


HOW DOES IT FEEL @ WORK?

2

CONTENTS

1 INTRODUCTION....................................................................................... 3

1.1 PURPOSE AND AIM OF THE THESIS.......................................................... 4
1.2 DISPOSITION .......................................................................................... 4

2 THEORETICAL BACKGROUND........................................................... 6

2.1 HUMAN-COMPUTER INTERACTION......................................................... 6
2.2 STRESS................................................................................................... 7
2.3 WORK LIFE RESEARCH ......................................................................... 13
2.4 HEALTH EFFECTS ................................................................................. 14
2.5 IT AND STRESS ..................................................................................... 16
2.6 GENDER DIFFERENCES ......................................................................... 18
2.7 PRODUCTIVITY EFFECTS....................................................................... 19
2.8 SOFTWARE DEVELOPMENT................................................................... 20

3 AIM ............................................................................................................ 26

4 RESEARCH METHODS ......................................................................... 27

4.1 METHODS USED IN THE PRESENT STUDIES ............................................ 28

5 DISCUSSION ............................................................................................ 30

5.1 DISCUSSION OF THE METHODS ............................................................. 30
5.2 DISCUSSION OF THE RESULTS ............................................................... 34

6 CONCLUSIONS ....................................................................................... 39

7 FUTURE WORK ...................................................................................... 40

8 SUMMARY OF PAPERS ........................................................................ 41

PAPER 1 ........................................................................................................... 42
PAPER 2 ........................................................................................................... 42
PAPER 3 ........................................................................................................... 43
PAPER 4 ........................................................................................................... 44
PAPER 5 ........................................................................................................... 44
PAPER 6 ........................................................................................................... 45
PAPER 7 ........................................................................................................... 45

9 REFERENCES.......................................................................................... 47

10 ACKNOWLEDGEMENTS.................................................................. 52



3

1 Introduction

Computers are flooding the workplaces. Very soon essentially everyone
in the work force will be influenced. The implications of this
phenomenon, however, are not fully understood.

Today, around 3 million people in Sweden, which is 66% of the
Swedish work force, use computers in their work. Thirty-five percent of
the women and 30% of the men in the total work force use computers at
least half of the working day (AV 2001). These figures have been
increasing at a fast and steady pace since the workplace computerisation
phenomenon began spreading in the late 1970s. According to the surveys
on computer use performed by Statistics Sweden (SCB), the proportion of
computer users in the total Swedish workforce increased from 24% in
1984 to 32% in 1989 and 51% in 1995 (SCB 1995). The proportion of
users working half the working day or more at a visual display unit
(VDU) has also increased, especially for women. (Ekman, Andersson,
Hagberg & Wigaeus Tornqvist 2001). Approximately one third of the
work force has clerical office work and, as expected, the use of computers
is higher in that group. From 1989 to 1997, the proportion of computer
users among office workers increased from 65% to 90% (Marklund
2000). For women, the corresponding figure has continued to increase
from 91% in 1997 to 94% in 1999 (Ekman, et al. 2001). The introduction
of computers in working life has had a great impact, dramatically
changing the very nature of many jobs and the whole work situation for a
vast number of people. How has this affected the individual’s health and
well being?  As the use of computers has increased, health concerns and
the reports of negative effects on users health have also increased steadily
since the early 1980s (Bergqvist 1993, Punnett & Bergqvist, 1997,
Sandsjö & Kadefors Eds. 2001).

It appears as though we are continuously introducing more and more
information technology of a kind that hurts or damages its users.

There are several interacting mechanisms through which work with
VDUs affect the users, mechanisms related to the person, the work
organisation, the work tasks, the physical work environment and the
technology that is used. To counteract the adverse health effects of VDU
use we need to know more about the relative importance of different
factors and about interactions among these factors.



HOW DOES IT FEEL @ WORK?

4

The work domain dealt with in this thesis is office work, where
computer-based information systems are of relative high importance
compared with other types of work.

To be proactive so we can influence the computer systems of
tomorrow we have to gain a better understanding of the software
development processes and try to improve and complement them. Within
the research field of human-computer interaction (HCI), such efforts are
made, often aiming at increased usability of computer systems.
Considerable effort is spent on developing design methods emphasising
the needs of the users, including methods described under the label user-
centred design (Norman 1986, Göransson 2001). Regrettably, the results
of these efforts are far from satisfying. The impact on software
development from research on usability and user-centred design has been
quite limited and health aspects are often ignored, both in HCI research
and in the development of computer systems (Vicente 1999, Clegg,
Axtell, Damodarant, Farbey, Hull, Lloyd-Jones, Nicholls, Sell &
Tomlinson 1997).

1.1 Purpose and Aim of the thesis

The purpose of this thesis is to summarise a number of studies on health
effects of office computerisation that were conducted over a span of 20
years. The emphasis of the early studies has been on psychosocial factors
and stress effects, whereas the focus of the later studies concerned how to
consider occupational health (OH) issues in software development.

The following research questions were addressed: Which groups of
users are most exposed to increased risks of health problems? How can
reorganisation of the work effect these risks? What are the health effects
of introducing new information technology (IT) and new work
organisation such as electronic document handling and telework? How
can the work environment and health issues be integrated in usability
evaluation of computer systems? How can these issues be integrated in
the development of new computer systems?

In a more long-term perspective the aim of these studies has been to
contribute to a decrease in health risks associated with computer-
supported work.

1.2 Disposition

After positioning myself within the broad field of HCI, I will briefly
describe my starting point in stress and work life research. I will then
summarise the state of the art concerning health effects of the use of
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computers for office work. In addition to mentioning the pioneers in these
research fields, I will emphasise research done in Sweden. I will discuss a
little more on the IT-related stress aspects and discuss their potential
effects on productivity. Because most of the participants in the present
studies have been women, and women tend to report more problems than
men, some comments on gender differences are discussed.

Finally, before presenting my own research, I briefly return to the field
of HCI and the development of computer artefacts, with special emphasis
on usability and user-centred design.  Methods used in the present studies
are described followed by a critical discussion of the methods. The results
are discussed and some conclusions are drawn. The summary is
concluded by some comments on my ideas and plans for future work. In a
summary of the different papers, I first delineate how the papers are
linked together and then each paper is briefly summarised.
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”To those who are under the exhausting nervous strain of
pursuing their ideal – whatever it might be.”
Hans Selye

2 THEORETICAL BACKGROUND

2.1 Human-Computer Interaction

There is no agreed upon definition regarding Human-Computer
Interaction (HCI) research. One often used definition is one by ACM
SIGCHI (ACM´s Special Interest Group on Computer-Human
Interaction), from 1992, updated 2002 (ACM 1992):

Human-computer interaction is a discipline concerned with
the design, evaluation and implementation of interactive
computing systems for human use and with the study of
major phenomena surrounding them.

HCI is a cross-disciplinary field and this is a definition broad enough
to include a great number of research topics from a variety of disciplines,
including computer science, industrial engineering (and other branches of
engineering), psychology (mainly cognitive psychology), sociology and
anthropology.

ACM offers a figure, see figure 1, to show the relationships between
these topics (ibid).

In Figure 1, the different topics are grouped under the letters U for
Use, H for Human, C for Computer and D for Development. As a single
researcher, one has to cut out a small piece and focus on a fragment of
this broad field. Where focus is placed is influenced by the discipline
where the scientist has his or her roots. In my case, this would be the field
of psychology, or more precisely, OH psychology. My work could most
correctly be described under the headline-letters U (specially U1) and H
(specially H3), but I am heading more and more toward infiltrating into
the D (Development) area.
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Figure 1. Human-Computer Interaction, from: ACM SIGCHI Curricula for Human-
Computer Interaction (ACM SIGCHI 1992)

2.2 Stress

Many concepts used in scientific discussion do not have any generally
accepted definition. This is also true for the term “stress”. It has a number
of different meanings, both in everyday life and within the scientific
community. This means that the concept can lose some of its potential
explanatory value. Yet, it still manages to capture very important aspects
of most peoples’ work life; it has a great impact on the work life research,
and it has had a huge influence on my own research. One of the pioneers
in the field, Hans Selye, points out that some of the confusion regarding
the meaning of the concept is a result of the fact that stress affects every
aspect of life (Selye 1976). To understand stress you need a holistic,
integrative, multi-disciplinary approach (ibid).

The concept originates from the world of physics and technology,
where it was one part of a chain built by load, stress and strain. Stress was
understood as a force that acts on physical material. If we use bridge
building as an example, stress is the force that is exercised on the bridge
by placing a load on it and strain is the effect one gets. Translated into the
psychology of working life, load would be the amount and the level of
difficulty of tasks to be performed within a specific time-limit; stress
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would be the perceived demands this puts on the individual; and strain
would be the individual’s reactions (e.g., irritation, headache or more
severe health effects).

In the beginning of the 1900s the term stress became increasingly
common in biology and somewhat later in medicine. Biological stress
research examined reactions on acute stress, a form of stress that
threatened the survival of the organism.  Walter Cannon is usually
described as the pioneer in stress research. According to Cannon, the
organism endeavours to maintain a state of homeostasis, i.e. the
maintenance of equilibrium using mechanisms that compensate for
disruptive effects; from this perspective, stress is a stimulus condition that
could disturb or threaten the organism’s homeostasis (Cannon 1949). He
noted that Hippocrates (460-377 B.C.) described the fascinating “natural
forces” organisms mobilise when their balance is threatened. By studying
animals exposed to stress, Cannon found general reactions that prepared
the organism to either defend itself or escape the threatening stimuli. He
described this reaction as a “fight or flight-response”, a term that is still
used today. As a professor in medicine Cannon also studied human
patients, and his most famous works describes the homeostasis
phenomenon in the human body (ibid). Much of today’s knowledge on
physiological stress is built on the research by Cannon.

The next great name in the history of stress research is Hans Selye
(Selye 1976). He introduced the concept into medical research, where it
was frequently used to describe the reaction of an organism exposed to
some stimuli.  Thus, the word stress took the meaning that the word strain
had in the world of technology. He studied human patients and wanted to
understand the origin of symptoms without clear origins. He used the
term stressor to describe the stimuli and the term stress to describe the
response. Selye defined stress as the general, non-specific reaction to any
kind of increased demand (stressor), physical or psychological. He argued
that this response shows a general, stereotypical pattern, which he called
the general adaptation syndrome (GAS). This stereotypical reaction
involves three phases, according to a model Selye published the first time
1937 (ibid).  The first phase is the alarm phase, with a number of
physiological (e.g., hormonal) reactions. The next phase, the resistance
phase, follows if the threatening stimuli (stressor) continue to be present.
During this phase, the physiological stress continues while the stressor is
fought. If the fight is not successful, the third phase, the exhaustion phase,
comes into play. In this final phase the body’s defence mechanisms can
no longer cope with the situation, with the result being the appearance of
symptoms and eventual disease.
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This general model was later shown to be much too general and
inflexible, but owing to the research of Cannon and Selye, we understand
reasonably well what happens inside the body during a stress-reaction.
Today, we know that there are different types of stress and that different
stressors elicit different responses (Frankenhauser 1996, Frankenhauser &
Ödman 1983). Yet, Selye already talked about both positive and negative
stress, which he referred to as eustress and distress, respectively. Negative
stress is associated with negative feelings (e.g., aggression or anger),
whereas positive stress is associated with stimulation and positive energy.
The different physiological reactions to, and eventual health effects of,
different types of stress are under debate. There are reasons to believe that
positive stress can also lead to negative health consequences if it persists
over time (Selye 1976, Kjellberg & Wadman 2002), which is why using
the word positive here can lead our thinking in the wrong direction.  The
research of Marianne Frankenhauser (Frankenhauser & Ödman 1983) and
others has shown that there are different hormonal reactions to different
stressors. The most negative hormonal response is released by a situation
in which high demands are combined with feelings of low personal
control. Moreover, very monotonous situations with low demands and
low control can lead to negative stress responses. The terms stressor and
stress that were introduced by Selye are still used today, with the same
meaning as stress factor and stress reaction, respectively.

During the 1970s, Robert Karasek introduced a model to analyse
work-related stressors associated with cardiovascular illness.  He used the
two variables work demands and decision latitude (control opportunities).
His demand-control model has then been further developed in
collaboration with Töres Theorell (Karasek & Theorell 1990) and is now
the most widely used model to analyse psychosocial work environment
factors and their relation to health and well being. According to this
model, the combination of perceived demands and perceived control at
work is a determining factor underlying negative stress. High demands
create stress responses that could be stimulating when combined with
high personal control but that cannot be effectively handled if control is
low. The combination of high work demands and low decision latitude is
referred to as high job strain and has been shown to be associated with the
highest risks for health problems (ibid).
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Figure 2. The demand-control-support model

Most work demands are mainly psychological stressors (e.g., time
pressure) in the work situation. If we look closer into the psychological
demands, we can separate them into cognitive and emotional categories.
Cognitive demands have gained considerable attention in the HCI
research field (Helander et al., Eds. 1997). Memory load is one typical
example of a cognitive demand that has been thoroughly studied within
that field. Control can also be divided into sub-concepts. It is often
defined as consisting of two major components: the degree of personal
control/decision latitude in the work situation and the degree of control
over the competence used. Decision latitude describes the opportunity for
the individual to exercise control over very concrete and practical
decisions in the personal work situation, such as when to take a break.
Competence control refers to the opportunity to use different parts of
personal competence and to obtain stimulation and development through,
e.g., variation in tasks.

The model was subsequently extended, becoming three-dimensional
by adding the factor social support (i.e. support from supervisors and/or
colleagues) (House 1981). House identifies several forms of social
support; emotional, appraisal, informational and instrumental support
(ibid). Scientific evidence exists suggesting that social support has an
important effect on experienced work stress and on health (House 1981,
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Cohen, S., Syme, L. Eds., 1985, Wahlstedt, K. 2001). The feeling of
having access to social support affects the individual’s appraisal of and
reactions to a stressful situation, and affects emotions, physiological
responses and behaviour. The most favourable situation is one
characterised by reasonable demands, high decision latitude and high
social support.

Despite the strong scientific support for the demand-control model
(Karasek & Theorell 1990), there has been some criticism and several
studies have failed to find the expected correlations  (Punnett & Bergqvist
1997). One possible explanation for this failure is that social support
plays a more important role than suggested by earlier studies. This
hypothesis is strongly supported by the work of Kurt Wahlstedt, which
has shown that high decision latitude counteracts the negative impact of
high workload only when social support is at an acceptable level
(Wahlstedt, K. 2001). Studies by Töres Theorell and others (Barklöf, K.
Ed. 2000b) have demonstrated the importance of support from
management in order to counteract negative health effects that result from
organisational changes. Work life is rapidly changing and an increasing
number of people in more and more types of work find themselves in
situations of high job strain, according to the classification in the demand-
control model  (Marklund 2000). At the same time, there is also a
growing group with both high demands and high decision latitude.
Downsizing and lean production have characterised the structural changes
in Swedish work life during the 1990s. Some of the effects are more jobs
characterised by high decision latitude but also high demands (and often
more unclear demands than before) as well as more stress-related health
problems (Barklöf, K., Ed., 2000a, Barklöf, K., Ed. 2000b).  In the debate
on the growing problems with stress-related illness the term “honey trap”
has been used to label this work situation, where people in “good” jobs
with high salary and high decision latitude seem to voluntarily work so
much that they become ill.

Analyses based on the demand-control-support model use
psychological data, subjective perceptions and judgements.  According to
this psychological approach, negative stress arises when the person judges
the demands in the specific situation as too high in relation to his or her
resources to handle them. This means that it is not the objective situation
but the person’s interpretation of it that determines the type and degree of
stress experienced. Cannon was probably the first to clearly describe the
importance of psychological-emotional reactions and the interrelations
between psychological and physiological reactions to threatening stimuli
(Cannon 1949). He calls the emotions fear and aggression, “the keys” to
all the astonishing complicated physiological reactions he studied in the
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human body. The emotional reactions are responses to threats, telling the
individual that it is time for fight or flight, in which case the physiological
responses prepare the organism for effective attack or escape.

One of the most influential models in this research field is the
transactional stress-model of Lazarus (Lazarus & Folkman 1984).
Lazarus and Folkman assert that stress cannot be defined as stimuli
(stressors) or responses but only as a relation or interaction between the
individual and the situation or environment. This interaction is based on
cognitive appraisal.  In the process of primary appraisal the individual
continuously judges the situation as irrelevant, positive or possibly
threatening/stressing.  If the situation is judged as stressing, it can be
further categorised as either a threat or a challenge. A further type of
appraisal, secondary appraisal, then becomes necessary, to evaluate what
coping options are available. This appraisal process is based on not only
characteristics of the situation, the type of threat and the degree of
control, but also individual characteristics such as the person’s self-
esteem, values and visions. If the situation is still perceived as
threatening, some action is needed, what Lazarus calls a coping response,
and then a second judgement is made where the individual is assessing his
or her capacity to deal with the situation. If the result of this judgement is
negative (i.e., the individual does not have enough capacity to cope with
the situation effectively), some kind of stress response is released. Stress
according to Lazarus is a relationship between the person and the
environment appraised by the person as endangering his or her well-being
(Lazarus & Folkman 1984). Lazarus define coping as “constantly
changing cognitive and behavioural efforts to manage specific external
and/or internal demands that are appraised as taxing or exceeding the
resources of the person” (ibid). Lazarus’ coping-theory has been very
important, not least in the discussion on how to develop stress-reducing
programs. The fact that individuals use different coping behaviour in the
same environment or situation raises questions on the importance of
individual personality traits. The Swedish research tradition in the field of
work environment and stress has largely ignored the individual
personality and instead focused on factors that could be important to most
individuals.  The main idea has been that, if we can identify the factors
responsible for negative stress and health problems for many people, we
can allocate our resources most effectively. Today, we see a change
toward a more individualistic approach and more individual stress-
reduction programs. One individual factor that Lazarus identified as
highly important in the development of effective coping strategies is the
confidence in one’s own ability to control, influence and handle difficult
situations.
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A subsequent theory comparable to Lazarus’ theory that has gained
considerable attention and support is Antonovsky’s theory on sense of
coherence (Antonovsky 1979). There are a number of tested and widely
used questionnaires to assess the notion of sense of coherence. These
questionnaires include the three variables comprehensibility, manageabi-
lity and meaningfulness. High values on these three variables have been
found to be associated with well being and health (Larsson & Kallenberg
1996). Comprehensibility, manageability and meaningfulness are impor-
tant in every work situation, where computer supported work  could
particularly benefit from analyses of these concepts.

2.3 Work life research

Additional to the background in physiological and psychological stress
research, there is important input into today’s work stress models from
the early behavioural work life research.

One of the early works that has been most influential is Robert
Blauner’s book “Alienation and Freedom” (Blauner 1964). Based on
large questionnaire studies of industrial workers’ experiences of psycho-
social work factors and reactions (e.g., time pressure, monotony and
tiredness), Blauner developed a theory that linked the sociological
concept of alienation to a psychological concept of alienation.

Blauner is best known for his three-phase model, a model that
describes the historic development of industrial work life through the
three phases handicraft, mechanisation and automatisation, coupled with
the description of alienation as an inverted U-curve during this
development. In the early craft industry alienation is at a minimum and
the workers freedom at a maximum. The curve of alienation rises during
the period of machine industry, but with automatisation Blauner saw a
countertrend and expected alienation to decline. This model is of special
interest in relation to the discussion on the effects of computerisation.
Blauner studied both the demand and control factors that are widely used
today. He emphasised the low decision latitude as a major problem and
was one of the persons most responsible for establishing the concept
“control”, later used in the demand-control model. His studies were used
extensively by the growing Swedish behavioural work life research
during the 1960s and 1970s (Aronsson, Ed. 1983).

During this period, democratisation of work life was a key issue in
Sweden and control/decision latitude became a highly significant factor to
study. Both aspects of control discussed today, i.e. control over decision-
making at the workplace and control over the competence used, were
emphasised. The competence issue was discussed in terms of
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qualification or de-qualification as a result of automatisation/
computerisation, where arguments suggesting both of these effects found
support. In the 1970s, work was initiated to combine the mostly
sociological discussion and research results on decision-making and
qualification/de-qualification as a result of automatisation and the mostly
psycho-physiological research on stress. Since then, there has been an
endeavour to answer the question: When is stress harmful and when is it
not harmful to the individual’s health?

2.4 Health effects

The use of computers and VDUs at work has been shown in several
studies to produce increased mental and physical workload, as well as
increased risks regarding a variety of somatic and mental health
symptoms.  In particular, eyestrain, neck and shoulder problems and
psychosomatic symptoms have been reported (Aronsson, Åborg &
Örelius 1988, Aronsson, Dallner & Åborg 1994, Bergqvist 1993, Punnett
& Bergqvist 1997). When the introduction of computers in workplaces
began to increase in the late 1970s, the debate on possible health hazards
was also set in motion. At first, discussions in Sweden concentrated on
eye problems, but soon extended to pregnancy issues and birth defects
(Statshälsan 1986, Bergqvist 1993).

The possible impact of low-frequency magnetic fields (often referred
to as radiation) surrounding the VDTs in the debate attracted considerable
interest. However, no scientific studies could find any relationship
between miscarriages/birth defects and work at VDTs. Consequently,
discussion on these risks slowly terminated. Instead, arguments were
initiated on the possible effects of radiation on different kinds of skin
problem (Statshälsan 1986, Bergqvist 1993) as well as on other types of
allergic reaction. This debate is still going on today though not with the
same level of intensity as earlier. Based on the published scientific reports
to date, no harmful radiation can be measured around VDTs that are used
nowadays.

The kinds of health problem that have most often been related to VDU
work are probably musculoskeletal problems, a relation that is
scientifically well established (Punnett & Bergqvist 1997). The most
frequent musculoskeletal symptoms are located in the arms, hands and
wrists and in the neck and shoulders (Punnett & Bergqvist 1997,
Fernström & Åborg 1999). Several studies have shown that these
symptoms from the upper extremities are associated with the use of the
computer mouse (Wahlström 2001). The “mouse arm-syndrome” has
recently gained increasing interest (Sandsjö & Kadefors 2001). In most



THEORETICAL BACKGROUND

15

studies the frequencies of musculoskeletal symptoms are quite high and
are clearly related to duration of VDU work, with longer work sessions
producing higher occurrences of musculoskeletal symptoms. In a recent
Swedish study the frequency of female computer users reporting
symptoms from the neck and shoulder region more than 3 days during the
preceding month was 61% for those with computer work more than 4
hours per day. This figure can be compared with the figure of 35% for the
group with less than 4 hours of VDU work per day (Wigaeus Tornqvist,
E. et al. 2001). This study, as well as others, has shown that both physical
and psychosocial work environment factors have an important impact on
the risks for musculoskeletal symptoms (Punnett & Bergqvist 1997).
Computer equipment, including input devices and other physical aspects
of the workstation (e.g., tables, chairs and lighting) are important factors
underlying these problems. However, the work content and the duration
of monotonous work in constrained postures, as well as other work
organisational factors, are probably even more important (Aronsson,
Dallner, Åborg 1994, Åborg, Fernström & Ericson 1998).  Laura Punnett
and Ulf Bergqvist concluded in their review of epidemiological findings
that there is a scientific basis justifying both ergonomic and work
organisation interventions to improve VDU work (Punnett & Bergqvist
1997).

Psychological and social factors, like decision latitude and social
support, that are closely connected to work organisation and to work-
related stress (Karasek & Theorell 1990) play an important role in the
complex, multifactorial  interaction between VDU work and health
(Smith & Carayon 1992). A recent review of 16 experimental and 36
epidemiological studies on psychosocial stress factors and neck and
shoulder problems resulted in convincing evidence for a causal
relationship between such factors and musculoskeletal tension (Melin,
2001). These studies, therefore, support the view that these psychosocial
stress factors cause pain and disorders.  Experimental studies have shown
that high perceived mental stress increases muscle tension, even without
physical demands, and that the combination of both mental and physical
demands increases the muscle activity more than when these demands are
administrated separately, demonstrating an important synergetic effect
(Melin et al., 2001). It has also been shown in field studies that
organisational change, including job rotation, reduces stress problems and
thereby reduces muscle activity and pain (ibid).

All the factors in the demand-control-support model have been shown
to influence the risks for musculoskeletal health problems in VDU
workers (Punnett & Bergqvist 1997, Conway 1999, Wigaeus Tornqvist,
et al. 2000, Carayon et al. 2001). The studies of Wigaeus Tornqvist and



HOW DOES IT FEEL @ WORK?

16

co-workers have also showed that extensive VDU work could increase
the risks of exposure to negative psychosocial factors. Clerical workers
with more than 75% of their working day at a computer reported
significantly lower decision latitude than those with less than 25% of their
working day at a VDU.

2.5 IT and stress

Work-related stress has increased in the past years and is a growing health
problem (SOU 1998, Marklund 2000). Studies based on the demand-
control model (Karasek  & Theorell 1990) have found that the number of
people exposed to the negative combination of high demands and low
control has increased between 1991 and 1997, especially for female
workers in the public sector. Thirty-seven percent of women workers in
1997 reported this combination of high demands and low control (SCB,
1997). Work organisation and work content are important factors
underlying these stress problems: in office work IT, especially computer
software, plays a major role. The mental workload tends to increase when
new IT systems are introduced (Aronsson, Dallner & Åborg 1994), and
the decision latitude is lower for extensive computer users than for others
(Wigaeus Tornqvist, et al. 2000).

The introduction of new IT systems is often combined with other
organisational changes and with reduction of staff. Reduced staff costs is
a common means in which the IT investment is supposed to pay off, i.e.
more and better IT systems is one way to enable downsizing. IT
development and more computer use has a close connection to the
negative effects on work environment, health and well being caused by a
more flexible, insecure and less stable work situation. Studies of the
effects of staff reduction have shown such negative effects, both on the
laid-off persons and on persons still employed (Barklöf, Ed. 2000).  The
employees that remain in the organisation after a downsizing process
experience less security and trust, which can cause less effectivity and
increased stress-related health problems.

2.5.1 Technostress

The term technostress became widespread during the late 1980s,  much
due to Craig Brod’s book “Technostress” (Brod 1984). In his book, Brod
maintains that computerisation affects an individual’s behaviour, his or
her personality and his or her relationships to other people. Some people
fail to adapt to this in a healthy way and develop what he sees as a new
type of disease, namely technostress. Those who fear or have negative
feelings toward the new technology can develop technoanxiety, which
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may lead to different kinds of somatic or psychosomatic anxiety
symptoms and to resistance toward the use of computers. Brod also
defines a group who reacts to the disease by over-identification with the
technology. Technostress is, in my view, a broad and ambiguous concept
that tends to take us in the wrong direction, i.e. into discussions on mental
illness. Instead, I prefer to talk about “IT stress”. IT is composed of two
words, information and technology, both with clear relations to stress and
stress reactions. Information stress is mostly due to information overload
and technology stress to technical disruptions.

2.5.2 Information overload.

As many of us have experienced, when we feel that we are “drowning in
information”, we become stressed. The use of IT speeds up the work and,
in turn, we try to keep up with this faster pace, but the faster we work, the
less time do we get. The sheer amount of information can be a serious
problem, where we feel overwhelmed by it all. However, the problem is
not only quantitative; it is even bigger when we have difficulties to
understand and judge the information that we actually manage to receive,
and we have problems in distinguishing between what is useful and what
is not. It is also stressful not to find the information we know exists. To
be afraid of missing the important things, of making the wrong decision,
because of misunderstanding, or not finding existing information, is a
common and very stressful experience. Many people have significant
problems in creating a “mental model” of the information and
communication system they are trying to cope with: to gain an
understandable map or metaphor of the www, Internet, Intranet, etc.
Without such understanding, one runs the risk of experiencing a low
sense of coherence, where one’s work is experienced as less
comprehensive, manageable and meaningful (Antonovsky 1979).
Unfortunately, most people tend to blame themselves when having
difficulties coping with technology: people feel incompetent and stupid
and they become stressed because they are worried, and then even more
worried because they are stressed. The imbalance we experience when we
do not have enough resources to deal with the demands is a classic
stressful situation, one that is described in the demand-control model
(Karasek  & Theorell 1990).

2.5.3 Technical disruptions

There are also important stressors that are more directly related to the
technology itself. Temporary stoppages, system disruptions and
unexpected long response times are very common and stressful problems
to most computer users. Psychophysiological studies have shown a very
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quick stress-response to system disruptions, including increases in blood
pressure and the appearance of different stress-hormones (Johansson &
Aronsson 1984). One important factor underlying these reactions is the
feeling of uncertainty and helplessness the situation creates: What
happened? Did I make an error? How long will it take? What shall I do
now?

You can find causes and explanations to technical disruptions in both
the hardware and the software. Not enough computer capacity and
insufficient technical support are common examples. Numerous studies
have shown that staff costs, including education, training and  support, are
a dominating component of the total costs when introducing new
computer systems. Such studies also show that poorly designed software
products can lead to big financial losses and inefficiency (Nielsen 1993).

The vulnerability of technology is a specific stressor per se. The fear
of all kinds of disruption that might occur creates feelings of uncertainty
and stress, especially in users handling important information that can
affect other people. That harm could come to others because of what you
might do or fail to do is obviously a strong and stressful emotional state.
The vulnerability often is double: you could be concerned about the total
business or even society on the one hand, and about your own personal
situation on the other.

2.6 Gender differences

In a large number of studies of VDU users women have reported a higher
prevalence of symptoms than men, especially musculoskeletal symptoms
(Aronsson, Dallner & Åborg 1994, Punnett & Bergqvist 1997, Wigaeus
Tornqvist et al. 2000, Wigaeus Tornqvist et al. 2001, Ekman et al. 2000).
Despite the number of studies evidencing gender differences, no definite
explanations for these results have been suggested. One factor possibly
responsible for much of the gender differences is the divergence in work
situations. A higher proportion of women are exposed to working
conditions that are found to be risk factors related to health problems. In
this respect, women are more often exposed to monotonous work tasks
and jobs with low decision latitude (Aronsson, Dallner & Åborg 1994,
Punnett & Bergqvist 1997, Wigaeus Tornqvist et al. 2000, Wigaeus
Tornqvist et al. 2001, Ekman et al. 2000).

Several studies suggest that women work with a higher physical load
as compared with men (Wahlström 2001). Anthropometric differences,
causing women to work in less favourable postures, especially when
using the computer mouse, could be one possible explanation (Karlqvist
el al. 1999, Wahlström 2001).
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Women also are exposed to more stressors outside work. For instance,
they often have a double workload in the sense they have a career and a
family to care for, resulting in a heavy total workload as well as a conflict
between work and family (Frankenhauser 1996). Women are not only
responsible for more of the work at home, but also many of the typical
female duties (like cooking)  have to be done at fixed times, which means
lower decision latitude as compared with duties allowing more flexibility,
such as fixing the car or working in the garden. One well-studied gender
difference that might be related to this “double burden” phenomenon is
women’s more frequent difficulty to relax and unwind in the evenings.
Women tend to “wind up” in the evening when their male colleagues
“wind down”  (ibid).

2.7 Productivity effects

If consequences of VDU use other than health effects are examined, we
can find some studies concerning the influence on productivity growth.
Or, rather, we do not find the expected influence on productivity.
Productivity is not a major concern in the studies presented here, and I do
not believe that increased productivity necessarily is a good thing unless
it is paired with enhancement of job quality. However, productivity is a
chief concern to many people and, of course, both individuals and
organisations want to use their resources efficiently. Therefore, the
question why IT resources are not used efficaciously is a vital question,
also in relation to work satisfaction and well being. As Robert Solow
noted: “You can see the computer age everywhere but in the productivity
statistics” (Solow 1987, cited from Gunnarsson et al. 2001). Solow
formulated the term “the IT productivity paradox” in response to the fact
that massive IT investments did not seem to have an affect on
productivity figures. Numerous empirical studies have failed to find
positive effects, and those that did find positive effects, the effects were
very small; in some studies, significant negative effects on productivity
were even observed (Nickerson & Landauer in Helander et al. 1997,
Vicente 1999, Gunnarsson et al. 2001).

There have been a number of explanations suggested. A frequently
described factor is the introduction of computer systems with poor
usability, causing the users to spend a significant part of their working
hours on unproductive computer problems (Nielsen 1993, Vicente 1999).
The position that IT investments have to be combined with organisational
changes (e.g., decentralisation) has gained support (Nickerson &
Landauer in Helander et al. 1997, Gunnarsson et al. 2001).  One
explanation that has both theoretical and empirical support is that too
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much attention has been paid to technical equipment, mostly the hardware
but also the software, and too little to “human capital”, the people using
the technology.  The most important variable in the human capital factor
is the workers’ level of education (Gunnarsson et al. 2001). Organisations
with high levels of both IT and human capital show better productivity
growth than other organisations, while organisations with a high level of
IT but low human capital are even less productive than those with low
levels of both IT and human capital. One conclusion from these findings
is that IT investments have to be combined with skill upgrading to have a
positive effect on productivity growth. One obvious reason for this is that
easily computerised activities are already automated. Now more creative,
intellectually demanding tasks have to be dealt with. “The low hanging
fruit has already been picked”, as Vicente (1999) noted.

In a Swedish study of 1,532 Swedish computer users mentioned above
(Wigaeus Tornqvist et al. 2001), the productivity loss caused by
musculoskeletal problems was estimated (Hagberg et al. 2002). In
addition to the huge costs that are caused by sick leave, there are costs
because many people try to do their work despite suffering from pain or
other symptoms.  The respondents in this study were asked if their
productivity level was affected by symptoms and, if so, to estimate how
much. Eight percent reported a loss of productivity and they estimated the
loss as 15% of their ordinary work performance as a mean over the latest
month.  If these results are translated to all computer users in the Swedish
work force with more than 50% of the working time at a VDU, 3 million
working days per year are lost because of musculoskeletal problems. The
implication of course is the enormous amount of money that is lost. These
costs have to be added to the alarming costs for absenteeism and health
care that are caused by work-related health problems. A favourable
conclusion from these dismal facts is that we clearly can see an enormous
potential to improve health and save money at the same time.

2.8 Software development

Human-Computer interaction, HCI, is a fast growing research field,
attracting researchers with quite diverse backgrounds, including
psychology, engineering and computer science. One important reason for
conducting HCI research has been to influence the design of future
technology, often with the ultimate aim to increase productivity. As noted
above, the results have not been very impressive. The scientific basis has
been cross-disciplinary, with psychology as one of the most influential
disciplines. Nevertheless, the influence from psychology on the practical
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design of IT artefacts has been limited (Nickerson & Landauer in
Helander et al. 1997, Landauer 1988, Carroll 1988).

Cognitive psychology has had some fundamental influences,
(Nickerson & Landauer in Helander et al. 1997, Landauer 1988), but
other branches of psychology have been less influential. The cognitivistic
perspective has led to a focus on the artefact, i.e. the computer product,
while social and organisational factors have gained less interest (Vicente
1999). Psychological knowledge on health and well being has not been
used in HCI to any great extent (ibid). In the HCI literature, theoretically
based discussions on the relation between computer use and the health of
the users are scarce.

I have chosen to base my work on the psychological stress theories as
previously described in this paper.  Here I will only briefly discuss one
additional theory, the activity theory, which I believe can be fruitful in
future work to help integrate health aspects into the process when
designing computer systems. Activity theory is a psychological theory
well known to HCI researchers, especially to those interested in user
centred design and participatory system design, concepts I will soon
return to.

2.8.1 Cultural-historical activity theory

Activity theory (Leont´ev 1986, Kaptelinin 1994) provides a framework
that could be used to better understand the system design process.  Design
is a concept used and defined in numerous ways.  Here I use it to
symbolise the activities involved in creating a formal description (e.g.,
program code) of both functionality and appearance of an artefact based
on both formal and informal results of an analysis (Gulliksen 1996).
Activity theory is not that simple to describe in a few words, and it is
beyond the scope of this paper to give a more comprehensive summary;
however, I would like to point to some qualities that are of interest in the
discussion on design. First, the theory emphasises the goal-directed
human activity that an artefact/system is used for and the context,
including the work environment, in which it is to be used. The
fundamental base for the theory is the idea formulated by Karl Marx, that
the human activity is the very foundation for human knowledge and for
the processes used in developing perception and cognition (Leont´ev
1986). ) The context is defined as activity systems and the cultural-
historical activity theory takes an object oriented activity system as its
prime unit of analysis. Such a system integrates the subject, the object and
the tools into one unified context. The subject refers to one individual or a
group of individuals whose activity is the target of analysis. The object
refers to the “problem space” at which the activity is directed and which
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is transformed into outcomes with the help of tools, a term that refers to
both physical and symbolic, external and internal mediating instruments.
A specific artefact can be either an object or a tool. One important phase
that is emphasised when using this theory to analyse the development of
information technology is when the technology being developed turns
from the object of the designers to the tool of the users. The difficulties
many technology developers have in making this critical shift could be an
important part of the answer to the frequently expressed question: Why is
it so hard for the developers to identify user needs? Additional to the
concepts of subject, object and tool, activity theory includes three other
important concepts in the description of the structure of an activity
system: rules, community and division of labour.  These factors cover
quite nicely the “context of use” as used by many system developers and
as defined by the International Organisation for Standardisation (ISO) in
the standard ISO 13407- human-centred design process for interactive
systems (ISO 1999).

This standard describes the context of use as the characteristics of the
intended users, the intended tasks the users are to perform and the
environment in which the system is to be used. The environment includes
not only the tools in terms of hardware, software and materials but also
the social and cultural environment.

Figure 3. ISO 13407- human-centred design process for interactive systems
(ISO 1999).

All of the six structural parts of an activity system can be analysed for
both developers and users of a new technology and thereby important
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contradictions can be revealed, such as contradictions that can cause
usability and health problems for the users.  Activity theory describes
contradictions as major forces driving change and development.

2.8.2 User-centred design

Activity theory can be useful for practitioners if they want to analyse their
activities to design new computer systems. The standard ISO 13407
provides guidance on how to manage these activities in a “human-
centred” way.  When we study the health effects of the introduction of
new computer systems in working life, we have to ask why we repeatedly
develop systems contributing to severe health problems. To answer such a
disturbing question we need to look at the processes and methods used in
system development. The concept user-centred design has no exact
definition, but is used as a label for development processes and methods
emphasising the goals and needs of the actual users of the system, what
tasks they want to perform and what tools and methods they want to use
(Norman 1986).

Donald Norman introduced in 1986 some perspectives that have
become fundamental to user-centred design (ibid). According to Norman,
the development process has to start with understanding the user and the
user’s needs. From that understanding, one can proceed and design the
human-computer interface (to most users the interface is the system) and
finally the rest of the system. To understand the user’s needs we need to
consider individual differences, the specific user tasks, etc. (this is quite
close to the concept of context of use described in ISO 13407). One also
needs to understand the users’ mental model of the computer system, i.e.
the users individual interpretation of the system. Although these new
ideas were very influential, they met some criticism.

Some of the critics represented a tradition known as “the Scandinavian
school”. The critical comments concerned the lack of explicit relations to
social theory and political, cultural conditions/contexts. Another major
criticism was that the user-centred design methods still did not
sufficiently emphasise the practical participation from “real users”. As a
reaction to that, new processes and techniques were suggested and tested,
processes that involved more direct and active contributions from the
users. The Scandinavian school suggested a new scientific approach to
design of computer artefacts, which the school referred to as the
collective recourse approach (Ehn 1988). This approach was developed
within the broader movement toward democratisation of work life that
was growing in Scandinavia during the 1960s and 1970s (see under the
headline Work life research). Industrial democracy and quality of both
work and products were ideals guiding design done according to this
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school. The point of departure for “good” practical design, as well as
research projects, was described as human practice and understanding in
everyday life. Design processes and methods were described as “design-
by-doing”, with users and designers working together, using mock-ups,
prototypes, etc., in a cooperative process. The participatory process was
described by Ehn (ibid) as not only users participating in the design but
also designers participating in the use. The research approach was
“practice research”, which could be described as participation in practical
interventions parallel to theoretical reflection.

One important base for this research and design approach is shared
with activity theory, namely the cultural, historical and political
framework with roots in marxistic theory on historical materialism, as
well as Russian psychology built on that theory (Rubinstein 1940,
Leont´ev 1986, Ehn 1988, Kaptelinin 1994). The influential Russian
psychologist Sergej Rubinstein put forward the principle of the unity of
behaviour and consciousness. He claims that these entities are not entirely
external or internal (i.e. they interact and determine each other), and
psychic phenomena can only be understood as the result of interaction
with the outer world (Rubinstein 1940).

The design ideas soon spread from Scandinavia to other countries and
have continued to have a significant influence, mostly under the label
participatory design, covering a vast number of different participatory
practices used in software design (Muller, Halswanter & Dayton 1997).
Most of these practices have been developed in the USA, where the focus
has been less political/social, aiming not at the democratisation of
working life but at designing more efficient software products.

2.8.3 Usability

One main reason for introducing HCI knowledge in the system design
process is to increase productivity, which could presumably be achieved
by increasing the usability of the product.

As a research field, HCI is rooted mainly in experimental psychology,
and as part of that field that goes also for usability. However, when the
concept of usability was established some time during the 1980s, it was
more as an engineering technique (Nielsen 1993, Ehn & Löwgren 1997).
Usability engineering was developed as a classical engineering process,
which means it involves specifying, quantitatively and measurably, a
number of characteristics desired in the product and, after its construction,
carefully testing if these characteristics were achieved. The definition of
usability was presented as a list of measurable characteristics or aspects
of the product in use (Nielsen 1993). A large number of slightly different
such lists were suggested, completed by methods to measure factors like
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time to perform test tasks, error rates etc. Usability engineering has had
limited influence on software development. One obvious reason is that it
is not a trivial matter to define measurable usability characteristics and it
is not at all easy to translate them into design solutions (Göransson 2001).
One effect of applying usability engineering that has been criticised is
that the focus on measurability runs the risk of concentrating on what is
measurable rather than on what is most important. Today, both the
scientific and the engineering approaches to software development have
lost some significance, and hence software development is discussed
more as a design process (Göransson 2001). Consequently, less
measurable aspects, including aesthetic values, have gained in
importance.

In the International Standard ISO/IS 9241-11 (ISO 1998) usability has
been defined as "The extent to which a product can be used by specified
users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use". Here, the effectiveness of a
system relates to the work objectives (goals); the efficiency relates to
effectiveness in relation to the resources needed to achieve those goals;
and satisfaction concerns attitudes and freedom from comfort.
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“By acting on the external world and changing it, he, at the
same time, changes his own nature”
Karl Marx

3 AIM

The purpose of the studies in this thesis is to contribute to our knowledge
on relations between computer use, work environment (with emphasis on
psychosocial factors and stress) and well being and health. In a longer-
term perspective, my aim is that such knowledge will be used to decrease
the health risks associated with work with VDUs. One way of achieving
this end is to include OH issues in the development and implementation
of computer systems.



RESEARCH METHODS

27

4 RESEARCH METHODS

The study of working life with behavioural research methods is a diverse
and complex activity. A large and varying number of methods are used.
Historically, a great deal of research has been carried out within a
naturalistic research tradition, using objective, quantitative data. The
biological and physiological research on stress is an example of important
work within that scientific paradigm, often described as positivistic, and
cognitive psychology could also be an example. Later studies have tended
to have a hermeneutic approach, using subjective, qualitative data as
opposed to objective, behavioural data (Lennerlöf 1981, Lindén,
Westlander & Karlsson Eds. 1999). (In this context hermeneutics can
roughly be understood as a way to understand the subjects, in contrast to
the ambition to explain, which is common in traditional, natural science.)

Despite the ongoing debate on different research paradigms - whether
to use quantitative or qualitative methods and whether to explain or
understand phenomena - in practice there is frequently a pragmatic mix of
methods in work life studies. The early work life research in the 1950s
and 1960s by Blauner and others used a technique in which qualitative
data from questionnaires and interviews were transformed to quantitative
categories suitable to statistical analyses (Blauner 1964). Such research
has been widely used since then (Lindén, Westlander & Karlsson Eds.
1999). Before describing the methods used in the present studies, I would
like to suggest that it is not at all necessary to choose between
quantitative and qualitative methods; rather; research could benefit from a
combination of the two approaches. To be able to draw conclusions that
could be relevant outside one unique case one needs to make some
quantitative comparisons, even if the data are subjective. To be able to
understand quantitative results, to be able to answer not only “what” or
“how much” but also “why” and “how”, it becomes necessary to
supplement quantitative data with validating, enriching qualitative data.
This does not imply, however, that I believe that “anything goes” or that a
total methodological pragmatism and eclecticism is the best approach. In
the field of psychology there is an old debate between naturalistic and
humanistic branches. This division exists despite the lack of theoretically
well-rooted methods (Leont´ev 1986). If the researcher chooses to mix
methods from these different branches or paradigms, he or she must be
clear on the theoretical considerations governing this choice.

The sociologist Blauner is very explicit on his theoretical background
and positions himself in relation to such influential scientists in the field
as Marx, Weber and Durkheim (Blauner 1964). He relates his empirical
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findings to a theoretical analysis, which helps the reader to interpret how
he uses a mix of quantitative and qualitative methods. Blauner also
declares that he attempts to bring together theoretical discussion, even
abstract speculation, with concrete, empirical descriptions (ibid). Such
efforts are also typical in Russian psychology (Leont´ev 1986), with its
strong philosophical tradition; unfortunately, such efforts are not common
in western psychology that has had a dominating influence in Sweden.

4.1 Methods used in the present studies

The studies included in this thesis have been conducted within the
framework of my work as an Occupational Health (OH) psychologist. OH
personnel have a long tradition of investigating the work environment,
health and safety and in seeking indications of causal relationships
between work environment factors and health and well being reactions. A
general goal for all OH organisations is to prevent health and safety
problems and improve health and well being. Therefore, it is necessary to
identify risk factors and risk situations before they have caused accidents
or medical disorders. Data are usually collected from questionnaires,
interviews and observations, where the different methods are often
combined in the same study.

The main methods used in the present series of studies are
questionnaires and interviews. These methods are very popular in
psychology, but are also popular in the field of human-computer
interaction, especially when conducting usability testing (Nielsen 1993,
Clegg et al. 1988, Karat 1997).

The questionnaires used in the studies concern job content, physical
and psychosocial work environment and mental and somatic health
symptoms. They are based on standardised, well-tested questionnaires
widely used by the Swedish Foundation for Occupational Health and
Safety for State Employees (Andersson & Åborg 1992, Aronsson et al.
1994). My work is based on an understanding of stress as a psychological,
transactional concept (see under “Stress” above). Both the questionnaires
and the interviews are grounded in this stress theory and especially in the
demand-control-support model (Karasek & Theorell 1990, House 1981).

Other methods used in these studies are observation interviews, video
recordings and diaries (Fernström 1997, Carayon et al. 2001).

There are several frequently used and validated tools and methods to
evaluate both physical and psychological work environment factors.
However, there is a need for a practical method that can be used by OH
experts for evaluating human-computer interfaces. The ADA method,
presented in Paper 6 (Åborg et al. 1998), builds on a well established
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tradition of OH and safety work, with the aim of adding this new,
important issue. The method is based on a mixture of observations and
interviews. Using an interview guide, the evaluator performs observation
interviews, with users during their ongoing work with the information
system. If necessary, the interview is completed after the observation
period.

Diaries and video recordings where used in some studies (Papers 2-4)
to document the objective and the subjectively experienced time the
participants used at different tasks during the workday.
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“There are things you have to be an expert to not
understand”
Anonymous

5 DISCUSSION

5.1 Discussion of the methods

There is a current and lively debate on research paradigms and on
quantitative versus qualitative methods. Because I have been using both
types of method, my work is open to criticism against both these
paradigms, as well as against the idea that you can mix methods based on
different paradigms.

Lately, there has been a growing interest in qualitative methods, both
in work life research in general and in HCI research in particular.
Numerous methods have been proposed under a number of names and
labels, including grounded theory, phenomenology, symbolic
interactionism, ethnomethodology, descriptive research, collaborative
inquiry and cognitive anthropology. The main criticism against the
positivistic tradition is that it is artificial and irrelevant to the real world.
Today, no researchers really deny the importance of qualitative data; nor
do they deny the fact that “without a quality nothing to quantify”. At the
same time, there is also criticism against these new approaches because of
their atheoretical methods of collecting data. All attempts to categorise
methods and approaches into clearly separate classes are very difficult
and there does not seem to be any indisputable way to separate
quantitative and qualitative methods (Lindén, Westlander, Karlsson Eds.
1999). One frequently used, but highly contestable, distinction is that
quantitative methods use figures while qualitative methods use words. In
my studies, I always use words; however, in questionnaire studies the
words are later transformed into figures, thereby following the research
tradition from the 1950s. As soon as one wishes to analyse if there is
“more” or “less” of a certain variable in a certain situation compared with
another situation, the method of quantification comes into play. In work
life research the researcher almost always finds that he or she wants to do
exactly that. The researcher typically compares individuals or groups of
individuals to determine if a certain factor affects certain people.
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Objective, quantitative research within the positivistic tradition from
natural science, in which the researcher can control all influencing factors
and exactly measure predetermined variables in a predetermined way, is
preferably done in a laboratory.  Most work life research, however,
cannot be conducted in a laboratory setting. Work life research seeks to
know something about real life situations, i.e. about what is happening in
ordinary workplaces. Such research endeavours do not attempt to exclude
the influence from the natural context; rather it tries to consider it, to
observe and understand it. Studies outside the laboratory, such as field
studies, have to use qualitative data to understand what is being observed.
One of the strengths of qualitative data is the ability to deal with real life,
naturally occurring situations that may be highly complex. Other
strengths are the focus on specific cases and on the processes of what is
occurring over a sustained period (Miles & Huberman 1994). Case
studies are used in work life research to describe the effects of specific
changes (e.g., measures taken to protect and improve workers’ health).
Naturally, quantitative methods can be used to describe health effects; for
instance, the frequency of symptoms could be measured before and after a
change has been introduced. This is often done and can be quite useful.
However, if the intention is to understand what happened and why, to
understand the change-process during the studied period, the figures need
to be supplemented with qualitative data. A qualitative study before the
quantitative study could be a good idea in that it might help in identifying
relevant research areas and questions. A qualitative interview study
before the construction of a quantitative questionnaire may also be helpful
in providing the language and concepts best understood by the intended
respondents (Holte & Westgaard 2001).

If the investigators wish to assess causality, to understand what caused
the observed changes, a longitudinal study design is necessary, where the
same individuals are followed over time (Miles& Huberman 1994).

When discussing research methods, we have to deal with the following
issues: reliability, validity and generality (Lennerlöf 1981, Miles &
Huberman 1994). Without going into detail regarding these difficult and
complex issues, I will mention some of the aspects most relevant to the
work described in this thesis.

Reliability is a kind of quality test of the method used. The concern
here is that the methods should not be influenced by chance, but ideally
they should give the same result every time they are used. This is
generally not a big problem for the naturalistic, quantitative researcher. It
is more of a problem, however, when you use quantitative methods on
subjective data, such as questionnaire data. A common reliability test
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uses the same method several times to measure what is supposedly the
same thing. This test is difficult with subjective data because of training
effects, (e.g., participants remember their previous responses).   In
addition, it is often not “the same thing” that is being measured the
second time because things have changed and thus you do not want the
same answers. There are ways to deal with this problem when
constructing questionnaires; for instance, the researcher could compare
different questions on the same topic. This is not to argue that it is less
important to have high quality in your methods when you use qualitative
data; rather, the argument is that validity is more important than
reliability. A broken folding rule or thermometer could be perfectly
reliable, but worthless because of lack of validity. Reliability could be
determined based on statistical tests, but to determine validity you need
some thinking and preferably some knowledge about the variables you
are trying to observe.

Validity refers to the ability to measure what you intend to measure.
There are a number of different types of validity. The most important
types of validity are content, concurrent and predictive validity.
Investigators can never ask all possible questions or observe all possible
factors; consequently, they have to make a choice. If researchers are
successful in their choice, high content validity is attained. It can be very
helpful to let these choices be guided by a relevant theory (theoretical
validity). If researchers have the opportunity to compare their data to data
gathered with another method, it becomes possible to assess concurrent or
diagnostic validity. If investigators can compare their data with the results
of an empirical study, empirical validity can be studied. Finally, if the
results are used to predict the future, the predictive validity of the
methods used can be assessed.

In most cases researchers want their findings to be useful to others
than the subjects in their studies, they want to draw more general
conclusions, to be able to make predictions, to contribute to theoretical
discussions, etc. Validity is closely linked to generalisability, i.e. whether
your results are transferable to other persons, groups or situations.  When
using quantitative methods, statistical analyses are typically performed to
assess if your samples and results are representative of the population
being investigated. With qualitative data, such analyses cannot be done
and hence conclusions about generalisability have to be made on other
grounds, i.e. statistics are replaced by thinking, logic, experiences,
theories, etc. Normally the results of different methods, researchers,
situations and cases are compared. This strategy is referred to as
triangulation (Miles & Huberman 1994). Triangulation is a process that
allows the investigator to confirm his or her results by making compare-
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sons with the findings from other measures. Essentially, findings from
different sources, methods, theories and researchers are compared. Both
the validity and the generalisability of your results are strengthened if
they are supported by the process of triangulation.

Perhaps the most important type of validity in work life studies is
pragmatic validity, which is the ability to create results that are usable to
the stakeholders, i.e. decision makers and employees at the workplaces.

To return to my argument in the beginning of this section that
traditionally one has combined quantitative and qualitative data in work
life research, I would like to add that comparing these two types of data
could validate research findings.

The most important methods used in the present studies are
questionnaires and interviews. Both questionnaires and interviews are
methods to collect subjective information. They are very similar in the
sense that you ask the respondents questions and record their responses.
The methods, however, are different regarding their advantages and
disadvantages. Questionnaires are a cost-effective way to gather data
from many people during a limited time. Interviews are much more time
consuming. However, to get usable information by a questionnaire the
investigator has to be sure about the topics of interest. The questions have
to be phrased such that they could not be misunderstood. Interviews are
more suitable to exploratory studies. The investigator can be more
flexible, explain or rephrase questions, ask follow-up questions and allow
the respondents to explain their view in depth and add information that
was not planned from the start. In some cases, it is important to allow
people to answer anonymously, which is easier to accomplish in
questionnaire studies. Questionnaire studies, on the other hand, may have
problems with low response rates, which is a much smaller problem in
interview studies. Both methods suffer from response bias, particularly
interview methods.  Response bias refers to the tendency to give
politically correct answers or answers that seem most acceptable to the
researcher.

One important criticism to many work life studies using standardised
questionnaires or interviews is the tendency to interpret the findings as if
they were describing an objective work environment. This tendency has
been described as the “mirror thesis” (Björkman & Lundqvist 1981), a
thesis assuming that the subjective is a mirror of the objective. In real life,
this is obviously not the case; for instance, when analysing findings from
studies on specific work environment factors, people with the same
objective work environment may give different answers and people with
different work environments may give the same answers. Possible
explanations are that pretensions and expectations affect people’s
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answers. Once again, more than quantifiable questionnaire data is needed
in order to interpret findings meaningfully. One thing that could be
needed is a theory, a fact that sometimes seems to be neglected in
psychology and also in human-computer interaction research.

One methodologically intriguing finding from the current study is the
divergent results observed when using different methods to document the
time spent at a number of tasks during a working day  (Papers 2-4). This
finding shows the need to use more than one method when describing
work task distribution. One possible explanation to account for the
divergent findings is that the main task becomes the ”mental task” which
is recorded,  e.g. in a diary, while tasks perceived as less important (e.g.,
short breaks or phone calls) are not documented in the diary, but are
recorded with more objective methods, such as on a videotape.

I would like to end this paragraph by my own translation of a citation
from Professor Peter Englund:

Crucial is the type of question we put. When an event,
process or epoch is to be understood, the eyewitness has a
weight that is self-evident: ‘I know because I was there’.
When the same event, process or epoch is to be interpreted,
that position is undermined: ‘I know although I was there’.
Those who lived in the middle of it know all about how it
was, but little about what it was: that is their tragedy; we
who come after know a great deal about what it was, but
nothing about how it was: that is our tragedy.
 (Englund 2002)

5.2 Discussion of the results

The conclusions from the present studies are not very encouraging. The
work environment problems in Swedish work life and the health
symptoms in the Swedish work force have been increasing for a number
of years, to today’s alarming level (SOU 2002). The types of problem and
health complaint showing the most alarming increase are related to the
stress factors discussed previously. In 2000, a 40% increase in work-
related diseases was reported to the Swedish Work Environment
Authority as compared with 1994. The proportion of these diseases
caused by psychosocial factors increased fourfold during this period (AV
& SCB 2002). Both computer use and health problems among computer
users are also continuously increasing (Ekman et al. 2001).  It seems that
the computer technology often has the effect of aggravating the general
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problems in work life: stress factors become even more intense the more
computer power is used (see the section IT and stress).

In order to counteract these negative trends we need to use a
multifactorial approach. After many years of hard work from the OH
service and many others, we can conclude that it is not enough to improve
the physical ergonomics at workplaces. Papers 2 and 3 show that
changing a poor work organisation is also insufficient. Both macro- and
microergonomics approaches are needed (Ingelgård 1996). Work
organisation (including management), work systems and computer
systems have to be considered, as well as work tasks, workstations and
equipment.

It is also discouraging to have to conclude that the introduction of new
computer technologies and systems implies new risks to VDU users (see
Papers 4 and 5).

In a multifactorial and multi-scientific approach, I believe psychology
could play a much more significant part than it is playing today. The
combination of different psychological theories, or even psychological
schools, could be a base for a new and strong domain in applied
psychology (Carroll 1988), one that could possibly strengthen the
influence on HCI.  Several otherwise unrelated schools of psychology
have developed the idea that the environment created by humans can
structure the field of psychology. Carroll reasons that HCI may prove to
be the psychological domain in which these ideas can best thrive. I
believe he is right and that a combination of several psychological
theories derived from cognitive, social, organisational, environmental and
work psychology with a common understanding of human activity in a
specific context as the research field could contribute to better IT design
processes.

Despite the effort from experts in ergonomics and HCI, we are
apparently still developing and implementing computer systems leading
to increased health risks to the users. How can that be? Experts in
ergonomics and OH are seldom involved in system development projects.
Many organisations and companies attempt to improve the work
environment, but this is typically done without contact with the
development of the computer systems. If work environment and health
issues are considered in the development of computer systems, it is done
at the end of the project when there are little or no possibilities to
influence the system and it is too late (= too expensive) to correct poor
design. If there are HCI or usability experts involved, they are often
restricted to working with the interface design. The ISO definition of
usability cited earlier allows the inclusion of work environment and
health issues, if the work environment is included in the definition of
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context of use, if mental and physical effort is considered as one of the
resources in the definition of efficiency and if health effects are taken into
account when defining acceptability and comfort. Unfortunately, from my
point of view, the definition also allows one to ignore work environment
and health aspects. Thus, it seems that in practice most system
development projects choose to exclude these aspects from their usability
work. Why, then, is the definition not clearer on this point? Because the
present author was one of the Swedish experts involved in the work to
develop the ISO standards mentioned here (ISO 9241 and ISO 13407), I
know that this was done deliberately. My efforts to clearly include the
health and safety concept into these standards were unsuccessful, partly,
and most importantly, because of legal arguments (from the USA) and
partly because of the fear of time- and cost-consuming additional
processes (from the companies involved).

The limited influence usability engineering has had on software
development could in part be explained by the difficulties to formulate
measurable usability goals. These difficulties are not smaller when it
comes to formulating goals related to work environment or OH. Despite
my belief in the possibility to formulate follow-up and measure such
goals, I also believe that some very important aspects can never be
captured that way. This is why it is important to focus not only on goals
and requirements but also on the methods, techniques and the whole
process itself.

To change the situation of today it is necessary to change the way
computer systems are developed and implemented. One important
weakness in system development projects that we have been able to
identify (see Paper 7) is the lack of a clear responsibility for the users’
work environment and health. A well-known problem in the history of
OH is the “sidecar syndrome”. What this means is that the work
environment and OH issues are dealt with separately from the ordinary
business of the company or organisation. Furthermore, management lack
the necessary responsibility to deal with these issues effectively. We can
see the same phenomenon when studying software development projects.
The development and use of IT have a great impact on the total work
situation at many workplaces and for many people.  That means that the
development and design of IT has to be integrated into the development
of the total work organisation and work situation. If we seriously want to
improve the situation at workplaces in terms of work environment and
stress factors, we have to let OH issues play a greater role in the
development of both computer systems and work organisation. As we
now know that the probably single most important stress factor related to
ill health is the control factor (see the Stress section above), a good
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strategy is to start to strengthen the VDU users’ influence and control
over these development processes and over their own work situation.

There is useful knowledge derived within the Scandinavian
participatory design tradition, which was most active in the 1970s. This
tradition works for the democratisation of work life and for participatory,
“cooperative” design of computer systems (Ehn 1988).

Possibly, we can borrow and develop some of the ideas, models,
processes and methods then used. This approach has already been partly
tried. As might be expected, things have changed since then, and despite
the somewhat disappointing results regarding usability and work
environment, there has been a continuous development in software
design. Lately, approaches based on ethnographic methodology have
gained status (Nardi 1997).  Some of these approaches, such as contextual
design (Beyer & Holtzblatt 1998), show some clear similarities to what
has been done within the participatory design tradition, including
emphasis on understanding the users, the context they work in and the use
of mock-ups and prototypes during an iterative process (ibid). What one
would miss if interested in work environment and OH, is the social,
political dimension that was so strong during the 1970s. To support a
more democratic, participatory system design the projects back then were
part of a greater movement toward democratisation of the whole work
life. The Scandinavian school related to scientific philosophy and social
theory, something that you can also miss today. Participatory design was
very much a social activity. During the 1980s and 1990s, system design
was merely a technical, engineering activity. Today an aesthetic attribute
complements this technical dimension. The dominating perspective has
changed from a worker to a consumer perspective. It is not about
designing a tool for a worker, but about designing a product for a
consumer. Not only is every work and workplace influenced by
computerisation, but all areas of human life today are affected as well.
Besides the very important work related aspects this ads new arguments
for user-centred design. Computers are embedded in more and more
products we use in everyday life. They are no longer purely a
technological artefact, but a much more general, cultural artefact.  This
situation makes it harder for technicians to manage the development of
these artefacts and makes it increasingly necessary to involve the ultimate
users in the design process, if the products are to be usable.

To counteract the negative health effects described above it becomes
necessary to emphasise the social and ethical dimensions. The researchers
working in the Scandinavian participatory design tradition were
committed to an idea of democracy at work (Ehn 1988). This idea guided
them toward joint operation with worker unions and in trying to link the
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design of computer systems to the organisation level, trying to influence
the organisation of work. In addition, at the societal level, the idea of
democracy at work tried to influence work life laws and agreements.
Nowadays, the reasons are stronger than ever to raise the ideals from that
time from the dead!
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6 CONCLUSIONS

The following conclusions may be drawn from the present studies:
We face severe problems concerning the health and work
environment of computer users. Despite efforts by experts in
ergonomics for many years and efforts taken more recently by
usability experts in software development, negative health effects
of office computerisation are repeatedly reported.
Much of the negative health effects are associated with stress.
The introduction of new computer systems can result in an
increase in various work-related health risks.
The work environment problems and health risks are intimately
related to several interacting factors, including work organisation
and contents and design of the computer systems.
Current methods, models and tools for system development are
inadequate in eliminating or preventing work environment and
health problems.
To counteract these problems social and organisational factors
need to be given greater attention during system development.
Research within this field should preferably be done using a
combination of a longitudinal design and a cross-disciplinary
approach.
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7 FUTURE WORK

By analysing how work environment issues and health problems are
treated (or more correctly, are not treated) in system development, we
have been able to identify deficiencies and gaps in the development
processes. Preliminary results have shown that there is a potential for
preventing ergonomic and health problems by having better development
and implementation models and processes. These results should serve as
the starting point for continued research.

Some of the most important factors that must be addressed are the
modelling of future work processes, combined development of work
organisation and IT systems, user interface design that can reduce the
mental and physical work load, education and training of future users in
order to prepare them for new work processes and new technical systems.
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“We are trying to create machines that are thinking and
people that are not”
Anonymous

8 SUMMARY OF PAPERS

The work described in this thesis follows a logic and deliberate plan.

Paper 1 describes a study in which specific groups exposed to high risks
of health problems related to computer use could be identified. Women
working more than 5 hours per day at a VDU and who were engaged in
repetitive and monotonous tasks reported more health complaints than
other groups. Traditionally, experts in ergonomics and OH personal have
concentrated on the physical ergonomics at the VDU workplaces. The
critical factors found in Paper 1 and that have been reported in other
studies (e.g., Punnett & Bergqvist 1997) that do not have much to do with
the physical work environment include work content and number of hours
per day at a VDU. Changes in work organisation seem to be necessary in
order to deal with the most important risk factors.  This conclusion led to
the study described in Papers 2 and 3. In this study we followed the
reorganisation of the kind of work found to be most risky, namely
repetitive data entry more than 5 hours per day at a VDU.

Data entry is “old fashioned” work, but in order to prevent health
problems in VDU users in the future you have to influence modern types
of work, i.e. work with new information technology. For that reason, we
conducted the studies presented in Papers 4 and 5 in which the effects of
introducing electronic document handling and telework were studied.

Working many hours per day at a computer also means that the design
of the computer systems used, especially the human-computer interaction
and interface design, are likely to have a significant effect on the users’
health and well being.  This supposition led to the project discussed in
Paper 6, which dealt with a new method to integrate work environment
issues into usability evaluation of human-computer interfaces.

To counteract the increase in negative health effects of VDU work it is
not enough to describe the situation. Paper 7 give some examples of the
current work aiming at influencing the development of new information
systems. This approach takes work environment and health issues
seriously, both before and during the development and design process.
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Paper 1

Aronsson, G., Dallner, M. & Åborg, C. (1994): Winners and Losers from
Computerization: A Study of the Psychosocial Work Conditions and
Health of Swedish State Employees. International Journal of Human
Computer Interaction, Vol. 6, No 1, 17-37.

In this study the work environment and health of 1,738 computer users
were examined using questionnaires. The aim of the study was to analyse
the relationship between work organisation and mental and somatic health
symptoms. The results showed that work conditions and health effects
differed considerably between groups of VDU users and between men
and women. Clearly, the findings indicated that there are winners and
losers in computerisation.  The losers were to be found in the group of
women who performed repetitive, monotonous data-entry work. Work
content and number of hours per day at a computer were the most
important factors related to health complaints. The data-entry group
reported the highest frequencies of somatic and psychological health
symptoms and contained the greatest percentage of people spending more
than 6 hours per day at a VDU terminal. Data-entry tasks were much
more common among women than men. Absenteeism was highest in the
data-entry group, especially in the group of data-entry clerks spending
more than 6 hours per day at a computer terminal. There appeared to be a
critical limit of 5 to 6 hours per day at a terminal beyond which the
incidence of problems rose sharply.

Paper 2

Fernström, E., Åborg, C., (1999): Alterations in shoulder activity due to
changes in data entry organisation, International Journal of Industrial
Ergonomics, 23, 231-240.

The aim of the study was to examine how a changed work
organisation and changed work tasks affect shoulder muscular load.
Shoulder muscular load was measured in 22 female employees working
with data entry at their workplaces during a whole working day. The
activity from both trapezius muscles was measured with EMG before and
after a reorganisation intended to redistribute repetitive work and provide
the employees with new, more varied work tasks. The results showed that
the organisational change did not affect the magnitude of muscular load
or the frequency and duration of rest periods.  However, the participants
evidenced moderate, but significant, improvement in musculoskeletal
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problems from the neck, shoulder and arm. The participants claimed that
with a reduction in data entry they had less pain. The changes in work
tasks were small but important, mostly because they allowed more
physical variation. The participants were given less data-entry work and
more of other types of deskwork that involved greater muscular load and
more movement. The results suggest that changes in work tasks must be
extensive to influence mean muscle activity, but alteration between
different office work tasks can imply important variations in muscular
activity.

Paper 3

Åborg, C., Fernström, E., Ericson, M. (1998): Work content and
satisfaction before and after a reorganisation of data entry work, Applied
Ergonomics, 29, 6, 473-480.

The study analysed the psychosocial and physical effects of a
reorganisation of data-entry work at a data processing unit with 153
employees. The reorganisation was planned to redistribute the repetitive
work to improve health and satisfaction of the employees, as well as to
increase overall effectiveness. Methods used were questionnaires; for a
sub-group of 22 participants, interviews, diaries and video recordings
were also used. The study was carried out over a period of 1.5 years. The
reorganisation made it possible to improve working conditions and
decreasehealth risks. The majority of the 22 participants in the in-depth
study received less data-entry work. The results showed some
improvements, including a better workload distribution. Nevertheless, the
work content after the change was still unsatisfactory for most of the
participants and the effect on health complaints was small. The change in
work organisation that took place did not focus enough on providing the
employees with mental and physical variation in work content and
workload. Work environment and health aspects were not sufficiently
stressed by management and hence lost their significance during the
reorganisation period. Other important results were that to study a
reorganisation of VDU work you need to pay attention to macro- and
microergonomics and to physical and psychosocial effects. Further,
research needs to combine a longitudinal design and a cross-disciplinary
approach to best study this phenomenon.
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Paper 4

Åborg, C., Billing, A. (2002): Health Problems with Electronic Document
Handling – a longitudinal study. Uppsala University, Department of
Information Technology, Technical report 2002 – 032.

The effects of introducing an electronic document handling (EDH)
system on the physical and psychosocial work environment, as well as on
self-reported health and well being were studied at four Swedish
workplaces. Data were collected before and 6 and 18 months after the
introduction of the EDH system. The total number of participants was 56.
Methods used were interviews, observation interviews, questionnaires,
video recordings and expert evaluation. The results indicated an increase
in time spent at VDUs, an increase in workload, a higher frequency in
static work postures and a greater number of repetitive and monotonous
tasks. Moreover, the participants felt more constrained and reported an
increase in musculoskeletal symptoms. The participants also reported an
increase in psychological and psychosomatic complaints. This study
shows that EDH systems can result in increased risks for stress-related
mental and somatic symptoms and for work-related musculoskeletal
disorders, especially with respect to the mouse-arm syndrome. EDH
systems can improve the effectiveness of work in the short run, but in
order not to risk the health of the users, an ergonomic strategy for the
design of work organisation, work systems, computer systems, job tasks
and workstations is necessary.

Paper 5

Åborg, C., Fernström, E., Ericson, M. (2002): Telework  – A
Longitudinal Study of the Effects on Work Environment and Well being.
Uppsala University, Department of Information Technology, Technical
report 2002 – 031.

The aim of this study was to analyse the effects that part-time
telecommuting from home will have on office workers’ general well
being and on their physical and psychosocial work environment, both at
home and at the ordinary workplace. Twenty-eight employees were
followed for a 2-year period. Methods used were diaries, interviews and
expert evaluation. The results indicated that the participants worked more
hours after than before the introduction of teleworking, worked long
hours at home without breaks and worked late at night and on the
weekends at home. The workstation at home was seldom as good
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ergonomically as at the office. All the respondents experienced problems
with the computer equipment and with the computer system that they
used at home.

The results showed that introducing telework could enhance work
effectiveness; however, it can also result in an increase in workload and
the number of work-related health risks.

To counteract the problems attention has to be paid to work
organisation, computer hardware and software, the technical support
system and the physical ergonomics at the workstation at home.

Paper 6

Åborg, C., Sandblad, B., Gulliksen, J., Lif, M. (2002): Integrating work
environment considerations into usability evaluation methods – the ADA
approach, Interacting with Computers, In press.

The study describes the development and testing of the ADA method,
which is an attempt to integrate occupational health issues into a usability
evaluation method.

An ADA analysis is performed as a semi-structured observation
interview at the users workplace. The objectives of the ADA method are
(1) to identify usability and cognitive work environment problems in a
computer-supported  work situation, and (2) to be a basis for further
analysis and discussions concerning improvements of the system. The
method was designed to suit the needs of OH specialists as a complement
to their traditional methods for investigating physical and psychosocial
work environments. However, the method has a more general
applicability as it can be taught to any usability expert to facilitate work
environment considerations in their analysis and evaluation work. The
paper reports on the use of the method in several different settings and the
results thereof. Tests indicate that novice users (non-HCI experts) are able
to identify most of the major problems discovered by HCI experts. The
main benefit with the method is its practical applicability and its ability to
integrate work environment issues alongside usability issues.

Paper 7

Boivie, I., Åborg, C., Persson, J., Löfberg, M., (2002): Why Usability
Gets Lost, Submitted

The intention of this paper was to shed some light on what happens to
usability and OH issues in in-house software development projects.
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 Despite efforts to integrate usability into software development and
the number of models, methods and professions that claim to guarantee
usable software, poor usability is still a huge problem to many computer
users. In numerous organisations, people spend almost all their work
hours in front of the computer. Usability defects will have a large impact
in that they are encountered repeatedly during the day, which can lead to
frustration and health problems.

To find out more about what happens to usability in software
development projects a number of software developers, usability people
and users in two Swedish organisations with in-house software
development were interviewed. Some questions we wanted to investigate
were as follows: What attitudes about usability do software developers
have? How, in their opinion, should usability matters be integrated in the
software development process? How is usability addressed in software
development projects? Who makes the decisions that determine the
usability of the system and to what extent can the users influence the
process? In what way are work environment and OH matters considered?

The results indicate that several factors combine to force usability and
OH issues aside. The responsibility is unclear. The models and methods
used provide poor support for working with these issues. Software
developers tend to view usability as something that is added on by means
of a user interface after, or in parallel with, the construction of the “real
system”. User participation is ineffective and does not guarantee an
explicit focus on usability and work environment issues.
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