors, developers, letting
agents, etc.) and (b) measures of performance of ofﬁce space from the
perspective of the consumers and users of ofﬁce space.
To recognize the existence of different constituencies of interest in the
performance of the working environment. The views and priorities of
the Boardroom, both long-term and strategic, are likely to be very different from the shorter-term and target-driven needs of department
heads which, in turn, are certain to be different from the expectations of
staff at other levels. Different reporting mechanisms, different targets
and different time horizons can be expected. All are legitimate.
To realize that the best is the enemy of the good. Not everything can be
done at once. Not only is it impossible to measure everything about the
relationship between the workplace and business performance simultaneously on every front, but it is also totally unnecessary. Prioritization
is absolutely essential. To make progress in any business context, a relatively small number of highly important and achievable objectives
should be the basis, of which practical targets can be derived and
performance measured.

In the CABE/BCO study the Harvard Business School Case Study approach
is strongly recommended as a potentially effective way of communicating
complex, longitudinal, systemically related data involving many interests in
a coherent and rigorous way. It is not surprising that this model should be
attractive both for research and teaching purposes, since there are so many
similarities between the kind of data that are useful in the context of a
business school and the richness and complexity of the data that are necessary to explain the context, the objectives, interplay of disciplines and interests, the timeline, the co-ordination, and the consequences that are the stuff
of attempts to make the design of ofﬁce buildings and workspaces actually
work for business purposes.

Reinventing the office
The deterioration of the North American ofﬁce design has been caused by
a classic example of sub-optimization – too strong a focus on costcutting efﬁciency at the expense of other, more important potential contributions of ofﬁce design to business performance. Given the legacy of
Taylorism, which encouraged most businesses in the twentieth century to
focus on too narrow and too rigid a set of goals, a conscious effort is needed
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to widen the range of business targets to obtain continuous feedback on a
wider range of issues.
Ofﬁce design has been a neglected resource for too long. Given the
opportunities opening up in ofﬁce design because of the amazing transforming potential of information technology, the ﬁrst decade of the twenty-ﬁrst
century could see the revival of every aspect of working life, not least the
reinvention of the ofﬁce. However, this possible return to the kind of
imaginative grasp of what architecture can do, as exempliﬁed by Frank
Lloyd Wright’s great Larkin Building, depends absolutely upon the systematic measurement of ofﬁce design against business goals that transcend the
short-term, the narrow and the purely utilitarian.
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A procedure to estimate the
cost-effectiveness of the indoor
environment improvements in
office work
Olli Seppänen and William J. Fisk

Introduction
Increased evidence shows that indoor environmental conditions substantially inﬂuence health and productivity. Building professionals are interested
in improving indoor environments and quantifying the effects. Macroeconomic estimates of nationwide gains have been developed. They show
that the potential beneﬁts from indoor environmental improvements for the
society are high (Fisk, 2000, 2001; Mendell et al., 2002b). Some calculations
show that the estimated cost of deteriorated indoor environment is higher
than the heating energy costs of the same buildings (Seppänen, 1999). Potential health and productivity beneﬁts are not yet generally considered in
conventional economic calculations pertaining to building design and operation. Only initial, energy and maintenance costs are typically considered. A
few sample calculations have also shown that many measures to improve
indoor air environment are cost-effective when the health and productivity
beneﬁts resulting from an improved indoor climate are included in the calculations (Djukanovic et al., 2002; Fisk, 2000; Hansen, 1997; Seppänen and
Vuolle, 2000; Tuomainen et al., 2002). There is an obvious need to develop
tools and models so that economic outcomes of health and productivity can
be integrated in cost beneﬁt calculations with initial, energy and maintenance costs. The use of such models would be expected to lead to improved
indoor environments, health and productivity. To systemize these buildinglevel calculations, we developed a conceptual model to estimate the costeffectiveness of retroﬁts of indoor environment. The model shows the links
between the improvements in the indoor environment and potential beneﬁts.
We quantiﬁed also the links between ventilation and sick leave, and
high temperature and productivity. We also review evidence linking SBS
symptoms with sick leave and productivity.

408

Seppänen and Fisk

The conceptual model
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Structure
The basic idea of the model (Fig. 26.1) is to illustrate the most important
cost and beneﬁt items and the linkages which should be included in costbeneﬁt estimates of design changes, retroﬁts or building operation changes
that affect the indoor climate. The model shows the links between the
improvements in the indoor environment and potential beneﬁts. The model
also includes the annual cost of investments, operation costs, and cost
savings of improved indoor environment.
In the model, input data plus design or retroﬁt measures (Box 1) leads to
an improvement in one or more indoor environmental conditions (e.g.
reduced pollutant concentration), which in turn inﬂuences one or more
human responses (Boxes 3–9), such as a health condition, level of comfort or
complaint frequency. Human responses are linked to beneﬁt categories
(Boxes 10–14) such as health care, sick leave days, and responses of facility
management to complaints. Finally, the beneﬁt categories are linked to economic gains (Boxes 15–19). The arrows between boxes represent quantitative mathematical functions that link conditions or outcomes in the two
boxes. The human responses to the implemented measure for improvement
are a consequence of improvements in indoor environmental conditions

Figure 26.1 Economic IEQ model for owner-occupied buildings. The model illustrates the
linkages between building and potential benefit categories due to improved
indoor environment
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(Box 2); however, in some cases available data directly link a building
feature or operational practice directly to a human response without a
quantiﬁcation of the change in indoor environmental conditions. Other data
directly link a building feature or practice, or an environmental condition
(e.g. temperature) directly to work performance without an intermediate
health effect, or environmental condition to performance without a known
impact on health or complaints. These types of linkages are not shown in
Fig. 26.1.
The use of the model starts from the selected measure for IEQ improvement measure (Box 1 in Fig. 26.1). These measures may include better control of temperature, better ventilation, control of pollutant sources, etc. To
evaluate the cost-effectiveness of any measure, the investment and operation
costs are also needed for the selected measure as an input value. The effect of
the measure on IEQ depends upon the pre-existing level of IEQ. For
example, the magnitude of pollutant concentration reductions obtained by
increasing ventilation rates will be affected by the initial rate of ventilation
and the strength of pollution sources in the building. Existing mass balance
or energy models can often be used to estimate how the building design or
operation affects IEQ conditions, e.g. pollutant levels or temperatures.
However, some changes in IEQ, such as changes in bioaerosol concentrations, will be very difﬁcult to quantify with available information and
models. In general, new models and supporting data are needed to relate
IEQ condition with human responses.
Many IEQ improvement measures affect only a section of the building
housing a subset of all occupants. The cost-beneﬁt calculations must consider only the affected occupants. Normalization of economic outcomes per
unit ﬂoor area will often facilitate comparisons with other measures.
Human responses
Adverse human responses (Boxes 3–9) to the indoor environment range
from infectious diseases to complaints. The evidence of the effect of indoor
environment on these human responses varies with outcome.
Some infectious respiratory diseases (Box 3) are known to be transmitted,
in part, by aerosols. These diseases include common colds (e.g. rhinovirus
infections), inﬂuenza, and adenovirus infections. In the United States, four
common respiratory illnesses (common cold, inﬂuenza, pneumonia
and bronchitis) cause 176 million days lost from work and additional 121
million working days of substantially restricted activity (Fisk, 2000).
Although the primary causes of asthma and allergy (Box 4) are not necessarily related to buildings, the prevalence and severity of symptoms are
commonly related to building factors. The cost of allergy and asthma is high,
estimated to be approximately $15 billion per year (Fisk, 2000). Other
building-related illnesses (Box 5) include humidiﬁer fever, Legionnaire’s
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Disease, heart and lung diseases due to environmental tobacco smoke, and
lung cancer due to radon exposure.
SBS symptoms (Box 6) are probably the most commonly used outcomes in
health-related building studies. The representative data from US ofﬁce buildings found that 23 per cent of ofﬁce workers (15 million workers) reported
two or more frequent sick building syndrome (SBS) symptoms that
improved when they were away from the workplace (Fisk, 2000).
The thermal environment (Box 7) is not ideal in many buildings. Shortage
of cooling or heating capacity, high internal or external loads or poor control systems may lead to unacceptable temporal or spatial variation of the
temperatures in a building. The relation between building design & operation and thermal conditions is established with many building simulation
tools. Some of these tools estimate for human comfort. While criteria for
thermal comfort are well established, the thermal environment may also
have a direct link to work performance and thermal conditions may affect
SBS symptoms through an unknown mechanism. Fig. 26.1 does not show all
of these linkages.
Perceived indoor air quality (PAQ) (Box 8) has been commonly used as a
metric of human response to indoor air quality and ventilation rates. It can
be evaluated in real buildings semi-quantitatively with trained or untrained
olfactory panels. Many ventilation standards are based on the dilution of
body odor by ventilation and the resulting PAQ. Perceived air quality is
affected mainly by pollution sources in the building, ventilation rates,
outdoor air quality, and air temperature and humidity.
Complaints about indoor environments (Box 9) to facility management
are very common. Federspiel (2001) has shown that responses to temperature-related complaints impose a signiﬁcant cost in ofﬁce buildings.
Linkages between building features, IAQ and human
responses
Depending on the factor on which the indoor environmental improvements
are focused, the pathways from indoor environment to beneﬁts vary. The
links of building features to productivity are normally neglected; however,
modiﬁcation of building features will often change indoor environmental
conditions, which may change health and, in turn, affect productivity. To
use the model, we normally require quantitative estimates of how a design
change or building retroﬁt inﬂuences indoor environmental conditions and,
in turn, quantitative estimates (indicated by functions d–n in Fig. 26.1) of
how these conditions affect health, absence, performance and other ﬁnancially important outcomes. The conceptual model illustrates how various
factors are linked to one another. After a review of existing literature, it
became apparent that better data are needed for nearly all links (d–n)
between environmental conditions and human outcomes. However, we do
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not necessarily need to quantify all functions, as some data are available
linking directly a change in building design (HVAC system type) or operation (ventilation rate) to a health or performance outcome. In the following
we summarize the information available on these links.
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IEQ-infectious diseases
The relation between the indoor environment and airborne transmission of
infectious diseases is shown in several studies by Fisk (2000) and is
supported by the theoretical model (Riley, 1980; Nardell et al., 1991). Fisk
(2000) concluded that improvements in the indoor environment may reduce
the sick leave due to infectious diseases by up to 9–20 per cent. The prevalence of infectious diseases seems to be affected by the ventilation rate, as
summarized by Seppänen et al. (1999) and by occupant density (Jaakkola
and Heinonen, 1995). Milton et al. (2000) found that higher ventilation
rates were associated with reduced short-term absence, much of which is
caused by respiratory illnesses. Later in this chapter we show how a relationship between air change rate and absence from work due to short-term sick
leave can be estimated by combining experimental data and a theoretical
model.
IEQ-humidifier fever
The humidiﬁer fever refers to a syndrome similar to allergic alveolitis with
common-cold type symptoms. It is caused by microbes or their metabolic
products released from contaminated humidiﬁers. In a contaminated workplace the symptoms are strongest in the beginning of the week, after the
weekend, and they diminish during the week (Reinikainen, 2002).
IEQ-allergy and asthma
A summary (IOM, 2000) shows that symptoms of asthma and allergy may
be triggered by the number of allergens in indoor air which are related to
building factors, such as ventilation and ﬁltration rates, indoor humidity,
space cleaning practices, presence of pets, and particularly to dampness
problems in buildings (Bornehag et al., 2001). Viral respiratory infections,
which may be inﬂuenced by ventilation rates, also appear to be linked to
exacerbation of asthma.
IEQ-SBS
Characteristics of buildings and indoor environments have been linked to
the prevalence of acute SBS symptoms experienced by building occupants.
IEQ conditions linked to elevated prevalences of symptoms by Mendell
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(1993) include high room air temperature, high concentration of dust on
surfaces, and high airborne concentrations of certain groups of volatile
organic compounds. Building characteristics linked to symptoms include
low ventilation rates, carpets, air conditioning, etc. The problem in using
these results is that studies express only statistically signiﬁcant relationships,
while dose response relationships that can be characterized mathematically
are generally needed for cost-beneﬁt modeling. Approximate quantitative
relationships could be developed between both ventilation rates and SBS
symptoms, and between temperatures and SBS symptoms.
Benefits
The potential beneﬁts from improved IEQ include reduced medical care
cost, working days gained due to reduced sick leave, better performance in
work, lower turnover of employees, and lower cost of building maintenance
due to fewer complaints about indoor air quality. The pathways to these
potential beneﬁts from building technology and indoor environment go via
the human responses described above.
It is self-evident that illnesses will cause sick leave and lost working days
(Box 11). Performance at work (Box 12) is more complicated to quantify.
Three distinct aspects of performance can be identiﬁed: quantity (speed),
quality (e.g. number of mistakes) and group effect (e.g. how well groups work
together). The quantity of work has been used as a metric both in laboratory
and full-scale experiments. In real buildings the measurement of work quantity and quality is easier for manual or routine work (e.g. processing forms)
than for highly cognitive work. Improvements in personal environment
improved also the self-evaluated group performance (Drake, 1990).
The psychosocial character of a workspace, and related communications
among employees, may also signiﬁcantly impact work performance and sick
leave. Indoor environmental conditions may lead to complaints, but also to
communications among employees. Technical questions on indoor
environment are interrelated with the dynamics of the work community. If
concerns are not addressed properly, communication problems may occur
and rumors about an indoor problem may be circulated widely. This may
change the employees’ attitude about the employer, and further change
performance (Fig. 26.2). Conﬂicts are common and may complicate the
problem-solving process (Lahtinen et al., 2002). Thus, the way complaints
are dealt with in an organization may have an signiﬁcant effect on the

Figure 26.2 An organizational pathway from IEQ conditions to productivity
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performance and productivity, modifying the relationship of IEQ with
ﬁnancial outcomes.
A reduced job turnover (Box 13) would signiﬁcantly reduce costs to
employers. Forty-three employees participated in a 1999/2000 benchmarking study on a health, productivity and management program (Goetzel et al.,
2001). The median cost was $9992 per employee per year, which is distributed among group health (47 per cent), turnover (37 per cent), unscheduled
absence (8 per cent), non-occupational disability (5 per cent), and workers’
compensation programs (3 per cent).
Reduced responses of facility management (FM) to complaints (Box 14)
due to indoor air quality and thermal climate are considered an economic
beneﬁt as the FM has to respond to many complaints. Federspiel (2001)
reported that 18.4 per cent of complaints were classiﬁed as indoor environmental complaints in a dataset which was collected from 575 buildings in
the USA. Seventy-seven per cent of indoor-environmental complaints were
about conditions perceived too hot or too cold. He showed that the rate of
complaints depends on the average room temperatures and its standard
deviation in the building. He estimated the potential savings in the maintenance cost to be $0.0035/sq ft per year just due to reduced hot and cold
complaints.
Beneﬁts in the each beneﬁt category depend on the type of work performed in the building. As a ﬁrst approximation, the value of the employee’s
working time can be evaluated by using his/her salary with overheads. In
more detailed analysis, group performance should be assessed.
Linkage between human responses and potential benefits
Health care costs are affected by illnesses; however, it is questionable if the
building owner or employer gets any beneﬁt due to reduced direct health
care costs. This depends on the health care system and the possible
additional health care programs paid by the employer.
Some of the links between human responses and ﬁnancial beneﬁts are
obvious (e.g. illnesses are linked to health care cost and absence from work).
Gained working days due to fewer sick leave days are clear beneﬁts to the
employer. Berger et al. (2001) conclude that employees’ health is also related
to work performance.
The link between prevalence of SBS symptoms and productivity seems to
exist, as summarized by Fisk (2000). The number of SBS symptoms has been
linked to self-estimated productivity. The prevalence of SBS symptoms has
also been linked to sick leave. However, a quantitative mathematical
relationship of SBS symptoms to absence and work performance could
not be determined, although analyses of some existing data sets might provide information on the SBS-absence linkage. The evidence that we have
collected supports the previous estimates on the effect of SBS-symptoms on

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

414

Seppänen and Fisk

sick leave and productivity. One obstacle to using the information from SBS
studies is the way the information on the prevalence of SBS symptoms is collected: the recall period and number of symptoms vary signiﬁcantly between
studies, which makes the quantitative comparison of the results uncertain.
Thermal conditions outside of the thermal comfort (or neutral) zone
deteriorate performance in many tasks. The effect of thermal environment
on performance has been demonstrated (Federspiel et al., 2002; Niemelä
et al., 2001, 2002) in call centers and in laboratory experiments (e.g. Wyon,
1996). The linkage between thermal environment and performance is
probably the best established link between IEQ and human performance.
The existing information on this linkage is summarized later in this chapter.
In some laboratory tests with ventilation rates and pollution loads
(Wargocki et al., 2000a) the perceived air quality (PAQ) has been correlated
with performance. The estimated effect on performance based on typing,
addition and proofreading tests was 1.5 per cent for each 10 per cent of
dissatisﬁed people with air quality. This linkage, however, may overlap
with the linkage between SBS and productivity, as PAQ may also affect the
prevalence of SBS as both are subjectively reported.
Investment and operational cost
The model includes the annual cost of investments and operation costs. In
this chapter, however, we do not discuss these cost items in any detail, as the
cost estimation of construction work and operation is a well-developed
engineering practice in all industrialized countries.
Cost-effectiveness
The cost-effectiveness (Box 20) of the selected measure depends on the ratio
of annual beneﬁts, investment cost and difference of operational costs. The
value of the money, taxes, subsidies etc. may affect the ﬁnal result.
Perspective
The cost-effectiveness of measures that improve the indoor environment
varies depending on the perspective taken (e.g. building owner, employer,
broader society) and occupancy. The model was developed ﬁrst for owneroccupied buildings when the beneﬁts from the owners’ and employers’
viewpoint are the same. The situation is different when the building is
rented. Beneﬁts from the improvements of the indoor environment may be
transferred via the rent to the building owner, while the employer gets the
beneﬁts from the improved productivity. In general, neither the owner nor
the employer beneﬁt from reduced medical care costs which in many countries are a part of social security system. From the lessor’s perspective
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(Fig. 26.3) the beneﬁts are potentially higher rent and the long-term beneﬁts
related to the quality of the building: market value of the building space and
ability to maintain lessees. The last one may be very important. Lewis (1992)
estimated that if a tenant does not renew the lease agreement at its end (e.g.
due to frequent indoor air complaints), the costs of lost rental income,
remodeling etc. to the owner of the building will be equivalent to one and
half year’s rent. Less information is available on the degree to which the
quality of the indoor environment affects the rent. However, the lease
agreements should be developed to reﬂect also the indoor environment of
the building. von Kempski (2002) demonstrated with a simple calculation
the beneﬁts of good indoor environment for both lessor and lessee.
From the lessees’ perspective (Fig. 26.4) the beneﬁts are the same as in an
owner-occupied building. The lessee will generally not directly experience
the costs of building design of operational changes. The owner receives the
beneﬁts from the reduced maintenance costs.
Linkage between ventilation rates and short-term sick leave
Ventilation reduces the indoor concentration of indoor-generated airborne
pollutants. The effects of ventilation rates on human responses has been
summarized by Seppänen et al. (1999) and Fisk (2000). These summaries

Figure 26.3 Conceptual model from lessor’s (building owner’s) perspective in leased
building
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Figure 26.4 Conceptual model from lessees’ perspective

and other studies (Dick et al., 1987; Riley, 1980) show that the prevalence of
some types of communicable respiratory diseases is higher under conditions
with lower ventilation rates. In the following text we demonstrate how a
quantitative linkage between ventilation rate and sick leave can be estimated
by combining published ﬁeld data and a theoretical model of airborne
transmission of respiratory infections.
Model derivation
A quantitative relationship between ventilation rate and sick leave was estimated using a model of airborne disease transmission ﬁt to the data from
several epidemiologic studies. We started with the Wells-Riley equation
(Nardell et al., 1991) developed previously to estimate the effect of ventilation rates on airborne transmission of infectious respiratory diseases, assuming well-mixed indoor air. Adding terms that account for the removal of
infectious particles by ﬁltration and by deposition on room surfaces, yielded
P=

D
s

= 1 − exp

冤冢−

ipqt
V

冣 冫 (n

v

+ nf + nd )

冥

(1)

where: P = proportion of new disease cases among the susceptible persons;
D = number of new disease cases; s = number of susceptible persons; i =
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number of infectors; p = breathing rate; q = the rate at which an infector
disseminates infectious particles; t = time that infectors and susceptibles
share a conﬁned space or ventilation system; Q = rate of supply of outdoor
air, V = indoor air volume; nv = Q/V = ventilation rate, nf is the removal rate
of infectious particles by ﬁltration, equal to the product of the recirculation
air ﬂow rate and the ﬁlter efﬁciency; and nd is the removal rate of particles
due to deposition on room surfaces. Typical values of nf and nd were estimated to be 0.8 h−1 and 0.3 h−1, respectively (Fisk et al., 2003) assuming the
aerodynamic diameter of infectious particles is 1 μm (Gerone et al., 1966;
Duguid, 1946); however, the actual size distribution of these particles is
poorly understood.
In this equation the term ipqt/V is the unknown. The value of this term
will vary over time; however, effective time-average values can be estimated
using the data from various epidemiologic studies that provide sufﬁcient
information to determine a lower and a higher reference ventilation rate
(denoted nv,low and nv,ref) and a relative risk (RR), which indicates the prevalence of the illness at the lower ventilation rate divided by the prevalence at
the reference ventilation rate. For each study, we computed a value of ipqt/V
at the reference ventilation rate, denoted iv,ref pqt/V, using the equation

冤 冤

RR = 1 − exp −

冢

iv,low pqt
V

冣

(nv,low + nf + nd)

冥冥冫冤 冤

1 − exp −

冢

iv,ref pqt
V

冣

冥冥

(nv,ref + nf + nd)

(2)

The value of i, which is the number of infectious people in the building,
should, in general, increase as the ventilation rate decreases. If there were no
introduction into the building of infectious individuals who became infected
outside of the building, iv,low would equal the product of RR and iv,ref. If all
individuals who became ill due to exposures inside the building were
instantaneously removed and, thus, unable to infect others, and infections of
building occupants were due only to the introduction of infectious individuals who became infected outside of the building, iv,low would equal iv,ref.
In real buildings, the situation is between these extremes. As a ﬁrst approximation, we assume that half of the infectious individuals introduced in the
building became infected outside of the building and half became infected
inside the building; thus,
iv,low = iv,ref (1 + RR)/2

(3)

Table 26.1 provides the values of nv,low, nv,ref and RR obtained from published
studies (with a few assumptions required). Once the value of iv,ref pqt/V was
known, equation 2 was used to calculate RR for a range of ventilation rates
between 0 and 4 h−1, with the reference ventilation rate being nv,ref.
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Table 26.1 Data used in equation 4 and resulting value of iv,ref pqt/V
Reference

nv,low (h−1)

nv,ref (h−1)

RR

iv,ref pqt/V

Milton et al. (2000), short-term sick leave
Brundage et al. (1988), illness all years
Brundage et al. (1988), illness 1983 data
Drinka et al. (1996), illness
Drinka et al. (1996), influenza
Hoge et al. (1994), pneumonia

0.43
0.15
0.15
1.6
1.6
0.68

0.86
1.0
1.0
4.0
4.0
1.0

1.5
1.5
1.9
2.2
4.7
2.0

0.453
1.651
0.841
1.870
0.358
−0.49

Results
The right-hand column of Table 26.1 provides the calculated values of
iv,ref pqt/V. Figure 26.5 plots the calculated values of illness or short-term sick
leave versus ventilation rate, normalized by the illness or sick leave rate
predicted with no ventilation. All predictions show the expected decrease in
illness over time; however, the rate of decrease varies dramatically for low
ventilation rates, with the prediction based on the data of Drinka et al.
(1996) appearing as an outlier.
Application of equation 2 to the results of Hoge et al. (1994) yielded a
negative value of iv,ref pqt/V, which is physically impossible. Application of
the model to the inﬂuenza data of Drinka et al. (1996) yielded a positive
value of iv,ref pqt/V; however, the subsequent calculations yielded some negative relative risks with ventilation rates near zero, which is also impossible.
The disease model cannot account for the high reported relative risks and
associated ventilation rates in these studies.

Figure 26.5 Predicted trends in illness or sick leave versus ventilation rate
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Discussion
To estimate the economic costs of different disease prevalences, one can
assume that short-term sick leave is proportional to the prevalence of
respiratory illness. From the data from Milton et al. (2000), one can derive a
baseline short-term sick leave rate of 2 per cent for an ofﬁce building with a
ventilation rate of 0.45 h−1, enabling a calculation of the annual average sick
leave rate, for higher or lower ventilation rates. Finally, the economic values
of a day of sick leave can be based on annual total salary plus beneﬁts
divided by the number of work days. For example, with salary plus beneﬁts
of $50,000 and 250 work days per year, a day of sick leave is valued at $200.
Using the mid-range curve in Fig. 26.5 based on Brundage et al. (1988, all
years), one can estimate that increasing the average ventilation rate from
0.45 h−1 to 1 h−1, would decrease the sick leave prevalence in an ofﬁce from 2
per cent (5 days per year) to 1.6 per cent (3.9 days per year), reducing
absence-related costs by $220 per employee per year.
There are many sources of uncertainty in the model used to relate ventilation rates to sick leave. Most important is the limited empirical data available to calibrate and evaluate the model. In addition, there are uncertainties
in the size, ﬁltration rate and deposition rate of infectious particles in typical
buildings. Also, the natural loss of viability of airborne infectious particles
has not been accounted for in the model due to a lack of information on the
survival times of the airborne virus and bacteria that cause respiratory diseases. If suitable information were available, viability loss could be
incorporated in the model as ﬁltration and depositional losses were
incorporated. The rate at which an infector disseminates infectious particles
will likely vary among illnesses. The susceptibility to infection will vary with
the age, health status and immunizations of the occupants of the building. It
is likely that these and other factors, including different amounts of time
spent in different types of buildings, partially explain the different curves
shown in Fig. 26.5. Despite these large sources of uncertainty, a rough
accounting of the inﬂuence of ventilation rates on sick leave may lead to
better decisions about building design and operation than totally neglecting
this issue. Clearly, individual decision-makers will have to decide whether or
not to consider the uncertain but potentially large economic effects.

Linkage between thermal environment,
performance and productivity
High temperatures
In many commercial buildings, thermal conditions are not well controlled
due to insufﬁcient cooling or heating capacity, high internal or external
loads, large thermal zones, improper control system design or operation and
other factors. For example, in a large US study, 50 per cent of the subjects

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

420

Seppänen and Fisk

preferred a change in their thermal state, 38 per cent of subjects in winter
were dissatisﬁed with thermal conditions, and almost 50 per cent of the
thermal conditions during summer were outside of the thermal comfort zone
(Schiller et al., 1988). Thermal conditions inside buildings vary considerably
with time, e.g. as outdoor conditions change, and spatially within buildings.
While the effects of temperature on comfort are broadly recognized, the
effects on worker productivity have received much less attention. For this
linkage, we assembled existing information on how temperature affects
productivity so that these productivity effects could be incorporated in
cost-beneﬁt calculations related to building design and operation. Air
temperature could inﬂuence productivity indirectly through its impact on
prevalences of SBS symptoms or satisfaction with air quality; however, for
cost-beneﬁt calculations it is most feasible to use the available data directly
linking temperature, or thermal state, to productivity.
Some research (e.g. Grifﬁths and McIntyre, 1975; Gonzales, 1975) indicates that the most comfortable temperature yields optimal work performance, while other research provides evidence of better performance outside
the comfort zone due to arousal effect of the environment (Wyon et al.,
1979). Based on our review, available data do not provide compelling or
consistent evidence that temperature variations within the comfort zone signiﬁcantly affect worker performance. However, performance decrements are
more clearly established for temperatures outside of the comfort zone.
Decrements are most clearly documented for high temperatures, and we
know that temperatures in buildings often fall outside of the comfort zone.
Relatively few studies report the effect of temperature on objectively
measured performance, and some of the available data are for factory or
largely manual work. Niemelä et al. (2001) reported a decrement in the
productivity of call centre workers corresponding to 1.8 per cent per °C
when the temperature was above 25°C. In a second experiment performed
in the same call center, Niemelä et al. (2002) reported a productivity
decrease of 2.2 per cent per °C when the temperature increased above 25°C.
Federspiel et al. (2002) measured the productivity of call center workers in
the USA. They found no signiﬁcant relationship of temperature to productivity in the comfort zone but reported a 15 per cent decrease in productivity as
the temperature increased from 24.8 to 26°C. Link and Pepler (1970) measured productivity in an apparel factory and discovered a reduction of 8 per
cent in productivity in sewing work as the temperature increased from 23.9
to 32.2°C.
Wyon (1996) summarized his earlier experimental work and developed a
relationship to estimate the productivity decrement in ofﬁce work based on
experimental data from tests which measured thinking, and typing skills and
speed. He gave equal weight to each skill and ended up with a relationship
between an overall decrement of performance in ofﬁce work as a function of
the difference between the actual temperature and the temperature for

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

Cost-effectiveness of indoor environment improvements

421

thermal neutrality. Berglund et al. (1990) used the data from a test relating
the performance of wireless telegraph operators in a wide range of thermal
conditions from comfortable to very hot. The data were obtained with very
lightly clothed subjects and temperatures that are uncommon in today’s
buildings (29–41°C). However, Berglund used physiological thermal model
to relate performance to ‘effective temperature’ (ET*) and then used this
relationship to predict how the productivity of normally clothed ofﬁce
workers would vary for a typical range of indoor temperatures. His analysis
is based on an assumption that the thermal stress is the best indicator of the
performance and productivity.
Roelofsen (2001) used this model further and converted Berglund’s ET*values to two commonly used thermal comfort parameters, predicted mean
vote (PMV) and predicted percentage of dissatisﬁed (PPD), which enables the
model to be used for various combinations of thermal factors. Johansson
(1975) exposed 18 boys and 18 girls with light clothing in a climate chamber
to effective temperatures of 24, 27 and 30°C, corresponding normally
clothed subjects with the same degree of thermal strain at 23, 30 and 36°C.
Several tests were used to evaluate the effect of thermal environment on
performance. Most tasks, except cue utilization and similar perceptual and
non-motor tasks, were impaired for the higher two temperatures. Performance in tests of learning, addition and multiplication tests were 10–14 per
cent worse at the effective temperatures of 27 and 29°C than at 24°C.
Perceptual tasks measuring cue-utilization and attention had an inverted
U-shape relationship with temperature, with the best performance at 27°C.
Pepler and Warner (1968) performed experiments with 36 female and 36
male students in a climate chamber. They found an inversed U-shape relationship between time to complete a task and temperature, with the longest
time to complete assignments work at 26.7°C. However, the error rate was
lowest at 26.7°C.
These ﬁndings are summarized in Fig. 26.6. It shows the decrement in
work performance as a function of temperature from all of these experiments. The results from laboratory studies were given as the average results
from the tests. We combined speed and error results from Pepler and Warner
(1968) by calculating an overall effect based on estimated correct answers.
We averaged results from seven mental tests by Johansson (1975) (three
memory tests, two learning tests, one addition test and one multiplication
test) and used that estimate in the performance of ofﬁce work. All data were
normalized using the best value of the productivity in each experiment as a
reference.
After plotting these ﬁndings in Fig. 26.6, for cost-beneﬁt analyses we
assumed that productivity was unaffected by temperature in the 21–25°C
range. While the case for productivity decrements at elevated temperatures
seems relatively strong, the relative weight that should be applied to
different studies is unknown; thus, we concluded that deriving a linear or
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Figure 26.6 Summary of the studies on the decrement of performance and
productivity

non-linear statistical best ﬁt to the available data was not warranted. Thus,
we drew a line, shown in Fig. 26.6 (labelled ‘Our Model’ in the key), with a
linear productivity decrease of 2 per cent per °C as the temperature
increased above 25°C. Yielding the following relationship between
decrement in productivity P in percentage and temperature:
P (%) = 2 × (Temp, °C) − 50
P (%) = 0

25 < Temp, °C < 33
21 < Temp, °C < 25

(4)

Supporting evidence to the relationship
Several studies have also shown a relationship between thermal environment
and self-estimated productivity, e.g. Clements-Croome (2001). However,
due to uncertainty about the accuracy of self-estimates, we did not use data
from these studies.
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SBS symptoms may also be related to reduced performance or productivity. Several studies have shown the linkage between high temperatures and
a higher prevalence of symptoms, with a particularly strong link identiﬁed
by Mendell et al. (2002a). Mendell et al. also reported improvement in selfestimated performance-related mental state of 4–7 per cent per °C in the
temperature range 25.6–22.2°C. In a recent experiment by Fang et al.
(2002) subjects in a laboratory experiment reported signiﬁcantly more
intense SBS symptoms associated with decreased productivity, including
fatigue, headache and difﬁculty in thinking clearly, when they were exposed
to raised levels of temperature and humidity (20°C and 40 per cent vs. 26°C
and 60 per cent). We were not able to use this data either as there is no
quantitative link from the prevalence of symptoms to performance of
productivity.
No-effect range of temperature
Several studies support the hypothesis that there is a temperature range with
no signiﬁcant effect on productivity. For example, in the study within a call
center by Federspiel et al. (2002), temperature variations between 21.5 and
24.8°C did not appear to signiﬁcantly affect work speed; however, work
speed was signiﬁcantly diminished at 26°C. In a different study of the
relationship of air temperatures with occupants’ hot or cold complaints,
Federspiel (2001) found that the complaint rate was very low in the temperature range of 22.2–23.9°C. Avoiding complaints might also prevent
productivity decrements. This gives the approximate correspondence with
the 21–25°C range for which productivity decrements in our model are
assumed negligible. The no-effect range can be supported also with studies
by Witterseh (2001). He did not ﬁnd signiﬁcant differences of performance
in simulated ofﬁce work (multiplication, text typing and addition tests) in
laboratory experiments for subjects thermally neutral at 22°C and 25°C or
for the subjects slightly warm discomfort. The 21–25°C temperature range
is also close to the range of temperatures considered comfortable in thermal
comfort standards. Some studies support, actually, the use of thermal comfort as optimal also with respect to self-estimated productivity. For example,
MacCartney and Humphreys (2002), found that the decrement in selfestimated productivity corresponded with the thermal preference vote,
which determines if occupants would like to be cooler or warmer.
Low temperatures
Less information is available on the degree to which productivity is affected
by slightly low temperatures or cold thermal sensations. Only some (Wyon,
1996; Berglund et al., 1990) of the studies reporting the effect of warm
temperatures report the relationship with cold temperatures. These are
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shown also in Fig. 26.6. Much more information is available on the effects
of extremely low (or extremely high) temperatures not commonly experienced in ofﬁce buildings (e.g. Osborne and Gruneberg, 1983).
Low temperatures have been found to be related to performance of manual tasks through the dexterity of the hands. In the tests of manual dexterity,
performance depends on the temperature of ﬁngers and hands, which in turn
depends on the thermal balance of the body. In low temperatures blood ﬂow
to the hands is restricted, which causes the hand temperature to drop before
the core of the body cools down. The dexterity of hands is deteriorated
already with indoor air temperatures between 20 and 22°C. Meese et al.
(1984) reported signiﬁcant decrement in ﬁnger strength and speed in pencilrolling task with different levels of retardation, and pegboard, screwplate,
block treading and knot-tying tests. The performance in all tests was 5 to 15
per cent lower with an ambient temperature of 18°C than with the reference
temperature of 24°C.
It is obvious that the dexterity of hands and ﬁngers is important in manual
work but it may also be important in modern ofﬁce work where a major part
of work is done with computers. However, we cannot relate quantitatively
decrements in dexterity of ﬁngers to performance of word processing in
ofﬁce work. In addition, ﬁnger movement affects ﬁnger and hand temperature – as a consequence dexterity might be maintained despite low ambient
temperatures when the work requires nearly continuous ﬁnger movement.
The temperature of hands may also be affected by the local cooling by
convection and radiation. Measurements indicate large variation in hand
and ﬁnger temperatures which makes the use of existing data difﬁcult, as the
measurement methods are not so well speciﬁed in the older papers. Large
individual variations of ﬁnger temperature vs. ambient temperature have
been recorded by Humphreys et al. (1999). The data also show that a signiﬁcant portion of people have ﬁnger temperature close to ambient globe temperature when this ambient temperature is below 24°C, the limit of the
temperature effect on the dexterity of hands.

Linkage between SBS symptom prevalences,
productivity and sick leave
Characteristics of buildings and indoor environments have been linked to
the prevalence of building-related SBS symptoms experienced by the occupants of the building.
For economical analysis in building refurbishment and improvements of
indoor environment, it would be very useful if we could quantitatively relate
the prevalence or intensity of SBS symptoms to productivity and sick leave.
We identiﬁed 23 studies (Table 26.2) that reported simultaneously prevalence or intensity of SBS symptoms and sick leave, absence from work or
effect on productivity. From those, eight were ﬁeld experiments and 11 were
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Table 26.2 Studies assessing simultaneously the prevalence or intensity of SBS symptoms
and subjectively reported or objectively measured productivity and absence outcomes by
study type.
Study type

Absence/sick leave
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Self-reported (7)

Productivity/performance
Objectively
recorded (1)

Cross-sectional Hall et al. (1991),
field study (11) Heslop (2002),
Nordbäck et al.
(1990), Preller et
al. (1990)

Experimental
field study (8)

Laboratory
experiment (4)

Hedge et al.
(1993), Menzies
et al. (1999),
Teculescu et al.
(1998)

Robertson et
al. (1990)

Self-reported (13)

Objectively
recorded (5)

Hall et al. (1991),
Heslop (2002),
Raw et al. (1990),
Whitley et al.
(1995), Woods
and Morey
(1987), Rohr and
Brightman
(2003), Chao et
al. (2003),
Heslop (2003)
Hedge et al.
(1993), Menzies
et al. (1997),
Wyon et al.
(2000)
Fang et al.
(2002),
Kaczmarczyk et
al. (2002)

Myhrvold et al.
(1996)

Myhrvold and
Olsen (1997),
Niemelä et al.
(2002)
Nunes et al.
(1993),
Wargocki et al.
(2000b)

cross-sectional ﬁeld studies. Eight of these ﬁeld studies (Hall et al., 1991;
Hedge et al., 1993; Heslop, 2002; Menzies et al., 1999; Nordbäck et al.,
1990; Preller et al., 1990; Robertson et al., 1990; Teculescu et al., 1998)
reported an association between SBS symptoms and the amount of sick
leave; however, the sick leave was generally self-reported on the same questionnaire used to assess SBS symptoms, except in the study by Robertson et
al. (1990).
Eleven ﬁeld studies (either cross-sectional or experimental) reported
association between SBS symptoms and self-assessed productivity in the
ofﬁce environment (Chao et al., 2003; Hall et al., 1991; Hedge et al., 1993;
Heslop, 2002, 2003; Menzies et al., 1997; Rohr and Brightman, 2003;
Whitley et al., 1995; Woods and Morey, 1987; Wyon et al., 2000). However,
the validity of the self-reported productivity data is unclear. Only one crosssectional study (Niemelä et al., 2002) reported objectively measured productivity and SBS symptoms in ofﬁce environment. Another two studies
reported association between SBS symptoms and objectively measured performance in school environment (Myhrvold et al., 1996; Myhrvold and
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Olsen, 1997). Also, these data do not conﬁrm that increased SBS symptoms
would be the cause of the decreased self-reported productivity.
In addition to ﬁeld studies, four laboratory studies (Fang et al., 2002;
Kaczmarczyk et al., 2002; Nunes et al., 1993; Wargocki et al., 2000b)
reported association between SBS symptoms and objectively measured performance in tests related to productivity in ofﬁce work. These studies report
an association, but not necessarily a causal relationship, between increased
SBS symptoms and diminished objectively measured performance in tests
that have tasks emulating real work. These studies are perhaps the strongest
evidence of a productivity decrement and the primary basis for previous
estimates of an overall 2 per cent decrease in productivity due to SBS symptoms (Fisk, 2000; Mendell et al., 2002a); however, the high level of
uncertainty in this 2 per cent estimate has been emphasized by the authors.
Based on the reviewed studies, subjects who report more SBS symptoms
also report more IEQ-related absence and IEQ-related decreases in productivity. However, the validity of the self-reported absence and productivity
data is unclear. Also, these data do not conﬁrm that increased SBS symptoms
are the cause of the decreased self-reported productivity or increased
absence. Also, even if all data were valid, in most cases the information
provided does not enable us to develop a generalizable and quantitative
relationship between SBS symptoms and performance or absence. The lack
of standard SBS symptoms, absence, and productivity metrics are factors that
impede general conclusions. However, the number of the studies with the
association between SBS symptoms and productivity or sick leave suggests
that such relationship exists.

Discussion
For cost-beneﬁt analyses it is not sufﬁcient to have information demonstrating a statistically signiﬁcant effect: the size of that effect must be quantiﬁed.
Thus, we need quantitative functions for each of the arrows between the
boxes in Figs 26.1, 26.3 and 26.4. An absence of these quantitative functions is the primary barrier to performing cost-beneﬁt analyses, and is a
major obstacle to better indoor environments.
To date, we are able to derive only a few quantitative functions, and even
these functions have much uncertainty. The relationships of ventilation rates
to absence and between absence and absence-related productivity losses
have been estimated. The relationships of temperatures to work performance have been estimated for temperatures within and above the comfort
zone. Also, Federspiel (2001) has estimated the relationship of temperatures
to hot and cold complaints and the costs of responding to these complaints
have been estimated. A relation between SBS symptoms and both decreased
productivity and increased absence is strongly suggested by the available
data, but with the available data we chose not to propose a quantitative
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relationship for cost-beneﬁt modeling. Special value would be more reliable
functions relating SBS symptoms to absence and/or productivity because
there is much data relating building design and operation to SBS symptom
prevalences. Data relating SBS symptoms to independently collected absence
rates seem to be available in some data sets, but the association has not been
analysed.
It is important to notice that when the beneﬁts from the indoor environmental improvements are estimated, one cannot simply add the beneﬁts
of each separate indoor environmental improvement measure as their effects
may overlap. For example, increased ventilation or increased ﬁltration
might both decrease illness rates, but the effects are not independent.
The quantitative relationship between a building feature or IEQ condition
and productivity will often depend on other building features, and possibly
on the characteristics of building occupants and their type of work. For
example, increased ventilation rates may be highly beneﬁcial in a building
with strong indoor pollutant sources and only marginally beneﬁcial in buildings with below-average pollutant sources. Remedial measures will generally be more cost-effective in buildings that have poorer initial IEQ or more
existing adverse health effects.
At the present we have, at best, rough estimates of the average quantitative relationships for the buildings selected for studies. Hence, uncertainty
about the magnitude of beneﬁts in a speciﬁc building will remain an obstacle, even when average beneﬁts can be estimated. To the degree possible,
the application of the cost-beneﬁt model to evaluate design options or
operational procedures in speciﬁc buildings should be performed using
building-speciﬁc data.
Currently we have mainly information on the effects of indoor environment and building factors on an average population or workforce. We recognize that responses to IEQ will vary among individuals. Perhaps only the
more susceptible portion of the population may by adversely affected by
poorer IEQ. Theoretically, it would be more cost-effective to target the
remedial actions to those who suffer most from indoor environmental conditions; however, such a targeted response will often be impractical. In some
cases, however, a targeted measure is possible, such as individual temperature control with local heaters. Individualized or task ventilation systems are
another potential practical option, but further development of these systems
is needed.
The market situation may also affect the potential beneﬁts. A speculative
builder may be interested only in the short-term return on the investment. A
lessor may let the indoor environmental quality of the building deteriorate
by saving money on maintenance and accept (or be unaware of) the decrease
in rental income and value of the property. In our model we have, however,
assumed constant maintenance of a building.
The potential productivity gains depend also on the type and size of the
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employer. An increase of performance is more important when the work is
labor-intensive, and may be more practical for large companies. For example,
a ten-person company would not be able to decrease its staff after an IEQ
improvement that increased productivity by a few per cent, while a company
with hundreds or thousands of workers could adjust their workforce.
We acknowledge the high level of uncertainty associated with the
incorporation of productivity in cost-beneﬁt modeling related to building
design and operation. However, we believe that estimating productivity
beneﬁts using the best available information will generally lead to better
decisions about building design and operation than the current practice of
ignoring the potential beneﬁts.

Summary
Even thought the cost-beneﬁt model presented in this chapter is largely
conceptual, we consider it a useful framework for the incorporation of
productivity in cost-beneﬁt comparisons of building designs and operating
practices. We also consider the model useful for identifying and illustrating
research needs. The model clearly illustrates the pressing need for more
quantitative information, so that the cost-effectiveness of measures that
improve indoor environments can be calculated.
At present, we have developed initial quantitative relationships between
absence and ventilation rate and also between work performance and temperatures within and above the comfort zone. These relationships have a
high level of uncertainty; however, use of these relationships may be preferable to the current practice, which ignores productivity. We also have compiled and analyzed the available information on the relationship of SBS
symptoms with work performance. A relation between SBS symptoms and
both decreased productivity and increased absence is strongly suggested by
the available data, but with the available data we chose not to propose a
quantitative relationship for cost-beneﬁt modeling.
Finally, we encourage our colleagues to improve this conceptual model
and to develop the many quantitative relationships needed to improve
decision making about building design and operation.
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Introduction
The preceding chapters have made a very powerful case for the proposition
that commercial buildings can have a signiﬁcant impact upon the performance of those who use them.
There are, of course, wider implications than just workplace productivity
deriving from the premises that businesses occupy. So, before considering
the way that the process of value management may be applied to building
performance, it is ﬁrst necessary to understand precisely what building
performance means and how it ﬁts into the overall premises policy.

Performance
The concept of performance
Performance, in business terms, means ‘the manner or quality of
functioning’. Modern management theory seeks to target and measure the
performance of individuals, work-groups and equipment.
The performance of buildings
Of course, it is one thing to understand what is meant by performance and
another to be able to measure it. Lord Kelvin is quoted as saying, in the
context of measurement generally, ‘if you cannot measure it you cannot
understand it’ and Harrington equally believes that ‘if you cannot measure
it you cannot improve it’. What they are both actually arguing for is the need
to make sense of complexity, not necessarily by fully calculating costs and
beneﬁts but by recognising and evaluating patterns of relationships.
This text discusses the concept of building performance and its signiﬁcance and considers what must be done to facilitate the measurement or
other comparative appraisal methodology which clearly is a condition
precedent to understanding and improving performance.
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Definition
Building performance is normally associated with building quality. It is a
complex issue and difﬁcult to deﬁne. It is conventionally considered primarily in terms of physical integrity and durability and the associated capital
and revenue costs, but the reality is that it goes inﬁnitely deeper than that.
Buildings are simply a means to an end. They are variously concerned
with some or all of the following:
•
•
•
•
•
•
•
•
•
•
•
•

people
equipment
processes
places
spaces
image
convenience
comfort
support systems
costs
income
proﬁtability.

A building’s response to accommodating all these requirements represents
its performance.
Performance of buildings is therefore deﬁned here as ‘the contribution
made by a building or estate to the functional and ﬁnancial requirements
of the occupiers and/or owners and the associated physical and ﬁnancial
characteristics of the fabric, services and ﬁnishes over time’.
The three facets of building performance
The three components of building performance are: physical, functional and
ﬁnancial (Fig. 27.1).
Physical performance relates to the behaviour of the fabric, services and
ﬁnishes embracing physical properties such as structural integrity, internal
environment (heating, lighting, etc.) energy efﬁciency, cleanliness, maintainability, durability and environmental impact.
Functional performance is the term used to describe the properties
afforded by the building to the beneﬁt (or otherwise) of the occupier.
Examples are space (quantity and quality), layout, ergonomics, image,
ambience, amenity, movement/ communications, security, health and safety
and ﬂexibility.
Financial performance is a combination of capital and revenue
expenditure, rate of depreciation, investment value and contribution to

Downloaded by [Central Uni Library Bucharest] at 02:46 26 September 2013

436

Williams

Figure 27.1 The three facets of building performance
Source: Facilities Economics (BEB Ltd).

proﬁtability/efﬁciency. It springs from the physical and functional performance of the building and the way in which it is used.
These three facets are inextricably linked, although the signiﬁcance of this
relationship is frequently missed by those whose preoccupation is with one
particular facet only, e.g. property developers, maintenance managers or
space planners, each pursuing their own particular discipline oblivious to
their part in the overall scheme of things.
Techniques exist for evaluation, at design stage, of the likely cost of maintaining a building’s physical performance over its life-cycle, although the
data presently available upon which to base the necessary forecasts of life,
deterioration, maintenance and associated costs is relatively sparse. Nonetheless, life-cycle cost appraisal is an important discipline, encouraging
designers to justify their decisions to the future occupier.
However, whereas the physical costs (including capital depreciation) over
a building’s life-cycle are unlikely to be more than about 5 per cent of an
organisation’s total costs, the beneﬁts of functional performance impact directly on the efﬁciency of the organisation’s core activities – which can
account for some 80 to 90 per cent of its total costs. Consequently it is likely
that the beneﬁts of functional performance will have a much greater impact
on proﬁtability and efﬁciency than the more tangible costs attributable only
to the physical operation of the premises.
Many decisions to spend money on buildings in the name of higher quality
are not formally justiﬁed in terms of return on investment because the ‘beneﬁts’ are difﬁcult to quantify. Thus, natural stone facing is perceived as higher
quality than the reconstituted variety: we know the cost differential in
both capital and life-cycle terms but what value does natural stone add to
bottom-line proﬁt (assuming that both options are permissible)? Similar
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question-marks may hang over investments in faster, bigger lifts, comfort
ventilation and so on right through the full range of building elements.
There are many good anecdotes on the subject of the beneﬁts to be gained
from increasing functional performance but, this present volume excepted,
good hard data are difﬁcult, if not impossible, to ﬁnd.
There can be little doubt that higher quality in a building can, in many
cases, improve the efﬁciency of the operation going on within it. However,
there are not too many techniques enabling clients to make decisions on
performance. One quite simple pragmatic method involves Functional
Analysis, which can form a useful part of the formal value management
process discussed below. A typical proforma for use in this process is illustrated in Fig. 27.2. In this technique the client and the design team may come
together to review some of the more signiﬁcant items of expenditure and
consider the physical, ﬁnancial and functional implications in a subjective
framework without necessarily getting involved in cost/beneﬁt analysis of a

Figure 27.2 Cost/benefit option appraisal – ‘first-strike’ analysis
Source: Facilities Economics (IFPI Ltd).
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complex nature. They test all the key options against an absolute minimum
(zero-base) option. No attempt is made to calculate an investment return;
the panel is merely asked to say whether they think the proposal impacts
upon either the functional or physical facets (‘life-cycle’ and ‘environmental’
impact are both aspects of physical performance) and the ﬁnancial implications in terms of running costs are not assessed in detail. That way the risks
and beneﬁts get out onto the table for discussion, so that the client can have
a meaningful input into the rationale underlying the architect’s proposals
without the need for long-winded analysis of things that may not be too
important.
That is not to say that the cost/beneﬁt analysis should not be carried out in
respect of both facets, although the physical side alone rarely gives a big
enough return to justify investment in its performance. Indeed, the concept
whereby all design decisions are made on the basis of justiﬁcation of expenditure over and above a zero-base is at the heart of modern thinking on value
management. The problem here again is one of measurement and valuation:
you can measure the payback on energy efﬁciency measures but how do you
value the comfort implications of the sound reduction qualities of double
glazing?
An answer to that could, in the ﬁrst instance, be tested across all the range
of probability by the use of sensitivity analysis; over time, the constant use
of such calculations and demands for better information by the users
will encourage the necessary research to take place in order that the
quantiﬁcation process should become more scientiﬁc and valid.
This brings us to the consideration of how the functional efﬁciency of the
building inﬂuences the overall productivity of an organisation by the way it
accommodates its activities. In fact the level of performance of premises
should extend from the business requirement and the cost of achieving such
performance should be tested for return on investment within the context of
the business plan. However, to achieve such mathematical correlation
requires a level of understanding of the concept of the functional value
of buildings which is totally missing from current technologies of cost
estimating and investment valuation.
Performance and value management
Performance is of course a key to the ability to value-manage building solutions. In its simplest but most profound deﬁnition, value management, and
its key component activity ‘value engineering’ both entail the ‘elimination of
redundant performance’, i.e. the avoidance of expenditure on any item of
construction that does not add value to the product or which makes the
product achieve more than is required.
Although the operating costs must be taken into account in building
design and speciﬁcation, value management must look beyond the cost
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consequences of physical performance if the building design process is to
have a real impact on the organisation’s efﬁciency and hence proﬁtability.
That means that decisions about cost levels must be related to functional
values rather than merely to simple physical costs.
Professional real estate appraisers tend not to understand functional
values – or, if they do, they generally disregard their formal consideration in
the process of their ‘black art’, unless there is an issue of ‘functional
obsolescence’.
Generally speaking, market valuation is made by reference to ‘comparative valuation’, i.e. having regard to current transactions involving similar
property. There is nothing at all wrong with that, apart from the fact that
the computation supporting any transaction underlying the comparable
valuation may itself be inaccurate. It may well be a case of the blind leading
the blind.
What we therefore need are methods of appraising a property which
reﬂect its performance in terms of the business requirement – one such feature may well be the location. However, in spite of the old assumption,
propounded by real estate agents, that the three most important features of a
property are ‘location, location and location’, as a case study below illustrates, this may not be the principal determining factor in terms of value to
the user. However, we must not run ahead of ourselves, for we need ﬁrst to
consider what value means to the user and how to measure it.

Value management of the premises policy
As was intimated right at the outset, although workplace productivity is a
consequence of building performance, the impact of the performance of
‘premises’ may be greater than that of the buildings alone. To clarify the
point, ‘premises’ means ‘place of business’ and that has connotations which
are much wider than ‘buildings’.
Before an organisation procures and occupies a building it should refer to
(or develop) a Premises Policy. This document is an integral part of a wider
concept – a Facilities Policy – and it needs to be able to be tracked back to its
roots, i.e. the business requirement.
This ability to see a strategy in the wider context of value to the business is
fundamental to the discipline of value management. BS EN 12973:2000
covers this whole area. Although not all the deﬁnitions below are taken
directly from the BS, they all ﬁt well within the process it describes and
advocates.
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The concept of value
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Definition
An appropriate deﬁnition of the value of facilities is ‘the usefulness of the
facilities provided in the context of the activities they support’. This deﬁnition is drawn widely enough to encompass both commercial activities (e.g.
retail) and social activities (e.g. education).
However, the ﬂexibility of the English language (and the way it is used)
permits many words to have ‘shades’ of meaning. ‘Value’ is such a word
which is used sometimes to qualify a ‘price’ or ‘cost’. In these circumstances
it is usual for adjectives such as ‘good’ or ‘best’ to be used in the qualifying
process, i.e. ‘good value’ or ‘best value’, which then expresses not only ‘usefulness’ but also the reasonableness of the price paid, i.e. ‘value for money’.
BS EN 12973:2000: Value Management states that ‘the concept of value
relies on the relationship between the satisfaction of many differing needs
and the resources used in doing so’. It offers the formula: Value ≡ Satisfaction of Needs/Use of Resources. The document further goes on to state that
‘the fewer resources used or the greater the satisfaction of needs, the greater
is the value’. This latter part of the deﬁnition also needs to be examined
carefully in the context of facilities management, and indeed with respect to
any business case founded upon a calculation of return on investment (ROI)
– see below.
The BS goes on to deﬁne ‘value management’ as ‘a style of management
particularly dedicated to motivate people, develop skills and promote synergies and innovation, with the main purpose of maximising the overall performance of an organisation’.
Value for money
Definition
So, moving on to what the dictionary deﬁnes as ‘value for money’, we read
‘something well worth the money spent’. From this it becomes clear that the
usefulness of a commodity (a building in this context) has to be set against
the price paid for it when determining whether or not value for money has
been achieved. In the same way that beauty is said to be in the eye of the
beholder, so value is discrete to the beneﬁciary of the offering.
Most people would accept the highest quality available as long as the price
paid was little or no greater than the price of meeting actual needs. However,
in all but the most afﬂuent micro-economic environments, people and
companies can normally make do perfectly well with simple functioning
offerings – real needs, not wish-lists, are the order of the day.
As the BS document says: ‘stakeholders, internal and external customers
may all hold differing views of what represents value’. Therefore providing
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‘greater satisfaction of needs’ may represent value but, on the other hand,
may not represent optimum value for money – a point which the more or
less universally adopted cost/value equation reinforces. The economic law of
diminishing returns always comes into play when enhancements to an offering cost more than the added value created; in such cases the return on the
investment drops below the optimum level, so although still providing ‘value
for money’, the offering no longer provides ‘best value’ (see below).
In simple terms, nothing is cheap if it is not what you need. So, more
quality for proportionately less resources does not necessarily deliver a ‘best
value’ solution; nor does getting more for the budget available.
Best value
Definition
The term ‘best value’ may therefore be deﬁned as: ‘the offering which provides the beneﬁciary with the highest return on investment (ROI)’. Whether
that investment and return are measurable in tangible (actual) or intangible
(hypothesised) terms does not matter, provided that in the latter case a
diligent and meaningful analysis of costs and beneﬁts is carried out.
In the case of buildings, most beneﬁts are intangible (e.g. comfort, cleanliness, ergonomic efﬁciency), whereas the costs of construction and service
provision are tangible. This means that calculation of a hypothetical return
on the tangible investment may have to rely on ﬁnancial or social gains
assessed through observations, experience or judgements of the beneﬁcial
effects of the offering, rather than on actual recorded income.
Frequently in all walks of life, whether personal or corporate, people
realise that they cannot afford to pay for what they would really like – or
really need. The ability to afford to buy something relates to having the
money or access to funds rather than the willingness to invest.
Most organisations have what is known as the ‘criterion rate of return’
on their investments, i.e. the minimum return they must be sure of if the
investment is to be sanctioned. In practice, the rate often varies depending
on the object of investment and the risks attached; in times of cash-ﬂow
difﬁculties, ﬁrms will often seek a far greater return on projects or services
involving capital up-front than they will seek where payment can be
deferred or provided by others (e.g. new build owner-occupation as opposed
to rental).
Any proposal that does not achieve the criterion ROI is de facto not
affordable, regardless of the actual availability of funds, because those funds
will be reserved for offerings that do meet the required ROI.
According to Kelly and Male (2003), value management of projects is ‘a
service which maximises the functional value (of a project) by managing
its evolution and development from concept to completion, through the
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comparison and audit of all decisions against a value system determined by
the client or customer’.
The term ‘value system’ here is critical. As the BS states: ‘Applied at the
corporate level, Value Management relies on a value-based organisational
culture taking into account value for stakeholders and customers.’ In other
words, organisations need to know what is worth investing in and to have
established systems and tools to help them in those investment decisions.
Again, it is difﬁcult to avoid noticing the similarities in terminology to that
which is commonly used in the context of quality management (QM)
systems.
Value management of facilities
As facilities can account for up to 20 per cent of an organisation’s outgoings,
they should clearly be part of the overall value management process and not
dealt with off-line. In a facilities management context, value management
can be described as ‘the process whereby facilities that are useful to the
business are provided at a price which is both fair and affordable’. A ‘fair’
price is one that represents a good bargain in the relevant marketplace; an
‘affordable’ price is, as discussed above, one that meets the organisation’s
criteria for return on investment (ROI).
The value management process
A structured approach
A state-of-the-art approach to value management promotes the concept of a
formal value management regime supported by clearly speciﬁed procedures
involving appropriate tools and techniques.
There are three interrelated facets of value management: identiﬁcation/
appraisal, implementation and monitoring (Fig. 27.3).
Before considering formal value management procedures, it is necessary
to understand how they can be applied, and to what, in a facilities management regime. In essence, facilities come in the form of:
•
•
•

provision of buildings, equipment and supplies
operation
maintenance.

Although these are quite different in content and nature, the principles to be
applied are the same in each case. There will need to be developed a policy
relating to the business plan, testing for and eliminating any redundant performance in the high-level brief. All stages of speciﬁcation implementation
and monitoring will then need to be carried out in tune with the original
policy and the value plan it underwrites.
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Figure 27.3 The three facets of value management
Sources: Facilities Economics/Facilities Value Management (IFPI Ltd).

Value management procedures
Value management stages
Whether we are considering buildings or facilities services, the process of
value management is in principle the same. Figure 27.4 illustrates the consecutive and cyclical order of the three facets of value management and the

Figure 27.4 The three stages of value management
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activities within each one. How these activities are structured within a work
or job plan is up to the people who have to deliver the result.
An overview of the whole process
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•

•
•

Stage 1 represents the formal process of identifying, say, a facilities
requirement and evaluating the optimum level of quality and cost to be
adopted in the Facilities Policy in order to deliver a ‘best value’ solution.
Stage 2 begins with the procurement of the facility, which must be
accompanied by strategies for measuring input and output performance.
Stage 3 is the measurement process which includes the ongoing
requirement to make sure that changed circumstances are always
detected and reﬂected in changed strategies where necessary, thereby
completing the cyclical nature of the whole process.

The pre-brieﬁng issues can be addressed formally using what is known as a
‘value tree’.
A value tree is a diagram that describes the business driver (mission) for a
project or service and the criteria that need to be satisﬁed in order to achieve
it. A value tree should be developed at the earliest stage in order to inform
the brief. It should ideally be carried out by the Intelligent Client Function
although too often key facilities decisions are taken with little or no input
from facilities professionals.
Value management of the Premises Policy
The Premises Policy has three strategic centres:
•
•
•

location
size
quality.

Figure 27.5 shows how one organisation used a more detailed type of Value
Tree known as a FAST (Function Analysis System Technique) diagram to
identify the raison d’être behind the accommodation solutions and express
them in terms the business could understand. In the example both ‘size’ and
‘quality’ constitute components of ‘performance’ and the value-managed
premises policy looked at each strategic centre in turn, testing and scoring a
number of costed options against an agreed list of weighted ‘business impact
drivers’.
Figure 27.6 shows how ‘quality’ was tested and scored in the existing
(zero-base) options; the ‘strategy drivers’ used here are higher-level versions
of the ‘quality centres’ in some of the more formal measurement systems
considered below, but they address the same issues.
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Figure 27.5 FAST diagram: accommodation strategy

Figure 27.6 Evaluation of the building quality: existing (zero-base) option
Source: Facilities Value Management (IFPI Ltd).

In the ﬁnal analysis, all three strategy centres were scored and costed for
six alternative options (see Fig. 27.7). It is interesting to note that building
performance, expressed in terms of ‘size’ and ‘quality’, scored very much
higher than location in all the options, although the importance of having an
adequate supply of space (size) accounted for most of the points in
every option. This was not indicative of a generic trend, but it reﬂected the
aspirations of a fairly low-proﬁle organisation with dedicated staff unlikely
to be ‘fazed’ by a less than ideal working environment.
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Figure 27.7 Cost/benefit analysis of accommodation strategy options
* ideal except for existing
* Split locations
† Figures subsequently reduced as a result of rentalising the refurbishment costs within a modernised
lease
Source: Facilities Value Management (IFPI Ltd).

It should, however, be noted that their scoring was not assisted by any
formal quality measurement system – it was just intuitive and guided by the
future project architect. Nevertheless, the fact that a ‘weighted points’ total
relating to the impact of performance on the business emerged from the
value management process is more than just of passing interest. The bespoke
refurbishment of their old premises in options (e) and (f) scored 30 per cent
higher than the ﬁtted-out spec-built alternatives, showing that the users
could not only see the beneﬁts in business impact terms accruing from a
higher building performance but were also reasonably conﬁdent of their
measurement of them.
The BQA system considered below holds back from making that connection in direct business terms when measuring relative performance of buildings. Nevertheless the system can be used in that way by changing the
weightings built into the system to weightings deduced from the business
policy as portrayed in Fig. 27.7.
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Measuring building performance – systems and case
studies
Several methodologies of performance evaluation are already available at
home and overseas, for instance the Building Quality Assessment (BQA)
procedure, which originated in Australia and New Zealand and was validated by the Building Research Establishment for UK and mainland
European application. It consists of a sophisticated software program with
market weighting for various performance characteristics established by
reference to consultants, users and property owners.
The output is an Index of Performance, which can be used on a comparative basis to assess the relative usefulness of one building to another. The
concept of ‘serviceability’, developed by Gerald Davis in Canada, is
also helping users to measure the usefulness of a building’s capacity in the
context of their own speciﬁc needs.
In studies of Intelligent Buildings (DEGW and Technibank, 1992) and The
Responsible Workplace (Worthington, 2006), Frank Duffy and others have
also shown a way forward in understanding the true worth of well-designed
premises and facilities, and Frank Becker and Robertson Ward Jr in the USA
are among others who have helped to enlighten the conventional wisdom.
A new system of design quality assessment sponsored by the UK Department of Trade and Industry is the Design Quality Index (DQI). This is a
toolkit and methodology which draw on the sorts of principles behind the
BQA system, serviceability and other earlier work in this ﬁeld to provide a
high-level assessment of the functional performance of buildings.
Inevitably, as the necessary data are made available, the appraisal of
buildings will have to become more technical and more scientiﬁc, whether
from a construction, valuation or occupation viewpoint. It is crucial
that such data cover performance in all its aspects – functional efﬁciency,
physical efﬁciency and ﬁnancial efﬁciency.
In quest of better methods of building performance evaluation, the interaction between the building, its occupants and the activities they carry out
within it must become a critical area for consideration. Equally importantly,
however, the relationships between building-related costs and other expenditure by organisations must be examined to identify the likely scope for
added value, or savings in general costs, and the factors that may inﬂuence
such beneﬁts.
Building quality assessment: a case study
This case study demonstrates how one Quality Measurement System – the
Building Quality Assessment (BQA) program – was used to help a company
to develop and implement an accommodation strategy for its Headquarters
estate.
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Commco plc (the pseudonym for one of the UK’s largest ﬁrms in the
communications sector) had two problems that were subsequently
addressed by the appraisal program described in this case study:
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They were running short of space in their three Headquarters ofﬁce
buildings and needed to crystallise their accommodation strategy to
avoid acquiring unsatisfactory premises. They also did not want to
have to rely upon any estate agent’s opinion as to good or bad quality,
or features/characteristics to be sought or avoided.
They knew that one of the three buildings was not up to scratch. But the
Facilities team needed a hard-nosed report to help convince busy
superiors that disposal of the poorest building had a high priority if the
core business was not to suffer from major problems of staff
dissatisfaction and loss of productivity.

The help they needed came from a technique of building quality appraisal
developed originally at the University of Victoria, Wellington, New Zealand.
Known as Building Quality Assessment (BQA), it was introduced into
Europe by QAI (Europe) Ltd in 1995 with the assistance and endorsement of
the Building Research Establishment (BRE).
The BQA system
The system sets out to give an objective view and comparison of the designed
quality of buildings, which it considers under nine main categories:
•
•
•
•
•
•
•
•
•

presentation
space functionality
access and circulation
amenities
business services
working environment
health and safety
structural considerations
building manageability.

Within these categories, the system embraces some 130 factors identiﬁed as
having a major inﬂuence on the overall perceived and operational quality of
a building. These factors are grouped under sections within each category;
an example of the structure of the category ‘Working Environment’ was
given in Fig. 27.7. The structure of all the other categories is similar in
principle.
Each of these factors has to be scored out of ten by one of Quality Assurance International’s qualiﬁed BQA appraisers. However, the scoring is not
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subjective for the system provides succinct menus from which the appraiser
identiﬁes levels as appropriate: these levels are pre-scored using data calculated by the BRE from responses to a controlled-circulation questionnaire
sent to users, providers and consultants across the whole spectrum of
property and facilities. An example of one of the scoring plateaux in the
‘Access and Circulation’ category – Entrance Trafﬁc Capability – is given in
Fig. 27.8.
By the same process of questionnaire response analysis, each section
within a category is automatically weighted against the others and, ﬁnally,
categories are automatically weighted one against the other. This process of
scoring and weighting provides category scores and total BQA scores that
represent the conventional wisdom with regard to comparative usefulness of
different levels of speciﬁcation and designed features. As such, it provides an
opportunity for facilities managers to make objective internal and peergroup comparisons of the quality of their stock; in other words, it enables
quality to be benchmarked.

Figure 27.8 Scoring plateaux
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The Commco plc Headquarters Estate
The estate comprises three ofﬁce buildings; we shall call them Sterling Gate,
Hampton Tower and Kings Place. Hampton Tower and Kings Place were
original Headquarters buildings and Sterling Gate, a later development
nearby, was acquired in a hurry when sudden dramatic growth left the
company desperate for additional space.
The footprints for the three buildings are given at Fig. 27.9. All
three buildings would be described by the estate agents as ‘prestige
air-conditioned ofﬁces suitable for headquarters use’; but, as the BQA survey illustrated, such statements cannot be relied upon to describe a building’s quality with any degree of accuracy.

Figure 27.9 Building plans of the three Commco buildings

The overall BQA results
Figure 27.10 shows the results of the survey; the total scores, the top set of
bars of the ﬁgure, illustrate the fact that Sterling Gate was indeed a comparatively poor building, whatever the estate agent said! Hampton Tower and
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Figure 27.10 Comparison of BQA scores for Commco buildings

Kings Place are pretty close in total, although inspection of the category
scores identiﬁes some fairly considerable differentials in individual cases.
This is an interesting feature of BQA, in that it produces an overall score
which can show two buildings neck-and-neck whilst, at the same time,
enabling users to look behind the scenes to check that the quality centres,
from which the total scores derive, have scored levels which coincide with
their own aspirations or requirements. For example, the scores for ‘presentation’ show Kings Place on a pinnacle; in fact, this building’s score for presentation would be comparable to, or better than, that in most headquarters
buildings in Commco’s peer group. On the other hand, Hampton Tower is
not up to ‘ﬂagship’ standards in terms of presentation and Sterling Gate is
clearly well below par.
A category examined
To explain the principles of how the BQA program arrived at its conclusions, we consider here the ‘Access and Circulation’ category described
above. By way of introduction to this category, the assessor is given a brief
overview of the issues it addresses, as follows:
This assessment category is concerned with access of people and goods
to the building. It includes the ease with which the building users, occu-
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pants and their clients may get in and out of the building, facilities for
vehicles, and movement of goods in and out of the building. Security
covers the other side of the coin, which is the restriction of access for
goods/people that are not required in the building.
The scoring plateaux for ‘Entrance Trafﬁc Capacity’, given at Fig. 27.8
above, can be considered by reviewing the plans of the three buildings in Fig.
27.9, where the entrance areas have been highlighted. Sterling Gate scores
only 316 (weighted) points in terms of access and circulation (see Fig. 27.11
but note that section totals shown are before section weightings) and it is not
too difﬁcult to see why, as 3.12 ‘Entrance Trafﬁc Capacity’ scores 0 and 3.11
‘Entrance’ does little better.
These scores contrast signiﬁcantly with Hampton Tower and Kings Place
(the latter having the highest quality levels). The reasons for this particular
divergence are the very low width of entrance and much reduced foyer space
in Sterling Gate. Indeed, disabled access (3.18) is most difﬁcult in this building due to the low quality of the main entrance, foyer, lifts and internal
layout of common space areas.

Figure 27.11 Access and circulation scoring
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In terms of vehicles (3.2), Sterling Gate scores much lower than the
remaining buildings. This deﬁciency in Sterling Gate is particularly evident
with respect to a comparison of the number of car park spaces (3.21) in
relation to ofﬁce ﬂoor areas. In addition, access quality between the car parks
and the building (3.25) is reduced, due to long travel distances from parking
spaces to the rear elevation. Whilst this presents a similar problem for Kings
Place, better layout (3.22) and improved VIP access (3.27) maintain higher
scoring for both this building and Hampton Tower.
Access and Circulation for goods (3.3) changes the pattern slightly, as
Hampton Tower out-performs Kings Place whilst Sterling Gate still remains
a lower level of quality scoring. The principal cause of this deviation is that
Hampton Tower is well supplied with a speciﬁc goods entrance (3.31 general accessibility), goods lift (3.33) and loading bay (3.32). However, Kings
Place, whilst having a separate entrance, is disadvantaged in terms of the use
of a stairwell and/or passenger lift for the internal circulation of goods.
Sterling Gate must rely on access through the main entrance (or rear
entrances), which has very little provision for loading/unloading and for this
reason quality scores are reduced.
With regard to security (3.4), it is once again Sterling Gate that exhibits
the lowest levels of quality scoring. Better provision in terms of visitor/access
control and prominence of surveillance cameras and ofﬁce door controls
enable Hampton Tower to out-perform Kings Place. A further difference is
evident in relation to site security (3.45), which reduces the Kings Place
overall score considerably. Sterling Gate once again suffers from very low
levels of quality in the security section, as many features are badly supplied
or at least not conducive to effective security provision.
Using the results
The ﬁrst and immediate beneﬁt from the appraisal was the subjective viliﬁcation of Sterling Gate being substantiated by hard-nosed, objective measurement. The facilities managers took the report to Board level and got
approval in principle to off-loading the building at the earliest appropriate
opportunity.
At the same time, the FM team was developing their accommodation
strategy and they were able to demonstrate to their Board the usefulness and
practicality of using BQA to specify minimum quality levels both in terms of
overall totals and totals for individual categories. Indeed, they also used
external BQA comparators (not illustrated here) to benchmark appropriate
scores for different types of user, thereby demonstrating that their aspirations were normal and not unduly ambitious. Should a new-build feature at
some time in the future, the BQA programme could provide benchmarked
target costs to match overall total scores and elemental cost targets to match
the scores required in each category. In this way, the designers can be given
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measurable quality targets which can be incorporated in the brief without in
any way compromising the designer’s right to develop innovative and valueengineered solutions.
There is no doubt that BQA, used intelligently, can be of enormous beneﬁt
to facilities managers in setting an accommodation policy in terms which
can be quantiﬁed, compared and vindicated. Insofar as the scores, weightings and derived totals reﬂect the conventional wisdom drawn by a
respected public body (BRE) from a broad sample of respected professionals, they must be taken as valid; the calibre of the academics who produced the original model is equally eminent.
Right from the outset, at acquisition stage – and constantly throughout
the life of the organisation – the ICF must have a thorough professional
understanding of the quality of premises needed to accommodate the business activity in a cost-effective and cost-efﬁcient manner.
The Premises Policy should articulate these performance requirements
but, more importantly, it should state with equal clarity the reasons why the
performance levels are needed; the best way to get top management to buy
into this is to identify clearly and succinctly the risks to which the business
would be exposed should performance fall below the levels proposed.
This is where the whole-life quality management issue needs to be
addressed. It is one thing to take on a building which ﬁts the bill but another
to keep it performing at its designed and speciﬁed level. So the risk management policy (for this is what it is in effect) needs to specify the ongoing
premises management functions, the service levels identiﬁed as being
appropriate to contain the risks, and any service-level resource drivers, e.g.
local environmental conditions, densities of occupation etc., which may control the actual levels of service needed.
On this basis the premises will be ‘cost-effective’, provided always that
both the premises and their upkeep have been procured in a ‘cost-efﬁcient’
manner. By this route the quality management process will have fulﬁlled the
risk management criteria within a sound value management regime. But
what we have described here must not be a once-and-for-all process. The ICF
must take responsibility for continuous monitoring of the quality achieved
and its continuing relevance to the business requirements.
An important issue at this point is that quality and risk are reciprocal.
So, if we wish to justify the investment in facilities on the grounds that
quality will inﬂuence their effectiveness, we can, at the same time (or as
an alternative strategy), explain the level of risk exposure that is linked to
the performance levels proposed. Many organisations have formal risk
gradings and these have been used successfully in a number of facilities
policies; talking the language of core business management is a great asset
to facilities managers when trying to get their message across at a high
level.
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Case study: effects of premises quality on growth
The example at Fig. 27.12 is from a professional practice which in 1989 still
occupied the original premises originally leased in 1972, a couple of years
after start-up. By 1989 they had outgrown the premises in terms of space
and also the quality was clearly inadequate both for the job to be carried out
and for the status the practice had by then attained.
The Building Quality Assessment score of the old building in 1989 would
have been around 400 and the new building they moved into in 1991 was
much higher at around 650. They also increased the space use per capita
from 10 m2 to 15 m2 per person and that doubled the premises costs because
they had moved up-market into a higher rental location.
Fee earnings per capita in the period following the move increased by onethird whereas the premises costs (shaded at the bottom of the histograms)
rose from around 2.75 per cent of turnover to 5 per cent of turnover – the
latter being, as it happens, exactly the appropriate benchmarked level for
maximum beneﬁt according to a well-established premises costs and
performance database.
Although it is likely that proﬁtability and turnover would in any
event have increased over this period due to the particular stage of the
organisation’s business development, it is also safe to say that staff
responded tremendously well to having far better premises to work in. For
example, ﬁles went into ﬁling cabinets instead of lying all round (and on) the
desks, and the company encouraged their clients to come to see them (and
dine in the new conference rooms), whereas previously they had desperately
tried to keep them away.
Even if it cannot be deduced for certain that they gained new business as a
result of the move, the company is equally certain that, had they not made

Figure 27.12 Premises and the core business growth
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the change, they would have lost a lot of the new business which did eventually come their way. So they could prove the return on investment, to their
own satisfaction, by the avoidance of adverse consequences, regardless of
any positive gains.
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Case study: effects of building quality on achievement
Perhaps the most startling positive illustration of the usefulness of the effects
of building quality and performance is in the results of a case study carried
out by a local authority, which looked at the relationship between building
quality and educational achievement (Fig. 27.13).
Using a fairly coarse adaptation of the BQA system for the purpose of
appraising primary school buildings, 12 sample buildings were analysed and
given a quality score (as shown on the vertical axis) and the educational
achievements on the horizontal axis were taken from the OFSTED results.
It is quite amazing to ﬁnd that there is an almost straight line correlation
between higher quality and better educational achievement. In case you are
wondering about the small sample size, the statistical programme that was
used eliminated the possibility of the size of the sample being a distorting
factor.
Although it is true to say that the other principal factors in this equation
(i.e. the socio-economic grouping in the school catchment areas and the
teacher assessments) are ignored in this study, nevertheless this correlation is
so strong that enormous beneﬁts could be derived from taking this benchmarking study forward to understand the reasons why the educational
achievement varied with different aspects of the quality of buildings.

Figure 27.13 Benchmarking quality of buildings and educational achievements: a primary school study
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Conclusions
Sometimes people in construction get carried away with the idea that the
building is everything, whereas it is really only a part of the Premises
Strategy.
Nevertheless, in its own right, ‘building performance’ has been shown
here and throughout this book not only to have a deﬁnite impact on productivity but also to be capable of being measured and valued. The day must
be close when the Premises Policy identiﬁes the required building performance relative to a weighted score that everyone accepts as true and valid.
Until then, the enlightened few will stay ahead of the game whilst the rest
remain slaves to the conventional wisdom.
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