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This paper discusses new directions for indoor environment research for the following 4 themes: (i) the cutrent
change in office work pattern, workplace design, and increasing demands from the work force, (ii) the large
individual variation in requirements for optimal conditions pointing at the key factors of individual response and
individual control options based on trade-off experiments, (iii) psychosocial factors as determinants of symptoms,
comfort, and productivity, and (iv) transient, nonspecific symptoms in the indoor environment, the identification of

causes, and Iong-term consequences.
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The future office environment

The difference between industrial and office-like work
environments is becoming less distinct as industry reduc-
es physical and chemical exposures by using cleaner pro-
duction technologies, automation, and the like. The dif-
ference between work and home is also fading as the
widespread use of information technology offers the op-
portunity to work almost anywhere.

As a consequence, an increasing sector of the work-
ing population will share the same types of indoor envi-
ronment exposures, Thus it will become increasingly dif-
ficult in population studies to define groups that have a
distinctive set of exposure patterns (ie, obtain groups with

Tahle 1. Changes in work pattern in the next millenium. Adapted
from Wouters & Van Bommel (1).

Traditional Trends
Work pattern Routine Creative
Individual assignment Groups and project
teams
Isolated Interactive
Workplace One type Different types for
different tasks
Occupation 9-17 hours “Continuously”
Own workstation or  Different or shared
room workplaces

Location assignment  On the basis of status  On the basis of tasks

small within-group and large between-group variability
in exposure).

The needs and demands of office work force are
changing. Many tasks will be solved interactively by
project teams, and offices will be designed to support the
social communication necessary for interactive projects.
On the other hand, people need to work in isolation for
some periods. The trend is away from personal offices
towards rooms that will be available whenever someone
has a need. Table 1 summarizes these changes in work
pattern. Future workplaces will be designed to support
the requirements inherent in these changes. The new
work patterns will be introduced in both old and new
buildings, which offer different possibilities for fulfill-
ing the new requirements. We do not expect that the re-
sulting work conditions will lead to major changes in the
physicochemical exposure levels in offices, but the psy-
chosocial and organizational conditions under which oc-
cupants are exposed may change. One of the challenges
for indoor environment research will be to evaluate the
impact of new work conditions and building design on
health, comfort, and productivity. Future field studies
should, as a consequence, record specific work conditions
and the type of jobs as a possible explanatory variable
for responses, and they should also include living condi-
tions and leisure-time activities.
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New ways fo consider the indoor environment

Physical factors

International standards provide specific comfort guide-
lines for average thermal conditions for given clothing
and physical activities. However, there are major indi-
vidual differences in the perception of thermal conditions,
especially when it comes to accepting light thermal stress
(2). Thermal conditions can influence the productivity of
office workers (3), and individual control around aver-
age thermal neutrality has been found to improve pro-
ductivity slightly (2). Thus individual control of thermal
conditions will be important for achieving optimal con-
ditions.

Acoustic conditions should facilitate communication
if information is needed for the performance of tasks, but
it should suppress unwanted disturbance, distracting in-
formation, or noise. It is well known that some groups
of people are noise tolerant, being able to adapt psycho-
logically to noise, while others are noise sensitive (4).
Workers thus should be given the possibility to choose
quiet work conditions if the task requires it.

Detailed guidelines exist for artificial lighting for dif-
ferent tasks, including work with visual display units
(VDU), in order to satisfy performance requirements.
Daylight and color can influence comfort, mood, and so-
cial behavior (5, 6). Although international guidelines for
daylight and color have not yet been agreed on, and may
never be, due to individual and cultural differences, it is
prudent to provide access to daylight and individual con-
trol of lighting. This requirement is partly at odds with
systems for the automatic control of lighting for the pur-
pose of energy saving, as such systems may override in-
dividual control.

These few examples serve to illustrate that optimal
conditions will vary around a group average, depending
on the workers and their tasks. Each person should there-
fore be given the possibility of individual influence and
control, and the control should be easy to use. This is a
challenge to building designers. Another challenge is for
building managers. Traditionally they have focused on
building technology, operation, and maintenance. In the
next millennium this focus must be shifted to the work-
ers, as they will give priority to self-development, indi-
viduality, flexibility, and participation, combined with
self-determination and control of the total work environ-
ment.

Odor

The perception of odor is one of the most important fac-
tors triggering complaints about the indoor environment.
Experiments with odor panels evaluating emissions from
different building materials have shown that diluting the
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concentration increases odor acceptability differently for
different odors and that some odors remain unacceptable
at all dilutions (7). There are no simple models to pre-
dict how odorous volatile organic compounds (VOC)
combine into a perception and not even into odor inten-
sity (8). Thus no generally applicable transformation is
yet known for transforming a panel voting into a quanti-
ty that can be handled like a concentration that, for ex-
ample, would follow the usual dilution laws and be used
for simple design criteria for odor control by ventilation.

The interaction between odor and sensory irritation
(9) needs to be studied. We also recommend that the psy-
chological effects of weak odors be investigated. The
challenge will be to perform the studies under normal
work conditions to reflect the complexity of most office-
environment scenarios.

Perceived cleanliness

While cleaning is performed for reasons of hygiene, safe-
ty, esthetics, and surface care, the importance for non-
specific symptom prevalence is not clear. Relations have
been found between surface dust or dust constituents and
the prevalence of symptoms (10, 11), but a causal con-
nection with specific components has not yet been found,
except for some specific allergens. Only little is known
about how perceived cleanliness relates to the physical
quantity of dust on surfaces (12), and whether or not the
perception of dust or cleanliness per se can result in bio-
logical reactions has not been studied. Surface dust is
usually perceptible (visual, tactile), and it is thus diffi-
cult to avoid information bias in epidemiologic studies.
Dust on surfaces is a potential secondary dust source and
should be controlled by cleaning. Guidelines have been
proposed for the degree of surface cleanliness based on
field data of what is practically achievable (13). Future
studies on the relation between surface dust concentra-
tions and perception and between dust composition and
health may show whether or not the guidelines need to
be adjusted.

Trade-off

A person who is working in an office space that is too
warm and wants to increase air cooling, which however
would increase noise level, has to balance a reduction in
thermal discomfort against an increase in noise. Such
preferences are studied in trade-off experiments, which
result in iso-annoyance curves in the multidimensional
space of exposure factors. Trade-off experiments have
been made under uncomfortable (tropical) conditions that
could relate temperature preference level to noise pref-
erence level and even to relative air velocity and day-
light admission (14). Trade-off relations are important
because they are needed as a basis for improved
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prioritizing and for the design of work environments in
cases in which compromises have to be made in build-
ing design for economic or other reasons. In addition,
since optimal conditions are not constant but vary with
the task and person, trade-off relations play a role in the
choices people have to make every day regarding the
adjustment of indoor environment parameters.

Psychosocial factors

In an editorial Berglund & Job (15) noted that the scien-
tific community had neglected to consider adequately the
role of psychological effects on adverse environmental
impacts (both ambient and indoor) even though there was
a general acceptance that effects were likely to exist. In
a companion editorial, Moghissi & Berglund (16) did not
doubt that reactions to environmental pollution, real or
imagined, could have an impact on the human psyche and
thus physiological functions. They welcomed “. . . stud-
ies dealing with behavioral consequences of exposures
to non-existing or insignificant pollution which, howev-
er, is believed to exist by a segment of the population”.
Psychosocial factors should be studied also since they are
becoming more important on a relative scale because
exposures to physical agents and air contaminants have
been reduced due to increased awareness about building
construction, building materials, and the like. Psychoso-
cial factors may even be the dominating determinant of
symptoms, comfort, and productivity (17). There is yet
no generally accepted theoretical framework for formu-
lating hypotheses on how psychological factors interact
with other office-environment factors.

Comparison of the relative significance of symptom
prevalence, comfort, and the productivity of physico-
chemical factors with those of psychosocial factors
should be made with caution because of estimation un-
certainty. In industrial epidemiology there has been con-
siderable attention focused on how uncertainty in the es-
timation of exposures to physical and chemical factors
attenuates or amplifies exposure-response relations (18).
In epidemiologic studies of the indoor environment this
problem has not been sufficiently addressed even though
physicochemical and psychosocial factors are measured
with fundamentally different methods and all too often
with a greatly different level of detail.

There is a need for validated questionnaires on psy-
chosocial factors (19, 20). A rather extensive question-
naire is needed for the purpose of identifying the specif-
ic psychosocial problems. A short questionnaire is need-
ed that can be used at an early stage in the stepwise ap-
proach to solve indoor environmental problems. The
questionnaires should mirror the new requirements (ie,
the possibility for self-determination and control of the
total work environment).

Sick-building syndrome and a time for change!

The possible health effects of the indoor work environ-
ment range from allergy to cancer; however, we will only
discuss the transient, nonspecific symptom complaints
among office workers that are temporally related to a
building or specific areas in a building. Allergic reactions
have been excluded.

Symptoms

The term sick-building syndrome (SBS), characterizing
the occurrence of an increased prevalence of nonspecif-
ic symptoms among occupants in certain buildings, was
coined at a meeting of the World Health Organization in
1982 (21). The term has served well, as it became a frame
of common reference for physicians and engineers and
brought the message across to politicians that buildings
could be problematic. As a result, significant progress has
been made in reducing physical, chemical, and biologi-
cal exposure factors. However, the sick-building syn-
drome is a diffuse concept. It is not a disease entity, and
the terminology used in relation to it has not been con-
sistent. The number and type of nonspecific symptoms
used under the concept have been a theme with variation
in the literature (22), but the most frequently investigat-
ed symptoms are irritation of the mucous membranes of
the eyes, nose, and throat and general symptoms, such
as fatigue, tiredness, or headache. Some researchers also
include dry and irritated skin. The term sick-building syn-
drome indicates that it is a medical syndrome, but it has
not been possible to apply this diagnosis to individual
persons according to specific biological markers and
symptom criteria (22).

As we have learned more about what can, or rather
what cannot, explain symptom prevalence for the sick-
building syndrome, it has become evident that the time
for its traditional interpretation has run out: the term sick-
building syndrome should not be brought into the next
millennium. In line with others (23), we suggest using
the more conservative, less appealing, more descriptive
“transient nonspecific symptoms in the indoor environ-
ment”. Future research should focus on the frequency and
intensity of the single symptoms and groups of related
symptoms (eg, mucous membrane irritation of the eyes,
nose and throat).

Factors related to transient, nonspecific symptoms in
the indoor environment

Epidemiologic research has identified several factors as-
sociated with nonspecific symptoms in the indoor envi-
ronment (24). A low ventilation rate and a slightly raised
temperature have been associated with symptoms, but
most factors are of a descriptive nature, like “air-condi-
tioning” and “carpets”, and are at best proxies for causal
exposures. Other factors have to do with work tasks and
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psychosocial aspects of work, and individual factors like
gender and allergic disposition. With the exception of
formaldehyde, which today is mostly found in low con-
centrations, indoor environment research has not been
able to demonstrate a causal relationship between the
specific indoor air contaminants normally found in the
indoor environment and the occurrence of nonspecific
symptoms. Different mixtures of volatile organic com-
pounds and biological components of dust have been can-
didates for some years, but they have not consistently
been associated with nonspecific symptoms, in spite of
the ever more sophisticated measurements of pollutants.
Furthermore, the eye and nose irritation thresholds are
orders of magnitude above the concentrations generally
found in the indoor environment (25). It is therefore dif-
ficult to explain why any known and presently measura-
ble airborne chemical in the common indoor environment
per se may cause sensory irritation of the eyes, nose, or
throat. Other mechanisms must therefore be considered.
Future epidemiologic and experimental research should
change the usual design and methods and focus on the
incidence and course of the nonspecific symptoms in dif-
ferent indoor environments. This change would call for
longitudinal studies with a duration exceeding 1 year.
Such studies will also provide the opportunity to inves-
tigate long-term consequences of having repeated, tran-
sient nonspecific symptoms: Will it cause symptoms to
become more persistent? Will it have consequences for
absenteeism, medication, social behavior, and productiv-
ity?

Associations have often been found between psycho-
logical factors such as stress and mucosal irritation and
general symptoms. We therefore propose studies to re-
veal how and to what degree psychosocial factors influ-
ence the thresholds of sensory irritation and the preva-
lence and intensity of transient, nonspecific symptoms.

Objective and subjective measures of transient,
nonspecific symptoms

Our knowledge of the mechanisms behind nonspecific
symptoms is limited, and there are, for example, no ob-
jective measures available to tell if a person suffers from
eye or nose irritation or not. However, on a group level,
associations have been found between objective chang-
es in the eyes and work-related eye symptoms among
office workers (26, 27).

Methods are needed for the noninvasive measurement
of sensory irritation and changes in the mucous mem-
brane. The physiological states measured should have
low within-person variability to be useful. These meth-
ods could then be used in longitudinal studies for deter-
mining if and how measurable changes in the mucous
membrane lead to chronic effects.

There is a need to reduce the number of question-
naires for measuring subjective symptoms to a few
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validated and comparable questionnaires, both for re-
search and, especially, for practical attempts to identify
and solve indoor environmental problems in office build-
ings. It is of particular importance to have a large com-
mon data base on basic prevalences obtained with the
respective questionnaires for reference populations.

Somatization

Somatization is the process of organically manifesting
and expressing cognitive and emotional disturbances
through bodily symptoms. People can employ somatiza-
tion as a means of communication or as a coping strate-
gy, and somatization can play a major role in determin-
ing the degree of illness for many sufferers of nonspecif-
ic symptoms (28). The role of somatization in the dy-
namics of perception and the reporting of symptoms and
how somatization relates to the way indoor environment
problems are handled should be studied further.

General discussion

The learnings from field and laboratory studies of asso-
ciations between perceptions and symptoms and meas-
ured exposures and descriptive building factors have been
made operational. A report from Nordtest (29) proposes
what should be understood by low, medium, and high
exposures for several indoor environment factors. These
levels were further defined in a Danish design guide and
successfully used in a large European investigation (17).
Rolloos and his co-workers (30) proposed a classifica-
tion system based on exposure levels combined with de-
scriptive design elements, and Seppénen (31) developed
a detailed checklist for office building design based on
data from the “Indoor Air 93" conference. There is thus
close to sufficient knowledge to provide general recom-
mendations for designing building climates, recommen-
dations which satisfy the basic needs for groups of occu-
pants. On the other hand, there is limited knowledge on
the impact if some conditions are out of order or cannot
be fulfilled for economic reasons. In addition, as the de-
mands of the work force increase, in response to in-
creased individualism, solid scientific data also need to
be generated as a basis for designing individual control.
Easy-to-use individual control technology will become
a key concept for achieving the best possible conditions
for each person.

The trade-off experiment is an important method for
studying combined exposures. However, since there is
an almost unlimited number of possible combinations,
studies should try to uncover the underlying mechanisms,
The role of participatory approaches to problem solving
needs to be studied also (20).
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Figure 1. Hypothesized dose-response curves for exposures and
symptom prevalence for a group of occupants. The two curves
represent poor and good psychosacial conditions and the possibility
of coping with all work conditions. Adapted from Valbjern et al (32).

The complexity involved when multifactorial causes
of symptoms are interpreted is illustrated in figure 1,
adapted from the paper by Valbjgrn et al (32). Hypothet-
ical relations are drawn between symptom prevalence and
the sum of exposure to physicochemical factors. The two
(logistic) curves represent poor and good psychosocial
conditions, including the ability of each person to cope
with the situation and to optimize climatic conditions.
The curves predict that when the sum of physicochemi-
cal exposures is high, a reduction in psychosocial load
does not make much difference to the reported preva-
lence. The curves also predict that, at low physicochem-
ical exposures, priority should be given to psychosocial
factors.

We have formulated a (nonexhaustive) list of research
topics. As a concluding remark we would like to stress
that real progress in problem solving to create healthy,
comfortable, and productive office environments can
only be made by thinking in terms of total workplace
performance, in which buildings, the occupants, and their
tasks perform as a functional unit (33).
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