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ABSTRACT

Novel forms of multimodality involving new media, such as speech, gestures, pen, gaze, and their potential
contributions to advancing the implementation of Universal Access are briefly reviewed. Then, applications to
the Healthcare domain are considered, which focus on extending electronic patient record accessibility.

1 Universal Access: a Topical Challenge

The development of a world wide Information Society
represents a major social evolution, which may increase
social exclusion, unless user interface designers consid-
er accessibility issues carefully, and have appropriate
standards and guidelines at their disposal.
International initiatives focusing on the implementation
of Universal Access are developing; see, for instance,
Stephanidis et al. (1997) or the Web Accessibility Initia-
tive (WAI) of the World Wide Web Consortium (URL: ht-
tp://www.w3.org/WAI).
However, achieving Universal Access raises still numer-
ous usability issues, as it means implementing comput-
er accessibility for:
i. all users including disabled and elderly people, 
ii. in any context of use (e.g., wearable computers,

mobile computing, smart home artifacts, virtual or
augmented reality interactive environments).

First, existing guidelines on Universal Access are of a
high level of abstraction. They depict desirable product
features (e.g., "equitable use"), but do not provide suffi-
cient details on how to approach and structure design
activities, or how to assess tentative proposals in regard
to a given feature or target objective. This gap has been
identified as one of the main drawbacks that prevent
European industries to apply in practice the principles of
Universal Access.
In addition, Universal Design (Story, 1988) 1, that is the
design of products or services that are usable and ac-
ceptable by potentially everyone, everywhere and at
any time, has not yet made its way into the software in-
dustry, although the seven principles defined to guide
the implementation of this approach are well estab-
lished in engineering disciplines, such as architecture.
Finally, the concepts of adaptability and adaptivity have
been proposed to accommodate intra- and inter- user di-
versity. In particular, they have been experimented in
the AVANTI European Project, for providing disabled us-
ers, especially blind and motor handicapped people,
with easy computer access (cf., Stephanidis et al.,

1998). However, the implementation of these concepts
presents limitations, at least for the time being:
• Adaptations are predefined, hence static, and their

scope is limited.
• As for present implementations of adaptivity, they

are still too crude and unreliable to be useful:
- The utility and usability of self-adapting existing 

user interfaces are still poor, since such sys-
tems infer their evolution strategies mostly 
from the analysis of the current user's actions, 
hence from ambiguous or imprecise cues on 
users' capabilities, preferences, goals and 
strategies.

- In addition, notifying users (or making them 
aware) of the interface evolution, and enabling 
them to control this evolution, is an unsolved 
issue which requires long-term research 
efforts.

• Finally, these paradigms have not yet addressed
issues relating to the diversity of use contexts.

In contrast, multimodality appears as a promising ap-
proach and fruitful short-term research direction for ad-
vancing the implementation of Universal Access princi-
ples, as shown in the next section.

2 Multimodality and Universal Access

2.1 Definitions

(Coutaz & Caelen, 1991), (Maybury, 1993; 2001),
(Bernsen, 1994), among others, define 'media' and 'mo-
dalities' contrastingly. 
They use the first term for referring to the hardware and
software channels through which information is con-
veyed, and the second one for designating the coupling
of a medium with interpretation processes capable of
transforming physical representations of information
into meaningful symbols or messages, and conversely.
In other words:

'… by media we mean the carrier of information
such as text, graphics, audio, or video. Broadly, we
include any necessary physical interactive device
(e.g., keyboard, mouse, microphone, speaker,
screen). In contrast, by mode or modality we refer to
the human senses (more generally agent senses)

1.  cf. also the website at: 
http://www.design.ncsu.edu/cud/
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employed to process incoming information, e.g., vi-
sion, audition, and haptics.' (Maybury, 2001:382)

To characterize the various possible combinations of
modalities, a taxonomy comprising four classes has
been proposed (Coutaz & Caelen, 1991). As we focus
here on issues relating to usage rather than implemen-
tation, we only need to consider two classes in this tax-
onomy: 

• ‘alternate multimodality’ 1 which characterizes a
multimodal sequence of unimodal messages; 

• and ‘synergic multimodality’ which refers to multi-
modal messages or, in other words, to the simulta-
neous use of several modalities for formulating a
single message. For instance, speech associated
with pointing gestures on a touch screen, as in the
following command: "Delete this." + pointing a file
icon in the display is a form of synergic multimodal-
ity. 

In the remainder of the paper, 'multimodal(ity)' used
without qualifier refers to synergic multimodality.

2.2 Assets and potential contributions

Multimodal human-computer interaction facilities are in-
valuable for increasing computer accessibility, thanks to
the recent development of new interaction media and
modalities especially. 

Such facilities are indeed necessary for enabling all citi-
zens to access electronic information easily. Giving us-
ers the possibility to choose among equivalent 2 input
and output modalities (or forms of multimodality) ac-
cording to their motor and perceptual capabilities, is
necessary for accommodating the needs of users with
physical disabilities.

Besides, multimodal voice-based user interfaces prove
most useful in situations where keyboard and mouse
are awkward or impossible to use (e.g., wearable com-
puters, home automation, …). 

In such contexts of use, speech associated with a des-
ignation modality, such as pointing gestures on a touch
screen, pen or gaze, provides users with appropriate
means of interaction.

A short review of the state of the art regarding the de-
sign and implementation of usable speech-based multi-
modal interaction is presented in the next paragraph.

2.3 State of the art

Output forms of multimodality associating speech with
sound and graphics are easy to implement. However,
only a few recommendations are available for the de-
sign of multimodal system messages integrating these
modalities. 

In particular, studies are needed on the specific contri-
bution of speech to the usability of system outputs.
Otherwise, speech will only be used as a substitute mo-
dality for graphics, in situations where graphical displays
are awkward or impossible to use. 
Multimedia presentations are not considered here,
since, according to our definition of multimodality, they
are outside the scope of multimodal interaction.
Input forms of multimodality coupling speech with des-
ignation gestures, using a pen or one's hand on a touch
screen, have motivated many more studies, both from
a software viewpoint and from an ergonomic angle. 
Robust fusion and interpretation of multimodal inputs
can now be achieved (Nigay & Coutaz, 1993). As for util-
ity and usability issues, they have been addressed by
many researchers: Oviatt et al. (1997) on the use of
speech and pen, Robbe et al. (1997; 2000) on the use of
speech and gestures on a touch screen, (Baber, 2001)
on multimodal interaction with wearable computers,
and (Keates, 2001) on interfaces for motor handicapped
users. From the conclusions of three related empirical
studies, (Carbonell, 2001) demonstrates the advantag-
es of controlled speech over spontaneous speech as an
input modality either in unimodal or in multimodal inter-
action environments. The paper also includes a set of
recommendations for the design of acceptable (i.e., us-
able and robust) oral or multimodal 3 command lan-
guages.
However, the contribution of gaze as a useful comple-
mentary input modality (for designation mainly) remains
still to be investigated thoroughly. Published research
amounts to a few recent studies only (cf., for instance,
Hansen et al., 1998), probably by reason of the following
obstacles: 
• The lack of unobtrusive devices for capturing eye

movements; 
• The absence of reliable algorithms for tracking and

interpreting eye-fixations, in terms of gaze direc-
tions and targeted objects, with sufficient accuracy
(Spindler & Chaumette, 1997).

2.4 Applications in Healthcare Telematics

Healthcare Telematics represents a critical application
domain for Universal Access and Universal Design prin-
ciples, as it caters for the population at large, and in-
volves a variety of specific target user groups, in partic-
ular, doctors, nurses, patients, administrators. 
In addition, access to electronic medical information is
required in a great diversity of situations and contexts of
use. Therefore, Healthcare Telematics will greatly ben-
efit from the implementation of Universal Access princi-
ples, hence from the introduction of multimodal user in-
terfaces integrating new input-output media and new
interaction modalities, such as speech, pen, finger and1.  This class results from the grouping of the 

‘alternate’ and ‘exclusive’ multimodality 
classes in (Coutaz & Caelen, 1991).

2.  That is, the expressive power (semantics) of 
the various modalities considered should be 
equivalent.

3.  i.e., controlled speech (involving a restricted 
subset of natural language) associated with 
pointing gestures on a touch screen (using fin-
gers).
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hand gestures, or gaze. It represents a stimulating and
challenging application domain for multimodality.
In particular, focusing on the accessibility of Electronic
Patient Records (EPR) gives the opportunity to address
both classes of issues raised by the application of Uni-
versal Access principles to software design, since EPRs
have to be accessible: 
• to every patient, that is, potentially, to all citizens;
• to a wide range of specific user communities with

contrasted user profiles, such as doctors, nurses,
administrators, …);

• in a great variety of contexts/situations: GPs'
offices, hospital wards, ambulances, cars, etc.

For instance, the introduction of wearable computers
with multimodal user interfaces into Healthcare
Telematics would greatly improve the working environ-
ment of various medical staff, for instance: GPs on
house visits, surgeons in operation theatres, specialists
in hospital wards (cf. the European Project 'Ward in
Hand' 1), emergency teams in ambulances or on
accident sites. Wearable computers with such user
interfaces would also increase significantly the comfort
of self-monitoring patients at home.
As participants in the IS4ALL European thematic Net-
work and Working Group 2, we are currently assessing
the usability of various multimodal access facilities to
EPRs in diverse contexts of use.

3 Conclusion

Novel forms of multimodality involving new media (e.g.,
speech, gestures, pen or gaze), and the potential contri-
butions of multimodality to advancing the implementa-
tion of Universal Access have been briefly reviewed.
Then, applications to the Healthcare domain have been
proposed, which focus on extending electronic patient
record accessibility.
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ABSTRACT 

Although it is well documented that the perinatal period is the most dangerous time of life, the last 50 years
have seen dramatic falls in both perinatal and maternal mortality (Herczeg, 1997). The most significant factor
behind this has been the steady increase in the amount and effectiveness of technological interventions in
the management of labour. However recent years have also seen dramatic changes in the responsibilities
within maternity care teams and the role of the woman in decision-making. This has resulted in a shift in the
attitudes towards intervention due to a desire to return to more natural birth situations. (Changing Childbirth,
1993). This paper outlines the results of a psychometric risk perception tool distributed to consultants and
midwives in a high technology maternity unit and a 'home-away-from-home' non-intervention unit in Scot-
land. The aim of this work is to examine how underlying risk perceptions and attitudes towards technology
are linked to organisational culture and what benefit this knowledge has in order to better understand issues
surrounding the acceptance and use of technology in obstetric health care.

1 Introduction 

Throughout Europe, Obstetric accidents, or 'adverse
events' as they are known, have led to a progressive
rise in the number of litigation cases. In the UK, obstet-
ric litigation currently costs its National Health Service
(NHS) £160-200 million per year, constituting 60% of all
medical litigation pay-outs (Young et al. 2001). The
more obstetricians get sued, the more they intervene
with birth. The result is that over the last 20 years na-
tional caesarean section (CS) rates in some countries
have doubled, and in some hospitals, they have gone up
four-fold. France currently has a national CS rate of 30%
(Enfants, 2000), while the combined operative and in-
strumental delivery rate in Spain is 40% (Wagner,
2000). Surveys on maternal deaths in the UK (Hall &
Bewley, 1999) show that the mortality rate for CS is six
times that of vaginal birth.

Figures like these, added to a genuine desire to improve
quality of care to patients, have motivated dramatic ad-
vances in safety and the re-evaluation of risk manage-
ment and communication strategies throughout obstet-
rics. However, the success of these initiatives relies on
the wide integration and support of healthcare workers
at all organisational levels. This cannot be achieved
without a thorough understanding of the underlying at-
titudes that these professionals have to the risk and haz-
ards of their daily work (Hale & Glendon, 1987). And it
is crucial that the subsequent models of risk perception
and behaviour that are produced include measures of
organisational culture and safety status if they are to ac-
curately reflect the reality of the work environment (Pid-
geon, 1998). 

This research aims to uncover variations in how the
risks of different fetal monitoring techniques are per-
ceived, particularly in regard to obstetric care workers
acceptance and use of medical technologies. 

1.1 Methods of Fetal Surveillance 

The use of continuous electronic fetal monitoring (C-
EFM) is routine throughout Europe, with countries like
Spain using it on 90% of all women in labour (Wagner,
2000). However, many empirical evaluations have
shown that it is a crude way to assess fetal oxygenation
and is not associated with any decrease in either fetal
mortality or cerebral palsy (MacDonald, 1985). Also, C-
EFM has been identified by UK obstetricians as a main
factor behind the growth of CS rates, second only to
fear of litigation (Francombe & Savage, 1993). 
Widespread concern over the efficacy of C-EFM has
prompted searches for better methods of fetal monitor-
ing. These include a variety of invasive and non-invasive
techniques, such as fetal pulse oximetry and fetal blood
sampling. This work specifically examines the risk per-
ceptions that different obstetric staff have towards ex-
isting C-EFM technology, and to newly adopted meth-
ods as well as those techniques yet to be introduced
into the British NHS (such as ST-waveform analysis
monitors). It also focuses on a number of existing preg-
nancy screening methods (such as ultrasound and am-
niocentesis) and other birth interventions (such as vacu-
um-assisted delivery) in order to evaluate perceptions
of their associated risks. All forms of medical interven-
tion during the birth process constitute risk, and there-
fore require comparative investigation in this study.

2 Method

2.1 Participants

In total, 18 obstetric health care providers (6 male, 12
female) completed the questionnaire. 5 of these were
Consultants, with an average of 13.5 years experience.
9 were Midwives (Grades E, F & G), with an average of
9.5 years experience. Finally 4 participants were Regis-
trars (SpR), with an average of 3 years experience. The
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consultants were mainly based in the high technology
obstetric ward, as high risk patients needing specialist
care are routinely transferred there from the low inter-
vention ‘home-away-from-home’ annex. The midwives
and registrars work routinely in both areas, although
many of the midwives stipulated on the questionnaire
that they were permanently based in the annex, where
low risk women are cared for with C-EFM on admis-
sion only and epidurals are provided only in cases of se-
vere maternal exhaustion.

2.2 Questionnaire

Participants were presented with 14 adverse event sce-
narios, each involving a different fetal monitoring tech-
nique. Below is an example scenario focusing on fetal
blood sampling, which involves measuring fetal blood
pH to assess acidosis levels, a precursor of fetal hy-
poxia (oxygen starvation):
On finding a persistent non-reassuring fetal heart rate
(FHR) the midwife called for a registrar to set up for a fe-
tal blood sampling. As the cervix was suitably dilated
the test was performed. However, there was continued
fetal scalp bleeding from the puncture site, which be-
came difficult to control and distressing to Mrs. T.
The participants were then asked to rate each of the
scenarios on nine characteristics of risk similar to those
found to be important in prior studies by Slovic, Fis-
chhoff et al. (1985) and Kraus and Slovic (1988). The
nine characteristics were:
1. Anticipatory knowledge of risks by risk managers
2. Anticipatory knowledge by those involved in

adverse event i.e. obstetric care workers
3. Severity of the consequences (to both woman and

fetus)
4. Dread of the entire range of potential conse-

quences
5. Confidence in future use of the technology (or in

performance of the activity)
6. The overall Riskiness of the technology or activity

(to both woman and fetus)
7. Ability to Control the risks involved with the tech-

nology or activity
8. Ability to Observe the risks at the near miss stage

prior to development of an adverse event
9. Future Effort needed for Risk Reduction

3 Results

The mean perceived risk of the various fetal monitoring
techniques varied greatly, from 1.7 to 8.0 on the 10-
point likert scales. The two techniques judged to be
most risky were amniocentesis and the intrauterine
pressure catheter (IUPC). The two techniques judged
to be least risky were intermittent auscultation, with
both the pinard stethoscope and doppler ultrasound. In-
termittent auscultation (IA) is a minimal intervention
method involving traditional listening of the fetal heart
rate (FHR). Table 1 presents the techniques whose
mean ratings were extreme on each of the nine judg-
ment scales. Participants also made Invasiveness rat-

ings for each technique and these are presented next to
the mean ratings as Invasive (In), Non-Invasive (NI) and
a Mixture (M). Techniques, such as amniocentesis, fe-
tal pulse oximetry (FPO) and the intrauterine pressure
catheter (IUPC) are repeatedly the most negatively rat-
ed on all characteristics. Techniques such as intermit-
tent auscultation and fetal blood sampling (FBS) were
consistently rated toward the less serious pole of each
scale. 

Results of the intercorrelations among the nine judg-
ment scales, and the subsequent principle component
analysis that five of the characteristics were subjected
will be presented and discussed in the presentation ac-
companying this work.

4 Discussion

These results showed that those techniques viewed as
invasive were generally judged to be highly dreaded and
risky, and displaying poor confidence, controllability and
observability. Conversely, it was the non-invasive tech-
niques that scored low on dread, severity, and riskiness
and high on knowledge and confidence. However,
some invasive techniques such as fetal blood sampling
(FBS) and epidurals were judged as not being of partic-
ular cause for concern. This was due mainly to the fact
that they are established techniques within maternity
care and as a result, obstetric care workers appear to
have adapted well to controlling their associated risks.

The invasive and non-invasive categorisation sits well
with a technology and non-technology split. It also re-
flects the novelty of the risks, as new techniques such
as fetal pulse oximetry (FPO) and the STAN monitor are
both highly dreaded and poorly observable, compared
to the commonplace fetal blood sampling (FBS) and fe-
tal scalp stimulation (FSS).

Table 1: Extreme Scenarios for 9 characteristics

Risk
Scale

Highest
Methods

Invas.
Scale

Lowest
Methods

1 Knowledge IA-Pin 6.0
C-EFM 4.1

NI
Mix

Epid 1.7
Amnio 1.8

2 Knowledge IA-Pin 4.7
Ultra 4.3

NI
NI

Epid 1.8
FPO 2.3

3 Severity Amnio 6.8
I-EFM 6.0

In
Mix

FBS 2.4
FSS 2.7

4 Dread FPO 6.1
IUPC 5.9

In
In

FBS 3.2
C-EFM 3.4

5 Confidence IUPC 6.9
FPO 6.3

In
In

IA-Dop 2.8
IA-Pin 2.9

6 Riskiness Amnio 6.3
IUPC 6.3

In
In

IA-Pin 2.6
IA-Dop 3.2

7 Controllability Amnio 7.7
Vac 6.0

In
In

IA-Pin 2.6
IA-Dop 2.6

8 Observability I-EFM 8.0
Ultra 7.8

Mix
NI

Epid 2.2
STAN 4.0

9 Effort IUPC 6.9
C-EFM

In
Mix

IA-Pin 3.8
FBS 4.1
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Separate means for medical and midwifery workers
perceived risk judgments were also calculated. Consid-
erable differences were found in their ratings for inter-
mittent auscultation (IA) and continuous electronic fetal
monitoring (C-EFM). Midwives consistently rated IA
more positively and C-EFM more negatively than the
consultants and registrars. This reflects differences in
the responsibilities of their roles and also the environ-
ments where they provide care.

5 Conclusion

This study has two main findings. The first is that varia-
tions occur in the risk perceptions of invasive (high tech,
novel) compared to non-invasive (low tech, common-
place) fetal monitoring techniques. The second is that
variations occur in the risk perceptions of midwives
compared to medical staff. 

The value of uncovering these technological and cultural
variations in how the risks of fetal monitoring tech-
niques are perceived is that it gives insight into obstetric
professionals ultimate decisions surrounding their ac-
ceptance and use of technological devices. If risk infor-
mation can be presented more sensitively to cultural
groups who are weary of technology, then this will filter
down to patients and hopefully improve their own ac-
ceptance of advantageous technologies during their la-
bour. Many seemingly intrusive forms of technology
designed for intrapartum care, actually decrease the
“medicalisation” of labour through reduction in CS and
other interventions, rather than increasing it, as is the
common assumption about technology (Henney,
2000). This conclusion has a direct impact on the devel-
opment of risk management policy, highlighting the
need for more attention to be given to the presentation
of risk information regarding new technologies. 
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ABSTRACT

To begin the process of addressing quality of care in primary care, a taxonomy and reliable system of report-
ing errors is essential. It is highly likely that such a system will contain a web-based reporting component,
making this a special case of working with a display unit. To this end, the objective of this research is to de-
velop the content of a medical safety reporting system using multiple focus groups of primary care physi-
cians (specifically family physicians) and family practice nurses and medical assistants of a Midwestern state
in the US. The results of this study may be used to create a statewide medical safety reporting system for
family physicians and their clinical assistants. This in turn will allow for the creation of a taxonomy of errors in
family medicine, which will allow for the tracking of medical error trends and proposing of methods to reduce
errors or mitigate their impact using quality engineering techniques. To date, five of the physician focus
groups have been conducted, of which three have been analysed and are discussed here.

1 Introduction

Primary care has become more complex and more rele-
vant, especially in managed care organizations. Primary
care, in comparison to hospital care, requires greater
variation and expected deviation from evidence-based
guidelines. Therefore, information on hospital error (e.g.
IOM, 1999) may not be applicable to primary care. To
begin the process of addressing quality of care in prima-
ry care, a taxonomy and reliable system of reporting er-
rors is essential (Fischer et al 1997). However, currently
no reliable system of reporting errors in primary care
settings exists.
Incident reporting itself has been a growing focus in
hospital studies of patient safety, much of which has
been done in Australia as part of the Australian Incident
Monitoring Study (AIMS), which started in 1987 (Bald-
win et al 1998; Runciman et al 1993). To obtain a full pic-
ture of the types of errors committed in family practic-
es, it is necessary to have a reporting system that will
be both useable for potential reporters and useful for
capturing all pertinent data and disseminating the find-
ings back to the health care community. Therefore, this
study was designed as a user centered study that col-
lects data from physicians and other clinicians in family
medicine such as nurses and medical assistants in or-
der to explore issues in the design of such a medical
safety reporting system. The research question being
addressed is “What are the barriers and motivators for
the design of a reporting system for capturing medical
errors in family practice and what design features en-
able and motivate potential reporters to report?”

2 Methods 

2.1 Design

A repeated focus group design using two separate
groups is being used to collect the data. The two focus
groups have the same objective, but one is composed
of family physicians and the other of family practice
nurses and other clinical employees such as medical as-
sistants (to all be referred to as clinical assistants). 
Most focus group designs bring together a group of
people once and are conducted with all group members
and the moderator in the same location. However, in
the current study, two groups of health care profession-
als agreed to convene for 10 focus group meetings. In
addition, the focus group meetings are taking place over
teleconference phone lines because of the geographic
dispersion of the focus group participants. Participants
outside of the local area dial in with a toll-free number.
The focus groups meet 1-2 times per month for 10 total
meetings. Each meeting lasts 1 hour. The conversa-
tions are audiotaped and the tapes are transcribed. The
sessions are moderated by two of the authors (BK and
JB). 

2.2 Participants

Physicians and clinical assistants are being used be-
cause in practice either one may see an incident, so ei-
ther one should be empowered to report an incident.
The physician and clinical assistants were selected us-
ing a form of purposeful sampling known as stratified
purposeful sampling. The stratification variable was job
title – either family physician or family practice clinical
assistant. Within each stratum the participants were re-
cruited so as to have a range of experience and ethnic
backgrounds, both genders, and urban and rural prac-
tice locations. 
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2.3 Procedures

Potential participants were identified using the mem-
bership listing of the state’s family physician Academy
and a listing of clinical assistants developed previously
by two of the authors (BK and JB). The Academy has
1458 members: 53% practice in rural locations and
72% are male. Ninety-three percent are office-based
practices and the majority are part of a family practice or
multi-specialty care group. Recruitment letters and in-
formational forms approved by the Health Sciences In-
stitutional Review Board at the University of Wisconsin-
Madison were mailed to potential participants. This pro-
cess continued until a minimum of six and a maximum
of 10 individuals per group volunteered to participate.
Eight physicians and six clinical assistants make up the
current focus groups.
Focus group times and dates were arrived at through
correspondence. During the first focus group, the pur-
poses of the study and confidentiality safeguards were
reviewed. From there, the topics for subsequent focus
group meetings were explained. The topics include: (1)
fears and concerns about reporting medical errors, (2)
potential purposes of a medical error reporting system,
(3) barriers and motivators for reporting to a system giv-
en each of the identified purposes, (4) what to report
(e.g. chain of causality, mitigating factors, who, what,
when, where, how, systems issues, positive factors,
near misses, adverse events), (5) instructions for using
the reporting system, (6) mechanisms of and medium
for reporting, (7) uses of the reported data, (8) security
and ethical issues and (9) end-of-study feedback meet-
ing. The number of topics is not meant to correspond to
the number of focus groups. Some topics are taking
less than one hour to discuss while others are taking
longer. 

2.4 Analysis

The three analytical steps being used are indexing, data
storage and retrieval, and interpretation. These steps
are conducted on an ongoing basis as the transcripts of
the audiotapes of the focus groups are completed. The
qualitative analysis software QSR NVivo is being used
to facilitate the analysis. Analytical induction is being
used during interpretation. 

3 Results and Discussion

Three physician transcripts have been analysed thus far.
The topics covered in these transcripts are 1) problems
and concerns physicians have regarding a reporting sys-
tem, 2) purposes for an error reporting system, and 3)
motivators and barriers to reporting given each of the
potential purposes of the system.
Physicians have a broad range of concerns regarding
the implementation of a statewide error reporting sys-
tem. The discussion spanned topics ranging from sys-
tem integrity and abuse to the ethics of error reporting.
Confidentiality of the system was the most prevalent
concern. The participants had concerns of who would
be identified, if the patient needed to be included, and if

it was even necessary to have identification in the sys-
tem at all. Ultimately they felt strongly about not having
identification in the system. All the physicians agreed
that they would only report if there were no identifiers,
commenting that they would feel most comfortable re-
porting to a “blind system.” To quote one participant,
“…literally no identifiers other than maybe age and a
few clinical points that would again not allow anybody to
put two and two together…” A consequence of this,
however, is in the possible compromise of the system’s
integrity. It remains to be determined how the validity of
the system could be verified if it were anonymous or
confidential. Similarly, participants voiced concerns
about access to the system. “Would patients have in-
put into this where now they have access to patient
complaint or patient satisfaction fliers or forms? Would
patients be invited to join the database, where they ob-
served or experienced themselves some medical mis-
adventure?”

A key concern centred around the possibility of an error
reporting system leading to punitive outcomes. One
participant stated “Why should they report anything, if
there is going to be any retaliation or punitive things
happening, I think you’re going to have to lose that abil-
ity if you want any incentive for people to report to it.”
Consequences mentioned included fines, sanctions, re-
voked licenses, or malpractice suits. Interestingly
enough, however, physicians felt they had little control
over the existence of a system. There was a sentiment
that sooner or later, it would be mandated in the health
care system. 

Participants voiced concerns relating to system abuse.
One respondent commented, “But I wonder if there
would be some potential for abuse of a system where,
for whatever reason, somebody might begin reporting
or exaggerating perceived errors that were just differ-
ences of practice styles or turf battles type of thing.”
While this issue might be alleviated with system rules
regarding identification in the system, this represents a
significant issue that will have to be addressed in the
system design. 

Another set of inter-related concerns were system
ownership, data analysis and system integrity. Probably
the most frequent question in the discussion was “who
is collecting the information and what are they going to
do with it?” The discussion revealed that physicians felt
most comfortable keeping the data within the profes-
sion, but felt this might be in conflict with public/patient
awareness. Said one participant, “…keeping it within
the profession and within research I think makes a lot of
sense. But then, to the public, does that look like we are
holding our cards close to our chest because we have
something to fear…” Physicians were also concerned
about who would perform analysis of the data. They
wanted to ensure that the data would be evaluated ob-
jectively by a professional who understood the weak-
nesses in the medical system coupled with the perfor-
mance demands of physicians. 
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The last major topic to be discussed in the first focus
group was the ethics of error reporting. Would junior
physicians report on senior physicians? Would physi-
cians feel protective of one another? These realistic is-
sues would affect the integrity of the system and affect
working relationships. Regarding this issue, a partici-
pant stated: “So it’s a tough one whether that’s part of
the guild where we cover our …protect our own, or
whether it’s the open disclosure because patient pro-
tection is the primary goal.”
The purpose of an error reporting system was the sub-
ject of the second focus group discussion. The issues
here, thus far, have been accountability, performance
standards/grading systems, system improvement, and
the payer’s perspective.
While physicians feel that accountability could lead to a
punitive system, they do feel that accountability is a vi-
able purpose for an error reporting system. Accountabil-
ity can serve as a means of identifying clinics that have
serious problems and aid in correcting them before too
many outcomes become lethal. One respondent com-
mented that failure to improve error rates should result
in some sort of punitive sanction. For example, “I
think…I’m maybe overly optimistic, but I’m hoping
there would be someplace between accountable and
punitive where there might be some acknowledgment
or recognition and some responsibility without automat-
ically being punitive…” 
One of the primary purposes of an error reporting sys-
tem would be simple method of system improvement.
Along these lines, they discussed the value in sharing
practice information. This enables them to learn how
other institutions have dealt with certain system prob-
lems, or why an institution may not have any instances
of a certain problem. One of the respondents even
shared an innovative idea of reporting solutions.
The payer’s perspective, however, may be in conflict
with those purposes identified by physicians based
upon system improvement and physician learning. Phy-
sicians generally feel that payers would want to use the
system to manipulate the clinic’s practice. For example,
payers may use it as a tool to not pay for services or de-
lay payment. 

The third transcript is currently under review; it address-
es the motivators and barriers to the use of an error re-
porting system. Some motivators listed are physician
learning, the medium for reporting, and system feed-
back. Some barriers discussed concern punitive sys-
tems, underreporting due to a cumbersome system, as
well as the fear that nothing useful will come out of the
system.

As stated earlier, the transcripts are undergoing content
analysis using inductive analysis. Once these tran-
scripts are coded, it is anticipated that topics will be able
to elicit insight to the following questions: What aspects
of physician culture lend themselves to reporting er-
rors? What are physician attitudes to reporting errors?
What system characteristics would make physicians
prone to reporting errors? How would an error reporting
system aid and enhance physician practice? What are
the vulnerabilities of an error reporting system? How
can a computerized reporting system be designed such
that it will be useable and useful? 
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ABSTRACT

RSI and CTD are not “achievements” of the era of the computerized workplace. They are closely related to
other long-documented symptoms of muscle strain; doctors have been diagnosing writer’s cramp since the
early 19th century. From about 1950 to the advent of the mouse-based graphical user interface for comput-
ers, researchers considered the keyboard the culprit in most repetitive-strain injuries; studies focused on the
role of the keyboard during the first RSI “epidemic” in Australia. In general, fatigue and other ailments due to
overuse may be overcome in part by varying the workload, such as by alternating the parts of the body that
are active over a certain period. Concurrent use of a keyboard and another input device, such as a mouse, can
in theory provide relief because the muscles involved are partly different. As this paper shows, however, un-
der current circumstances the opposite is usually true because keyboard use can aggravate problems caused
by another input device like a mouse or a tablet. 

1 Introduction 

Long before the terms RSI or CTD became popular, the
mechanical typewriter was responsible for most mus-
culoskeletal problems of typists, as it required rapid
movements of the fingers and a high level of force on
the keys. Until the 1950’s, German secretaries who
claimed to suffer injuries from keyboard use were un-
able to receive compensation, as there was no consen-
sus that this type of workload caused “tenosynovitis.”
However, a 1952 court decision meant it was possible,
at least in theory, to acknowledge certain types of
“overuse damage” as an occupational disease in Ger-
many. By 1961, the insurance of employers had begun
to cover treatment for diseases such as tendovaginitis
(Peters, 1976).
Yet twenty years later, after the use of electric typewrit-
ers and computers had become widespread, more peo-
ple than ever were experiencing musculoskeletal disor-
ders. In surveys, about 5% to 20% of our subjects (Ça-
kir et al, 1978) claimed to suffer from muscle strain to a
degree that they needed to visit a physician, in most
cases an orthopedist.
Computer GUIs ought to be more beneficial to their us-
ers. When they switch between keyboard and mouse,
users exert different sets of muscles, which should al-
low some to recover while others are in action. This con-
current use of keyboards and alternative input devices
should balance the overall workload and could therefore
be a promising intervention (Cooper and Straker, 1996). 

2 Musculoskeletal problems of users of 
input devices

2.1 Prevalence of musculoskeletal disorders 

Analyses of work-related ailments among German
workers based on early retirements and stationary treat-
ments (Blohmke and Reimer, 1980) produced a very in-
teresting result: The only group among white-collar
workers with a higher prevalence of musculoskeletal
disorders (ICD 720-729) was female office workers (O/

E ratio = 110%). In contrast to this, the O/E ratio for
male office workers was the lowest among white-collar
workers, as was expected. 

In general, these disorders were more prevalent among
women and blue-collar workers. While this outcome
could plausibly be explained by analyzing gender-related
differences and differences of workload, there is no
simple explanation for female office workers having
more than twice as many problems than male office
workers – more than male metal-workers! (Fig. 1)

The authors found that women tended to work in more
constrained postures, in louder environments, and at
machines with keyboards (mostly typewriters).

2.2 Somatic problems and their causes

A better explanation was found by analyzing data on
complaints of subjects with different tasks, all working
with VDTs. If the keyboard were the major cause there
would be no difference between groups of subjects
whose time spent at the workstation was equally long.
If, on the other hand, gender differences were more

Figure 1: Prevalence of musculoskeletal disorders
(office and metalworkers) (Source: Morbidity statistics
for German workers 1975-1979)
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powerful determinants, women would encounter more
problems than men. 
After analyzing data from 1021 VDT workers and more
than 300 typists (Çakir, 1981; Çakir et al, 1983) we
found out that the self-reported vision problems were
highly correlated with the frequency of complaints
about somatic problems (correlation 0.59). Visual com-
plaints were always significantly correlated with head-
aches, and headaches with postural problems.
Through intervention studies it was possible to demon-
strate that causal relationships were behind the correla-
tions. This was demonstrated, e.g., by analyzing pos-
tures of users while using keyboards with and without
gloss or by comparing somatic complaints of subjects
with and without appropriate viewing distances. For ex-
ample, 49% of VDT users wearing “reading glasses”
(focal distance 330 mm) needed medical treatment for
backaches compared to 32% of a comparable popula-
tion without eyewear (Çakir et al, 1978). Users working
with black glossy keyboards tried to change their pos-
ture to reduce visual problems resulting in increased
levels of backaches. The increase against users of matt
grey keyboards was about 40%. Similar effects can be
demonstrated for other workers with constrained pos-
tures.

2.3 Impact of self-control

The most powerful determinant for the perceived work-
load as well as for somatic problems was, however, the
degree of self-control on the workflow and on posture.
For instance, programmers and clerical workers, work-
ing about 4 hours a day at their VDTs, reported signifi-
cantly different levels of stress and musculoskeletal
problems. 
Subjects who worked in restricted postures with the
lowest level of control over their environment experi-
enced the most problems (Fig. 2). Under these circum-
stances, ergonomic interventions at the workplace
could lead to only minor improvements. Thus, we rec-
ommended eliminating such jobs in the long run. 

Medical research demonstrated in a long-term study
that psychological factors such as time pressure and
alienation contribute to manifested musculoskeletal dis-
orders and injuries, as do physical factors such as un-
suitable chairs or workstations (Karmaus et al, 1990).
This is not surprising, since experimental psychology of
the 1930’s had already demonstrated that greater task
difficulty increases muscular tension (Davis, 1938).

The workers worst hit by unfavorable working condi-
tions in offices were stenographers, who had to cope
with high levels of ambient noise while trying to hear
the dictated text, which itself was louder than the noise
in factories with heavy machinery. 

As a result of the analyses performed at the beginning
of the 1980’s, we predicted that the problems of male
office workers would keep increasing until they would
equal those of the female workers because two main
determinants (lack of control and constrained postures)
would change in the negative direction. They did.

3 A workplace in 2002

3.1 Where did the keyboard go?

With the advent of the era of graphical user interfaces
(pioneered by the Xerox Star, and brought to the mass
market by the Apple Lisa and Macintosh), many expect-
ed that the keyboard would lose its dominant role as an
input device. In fact, in some work areas (e.g., graphic
design) other devices such as mice and tablets play the
main role. What has happened to the keyboard? It is still
there and is being used alongside the other input devic-
es, and not necessarily less intensively than in the past.
While generations of engineers and ergonomists have
tried to achieve an even load for both hands by rede-
signing keyboards, today the biggest load is (for right-
handers) on the right hand and the right arm, which
mostly acts outside its “neutral” position when operat-
ing an additional input device. 

Unfortunately, the dreams of a “keyboardless” future
blurred the vision of both manufacturers and ergono-
mists with the result that the standard keyboard is a
bulky box the width of which exceeds the shoulder
breadth of almost all potential users. (Fig. 3)

Figure 2: Backaches for VDT workers with different
degrees of self-control (in percentage of employees)

Figure 3: Top view of a workplace with a keyboard and
a mouse as the usual posture of the user
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The original typewriter keyboard with character keys
and a few function keys was extended by navigational
keys of the editing sector and a numeric sector. Both
were placed to the right of the original setting. While
few users are able to adopt a neutral position in the hor-
izontal plane, there are even fewer, if any, who can hold
their wrist in a neutral position in the vertical plane for
both keyboard and mouse. (Fig. 4))

If the use of each input device took a longer time some
users might try to change their posture accordingly, but
not while alternating within minutes or seconds. The
overall outcome is that users are likely to spend longer
periods of their working day in a constrained posture that
can increase the risk of overuse syndromes, if not injury. 

Another very useful achievement of our days, “over-
size” monitors, force the user into an upright body posi-
tion. Currently, the biggest screens are about 22" in di-
ameter, but this is not the last word in monitor size. Not
many people can maintain a relaxed head posture while
working with them. 

The introduction of GUIs has forced users to employ
bigger screens for the same task because of the space
requirements of the interface. Standard programs such
as word processors generally require a 17" monitor un-
der Windows compared to 13" under MS-DOS. At the
same time new tasks have emerged that need even
more space for various tasks (e.g., “imaging” to view
scanned documents in full size or image processing for
displaying large numbers of palettes). But the design of
furniture has not changed very much. Thus, the ability of
users to maintain an “optimal” posture has vanished. 

3.2 Who is in control?

Computer users have no real alternative, other than per-
haps to substitute a tablet, trackpad, or trackball for a
mouse. Even so, most people seem to accept the
mouse as the sole means for pointing tasks. Few work-
places offer their employees tablets of sufficient size. A
tablet suitable for working on a 21¨ display is at least A4
size, or about 50 cm wide. Its bulk means users have
even less control over posture. 

Using a mouse together with a standard keyboard
means that the closest point a typical right-handed user
can place the mouse is about 330 mm from the middle

of the body, on average about 500 mm, in excessive po-
sitions of the hand about 600 mm. If this is compared to
the average elbow-to-elbow breadth of Central Europe-
ans (5th percentile, female 185 mm (= 370 mm ÷ 2),
95th percentile, male 256 mm (= 512 mm ÷ 2)) it be-
comes obvious that no user will be able to adopt a neu-
tral posture as required by the ISO 9241-5 standard. Ac-
cording to this standard, a workstation is adequately de-
signed if the user is able to adopt a posture with no
muscle intentionally contracted (see also ISO 9241-9,
definition of “neutral posture”).

The degree to which deviations from the neutral pos-
ture cause problems, pain, and even injury depends on
usage. Here, software plays an important part, as it de-
termines the overall use of the mouse and the intended
way of alternating between it and the keyboard. Yet
most programmers are not aware of this even if they
themselves belong to the sufferers. 

Between 1980 and today, many computer users have
lost control over the pace of work, tasks performed, and
time. While 20 years ago computers were only able to
offer partial support for office work, and mostly for text-
based tasks, today’s computers offer more services
than one really needs. This is an excellent development
from the point of view of functionality. However, for
most tasks computers have become indispensable.
Thus, in most cases rest breaks are the only alternative,
but not necessarily the best.

In some work areas, such as telephone call centers, us-
ers have almost no control over time and workflow.
Even opportunities to take “micro-pauses,” i.e., very
short rest breaks, which are highly effective for recover-
ing from input tasks, are rare. 

4 Outlook

The situation between the years 1980 and 2002 has
changed significantly in at least two ways. Today people
enjoy working with new and powerful equipment, and
have shed the “computer anxiety” of a few years ago.
Unfortunately, enjoying things may only partly help to
overcome problems created by losing control over im-
portant factors such as workflow and posture. In future,
users are likely to have more than simple headaches. 

While in former times office workers would find some
relief during their free time, in 2002 many are likely to
continue working with the same type of equipment at
home or elsewhere. This only aggravates their prob-
lems. For other people not working in offices, the use of
input devices in one part of life may increase the likeli-
hood of experiencing problems in another. Thus, stan-
dard protective measures at the workplace may not suf-
fice. For many people it will be too late, if they begin
their careers after having worked for years with com-
puter equipment that was not designed for children or
young people. 

The “Tokyo Declaration” concerning design require-
ments for younger users including children, announced
at the end of WWDU 97, gained worldwide attention –

Figure 4: Arm posture and position of the wrist after
adjusting the chair for a comfortable position for typ-
ing. 
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without practical consequences, though. The notion
that most future office workers will work with comput-
ers outside professional working domains gives some
good food for thought. 
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ABSTRACT 

The present study was done to determine the role of workstation, work environment and individual factors as
predictors of musculoskeletal symptoms in a population of computer users. The subjects were 414 employ-
ees of a large insurance company who completed musculoskeletal symptom and work environment surveys.
Workstation measurements were taken for each subject. The results indicated that chair variables (seat pan
size, backrest size, chair adjustability) were the primary workstation measurement predictors of musculoskel-
etal symptoms. Job characteristics, such as time spent at the computer, task concentration requirements,
and work backlogs were also significant predictors of symptoms. 

1 Introduction 

Studies since the 1970's have shown a link between
workstation and furniture design and musculoskeletal
symptoms among computer users (e.g., Cakir, Hart and
Stewart, 1978; Hunting, Laubli, and Grandjean, 1981;
Sauter, Schleifer, and Knutson, 1991). Although there
has been a significant improvement in office furniture
and equipment as a result, musculoskeletal symptoma-
tology still remains a significant problem among com-
puter users, indicating that other job variables may play
a role in symptomatology. The present study was done
to determine the role of workstation, work environment
and individual factors as predictors of musculoskeletal
symptoms among a population of computer users. Data
are utilized from a longitudinal intervention study in
which the effectiveness of alternative keyboards in pre-
venting or alleviating musculoskeletal discomfort is be-
ing evaluated. The current analyses used baseline data
collected before subjects were assigned to alternative
keyboard conditions (i.e., all subjects were still using
conventional keyboards).

2 Method

2.1 Subjects

Subjects were 414 employees (63 M, 349 F) in a variety
of jobs (e.g., word processing, claims processing, etc.)
at a nationally-based insurance company who per-
formed intensive typing activities for three hours or
more per day. 

2.2 Procedure

At the beginning of the study, each subject completed
a musculoskeletal symptom survey, and a work envi-
ronment survey. The musculoskeletal survey asked
about the frequency, duration and intensity of symp-
toms in the back, neck, shoulders, arms and hands. The
work environment survey included questions about job
demands, job stress and satisfaction, and subject de-
mographics. At this time, measurements were also tak-
en of each subject’s workstation (e.g., work surface

height, depth, width), chair (e.g., height, adjustments),
and equipment (e.g., screen and keyboard angles). 

2.3 Analyses

Two groups of items were selected from the work en-
vironment survey for inclusion in the analyses. One
group consisted of control items (e.g., age, sex, general
health, tenure), and the second group consisted of work
environment and individual factors judged to potentially
influence musculoskeletal symptomatology (e.g., inten-
sity of work, backlogs, rest breaks, job satisfaction). A
third group of variables was constructed from the work-
station measurement data. Initial correlation and regres-
sion analyses were conducted separately with each
group of variables to eliminate nonsignificant variables.
The variables remaining after these analyses served as
predictor variables in a final regression analysis. Out-
come variables consisted of the duration, frequency and
intensity of symptoms in the back, neck, shoulders,
arms and hands.

3 Results 

Subjects were most likely to report discomfort in the
neck (50%), back (44%), right hand (38%) and right
shoulder (25%) regions. They were least likely to report
discomfort in their left upper extremity, or in the right
arm region. On average, their discomfort lasted approx-
imately 1 hour - 1 day, occurred approximately once a
week, and was of moderate severity.
For the most part, individual/control variables were not
significant predictors of discomfort among these sub-
jects. The exception was a variable measuring general
health (i.e., poor to excellent), which was a significant
predictor of neck, shoulder, hand, and back symptoms. 
Chair variables were the primary workstation measure-
ment predictors of musculoskeletal symptoms. Smaller
seat pan size was a significant predictor of neck, right
and left shoulder, and right arm symptoms. Taller back-
rests were associated with increased right and left
shoulder, right arm, left hand and back symptoms. Chair
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adjustability was associated with right shoulder, arm,
and hand symptoms. Lower work surface heights were
associated with more neck and right arm discomfort.

The amount of time spent at the computer (self-report),
the amount of concentration required by the job, and
work backlogs were the primary work environment pre-
dictors of symptoms. Individuals who spent more time
at the computer reported more neck, and right shoulder
and arm symptoms. Those whose jobs required more
concentration reported more right shoulder and right
hand symptoms. Subjects who reported work backlogs
also reported more neck, and right and left shoulder
symptoms. Individuals who reported high levels of job
stress reported more right arm symptoms, and individ-
uals who were less satisfied with their jobs reported
more back symptoms.

4 Conclusions

The results indicate that a combination of workstation
and job characteristics best predicted musculoskeletal

symptoms in this population. Chair variables, particular-
ly seat pan size, backrest size and chair adjustability,
combined with time spent at the computer, greater task
concentration requirements, and work backlogs were
the primary predictors of musculoskeletal symptoms.
The results point out that comfort is affected by aspects
of the job as well as by workstation and office furniture/
equipment design, and that the two should not be as-
sessed independently of one other.
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ABSTRACT 

The present paper contains the results of baseline medical interviews/examinations of 418 subjects partici-
pating in a longitudinal study of alternative keyboard effectiveness. Sixty-eight percent of the subjects were
prevalent neuromusculoskeletal cases, with the most common site for symptoms being the neck, followed
by the wrists.

1 Introduction & Methods

In February 2000, the National Institute for Occupational
Safety and Health (NIOSH) initiated a two-year longitu-
dinal study to evaluate the effectiveness of alternative
keyboards in preventing or relieving neuromusculoskel-
etal discomfort of the neck and upper extremities. The
study is being conducted at an insurance company with
multiple locations in the United States. Subjects have
been randomly allocated to one of three treatment
groups – a fixed-angle split keyboard, an adjustable split
keyboard, and a traditional keyboard (control). 
Health outcomes are being assessed by two methods.
The first method relies on self-reported symptom sur-
veys. Subjects completed a body part symptom survey
at baseline and every three months thereafter. The
baseline survey responses identified ‘self-reported’
prevalent cases at the beginning of the study. Individu-
als reporting the onset of symptoms for new body parts
during the observation period are identified as potential
incident cases. The second method is based on inter-
view and physical examination of all subjects by one oc-
cupational medicine physician at baseline in order to
identify ‘clinical’ prevalent cases. In addition, this physi-
cian contacts those individuals identified as potential in-
cident cases during the study by telephone to obtain a
history of their new symptoms and to clarify the affect-
ed body part and the nature of the symptoms. This phy-
sician is blinded to the keyboard treatment status of the
subjects. This paper summarizes the results of the
baseline interviews by the physician.
Each clinical evaluation included an interview to ascer-
tain past and current medical history with emphasis on
conditions potentially related to the neck, shoulders, up-
per arms, elbows, forearms, wrists, and hands. Individ-
uals reporting symptoms currently affecting these body
regions to the physician were considered prevalent
symptomatic cases regardless of severity or the pres-
ence or absence of concordant physical examination
findings. Individuals with multifocal symptoms (e.g.
neck and shoulder) were designated as one case for
one body part if the history suggested one condition
with radiating or referred symptoms. Other cases with

multifocal symptoms were designated as one case for
each relevant body part (e.g. neck and wrist).
Evidence of association between case status (by body
part) and gender, 10-year age categories (< 30; 30–39;
40–49; ≥ 50), and dropout status were evaluated using
chi square tests with a criterion value of p < 0.05. 

2 Results

A total of 418 subjects were interviewed and examined
at baseline. There were 359 females in the study popu-
lation (86%). The age distribution varied from 19.4% to
32.9% across the four 10-year age categories. 
Of these 418 subjects, 285 (68%) reported having
symptoms in one or more body parts. The remaining
133 subjects (32%) were completely asymptomatic at
baseline. The number of cases and the point prevalence
for each body part are summarized in Table 1. None of
the conditions were associated with dropout status.
Neck case status was associated with male gender (OR
= 3.14; p < 0.01) but not age. Even though some of
these individuals had symptoms in multiple muscles,
the trapezius, paracervical, and periscapular muscles
were involved in isolation in 82 (45%), 57 (31%), and 13
(7%) cases, respectively. Trapezius case status was as-
sociated with male gender (OR = 4.46; p < 0.01). Parac-
ervical case status exhibited a positive trend with age.
Periscapular case status exhibited a negative trend with
age. 

Table 1: Number and prevalence of cases 

Body Part Cases (#) Prevalence (%)

Neck 184 44

Shoulders 22 5

Upper Arms 3 1

Elbows 30 7

Forearms 33 8

Wrists 79 19

Hands 21 5

Back 8 2
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Shoulder case status had a significant positive trend
with age, but no association with gender. There were
too few upper arm cases to warrant statistical analysis.
Elbow case status was not associated with gender or
age. There were 14 lateral elbow pain cases (47%) – 7
were only on the right side (50%), 2 were only on the
left side (14%), and 5 were bilateral (36%). These lateral
elbow cases had a significant positive trend with age.
There were only 2 medial elbow pain cases (7%). There
were 9 elbow cases suggestive of ulnar nerve entrap-
ment at the elbow (30%) – four cases affected the right
side (44%), 2 the left side (22%), and 3 were bilateral
(33%). 
The 33 symptomatic forearm cases were not associat-
ed with gender or age. Of these cases, 16 affected only
the right side (48%), 3 affected only the left side (9%),
and 13 affected both sides (39%). Also, 20 cases oc-
curred only on the extensor side (61%), 8 only on the
flexor side (24%), and 5 on both sides (15%).
As a group, the 79 symptomatic wrist cases were not
associated with gender or age. Of these cases, 33 af-
fected only the right wrist (42%), 16 only the left wrist
(8%), and 31 both wrists (39%). Also, 35 cases were lo-
calized to the extensor side (44%), 21 to the flexor side
(27%), 8 to the ulnar side (10%), and 1 to the radial side
((1%). The affected side could not be localized for 15
cases (19%). 
Among these 79 wrist cases, there were 8 suspected
cases of tendon entrapment at the first dorsal wrist
compartment, e.g. de Quervain’s tenosynovitis (10%).
All 8 cases were female and 6 cases were greater than
50 years of age. There was no statistical evidence of as-
sociation with gender, but a significant trend with in-
creasing age. Five of these 8 cases were on the right
side (63%), 1 was on the left side (13%), and 2 were bi-
lateral (25%). 
There were 17 suspected cases of carpal tunnel syn-
drome (22%). Sixteen cases were females (94%). Eight
cases (47%) occurred in subjects greater than 50 years
of age, and there was a significant trend with increasing
age. Ten cases affected only the right side (59%), 7
both sides (41%), but none only the left side. 
There were 7 wrist ganglion cases (9%). Five were on
the right side (71%), 1 on the left side (14%), and 1 on
both sides (14%). All cases were females and all age
categories were represented. 
There were 21 cases that affected only the hands or fin-
gers. Of these, 20 cases were affected only on the right
hand and 1 was affected on both hands. Hand case sta-
tus had no association with age or gender. 

There were 8 cases that affected the back. All cases
were females. Four cases were in the 30 – 39 year age
category. 

3 Discussion

The results reported in this paper describe the baseline
symptoms reported to the physician examiner. Subse-
quently the presence of baseline symptoms will be
combined with concordant physical examination find-
ings and, using a priori case definitions, cases of specif-
ic disorders will be identified. These baseline physician
interview-based cases as well as the baseline examina-
tion-based diagnosis cases can be compared to the as-
certainment of cases by the self-reported symptom sur-
vey. These baseline cases represent a cohort of sub-
jects whereby the efficacy of alternative keyboards in
relieving musculoskeletal symptoms (secondary or ter-
tiary prevention) may be evaluated. 
The 133 subjects who were asymptomatic for all body
parts represent one set of subjects whereby the effica-
cy of alternative keyboards in preventing the develop-
ment of musculoskeletal symptoms and disorders may
be evaluated. Another set is individuals who were
symptomatic in one body part at baseline (e.g. the neck)
but were asymptomatic in other anatomically distinct
body parts (e.g. elbows, forearms, wrists, and hands). A
third set is comprised of individuals with a past history
of musculoskeletal symptoms or disorders of one or
more body parts who were asymptomatic at baseline
whereby the efficacy of alternative keyboards in pre-
venting recurrence of these symptoms or disorders can
be evaluated. A variety of statistical techniques, such as
logistic regression, will be used to test hypotheses
about treatment effects and identify predictor variables
that best predict case status or a change in case status. 

4 Conclusion

In this study, 68% of the subjects were prevalent neu-
romusculoskeletal cases based on interview by a physi-
cian. The most common symptoms involved the neck
(44%), followed by the wrists (19%), and then the
shoulders, elbows, and forearms (7-8%). The trapezius
muscle was the most common site for neck symptoms,
followed by the paracervical muscles. In the distal por-
tion of the upper limb (elbow to hand), approximately
50% of the reported symptoms affected only the right
side, 35% both sides, and 15% only the left side. In the
forearm and wrist, approximately 60% of the reported
symptoms affected only the extensor side, 30% only
the flexor side, and 10% both sides. 
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ABSTRACT

This paper presents preliminary results of a study of muscle activity associated with keyboard use within a
large insurance company.  Surface electromoyograms (SEMG) were recorded from 52 employees from a va-
riety of departments at this insurance company.  The median relative activity of the SEMG observed during
keyboarding from the flexor digitorum superficialis (FDS), extensor digitorum communis (EDC), and trapezius
muscles averaged 2.4, 5.5, and 3.7 percent of voluntary maximum activity, respectively.  The 52 employees
were categorized based on their job as either word processors, for whom total keystrokes per day were
known to be high, or other job categories, for whom total keystrokes per day were lower. Comparisons of
muscle activity between word processors and those in non-word processing departments indicated that the
word processors exhibited significantly (p < 0.05) higher relative activity in EDC and significantly lower rela-
tive activity in trapezius.  The latter of these findings was unexpected and appears to relate to differences in
static working posture of the shoulders.   

1 Introduction

Keyboard use has been linked with musculoskeletal dis-
orders of the upper limbs, as it accounted for 15% of all
lost workday cases in 1998 classified by the U.S. Bu-
reau of Labor Statistics as repetitive motion injuries.
Several studies have explored keyboarding finger forc-
es, but most have been in laboratory settings and have
included fewer than 10 participants. This study exam-
ined surface electromyography (SEMG) recorded from
the digit flexor and extensor muscle groups, in addition
to the trapezius from 52 employees of an insurance
company in an attempt to describe loading of the upper
limbs during keyboard use.  These data are part of a pro-
spective study designed to evaluate the effects of key-
board design on musculoskeletal health.          

2 Method

2.1 Subjects

In this investigation SEMG was recorded from 52 (6
male and 46 female) employees selected from a broad
range of job titles within a large insurance company.  Of
the 52 participants, 18 were word processors and 34
represented a variety of other job titles.  Participants
used one of three keyboards: Lifetime Classic II, Life-
time Designer, or HP Vectra Multimedia (VL8).   

2.2 SEMG Recording

SEMG was recorded bilaterally from trapezius, flexor
digitorum superficialis (FDS), and extensor digitorum
communis (EDC).  Bipolar surface electrodes were at-
tached to these muscle groups based on published rec-
ommendations (Zipp, 1983; Perotto, 1994). EMG ampli-
tudes were normalized relative to maximum EMG activ-
ity obtained by averaging over three MVC exertions that
statically replicated the function of these muscles in
keyboarding.  This was accomplished by mounting a
subminiature load cell under the “f” key of a traditional
keyboard.  Subjects applied a maximum isometric key-

press force with the 3rd digit (middle finger) on this key
to obtain maximum FDS EMG (EMGmax).  EMGmax for
EDC was elicited during a maximal static extension of
the 3rd digit (“keypull”) against a digit cuff located just
proximally to the distal interphalangeal joint (DIP) and at-
tached to the load cell.  Trapezius MVC was elicited by
a maximal shoulder shrug against a fixed load cell.
Approximately 24 minutes of EMG were sampled dur-
ing each subject’s normal work routine.  Only EMG data
corresponding to “keyboarding” activity was further an-
alyzed.  Raw EMG was filtered with a 20 Hz analog high
pass filter prior to sampling.  The RMS (40 ms TC) of the
high-pass filtered signal was calculated and expressed
as the muscle’s relative activity (RA) by normalizing to
the maximum (RMSmax) and resting (RMSrest) electrical
activity of the muscle according to equation 1.

     

F
Following normalization the relative activity (RA) data
were characterized by their amplitude probability distri-
bution function (APDF).  The APDF characterizes the RA
amplitude statistically by plotting cumulative probability
against relative activity level.  The median (50th %tile)
and 95th %tile RA served as dependent measures.

3 Results

Figure 1 shows the APDF for each of the three muscle
groups averaged for the 52 employees.  The mean 50th

and 95th percentiles of the relative activity are shown in
Table 1.  Mean 50th percentile RA was 3.7%, 2.4%, and
5.5% MVC for the trapezius, FDS, and EDC, respective-
ly. The mean 95th percentile RA was 10.3%, 15.4%,
and 18.4% MVC for the trapezius, FDS, and EDC, re-
spectively. Comparisons between word-processors
(WP) and employees in other job categories (non-WP)
are shown in Figure 2. Word processors exhibited sig-

RA
[RMS  -  RMS ]
[RMS  -  RMS ]

task rest

max rest
= (1)
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nificantly greater relative activity in EDC (p < 0.05) and
significantly lower relative activity in trapezius (p < 0.05).
The increased relative activity in FDS among the WPs
was not statistically significant.  

Table 1: Mean 50th and 95th percentile relative activity
and mean RA of other published studies

4 Discussion

The median relative activity levels observed in this study
agree closely with those that have been reported in
small-sample studies using similar methods (see Table
1).  For EDC and trapezius the differences between the
median RA of the present study and the mean and me-
dian RA of other similar studies is within 0.1 of 1%
MVC.  The 17% lower median FDS RA observed in this
study could be due to a lower make force of the key-
boards used, as the make force of the keyboard is most
influential on flexor activity.
A variable critical to digit flexor and extensor loading is
that of typing rate.  Faster typing (defined by more key-
strokes per unit time) requires higher velocity and accel-
eration of the digits striking the keys through higher ac-
tivation of the digit flexor and extensor muscle groups.
Thus, the measures of FDS and EDC loading were ex-
pected to be higher for the word processors than for
subjects in job categories involving lower keystroke vol-
ume.  This was the case for EDC, but the expected high-
er FDS loading among WPs was not statistically signifi-
cant. 
The unexpected finding of a lower relative loading of tra-
pezius among WPs is not likely related to keystroke vol-
ume. Static working posture of the shoulders appears
to be the more relevant determinant of trapezius mus-
cle activity.  Working posture will be explored more fully
through the remainder of the data analysis portion of
this study. 
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Figure 1: Mean APDF for digit flexor/extensor and tra-
pezius loading (N = 52)

Figure 2: 50th %tile RA of Word-Processors (WP) and
subjects in other job titles.  (* p < 0.05)

Trapezius

(%MVC)

FDS

(%MVC)

EDC

(%MVC)
150th %tile RA  (mean ± 
s.d.)

3.7 ± 3.2 2.4 ± 1.6 5.5 ± 2.5

195th %tile RA  (mean ± 
s.d.)

10.3 ± 7.3 15.4 ± 8.9 18.4 ± 7.1

(a) Fernström et al. (1994)2 3.7 1.6 7.1

(b) Gerard et al. (1994)3 - 5.0 7.5

(c) Gerard et al. (1996)2 - 2.2 2.0

mean of similar studies4 3.7 2.9 5.6
1present study,  2median RA,  3mean RA,  
4average of medians and means from studies a-c
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ABSTRACT

There is a significant information gap between users and seating developers. To bridge the gap, “The Seating
Clinic & Design Studio” was established in 1999 at Waseda University. The purpose of the studio is to select
or design a well-fitting chair for each individual. Solutions for seating problems are also discussed in the stu-
dio. This paper reports about the survey of the visitors who came to the seating clinic.

1 Introduction

There is a significant information gap between users
and seating developers. For example, information about
the adjustments of a chair is not always communicated
well between seating developer and the seat’s user. To
have a well-fitting chair, the user must choose a chair
that fits, or adjust a chair to fit the body properly. Al-
though there are numerous ergonomic chairs on the
market, users generally do not know the right way to ad-
just them. The “participatory approach” has already
been proposed to bridge the gap between users and
seating developers (Noro 1994, Noro 1998). “The Seat-
ing Clinic & Design Studio” was established in 1999 at
Waseda University (Noro et al, 2000) to implement that
approach. The purpose of the studio is to select or de-
sign a well-fitting chair for each individual. Solution of
seating problems such as backache, are also discussed
in the studio.

2 The overview of the seating clinic & 
design studio

This studio is divided into two sections: The first section
is concerned with the measurement, evaluation, and
development of seating. For example, a study on the
evaluation method of seating comfort by body pressure
distribution and development of measurement system
for pelvic angle are carried out in this section. And by us-
ing these techniques, the studio is concerned with the
development of a chair by cooperation of a maker. The
second section is a showroom of recommended office
chairs. This showroom, which is called the seating clin-
ic, is open to the public and in it users can learn how to
adjust a chair or the preferred way to sit. The flow of the
clinic is shown on Table 1.

3 Survey of the visitors

Since “The Seating Clinic & Design Studio” was estab-
lished in 1999, the total of the visitors to date is 192 per-
sons (124 male, 68 female). The majority of the visitors’

age brackets were twenties and thirties (Figure 1). Brief
survey of the visitors was conducted.

3.1 The type of a chair in daily use

The type of a chair which visitors use daily was sur-
veyed (Figure 2). 55 percent of the visitors use an office
chair. 31 percent use a dinning chair. Figure 3 shows the
result on each age bracket. A younger age brackets use
an office chair more than an elderly age brackets, and an

Table 1: The flow of the clinic

Figure 1: The total number of visitors

1) Acceptance An appointment must be made by telephone or
e-mail.

2) Interview Seating conditions on a normal life is asked.
Anthropometry (height, weight, lower leg length,
elbow height, etc.)
Subjective evaluation (a questionnaire form)
Measurement of body pressure distribution
Measurement of pelvic angle (option)
Measurement of brain waves (option)
EMG (option)
Video recording PC working posture (option)

4) Clinical chart Results of the examination are recorded as a
clinical chart, and handed to the participants.

5) Advice After the examinations, advice is given on, the
way to sit, the way to adjust, and the choice of a
chair. Advice about workstation can be also
given.

3) Examination
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elderly age brackets use an elderly chair more than a
younger age brackets.

3.2 Visit purposes

Figure 4 shows the visitors’ visit purposes. 63 percent
of the visitors had physical pain and came to the seating
clinic. Detail of the physical pain is shown in Figure 5. 58
percent of the physical pain was back pain.

4 Conclusion

From the result of our survey, 63 percent of the visitors
had a physical pain, and most of them had a trouble with
their chairs during a computer work. Although there are
numbers of ergonomic office chairs on the market, it is
considered that general users do not know the right
way to use them. It is clear that users need more infor-
mation about their chairs.
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ABSTRACT 

The study is a parallel group design with two intervention groups (T and S) and one control group (C) of
VDU workers. Three serial interventions were carried out in the T and S groups, first a new lighting sys-
tem, then new workplaces and last an optometric examination and corrections if needed. The new light-
ing increased illuminance levels (300 lux to 600 lux), increased luminances of the room surfaces (30 cd/m2

to 80 cd/m2). The two intervention groups reported significant improvement of the lighting conditions, vi-
sual conditions and reduced discomfort and glare. Further, a clear tendency to reduction of visual discom-
fort was reported after the optometric corrections in both intervention groups. No significant changes
were observed in the C group. This group reported significantly more visual discomfort compared to the
two intervention groups after 2 years. After 3.5 years, the C group got the same interventions. This group
reported significant reduction of visual discomfort after interventions while the two groups (T and S) con-
tinued to report significant reduction of visual discomfort after 6 years.   

1 Introduction 

Total renovation of two buildings at Alcatel Telecom
Norway, Oslo, was carried out in 1991-92. By this pro-
cess a very poor lighting was established. Simple lumi-
naires were applied with ineffective louvres and down-
ward light distribution only. After a rather short period of
time the VDU operators reported visual problems, eye
fatigue, blurred vision, glare and headache. These prob-
lems resulted in establishment of a multidisciplinary
team to carry out a longitudinal epidemiological study,
where the effect of introducing ergonomical work-
places and new luminaires was evaluated. In addition,
optometric corrections were given, if needed. The
three interventions were implemented in a serial way,
Aarås et al (1998). 

2 Aims of the study 

Is there a relationship between visual discomfort and
pain in the upper part of the body?

3 Study design 

The study is a prospective parallel group design with
three groups of male VDU workers, performing soft-
ware engineering. About 50 subjects participated at
commencement in each group. Two groups (T and S)
got first the new lighting system, then the new work-
places and last optometric corrections if needed. The
third group (C) acting as a control group, got no interven-
tion, until after about 3.5 years when also this group got
the new lighting, new workplaces and optometric cor-
rections. Subjective symptoms were assessed by us-
ing Visual Analog Scale (VAS).

4 Interventions

4.1 Lighting 

The new system, with localized lighting, applies sus-
pended luminaires with a light distribution about 25 %
diffused upwards and 75 % downwards, through an ef-
fective reflector-louvre system. Bjørset (1987) studied
the optimal positioning of the luminaries relative to the
screen. Figure 1.  

Figure 1: The workplace with the new table/chair and
the new luminaires.
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4.2 Optometry

Criteria for prescribing an optometric correction were
based on clinical experience and earlier studies. The cor-
rections were modified to fit the physical dimensions of
the actual workplace. The spectacle lenses recom-
mended were white, organic lenses with antireflection
coating.

4.3 Workplace

The workplace intervention consisted of installing new
tables and chairs. The table allows the operators to sup-
port the forearms and hands.

5 Results 

After increasing the average illuminance of the relevant
work areas from below 300 lux to above 600 lux and the
luminance levels of ceiling and walls from below 30 cd/
m2 to above 80 cd/m2, the operators reported a highly
significant improvements of the lighting and visual con-
ditions and a significant reduction in the glare problems
(p=0.0001) while no significant changes was reported
in the C group. In fact, regarding lighting and visual con-
ditions, the control group assessed a small, but signifi-
cant worsened visual condition (p=0.008) (Aarås et al
1998).

The visual discomfort during the last month was report-
ed significant reduced in the intervention groups
(p=0.03), while no significant change was observed in
the control group (p=0.28). Figure 2.

Further, a clear tendency to reduction of visual discom-
fort was reported after the optometric interventions in
both intervention groups (p=0.07), while no significant

change was observed in the control group. After two
years, the T and S groups reported significantly less vi-
sual discomfort after optometric intervention compared
with the C group. 

After 3.5 years, the C group got the same interventions
as the T and S groups. The operators in the C group re-
ported significant improvements in visual conditions
and glare problems. No significant changes were re-
ported for these parameters from two to six years in
the T and S groups (Aarås et al 2001). Further, visual dis-
comfort was significantly reduced after lighting and op-
tometric interventions in the C group (p=0.03). 

After six years of the study, a cross-sectional investiga-
tion of the relationship between visual discomfort and
distance from the window was performed. When us-
ing a sightline to the screen parallel to the window,
there is a significant reduction in visual discomfort for
those sitting more than 1.5 m from the window com-
pared with those sitting closer to the window than 1.5
m (p=0.03). 

A correlation was found between visual discomfort and
the average pain intensity in the neck and the shoulder,
the correlation coefficient was between 0.30<r<0.40.
Further details: Neck pain was related to visual prob-
lems (p=0.008) and burning and itching of the eye
(p=0.004). Shoulder pain as well as forearm and hand
pain were related to induced phoria (p=0.04). Back pain
was related to burning and itching of the eye (p=0.03).
Headache was related to visual discomfort (p=0.01).

6 Discussion and Conclusion

The study has shown that both lighting and optometry
are important for reduction of visual discomfort for VDU
workers. Further, the study documented that visual dis-
comfort correlate to neck, shoulder and back pain.
Therefore, lighting and optometry must be considered
in addition to workplace design in order to reduce the
musculoskeletal pain in the neck and shoulder.
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Figure 2:  Visual discomfort in the last month for the T,
S and C groups. The values are given as mean, with 95
% confidence interval, before the interventions, after
the lighting intervention, after the optometric interven-
tion, after 3.5 and 6 years. On the ordinate, 0 indicates
no visual discomfort while 100 is very severe discom-
fort. A * indicates a significant difference when com-
paring with the column containing a +. A (*) is very
close to a significant difference.
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ABSTRACT

The recent Italian law n°422 of December 2000 has changed the definition of VDU operator to "worker using
a VDU for at least 20 hours per week". According to this new definition the number of VDU operators in Italy
could be almost 20 million. So it would seem opportune to set out objective and reliable guidelines in order to
efficiently apply the law. As scientific literature has reported, there is a relationship between visual load inten-
sity and appearance of symptoms (occupational asthenopia). In this study we objectively measured the aver-
age observation time of professional targets and the average observation distance while working. The inves-
tigation was  carried out in 4 bank agencies in Milan and measurements were repeated for two days consec-
utively. Three subjects were studied twice for a total amount of 24 days of investigation. Results show that
time spent at VDU workstations is usually between three and six hours, which is less than total hours
worked, and work organisation often requires several tasks to be carried out away from the workstation. The
declared time spent at VDU by the operators, during the ergophthalmic interview does not seem to corre-
spond to the time spent at the VDU workstation.
Considering the average observation distance it is possible to calculate the subtended angles by occupational
targets and the required accommodation and convergence, that are respectively between 20% and 70% of
the available accommodation and between 25% and 78% of the available convergence.

1 Introduction

Following the EEC directive 90/270 of 1990, conse-
quent to the relevance assumed by “work and vision”
in international literature, particular attention was given
to primary and secondary prevention. Following the em-
anation of Decrees 626/94 and 242/96 by the Italian
government, the EEC directive 270/90 was accepted,
except for the definition of a VDU operator. According to
the EEC directive a VDU operator is a worker using a
VDU for a relevant amount of work time while for Italian
laws Decrees 626/94 and 242/96 a VDU operator uses
a VDU for at least 4 hours/day 5 days/week. As this par-
ticular situation is rare in Italy, the exposure to VDU
work has been always assessed with anamnestic ques-
tionnaires.

The recent law n° 422 of december 2000 has changed
the definition of VDU operator to “worker using a VDU
at least 20 hours per week”. According to this new def-
inition the number of VDU operators in Italy could be al-
most 20 million. An objective and reliable guide line to
evaluate exposure and efficiently apply the law require-
ments is therefore necessary.

The visual work load of a VDU operator is essentially:

• near, the objects are generally  50-80 cm from the
operator ;

• prolonged, observation must be maintained for
many hours;

• fixed, often size and layout of workplaces inhibits
physiological activation and relaxation of accommo-
dation and convergence.

Scientific literature (Bergqvist, 1989, Piccoli et al. 1996,
Scullica et al. 1989) shows a relationship between inten-
sity of visual load and appearance of symptoms (occu-
pational asthenopia). According to our research, a reli-

able evaluation of visual work load should consider two
parameters:
average observation time of objects (“professional tar-
gets”) located at less than 1 meter;
average observation distance while working.
In VDU operators, professional targets are usually repre-
sented by screen, keyboard, mouse and documents.
Frequently there are other professional targets such as
calculators, telephones, etc.
While working, VDU workers maintain accommodation
and convergence activated for many hours, which could
cause visual fatigue and occupational asthenopia.

2 Materials and methods

The research was carried out in four bank agencies in
Milan, studying in each one:

1 cashier;
1 back office operator;
1 commercial operator.

Measurements were repeated for two days consecu-
tively. 12 subjects were studied twice, for a total of 24
days. The workers involved were aged 36 +/- 7.6 years
and 66% were men.
Each subject underwent to a specific ergophthalmic in-
terview in order to exclude workers affected by ocular
pathologies or symptoms that could interfere with the
results of the experiment.
Observation distance and VDU work duration were
monitored with electronic equipment recently designed
in our Department. This instrument is composed of a
computer to calculate the measurements and store da-
ta, a control unit that enables communication between
the computer and the peripheral devices, peripheral de-
vices that emit and receive ultrasounds. The transmit-
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ting source is located on the occupational targets, the
receiver is on the operators forehead (nasion) attached
to a goggles without lenses (Piccolo et al 2001). The dis-
tance of the two sensors represents the observation
distance. It is calculated measuring the time between
the transmission of the signal and its reception (consid-
ering that the propagation speed of ultrasounds in the
air is about 340m/sec.). The accuracy is +/- 0.5 cm and
frequency of registration is 5/sec. The instrument regis-
ters an interruption (int) signal when the subject has to
move away from the workstation and an outfield (out)
signal when the operator observes targets outside the
occupational visual field.

Interpupillary distance was measured to quantify exact-
ly, in prismatic dioptres, the average convergence.

3 Results and conclusions

The study has been divided in  three stages:

1. evaluation of work tasks
2. ophthalmic anamnesis;
3. analysis of objective measurements.

3.1 Evaluation of work tasks

3.1.1 Cashier

These workers are frequently in contact with the clients
and perform the greater part of operations using VDUs.
In some cases the VDU is located behind the work
desk, which imposes a longer observation distance and
obliges the operator to stretch (over extend) the upper
body (cervical and dorsal spine). The work required is for
deposits and withdrawals, handling of miscellaneous
paper work and delivering of debit and credit cards. Dur-
ing these tasks the work with VDT is interrupted by per-
sonal interaction with clients, signatures, stamping of
receipts, counting of money, etc. Furthermore the oper-
ator can move away from the workstation to send fax-
es, prepare cheques and contact colleagues. Additional
operations are opening and closing of security box
(twice in an hour) and refilling of Automatic Teller Ma-
chine (ATM). After closing time work tasks consist
mainly in controlling documents and counting money.
The main occupational targets are:

• VDU (display, keyboard);
• paper documents;
• clients’ face.

During this phase, vision at far is limited by office furni-
ture and equipment.

3.1.2 Back office operator

Back office work tasks depend on the importance of the
agency. Usually these operators are involved in video
data controlling (in particular cash operations), checking
documents, treasury, controlling cheques. The screen
is located laterally. Work with VDU is more intense and
continuous during data controlling that requires network
links.

3.1.3 Commercial operator

These operators are usually in contact with clients to
open accounts, make investments, approve loans, pro-
vide information, etc. VDU is used to inquire/check data
for clients. The equipment is lateral, to allow an ade-
quate space to communication with the clients. Some-
times the operators move to send faxes, use photocopy
machine, or consult colleagues. Other activities, at par-
ticular times of the year (e.g. christmas, end of financial
year) are characterised by an intensive use of VDU.

3.2 Ophthalmic anamnesis

It is important to note, even if our population is very lim-
ited, that the prevalence of refractive defects is rather
high (58.3%). Due to the young age, the prevalence of
presbyopia is only 16.7%. 25% of workers were affect-
ed by allergic conjunctivitis and 16.7% had ocular pa-
thologies that could be responsible for a hypersuscept-
able condition. Analysing the symptomatology we
found that 37.5% of the operators were asthenopic.

3.3 Instrumental measurements of visual 

work load

Measurements lasted between 7h 45m and 8h with the
exception of 1 day during which, due to technical prob-
lems, the duration was of 6h.
The analytical data was:
• total registration time (trec): time between begin-

ning and end of measurements including lunch
time;

• worked time (tw): total registration time minus
lunch time;

• interruptions (int): when the operator moves away
from the workstation;

• workstation time (tws): work time minus interrup-
tions;

• outfield observation (out): when the receiving sen-
sor did not intercept signals from emitting sensor;

• VDU time (tVDU) worked time minus (int) and (out)
times;

Time spent at VDU workstation (tws), usually between
three and six hours, is less than worked time, because
of work organisation that often requires several tasks to
be carried out away from the workstation. These tasks
performed away of the workstation are 40% for back of-
fice, 28% for commercial operator and 20% for window
operator. The analyses of the data show a relevant num-
ber of  “out time” with some differences according to
work tasks (42% in commercial operator, 36% in cash-
ier operator, 18% in back office). 
Time (int) and (out) are mostly due to logistic aspects
and to work tasks, rather than to the organisation of
each agency.
It is opportune to consider that during time (int) there
can be a certain visual load at near (reading of docu-
ments, display observation in other workstations, etc.)
that is 20% of the total. During time (out) a relevant
amount of time (50%) is occupied in observation of oc-
cupational targets out of the field of reception character-
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ised by visual load at near. On the other hand we must
consider that in some cases visual axes of the opera-
tors, in particular head positions registered within the
field of reception, are directed further than the occupa-
tional targets with a visual load at far. The relevant
amount of (int) and (out) times implies that VDU time is
only a small portion of worked time, oscillating between
two and three hours. 
Considering the limited number of subjects in this
study, it is not epidemiologically relevant, but it is possi-
ble to observe that the objectively measured (tVDU) is
much shorter than the declared tVDU, in particular for
commercial operators. If we add to (tVDU) also the
amount of   (int) and (out) characterised by visual load at
near, we find that, with the exception of the cashier, it
is longer than the declared tVDU. On the other hand
(tws) is very similar to declared tVDU.
Observation distance is also worth of note. In fact, 66%
of operators had an average observation distance of 80
cm, even though literature reports an average observa-
tion distance of 60-70 cm. 
By the average observation distance it is possible to cal-
culate the subtended angles of the occupational tar-
gets, and the theoretical required accommodation and
convergence. The analysis of this data shows that the
required visual acuities are not very high (2-3 decimals).
On the contrary, accommodation and convergence

seems to be relevant, especially if maintained for many
hours consecutively and for many days per week (val-
ues between 16% and 68 % of accommodation theo-
retically available and between 20% and 72% of con-
vergence theoretically available). In these conditions it is
possible to hypothesise that, particularly in case of op-
erator's hypersusceptabiliy (found in some cases), an
overload of the visual apparatus could cause astheno-
pia.
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ABSTRACT

The vision charge at work with video display terminal has been studied in calculus technics – data entry, pro-
gram projection and technical editing to make evident the visual strain causes and to decrease it.Research
methods included: equipment and work analysis, environment characterization especially the lighting condi-
tions, dynamic assessment (before and during work) of some visual indicators and subjective symptomatol-
ogy investigation in 200 female operators. Results showed that many visual functions participate in work: vi-
sual acuity, ocular accomodation and convergence, eye movements, contrast and chromatic sensibility, per-
ception speed, visual field. The performance decrease of the visual indicators during work in most or all sub-
jects and the high frequency of the ocular and visual complaints show the visual fatigue, which was higher at
calculus technics – data entry, followed by editing and then by program projection. Technical, organization,
medical and social interventions are necessary to prevent the vision superstrain.

1 Introduction

Especially in the last twenty years the industry and the
administration have introduced new technologies with
an information character which employ the cathodic
screen to present the information. So the work at video
display terminal (VDT) has been increasingly extended
in the offices and also in other domains including a great
number of operators, to deposit and process the infor-
mation. The reception of the information displayed on
the cathodic screen imposes the permanent participa-
tion of the vision in the work. Of course the conditions
of this reception depend on many factors of the “man-
machine” system which may be favourable or un-
favourable for the operators producing in the last case
strain and fatigue. Hence we have studied the vision
participation in this work at calculus technics – data en-
try, program projection and technical editing to make
evident the visual strain causes and to decrease it.

2 Materials and Methods

The basic conception of the study was that the organ-
ism strain at VDT is determined by all factors of the
work tasks and working conditions (Herman et al, 1987,
1991). An important objective was to obtain good
knowledge about the technological process and the
work made by the human operator with his tasks and
the factors which may influence the activity and the or-
ganism strain. There was performed the detailed work
analysis by direct observation and measurements, by
consulting the equipment documents and by the infor-
mation received from the technicians and operators.
The building and the functional characteristics of the
equipment and work furniture – tables, chairs - were
analysed. The environmental factors – microclimate,
lighting, noise – were assessed. The lighting conditions
were especially studied, measuring the illumination lev-
el of the work surfaces, workplaces and in the hall. The
luminance of the work surfaces was performed. The
characteristics of the lighting installations were estab-
lished.

An important objective was making evident the organ-
ism reactions during work, by means of physiologic,
psychological and hormonal tests applied dynamically
before and during work and at the work end in the morn-
ing (7-15 hours) and afternoon (15-22 hours) workshifts.
Following neuropsychic indicators, most with sensorial
(visual) and central significance, were assessed before
the work start and at the work end in 200 subjects:

• Eye accommodation and convergence distances,
by the Douane figure. Three measurements were
made for each position and the final results were
their mean values.

• Palpebral blink frequency, by direct watching and
counting the blink during the three minutes of
Weston test performing. The number of blinks/min
was established.

• Visual acuity to near with performance elements –
time and mistakes at optotype reading, an original
“Optotype” test (Herman, 1995). The optotype
with six groups of numbers was illuminated at 40 lx
and the reading time (aloud and as quickly as possi-
ble) was established by timing. The test was
applied also after 4 work hours.

• Critical fusion frequency (CFF) at green light, with
three measurements for each investigation and
with the final mean value result. CFF was assessed
after 4 work hours too. The test was circular with
the diameter of 0.7 cm and the light frequency
ranged from 20 to 60 Hz/s.

• Visual perception speed by the tachistoscope, at
letter and number tests with 10 variations. The
exactitude coefficient was calculated.

• Watching the frequency of the eye direction
between the work surfaces, with timing.

• Exactitude at Weston performance test (with inter-
rupted Landolt rings), which was completed in a
period of 3 minutes.

Indicators of the general organism strain were assessed
in 60 subjects before and during the whole workday:
the heart rate as global indicators of the biological organ-
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ism cost and the urinary excretion of catecholamines
(adrenaline, noradrenaline).

The subjective symptomatology was investigated by a
questionnaire, completed by 100 subjects, including
many questions about the subjects’ data, the symp-
toms and their causes, the proposals.

The tested subjects were healthful female operators,
with normal vision: age of 20 – 35 years (mean of 28
years ± 3 years), seniority at VDT of 2 – 10 years (mean
of 7 years ± 2 years).

The data were analysed and calculated by the computer
which a special program: arithmetical mean, standard
deviation, mean of differences between the work end
and the start values, paired “t” (Student test), signifi-
cance of  “p”, change frequency of the values at the
work end towards the initial values.

3 Results and Discussion

The studied activities at VDT carried out in halls with
windows and conditioned air. The operators worked al-
ways sitting at tables with the VDT equipment and ma-
terials, placed in parallel rows with the windows. There
are three work surfaces – cathodic screen, keyboard,
document or manuscript, which have different charac-
teristics of the lighting, chromatics and distances to-
wards the operators’ eyes. The height of the table sur-
face from the floor was 70 – 75 cm. The distances be-
tween the eyes and the three work surfaces were: at
calculus technics, 40 – 57 cm for eye-screen, 36 – 71
cm for eye-keyboard, 33 – 58 cm for eye-document; at
editing, 60 – 83 cm for eye-screen, 33 – 42 cm for eye-
keyboard, 39 – 57 cm for eye-manuscript. These dis-
tances are dependent on the emplacement of the work
surfaces on the table and the operator’s work manner.
The position of the work surfaces on the table towards
the operator may be: the screen left or right, the docu-
ment and manuscript right or left, the keyboard right or
in front.

The lighting was natural, artificial or mixed, according to
the season, hour, sky state (serene, clouded), work-
place emplacement. The microclimate and the noise
were normal. The lighting presented some deficiencies:
lower illumination for the document or manuscript (es-
pecially at clouded sky or artificial light), differences of il-
lumination and luminance between the work surfaces,
brightness because of the lamp reflection on the
screen. At the daylight the operators preferred to cover
the windows by curtains when the sky was serene and
the sunbeam entered the chamber directly, to watch
better the screen. The operators wrought 7 hours with
two breaks of 15 minutes each (after 2 and 4 work
hours). The work analysis showed postural strain by op-
erators’ permanent sitting position with the trunk and
the head right or bend (with 18 – 31 degrees)  to the
work surfaces, assuring the distances between the
eyes and the visual information and the frequent move-
ments of the fingers to act the keyboard (2.7 – 5.8 act-
ings/s at numeric signs, 0.8 – 1.8 actings/s at alphabetic

signs). At data entry the work is very sustained, the op-
erator introduces all the time the data and watches their
correctness on the screen. The editing includes the text
entry and the correction of the text displayed on the
screen. The motor activity on the keyboard at program
projection is less sustained because the analysis of the
data on the screen or document is more important for
the work content.

The neuropsychic charge is sensorial and mental. At
program projection and editing the mental charge is
higher because the thinking participation is more impor-
tant (creative thinking). The visual strain predominates:
visual acuity, eye accommodation and convergence,
retina adaptation, ocular movements, contrast sensibili-
ty, visual perception speed, visual field. The neuropsy-
chic indicators have changed (decrease, increase) dur-
ing work, predominating the decrease of their perfor-
mance after 4 work hours and at the work end, in most
or all subjects, making evident the fatigue appearance
related to the organism strain. At accommodation and
convergence the increase of the distances predominat-
ed showing a decompensated muscular fatigue (“hy-
permetropization”) (Saito et al, 1979) with asthenopia.
At data entry the operator watches predominantly the
document, the screen is watched 5 – 10 times/min at
the numeric signs and 10 – 30 times/min at the alpha-
betic signs. At editing - text entry the manuscript and
the keyboard are watched predominantly and the look
direction changes between these surfaces about 5 – 8
times/min. At text correction the look direction changes
between the screen and the keyboard until 48 times/
min. The CFF test decreased very significantly (p < 0.01,
0.005, 0.001) in all subjects at data entry and editing.
The perception speed decreased in 10 – 75% of sub-
jects and increased in 20 – 40% of subjects, but the
most changes were not significant; these changes
were significant only at editing. The blink frequency de-
creased in 10 – 37% of subjects and increased in 45 –
90% of subjects, especially at alphabetic data entry (75
– 90% of subjects, p < 0.05 and 0.001). The time read-
ing at “Optotype” test increased in all subjects at all
VDT activities, the highest increase was at editing (p <
0.05, 0.02, 0.001). The subjects’ number with mistakes
increased also often. The performance of the “Opto-
type” test and CFF decreased also after 4 work hour (p
< 0.05 and 0.02), hence an orientation for the break or-
ganization in the workday at VDT. In the afternoon work-
shift the performance decrease of the indicators was
higher, because of the lighting but also of the circadian
rhythm. At alphabetic data entry the performance de-
crease was higher than at the numeric data because the
possibility to mistake is greater. These results and the
high subjects’ percentage with ocular and visual com-
plaints (59 – 83%) show the visual and general fatigue.
The plaints were: photophobia, eye smarting and ache,
remanent images, conjunctiva congestion, flying spot in
the visual field, shedding tears, foggy vision, foreign
body feeling in the eye. The fatigue was higher at calcu-
lus technics - data entry, followed by editing and then by



The Vision Charge at Work with Video Display Terminal

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

656 Hilda HERMAN, Despina Marinescu, Mircea Cristescu and Andriana Contulescu

program projection. Decrease of the heart rate and uri-
nary excretion of catecholamines during work makes
evident a disactivating state of the organism, which is
characteristic for the sedentary work without motor dis-
charge, as the work at VDT, reflecting the fatigue. This
result is related to the changes of the neuropsychic in-
dicators. 

4 Conclusions

The visual strain level and fatigue at work with VDT de-
pends on many factors, especially the lighting charac-
teristics, work surface emplacement, work furniture,
document writing, work organization (especially work
agglomeration), operators’ vision state and professional
training and experience. Deficiencies of these factors
increase the visual charge and fatigue. Technical, orga-
nization, medical and social interventions related to the

mentioned factors are necessary to prevent the vision
superstrain.
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ABSTRACT

We report the results of three surveys to determine whether a minibreak during which VDT workers view an
imaginary distant view leads to fewer subjective complaints of asthenopia. The 3D image used was a repeat-
ing parallel pattern showing planets which uses the "Single Image Stereogram" method named “Stretch
Eye”. This is a shift method in which the planets diverge just at the point that makes a single shift between
the right and left eyes, so that they appear to be more distant than the monitor screen. We evaluated the ef-
fects of Stretch Eye on asthenopia. An accommodative relaxation of about 1 D was observed in subjects af-
ter gazing at the image. We investigated whether or not this program could influence eyesight. The subjects
were employees of two IT companies. They were evaluated according to a visual analogue scale (VAS) for
subjective symptoms of asthenopia and eyesight. As results, Stretch Eye was effective in easing visual fa-
tigue due to VDT work and improved the eyesight under working conditions. 

1 Introduction 

Although there have been numerous relaxation meth-
ods for musculoskeletal and mental stresses caused by
VDT work, effective and authorized coping for visual fa-
tigue have seldom been proposed. “Stretch Eye”™ is a
computer program which was developed to prevent
computer operators from suffering asthenopia. Com-
puter operators can show the Stretch Eye easily on
their monitors to see a virtually far stereoscopic view
without wearing special glasses. It is aimed to diminish
visual disorders viewing targets moving progressively
further away on the monitor for a few minutes. Infinite
remote targets virtually appear based on the principle of
single image stereograms (Figure 1). This study was
aimed to reveal the effect and mechanisms of Stretch
Eye from the subjective symptoms, visual physiology
and follow-up study of eyesight.

2 Subjects and Methods

2.1 Experiment 1: Subjective Symptoms 

under Hard Training of Computer Usage 
Twenty subjects were selected up from among new
employees of an IT company and divided into two
groups to match the status of gender and refractive
conditions. Group A was asked to view the Stretch Eye
image for a few minutes every hour for a week.
Group B was asked to take rests only for a few minutes
every hour for a week. The visual fatigue of the two
groups was investigated using the visual analogue scale
(VAS).

2.2 Experiment 2: Measurement of 

Accommodation

Using a specially made accommode-optometer, we
measured and recorded accommodative fluctuation of a
24-year-old female subject with normal sight while she
was viewing Stretch Eye for 60-second periods.
Visual function was tasted using a custom-made appa-
ratus. This combined an automated infrared accommo-
do-refractometer (Nidek AR-1100) and an original binoc-
ular half-mirror system (Miyao et al., 1992; Miyao et al.,
1996. The display images were placed in front of the
small mirror for the tests. Subjects gazed at each type
of image through a half (dichroic) mirror and an ordinary
small mirror. The instrument measured visual accom-
modative changes of the right eye at a 12.5 Hz sampling
rate objectively in both binocular and natural viewing
condition (Otake et al, 1993) (Figure 2). 

Figure 1: Example of Stretch Eye image
The distance between the neighbor balloons is increased 
from 40 mm to 50 mm.
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Subjects could see the target on the LCD display binoc-
ularly through an upper mirror, liquid crystal shutters
(LCS), and a dichroic mirror. LCS were opened and
closed (open-closed=1) at a rate of 27 times per second
alternatively for both eyes. The target for each eye was
displayed synchronously at the same rate of 27 times
per second.

The distance between the subjects’ eye and the target
on the screen was 50cm (2D) (Note: diopter (D)= 1/dis-
tance (m); MA (meter angle)= 1/distance (m)). Using
this synchronous viewing system with a crossed view
caused the subjects to see a presumed (virtual) near tar-
get, and with an uncrossed view to see a presumed far
target. In this experiment, infinitely remote targets virtu-
ally appear based on the principle of single image ste-
reogram (Figure3).

2.3 Experiment 3. Follow-up Study of 

Eyesight for 8 Weeks

Thirty VDT workers were followed up their eyesight.
They used Stretch Eye for 4 weeks and did not use it for
4 weeks. The order of the two periods was balanced.
Their eyesight was measured in the evenings of the
first Monday, and the fourth Friday. 

3 Results

3.1 Eye fatigue under Hard Training

The VAS scores were scaled from 0 (no visual fatigue)
to 100 (severe fatigue). The mean value (+ SD) was 59.4
+ 7.7 among the group who took breaks only and did
not view Stretch Eye, against 37.5 + 8.3 among the
group who did view Stretch Eye. Thus, Stretch Eye sig-
nificantly eased their eye fatigue (p<0.001, t-test).

Figure 2: A schematic view of the device developed
for the present experiment.

Figure 3: The principle of single image stereogram.
Virtual target was calculated as the theoretical virtual distance 
based on pupil distance. 
PD= pupil distance, X-=Virtual distance, d-=screen distance, 
e=figure interval
x = PD * d / (PD - e)      ( mm )
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3.2 Measurement of Accommodation

The display was set at a distance 50cm from the sub-
jects’ eyes. However, the accommodative distance
ranged from 50 cm to 3 m (Figure 2, Figure 4).
The accommodative power differed by about 1 D from
the near to far point. 

3.3 Follow-up Study of Eyesight for 8 

Weeks

The eyesight of 30 VDT workers was measured on the
evenings before and after the 4-week sessions. There
were two sessions, one with and one without Stretch
Eye. Eyesight was measured at 5 p.m., on the first
Monday evening and the fourth Friday evening, but data
of the period with and without Stretch Eye could be ob-
tained for only 28 and 17 subjects, respectively, due to
business demands of the others. 
Figure 5 shows eyesight following periods with and
without Stretch Eye. After the period with Stretch Eye,
eyesight under working conditions (with glasses if they
were used during work, without glasses if they were

not used during work) was significantly improved com-
pared to the values on the first Monday evening
(p<0.05, Wilcoxon’s matched pairs sign rank test),
whereas no significant change was observed following
the period without Stretch Eye.

4 Conclusion

Stretch Eye was tested with regard to three aspects:
subjective eye fatigue, vision in a stereoscopic view,
and changes in visual acuity following 4 weeks each
with and without Stretch Eye. Among VDT workers,
Stretch Eye significantly eased eye fatigue and im-
proved eyesight under working conditions.
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Figure 4: Accommodative fluctuation of the left eye
X-axis shows time: 0-50 sec, 
Y-axis shows diopter: 0-1.5 diopter

Figure 5: Eyesight under working conditions was
improved after using Stretch Eye for 4 weeks (Compar-
ison of mean values)
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ABSTRACT 

On the basis of observations the work of most operators of VDU may be characterized as short distance
work, continuos and static. In comparing the process of development fatigue in the group of VDU operators
statistically significant changes were observed in the measured visual functions after 2 hours work. Concern-
ing the group working another visual activity — assembly in a printing house — most of the indicators had a
significant change at the end of the working day. To confirm daily accumulation of visual fatigue induced with
visual display units, the following visual functions were investigated: the nearest point of clear vision, tonic
accommodation, tonic convergence, threshold of contrast sensitivity, questionnaire for subjective assess-
ment of visual fatigue. For the aim of this research persons of both groups were examined — 5 persons
working with VDU and 5 persons doing assembly. All of them had values of tonic accommodation which cor-
responded to the working distance longer than the usual one. The values of tonic convergence in these per-
sons corresponded to a longer distance than the working distance. This was done in order to observe per-
sons for whom it was known that they work with increased effort of visual system. Tendencies for change of
the values of tonic accommodation and tonic convergence in persons working with VDU were observed,
while this tendency was lightly observed in persons doing assembly. An increased variety of the measure-
ments was observed at the end of the work. The results of the questionnaire showed an almost equal in-
creasment of complaints. Interesting changes were observed in the threshold of contrast sensitivity. On the
first place, the increased variety of measurements observed at the end of the working week impressed. In
case that the threshold didn’t change essentially in the group working with VDU. These results might be due
to the accumulated fatigue of accommodation, i.e. most of all due to optic factors. The work with VDU is a
serious loading of vision system - basically because of the fact of static position of accommodation and con-
vergence for long periods of time. The lack of possibility to look out whole working is characteristic for the
operators activity. In assembly, there are procedures such as supplying materials, which are micro pauses for
the visual system. Possibly these are the main reasons for some differences in the effect of cumulation of vi-
sion fatigue in both kinds of activity.

1 Introduction 

Computer technology has become an integral part of
most working places in all spheres of life and human la-
bour. Those using the computer technologies in their
daily work are often forced to look at a screen of letters
and symbols, whose “readability” largely depends on
the hardware’s and software’s characteristics. Most
jobs require an over 5-hour work on a VDU. Hence the
importance attached to the problem of the accumula-
tion of visual fatigue within a one-week working period.
From the perspective of ergophthamology, three are
the most typical features of the operator’s work, i.e. it
can be characterized as ‘short distance’, ‘continuous’
and ‘static’. The nature of the operator’s work thus de-
termined the selection of the appropriate methods of
analysis.
The following visual functions were studied in view of
providing the most objective picture of the accumula-
tion of visual fatigue during the work on a VDU:
1. The nearest point of clear vision
2. Tonic accommodation
3. Tonic convergence
4. Threshold of contrast sensitivity
5. Questionnaire on the subjective assessment of

visual fatigue

For the purpose of the study representatives of both
groups were examined, five people working with VDU
and five assembling. Within the working day both
groups perform visual activity for over six hours and a
half, according to the respective supervisors’ data.

2 Results and discussion

The persons studied showed a visual acuity of 1.0 by
Snellen, without any correction. Their tonic accommo-
dation values were typical of a working distance, far
greater than normal. Their tonic convergence values
were also typical of a working distance, by far exceed-
ing the normal. The trends of the indicators’ fluctuations
at the beginning of their work shift were studied. A
questionnaire (Hauer et al., 1989) was employed to as-
sess subjective complaints; this questionnaire was
adapted in view of being appropriate for VDU job; it con-
sisted of 6 questions, with a 10-point scale.

Of the group of video terminal operators, statistically
feasible changes to the measured visual functions could
be observed within the very first working hour.

The data of tonic accommodation were as follows:

• at the beginning of work: X=1,16; SX=0,30
• after an hour’s works: X=1,31; SX=0,30
• after two hours’ work: X=1,48; SX=0,28
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The changes are statistically significant.

As to the assembling workers’ group, it was at the end
of the working day that most indicators showed a
marked change in values.

The tonic accommodation and tonic convergence val-
ues showed a clear tendency of change with the group
of VDU operators, whereas such a tendency could hard-
ly be observed with the assembling workers. With both
groups the changes were not relevant and material. The
values themselves were quite variable and fluctuating
towards the end of the working week.

On the basis of analysing the questionnaire’s results,
the following conclusions are arrived at: there is an
equal increase in complaints with both groups; howev-
er, these complaints start growing at an earlier point
with the VDU operators.

Interesting changes were to be noted to the threshold
of contrast sensitivity. What draws the attention in the
first place is the growing variability of the changes, reg-
istered at the end of the working week.

In case the threshold does not undergo considerable
changes, these results may be attributed to the accu-
mulated fatigue of accommodation in the VDU group,
and above all those working on optical factors.

3 Discussion

Mutti and Zadnik (1996) elaborate upon the changes to
accommodation and convergence, and whether these
changes are persistent up to the end of the working
week. 

The length of the working period on a VDU is consid-
ered a relevant and significant factor for the appearance
of asthenopia both throughout the working day
(Sanchez-Roman, 1996), and the working week (Rechi-
chi et al., 1996). This factor is brought to the fore com-
pared to other factors studied, such as the factor of the

working environment and the working process. Pech et
al., 1994 found certain statistically relevant changes in
the visually evoked potential, and in the contrast sensi-
tivity and refraction after a four-hour period of VDU
work. Changes in the refraction were ± 0,25 D after four
hours work, and ± 0,5D after six hours work. Miwa and
Tokoro (1994) described the relation between tonic ac-
commodation and asthenopia. There are other authors
who establish a relation between the two indicators,
and the importance attached to this relation differs.

The sensitivity of the pupils is considered yet another
likely reason to cause a change in the contrast sensitiv-
ity, apart from the transient myopathy. Not only does
the pupil regulate the amount of light the eye will per-
ceive, but it also has an impact on its chromatic and op-
tical aberrations. It is also regarded as a proved fact, that
too narrow a pupil, that is an eye, perceiving an amount
of light different from the optimal, will result in a de-
crease in the contrast sensitivity (or the visual acuity,
measured by tests based on spatial and frequency sinu-
soidal stimuli, Arden (1978) and Vistech tables. Naka-
mura (1996) makes use of an infrared optical measuring
device with a pupil metre to estimate the impact visual
burdening has on the reactions of the pupils. The au-
thors arrived at the conclusion that the people doing vi-
sual work have narrower pupils compared to the results
of the controlling tests (29mm2 compared to 38mm2,
p<0,01); he also concluded that these people manifest
a higher degree of variability of the pupil’s area (9,2%
compared to 3,4%, p<0,01). Since changes in the tonic
accommodation were also found, the author described
changes in the activity upon the parasympathetic inner-
vation of the iris and/or m. ciliaris, which is most likely to
affect the subjective assessment of visual fatigue.

VDU work heavily burdens the visual system, mainly
due to the fact that the static state of accommodation
and convergence has to be maintained for a longer pe-
riod of time. Operators normally have no time to look at
a distance while they work. The characteristics of the
workplace are not up to the standards recommended as
well (Sotoyama et al., 1995; Jaschinski-Kruza et al.,
1999). Assembling is accompanied by procedures of
providing materials; the latter are micro pauses for the
visual system, and the nature of the work presupposes
a dynamic posture rather than a fixed and static one.
These are the most likely factors determining the differ-
ent effects of the accumulation of fatigue with the two
types of jobs.
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Figure 1: The chart shows the tonic accommodation
values in the VDU group (measured at the beginning
of the working day)
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1 Introduction

Eye discomfort and musculoskeletal discomfort are the
main problems reported by VDU operators. We esti-
mate that about 30% of VDU users frequently report as-
thenopic complaints. Asthenopic complaints of VDU us-
ers have been investigated in since the very beginning
of ergonomic research on VDU workplaces (Läubli et al
1981), (Cole, 1996).

Asthenopia per se has been investigated in the past
twenty years. Among factors causing asthenopia, psy-
chical workload (Mocci, 2001), (Smith, 1997), lightning
condition, technical and other ergonomic factors (Läubli
et al 1981), (Aaras, 1998), (Wolska & Switula 1999) have
been identified.

1.1 Aims

With the current research doctrine influence from psy-
chological strain on asthenopia can be taken for grant-
ed. To what extend psychological strain influences visu-
al strain is more difficult to show. It is a challenge to
quantify and examine asthenopic complaints and psy-
chological strain related to practice, i. e. to investigate 1)
both factors at the same time and 2) during work time.
We present an ergophthalmological tool, which has
been developed considering the two factors mentioned
above.

The fact that ergonomical factors and psychological
strain affect asthenopia, leads to the question how
much the type of work, work intensity and the manage-
ment of work hours (e.g. breaks) may affect visual com-
plaints.

2 Questionnaires

Two questionnaires, which are short and easy to fill out
have were chosen for our propose, which is to report
the actual asthenopic complaints and the actual psycho-
logical strain at the same time

2.1 Actual asthenopic complaints

The assessment of asthenopic complaints is rather
complex because of the variety of the different influenc-
ing factors. Complaints can be recorded on a long term,
retrospective basis (Mocci, 2001) or by registering the
actual asthenopic complaints in a short and rather gen-
eral way (Tab. 1). To all of the three questions listed in
Tab. 1, the subjects can add a value between 1 “noth-
ing” and 10 “strong” (Stüdeli et al 2001).

.

2.2 Actual psychological strain

To measure the actual psychological strain of the sub-
jects, the standardized questionnaire KAB (German:
Kurzfragebogen zur aktuellen Beanspruchung) has been
used. This questionnaire is filled out within half a minute
and correlates with the self assessment of both, expe-
rienced and expected actual strain (Müller & Basler,
1993).

In the KAB questionnaire, the subjects have to rate their
psychological state in five dimensions on opposite pairs
of adjectives. Subjects value their current strain using a
scale ranging from 1 to 6. The question to be answered
is: Now I feel like....The average rating gives the actual
psychological strain index (see Tab. 2).

3 Field studies

To investigate the coherence of asthenopia and psycho-
logical strain, we conducted a study under lab-condi-
tions (chapter 3.1) and in the field, at different VDU work
places like stock broker, call-centre (chapter 3.2). These
studies helped us to improve and grow from a question-
naire on paper over an electronic questionnaire (Stüdeli
et al 2001) to a web-based electronic questionnaire (bro-
ker, chapter 3.2).

Table 1: Questionnaire used for recording the actual
asthenopic complaints. Ratings range from zero
(“nothing”) to ten (“strong”)

Do you have visual complaints at this moment? (1-10)

Do you have headache at this moment? (1-10)

Quantify your visual strain of today. (1-10)

Table 2: KAB questionnaire for the actual psychologi-
cal strain. Ratings are given in five dimensions on a
scale ranging from 1 to 6. The average rating gives the
index of actual psychological strain.

Now I feel...

1) released (1) (2) (3) (4) (5) (6) oppressive

2) worried (6) (5) (4) (3) (2) (1) mindless

3) relaxed (1) (2) (3) (4) (5) (6) restive

4) skeptic (6) (5) (4) (3) (2) (1) trusting

5) comfortable (1) (2) (3) (4) (5) (6) unwell 
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3.1 Search Task (laboratory)

Combined psychical and asthenopic self-assessments
were examined using 12 subjects in a display related
search task in the laboratory. The total required to com-
plete the task varied from 30 to 65 minutes. The sub-
jects scanned 240 matrixes of 40x40 capital letters “E”
presented on a display. In 50% of the presented matrix-
es one letter “E”, at any location, was replaced by an
capital letter “F”. The Subjects were asked to report, as
soon and as good as possible, whether one of the let-
ters in the matrix has been replaced or not, answer and
reaction time were recorded. An extensive description
of the search task can be found in Menozzi (1999 &
2001). Before and after completing the task, the sub-
jects had to fill out the two questionnaires. Every 40 ma-
trixes (5-10 minutes), the subjects could take a very
short break (5-30 seconds).

3.2 Daily work on VDU (field)

9 brokers working in a common bank office filled out our
questionnaires three times during work hours: in the
morning, before they started to work (about 7 to 8 am),
just before the lunch break (about 11.30 am) and in the
evening at the end of the work (5 to 7 pm).
The questionnaires were also applied in a second field
study, in which the suitability of two display technology
for office work, was rated. VDU users of our institute
have been investigated for this purpose during a period
of at leased two weeks. The subjects worked half of
their days on a CRT display and half on a LCD. The sub-
jects completed their usual work without restrictions.

4 Results

4.1 Search Task

Results of all of the three questions on actual asthenop-
ic complaints correlate with the psychological index
(Pearson: complaints p=0,51, headache p=0,65 and
strain p=0,54). There is a tendency of lower psycholog-
ical strain but higher visual complaints for subjects that
solved the visual task in a short time. The self assessed
psychological strain raised from 37% before, to 47% af-
ter the task. At the same time the visual complaints
raised from 17% to 36% (Fig. 1). To compare the two
different indexes, results of both indexes are presented
here as a fraction of the maximal value. Ratings of the
psychological strain are, in our experience, higher as the
reported asthenopic complaints (see Fig. 1 & 2).

4.2 Daily VDU users

In average the brokers have been working 7.2 hours/day
on TFT displays. During the work hours the subjects
rested 52 minutes/day. The average effective work time
was 8.2 hours/day. In Fig. 2 visual complaints and psy-
chological strain computed using 36 questionnaires
(evening) are shown.
There is a tendency of lower complaints (p=-0,28) and
strain (p=-0,3) after work days with longer breaks (Fig.
2). Only the days were taken into account, in which sub-

jects reported a time of brake between 5 and 9,5 min-
utes per hour of work time.

In the second study, the subjects report different as-
thenopic complaints after working on the CRT and the
TFT displays. Five of six subjects rate less asthenopic
complaints after working with CRT display than after
working with TFT display. After more than 5 hours of
VDU work, they reported visual complaints of 15%
(CRT) and 23% (TFT) of maximum (full scale). Visual
strain using CRT (28%) was rated lower than when us-
ing TFT (34%) displays. For the same time, no differenc-
es in psychological strain and headache was found (see
Fig. 3).

Figure 1: Increase of visual complaints and psycholog-
ical strain through intensive VDU work of 30-65 min-
utes.

Figure 2: Influences of breaks during work hours on
visual complaints and on psychological strain of bro-
kers.
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5 Diskussion

Work on VDU is a demanding visual work and provokes
asthenopic complaints. Asthenopic complaints raise
during work whereas psychological strain does not
show this tendency. In our laboratory conditions, ef-
fects from psychological strain from “outside the expe-
rience” can be taken as minimal. The measured strain
is provoked by a demanding monotonous search task.
Fast fulfillment of the task lowered psychological strain
of the subjects (motivation) but raised visual com-
plaints.
It seems that short work breaks have an influence on
asthenopia as well as work intensity. Note the differ-
ence in visual complaints between Fig.2 (broker) and
Fig. 3 (Ph.D. students). These differences of visual com-
fort can not be explained by different psychological
strain or display technologies.
To know more about these open questions we need to
add objective measurements of work intensity, such as
typing speed or mouse movements to the subjective
assessments. The development of our tool will lead us
to a computer program that help to achieve almost con-
tinuous measurements of asthenopic complaints, psy-
chological strain and objective work load. A future appli-
cation in practice could be to support specialists in
stress- and relaxation management of VDU work.
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ABSTRACT 

This survey was held in 1997. One thousand sixty sites where asked to fill out a questionnaire. For each site,
ten VDT workers where expected to respond to this survey. Responses were received from 414 sites (39 %
response rate). Altogether we received 4425 questionnaires, a 42 % response rate. As results, in the young
male group of workers, aged 20 to 39, long time workers in both periods (peak and standard) rated the high-
est amongst workers having a weak eye site (no glasses), less than 0.3 of visual acuity on both eyes. The
complaint rate of eye fatigue rose according to the working hours. The complaint of neck and shoulder stiff-
ness in male workers rose according to the peak season working hours. Mental stress symptoms such as in-
somnia, exhaustion or depressive mood rose according to the peak season working hours for male workers
and according to standard working hours in the input type of female workers. From this survey we can con-
clude that in the importance of the peak season working hours should be stressed for health status of the
workers.

1 Introduction 

Japan’s Ministry of Labour issued a guideline for VDT
workers in 1985. Recently the working conditions as
well as computers for VDT workers have been changed
dramatically. This survey was held in 1997 in order to re-
new the guideline that should fit the new conditions,
such as LCD displays, note type computers and big
CAD. 

2 Subjects and Methods 

One thousand sixty sites where asked to fill out a ques-
tionnaire. One thousand sites were member-enterpris-
es of Japan Industrial Safety and Health Association
(JISHA) and 60 sites were collected from data process-
ing industries. For each site, ten VDT workers where ex-
pected to respond to this survey. Responses were re-
ceived from 414 sites (39 % response rate). Altogether
we received 4425 questionnaires, a 42 % response
rate. We then only selected 3852 written question-
naires, where major questions were filled out. The
questionnaire also included basic questions such as
age, gender, working hours, type of work and health
status. The respondents to the questionnaire were
2365 male respondents and 1487 female respondents.
All workers were classified into two age groups; one,
the young group which age was rated from 20 to 39
years old and secondly the middle-aged group rated
from 40 to 59 years of age. VDT working hours have
been classified as follows: The standard season was
classified from 0 hour up to 1.9 hours, from 2 hours up
to 3.9 hours and from 4 hours or more. The high peak

season ranged from 0 hour up to 3.9 hours, 4 hours up
to 7.9 hours, 8 hours and more (Tables 1 & 2). 

Because both classifications have 3 levels, they are
named short time workers, moderate time workers,
and long time workers in that order. The respondents
were classified into 2 job-types; one is repetitive job (in-
put job), and the other dialogue job (including monitoring
job). Because of the small number of the respondents,
only repetitive (both young and middle-aged) workers
were always used for analysis in female. 

3 Results

The major kind of computers where PC‘s (80%), the
major input devices where keyboards (97%) and mouse
(65%).

In the young male group of workers, aged 20 to 39, long
time workers in both periods (peak and standard) rated
the highest amongst workers having a weak eye site
(no glasses), less than 0.3 of visual acuity on both eyes
(Figures 1 & 2).

The complaint rate of having a pain in eyes rose accord-
ing to the working hours (Figure 3).

The complaint rate of dry eyes as well as eye aches in
the young group rose due to the peak seasons working
time (Figures 4 & 5).

The complaint of red eyes in the young group rose ac-
cording to the working hours in standard season and
peak season. For any visual complaint, contact lenses
wearers had significantly higher rates compared to
those without contact lenses.
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Table 1: The number of analyzed respondents by gen-
der, age group, job-type and working hours a day in
the standard 

Working hours in the 
standard season

-2h 2-4h 4h- Total

Male VDT workers
Young repetitive 410 301 210 921
Middle-aged repetitive 351 168 86 605
                   Repetitive 761 469 296 1526
Young dialogue 99 162 378 639
Middle-aged dialogue 70 49 81 200
                   Dialogue 169 211 459 839
                   Male total 930 680 755 2365
Female VDT workers
Young repetitive 530 321 205 1056
Middle-aged repetitive 95 64 31 190
                    Repetitive 625 385 236 1246
Young dialogue 29 44 153 226
Middle-aged dialogue 3 4 8 15
                   Dialogue 32 48 161 241
                   Female total 657 433 397 1487
                   All total 1587 1113 1152 3852

Table 2: The number of analyzed respondents by gen-
der, age group, job-type and working hours a day in
the high peak  

Working hours in the 
standard season

-4h 4-8h 8h- Total

Male VDT workers
Young repetitive 207 566 153 926
Middle-aged repetitive 221 337 38 596
                   Repetitive 428 903 191 1522
Young dialogue 42 308 287 637
Middle-aged dialogue 43 107 48 198
                   Dialogue 85 415 335 835
                   Male total 513 1318 526 2357
Female VDT workers
Young repetitive 348 623 64 1035
Middle-aged repetitive 63 114 11 188
                   Repetitive 411 737 75 1223
Young dialogue 17 135 76 228
Middle-aged dialogue 2 11 2 15
                   Dialogue 19 146 78 243
                   Female total 430 883 153 1466
                   All total 943 2201 679 3823

Figure 1: Visual acuity without correction and the high
peak working time period

Figure 2: Visual acuity without correction and the high
peak working hours

Figure 3: The complaint rate of eye fatigue and the
high peak working hours

Figure 4: The complaint rate of eye aches and the high
peak working time period
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4 Conclusion

We can conclude that in the importance of the peak
season working hours should be stressed for health sta-
tus of the workers. Repetitive work like input raises the
complaint rate of the eyes, musculo-skeletal troubles
and mental stress symptoms. Based on this survey, Ja-
pan‘s new guideline for VDT workers is being issued by
the end of March 2002.
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Figure 5: The complaint rate of dry eyes and the high
peak working hours

The complaint of neck and shoulder stiffness in middle-
aged workers rose according to the standard working
hours (Figure 6).
The complaint rate of back pain as well as the symp-
toms of finger, wrist and arm showed a very clear rela-
tionship in response of both genders for both selected
generations thus for standard season and peak season
working hours (Figure 7 & 8).
The complaint rate of pain felt in neck, shoulders and
arms areas among female workers rated as twice high-
er compared to male workers (Figure 9)
Mental stress symptoms such as insomnia, exhaustion
or depressive mood rose according to the peak season
working hours for male workers and according to stan-
dard working hours in the input type of female workers
(Figure 10).

Figure 6: The complaint rate of neck and shoulder stiff-
ness and the standard working hours

Figure 7: The complaint rate of back pain and the high
peak working hours
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Figure 8: The symptoms of finger, wrist and arm and
the standard working time period

Figure 9: The complaint rate of pain felt in neck, shoul-
ders and arms areas and the standard working hours

Figure 10: Mental stress symptoms and the peak sea-
son working hours
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ABSTRACT

The present paper attempts to evaluate the effectiveness of ergonomic designs using cost and benefit analy-
ses. It is envisaged that organisational sickness may be attributed to the improper or unergonomic designs of
work, work methods, work station, machines, tools, working conditions, work organisation, etc. Most Malay-
sian firms are not aware that ergonomic designs could improve efficiency, productivity, occupational health
and safety of the people at work, whereas actually the use of ergonomic designs can enhance workers’ per-
formance, workflow, organisational health and save both direct and indirect costs in the long run. The present
paper provides also an identification of factors involved, e.g., the direct and indirect costs due to loss of work-
ing hours, rising costs of medical bills due to sickness and absenteeism, etc., should be accounted and com-
pared with the benefits like cost reduction in paying compensation and for losses. Organisation should recog-
nise the positive effects of cost and benefits analyses in applying ergonomic designs to achieve a judicious
and optimal allocation of resources in a practical sense.

1 Introduction

Organisational sickness may be attributed to the im-
proper ergonomic design of the working environment.
The concept of organisational sickness merely refers to
the similarity of illness of an individual either physical or
mental or both aspects whereas there may be "behav-
ioural sickness" for an organisation (Randall, 1998). Peo-
ple can become ill through the experiences or traumatic
stress due to work with the onset of physiological and
psychophysiological strains. Organisation becomes sick
when the internal system malfunctions, and when it
faces tremendous strain through competition, legisla-
tion, economic downturn and external pressures. To re-
store efficiency and to enhance the value of its people,
one of the solutions will rest on the ingenious ergonom-
ic designs of work, work station, work process, work
methods, machines, tools and equipment, work envi-
ronment, working conditions, occupational safety,
health, etc. Most firms are not aware that such ergo-
nomic designs could help to improve workers’ perfor-
mance and efficiency, workflow, make the organisation
healthier and save the direct and indirect costs in the
long run. According to Hendrik (1996), "organisational
decision-makers expect to proactively support ergo-
nomics simply because it is the right thing to do", but in
reality this is not what happens. The truth is that most
firms would have to justify their investment in tangible
outcomes that can be measured.

Usual cost and benefit analyses (Mishan, 1998 ; Zerbe,
1994) do provide some measures of ergonomic designs
for companies that wish to put benchmark for compari-
son and adherence to quality and standards. There is lit-
tle information on the application of ergonomic designs
being practised by Malaysian multimedia companies.

Lot of experimental designs has been introduced to
study the cost. 

There is practically no study undertaken to record the ef-
fectiveness of ergonomics applied in Malaysian multi-
media companies. With the help of ergonomic designs,
the benefits could be better reaped in the investment of
proper equipment and machines used by the employ-
ees in their working environment.

1.1 Objective 

The present paper attempts to evaluate the effective-
ness of ergonomic designs using the cost and benefit
analysis in the work and working conditions of Malay-
sian Multimedia Super Corridor (MSC) companies. It
also extends the use of ergonomic solutions to promote
a healthier organisation and improve the quality of life
for its workers and the firm itself. 

1.2 Method 

It seems to be easier to calculate the costs of the ergo-
nomic designs than actually the gains from the designs.
The benefits are quite vague in the monetary terms and
can be subjectively interpreted. Therefore, our model is
based on the approach to project the results of the ben-
efits rather than costing them. One must look into some
intangible components of benefits and assess its use-
fulness.

Therefore, applying the financial concepts to time the
value of money and the probability of outcome provided
by some close proxies to measure in absolute terms,
the benefits, which can be estimated based on the ex-
pected return over a time factor; for example, Benefits
= Expected returns (value or percentage).

This can be explained in terms of the expected value
gained if the benefits (in value) can be predicted by the
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expected inflows of gains objectively. The present value
concept from the financial literature may be used. The
present value of each expected gain over a time period
can be quantified using an appropriate discounted rate.
This resulted in assessing the possible benefits arising
from an investment which have certain costs built in the
process which can be represented by:

Possible Benefits = Present Value of Possible 
Gains Predicted

Incidentally, Birdman (1996) has provided similar model
that is proposed here. Most analysts used the net
present value (NPV) criterion to evaluate projects. The
net present value of a project equals the present value
of the benefits (PVB) minus the present value of costs
(PVC), i.e., 

 NPV = PVB – PVC
Finally, if all the costs of a project occur immediately
where t=0 and all the benefits will be known over the
remaining number of years which is denoted by t, then
the equation can be simplified as following:
NPV =  -C0 + B1/(1 + i) + B2(1 + i)2 + 

+ B3/(1 + i)3 + …… + Bt/(1 + i)t

where, 
C0 = Initial Cost; B1 = 1st year Benefits; B2 = 2nd year Benefits; i = Appro-
priate discount rate; t = Time

Managers and decision-makers can use this formula to
estimate the relevancy of ergonomic designs in a more
precise approach to justify the costs of interventions or
evaluating ergonomic designs before implementation.
The present approach is one of the better alternatives
and is recommend to all companies in Malaysia as well
as in other countries.

2 Results 

In our survey, 150 firms were identified in the Multime-
dia Super Corridor and questionnaires regarding ergo-
nomic designs, cost, benefits and its usage were sent.
As mentioned in a paper (Hignet, 1999), qualitative
methodology implies an interactive approach to both
data collection and analysis.
In the present pilot study, the responses received from
only 22 firms were very discouraging. These 22 firms
have spent around RM10,000 to RM850,000 in their
R&D and employed a minimal of 5 to a maximum of
8000 personnel. The staff involved in the design pro-
cess ranges from 2 to 20. Majority of them is also ex-
porting and at least 13 firms employed skilled foreign
workers. Sixteen multimedia firms are in the servicing
industries.
Eighteen firms confirmed that it is easy to use cost and
benefit analysis and 90% of them agreed that the use-
fulness of designs should be evaluated. Seventeen
firms believe that it is easy to assess costs and benefits
and majority of the respondents strongly agreed that
cost savings are much more important. It is interesting
to note that all the firms believe that design with cost
and benefit assessment is important and cost efficient.
All the respondents also state that better ergonomic de-

signs can avoid accidents and design defects. More
than 95% of the firms agreed that ergonomic design is
pertinent to their organisations. All of the firms agreed
that good designs can benefit their employees and bet-
ter designs can help to save money for their companies. 

3 Discussion 

Probably, many ergonomic designs will fail in the first
phase in Malaysia due to costs and inappropriate de-
signs. In attempting to bring success in ergonomic de-
sign, the factors in determining the costs and benefits
must be carefully identified. Cost factors like loss of
working hours, loss of revenue due to rejects and re-
work of products, medical bills due to sickness, stress,
and absenteeism, etc., are to be analysed and com-
pared against the benefits obtained, like the saving of
compensation and rewards (intrinsic and extrinsic value)
to the workers. Limitations to the development of ergo-
nomic designs should also be taken into consideration. 

Ergonomic designs evaluation and intervention have
contributed substantial improvements to health, safety
and productivity of individuals in the working environ-
ment in developed and in other industrially advanced
countries (Levin, and Bennedyk, 1999). The cost and
benefit approach may seem to be the only method to
balance the amount of investment versus the expected
return over a certain period. In fact, cost-benefit analysis
will enhance the understanding of the ergonomic appli-
cation where cost justification is vital to the acceptance
of ergonomic design evaluations and interventions in
the eyes of the business communities and often in a
more economic sense. 

From our survey, most firms believe that it is quite easy
to ascertain the costs and benefits. In reality, both cost
and benefit factors are difficult to be accepted. This lim-
itation will not provide benefits nor it can be measured
to ascertain the value in dollars. There are several com-
panies in Malaysia who have used ergonomic designs in
low-cost housing, highways, intelligent buildings, shop-
ping malls, light rail transit, working environments, etc.
The fact is, it is still not possible to justify the (social)
benefits substantially. It is hoped that the costs and
benefits approaches can convince them to refine their
evaluation process when pursuing the more scientific
approach to ergonomic designs for the products manu-
factured by the organisation for the users.

4 Conclusions

Finally, the valuation process as presented in the
present paper is quite practical and accepted if the basic
distinction between the cost and benefit factors are viv-
idly identified. It is obvious that the economic dimension
plays a very important role to achieve the required
change needed by an organisation or a firm to cure its
illness entrapped within its environmental setting. Or-
ganisations should recognise the positive effects of
costs and benefits analyses when evaluating ergonom-
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ic designs as to effectively achieve an optimal allocation
of resources in a practical sense. 
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ABSTRACT

This In the future possibilities for work with visual display units (VDU) are expected to widen both at work in-
dependent of work area and in leisure time. This study deals results of risk assessment by students of the
Faculty of Economics of Tallinn Technical University. Part of them work regularly as employees in offices and
some of them use VDU regularly at home. The study tried to specify the meaning of the phrase “a significant
part of the working day” used in the 90/270/EEC directive as well as in the first Estonian ordinance concern-
ing work with VDU and to find out how the length of the working time with VDU influences the users’ health.
Some additional aspects connected to work-related health hazards from the point of national legislation were
involved.

1 Background 

Increasing use of computers is a worldwide trend now-
adays. We use VDU in any situation and everywhere –
in internet searching, in enterprise internal network, e-
mail, and in banks, control desks etc.

1.1 Health problems 

The hazard of having musculosceletal pain in the wrists,
the neck, shoulders, muscular pain in and arms due to
the use of a keyboard and a mouse is widely known. In
addition, time pressure increases influence of monoto-
nous work. Also many people suffer from the so-called
computer vision syndrome (CVS). A survey conducted
by COMDEX 98 at Las Vegas, which was sponsored by
Bausch & Lomb, proved that 86% of the respondents
suffer from CVS, and 98% of those persons were work-
ing on a computer for 2 hours a day.
American Optometric Association reports that 10 million
cases related to CVS come for professional help yearly.
So 25% of all computer users in the USA seek medical
intervention because of CVS. A human-machine inter-
face takes place during work at a workstation with a vi-
sual display units (VDU) involving electromagnetic fields
emitted by VDU that are usually considered to have a
rather low level. At a workstation with VDU different
kinds of electromagnetic fields, such as non-ionizing
ELF and VLF but also ionizing air in rooms, occur. 

1.2 The costs of injuries 

In today’s working environment the number of people
working with VDU is increasing rapidly. Also in Estonia
the use of VDU is expanding in at a high rate in working,
teaching, learning processes as well as in everyday life.
A recent survey found that there are 5.5 million display
screen equipment operators in the UK – one quarter of
the work force (2000). 
In the USA $20 billion was paid in compensation claims
for RSI in 1993. Indirect costs were estimated at up to
$100 billion by the US Occupational Health and Safety
Administration. The Department of Labour Administra-

tion Administrator reports that out of 40 million PC us-
ers in the USA, 32 million suffer from CVS, which
means that 80% of the users suffer from CVS (2000).

Out of all known and researched computer related oc-
cupational health hazards RSI, also called the Cumula-
tive Trauma Disorder (CTD), and CVS are the most com-
mon.

These facts indicate that also in Estonia continuos ex-
planatory work is required to improve the working hab-
its of all population groups in order to avoid health risks
due to work with VDU and the related medical costs. 

Work with VDU means that working environments are
more demanding, requiring cognitive and reasoning abil-
ities and when something goes wrong, problems may
be increased as systems are controlled by automatisa-
tion.

2 Methods 

We are updating our methods of teaching ergonomics
and give knowledge through lectures and practical train-
ing. One component of practical training is homework
(Taal, 2000). The purpose of homework is to fix ergo-
nomics knowledge and make students aware of the ac-
tual risks in work situations through risk assessment. 

A checklist was compiled for systematic analysis of
workplaces with display from the point of view of pos-
tural and visual ergonomics, it also includes require-
ments for technical characteristics of display and micro-
climate and noise, and possible health impairment due
to incorrect workplaces. Some questions were added
concerning the respondent’s problems with health con-
nected with working with display, the number of hours
worked daily with display, the age of respondents, and
suggestions for healthier work environment. Also, each
student had to do self-determination of his (her) posture
at workstation using RULA (McAtamney, 1993) assess-
ment to make clear work posture the risks of cumula-
tive trauma disorder through posture, force, and mus-
cle-use analysis. 
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3 Discussion 

Figure 1 compares eye and musculosceletal discom-
forts by respondents who work one or two hours daily
in office or at home.

Respondents who work with VDU at home one hour
daily have significantly fewer visual and postural com-
plaints than those who work in offices (10% compared
to 60% visual and 19% postural). Respondents who
work with VDU two hours daily have similar values with-
in both groups. The level is very high: more than 60% of
respondents in the respective group had visual discom-
fort. Complaints concerning postural discomfort are on
the same level for both respondents working at home
and respondents working in offices. Also a research in
Sweden suggests that over 98% of people working at
least 2 hours daily with VDU have eye problems risks
(How many, 2000).

To investigate the influence of the duration of working
time with display on health, all respondents were divid-
ed into groups with respect to the number of com-
plaints and working hours (Figure 2). Only students in
the office groups had three complaints. 

In the group working one hour in office 25% of the re-
spondents had two complaints about health and had
31.5% one complaint. In the group working two hours
both one and two complaints occurred in the case of
28.6% of the respondents.

4 Health and environmental policy 

Ergonomics and health problems are interconnected in-
volving also other scientific disciplines. In making any
decision on risk reduction in the working environment
the limited amount of resources available should also be
taken into account.

The results of our studies carried out were taken into
consideration in ordinance concerning work with VDU.
We analysed the Estonian ordinance from the year 1996
and decided that all workstations for work with VDU
have to be in accordance with standard EN 29241 and

electromagnetic radiation has to satisfy the TCO and
MPR norms.

The new Estonian ordinance concerning work with
VDU points out that workstations must meet ergonom-
ics requirements independent of hours worked with
VDU. Breaks for rest depending on the working time
with VDU are necessary. An obligatory requirement in
the new ordinance is that people working at least half
of their daily work time with VDU, have to have both
eye sightseeing and musculosceletal medical examina-
tions. 
Although health hazards are known today, taking mea-
sures to prevent them is not yet a public trend in Esto-
nia. That is why our ordinance based on Directive 90/
270/EEC concerning work with VDU was revised al-
though it already included
• examination of eye and eyesight 
• periodic breaks for workers using VDU constituting

at least 10 per cent of the working time in a work-
ing day

• and for solving visual ageing problems, on a doc-
tor’s recommendation, provision of workers with
appliances for work with VDU.

Among prevention principles medical examination for
musculoskeletal problems to avoid musculoskeletal
diseases was added.
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Figure 1: Distribution of complaints by respondents at
home and in office working two hours daily
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Figure 2: Distribution of complaints by respondents at
home and in office working with VDU three hours daily
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ABSTRACT 

Nearly 5000 customer service operators in a large government agency were surveyed about working condi-
tions at their agency. The survey included questions about rest break behaviours and job stressors. The re-
sults indicated that job demands were predictive of rest break behaviours. Employees who reported low lev-
els of job control, supervisory support, and decision making ability, along with greater time pressures, work
backlogs, and contact with upset customers also reported taking fewer rest breaks during the workday.

1 Introduction 

Recent studies by NIOSH and others have established
the efficacy of frequent rest breaks in relieving muscu-
loskeletal discomfort, stress and self-reported fatigue
among workers performing repetitive work (e.g., Da-
babneh et al., 2001; Galinsky et al., 2000). The ability to
take breaks in many jobs may be influenced by a num-
ber of factors, from administrative policies to manageri-
al supportiveness to workplace factors such as time
pressures and heavy workloads. The present study was
undertaken to determine the impact of job demands on
the (self-reported) break-taking behavior of customer
service representatives in a government agency. Data
are utilized from a longitudinal intervention study in
which the effectiveness of a supervisory best practices
intervention in improving worker satisfaction, health
and well-being is being evaluated. The current analyses
used baseline data collected before the supervisory in-
tervention was implemented at the call centers.

2 Methods 

2.1 Subjects

The subjects were 3223 women and 1452 men (mean
age of 35-44) employed as customer service operators
in 15 call centers of a government agency. The agency
employed a conventional rest break schedule mandated
by a labor-management agreement. Employees were
allowed a 15-minute break during the first half of their
shift, and a second 15-minute break during the second
half of their shift. In addition, they were allowed a 30-
minute meal break at the mid-point of their shift. Calls
were automatically routed to the operators, and consist-
ed of inquiries from the public about the completion of
government forms.

2.2 Procedure

At the beginning of the study, each subject completed
a survey on working conditions at the agency. The sur-
vey included questions about job demands, supervisory
behaviors, work climate, rest break behaviors, job

stress, job satisfaction, motivation, health, and subject
demographics. 

2.3 Analyses

Two groups of items were selected from the survey for
inclusion in the analyses. One group consisted of con-
trol items (i.e., age, sex, ethnicity, part time/full time sta-
tus, job title), and the second group consisted of job
stressors that might influence the taking of rest breaks
(e.g., workload, time pressure, job control, supervisory
support, backlogs, etc.). Stepwise regressions were
done in which the control variables were forced in first,
after which the job stressors were entered. Outcome
variables consisted of a) number of brief, unscheduled
breaks taken per day, and b) number of times per day
that the worker got up and left their workstation (this
could include scheduled rest breaks). These rest break
variables were then correlated with job satisfaction, job
stress, general health and job commitment to deter-
mine the relationship between the taking of breaks and
well-being in this population.

2.4 Results 

The subjects reported taking an average of three brief,
unscheduled rest breaks per day, and reported getting
up and leaving their workstation an average of 4 times
per day.
A. Brief, unscheduled rest breaks: Job control was the
strongest predictor of the number of brief, unscheduled
rest breaks that workers took, with more breaks taken
by those reporting a higher level of job control. Time
pressure, supervisory support, work backlogs and con-
tact with upset people were also associated with the
number of brief, unscheduled rest breaks taken during
the day. Workers who reported less time pressure,
more supervisory support, less work backlogs and less
contact with upset people took more breaks during the
workday.
B. Breaks involving leaving the workstation: Job control
was also the strongest predictor of the number of times
that workers got up and left their workstations, with
those reporting a higher level of job control leaving their



The Influence of Job Stressors on the Taking of Rest Breaks Among Call Center Operators      

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

Naomi SWANSON (1), Paula Grubb (1), Christina Beam (1), Robin Dunkin (1), Lawrence Schleifer (2), Steven Sauter (1) 675

workstations more times per workday. Additionally,
greater supervisory support, higher levels of decision-
making, higher levels of skill-use, less time pressure,
and lower work backlogs were also associated with
workers being able to leave their workstations more fre-
quently. 

C. Rest breaks and well-being: Individuals who took two
or more brief, unscheduled rest breaks per day reported
higher levels of job satisfaction, better general health,
and lower levels of job stress than individuals who took
one or no unscheduled break. Those who left their
workstations two or more times during the workday re-
ported higher levels of job satisfaction and lower levels
of job stress.

3 Conclusions

The results indicated that job demands are predictive of
the ability of workers to take rest breaks during the day.
More specifically, workers who reported that they have
lower levels of job control, less supervisory support,

less decision-making ability, greater time pressures,
greater work backlogs, and more contact with upset
people, were significantly less likely to take brief, un-
scheduled rest breaks, or to get up and leave their work-
stations during the workday. Although analyses of the
relationship between the number of rest breaks taken
per day and worker well-being indicated that workers
who take more breaks were more satisfied and less
stressed, these results should not be interpreted in a
causal fashion at this time. Structural analyses are cur-
rently underway to determine the causal pathways be-
tween job stressors, rest breaks, and health and well-
being in this population of workers.
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ABSTRACT 

The musculoskeletal health status among 57 operators at one call center in the northern Sweden were fol-
lowed during 10 months, parallel to a reference group of 1226 professional computer users in other occupa-
tions. The call center operators were much younger than the reference group. Symptom cases were found at
baseline among 86% of female and 68% of the male call center operators compared to 72% and 50%, re-
spectively, in the reference group. The neck and shoulder regions were most frequently affected. During the
10 monthly follow-ups about 35% of the call center operators reported symptoms during all follow up
months, compared to 23% in the reference group. Muscle and nerve affections were the most common spe-
cific findings at medical examination of incident symptom cases at the call center and among the other pro-
fessional computer workers. More studies should be done on the working conditions and health status
among call center workers. 

1 Introduction

Call centers are relatively new organizational units that
use telephones and computers to manage communica-
tion with e.g., customers, the public, or government
agencies. Independent call centers are proliferating rap-
idly as many companies are outsourcing their telephone
services to specific companies to more efficiently man-
age uneven demands for services. 
Since the early 1990s, call centers in Europe have been
concentrated to the Netherlands and the British Isles.
There have been call centers in Sweden since the mid-
1990s (Figure 1). 

Call centers is one of the most rapidly growing labor
market sectors today. There are an estimated 5 million
people employed in call centers in the United States,
and approximately 1,5 million in Europe. According to
the state-run Invest in Sweden Agency, approximately
35,000 people were employed in Swedish call centers
in 1999, while industry growth forecasts some 130,000

employees by 2005, corresponding to an annual growth
of 25%. Call centers are expanding primarily in rural ar-
eas, where there is a good supply of available labor. 

In a study of call centers in Great Britain, it was found
that operators and managerial staff were relatively
young, usually under 35, and they had worked at the call
center for only a short time (two years or less among
50% the managerial staff and 75% of the operators)
(Austin Knight & Calcom Group, 1997). Operators and
managerial staff were predominantly women (70 and
60% respectively) (Figure 2). 

The expansion of call centers can have a positive impact
on many rural communities by creating new jobs. How-
ever, problems have been noted, e.g., with low wages,
lack of control, the feedback systems, working hours,
stress, the emotional burden of dealing with demanding
or unpleasant customers, inadequate opportunities for

Figure 1:  Typical Swedish Call center 
Figure 2: Young women at a Swedish call center
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professional development, and insufficient physical and
mental variation. 
There are few studies reporting on working conditions
and employee health status at call centers. Strained
working conditions have been reported both concerning
organizational and psychosocial aspects, like time pres-
sure, emotional load, electronic monitoring and voice
tapping of calls, but also concerning bad physical condi-
tions, and ergonomics (Hoekstra et al., 1995, Ferreira et
al., 1997, Most, 1999, Norman et al, 2001). Musculosk-
eletal disorders, feelings of stress and physical/mental
exhaustion among the operators have been reported. 

2 Aim

The aim was to study symptoms and findings from the
musculoskeletal system at clinical examination among
operators at one call center in Sweden. 

3 Methods

The design was a closed prospective cohort study with
10 monthly follow-ups. Participants were operators at
one call center in the northern Sweden. Thirty-five fe-
male and 35 male operators, who were supposed to re-
main during the study period, were selected among all
380 operators employed at the call center. A reference
group of 896 female and 636 male professional comput-
er users in other occupations was followed in parallel. 
Among measurements at baseline was a questionnaire
about symptoms during the last month (ache or pain in
the neck, back or upper extremities). Subjects reporting
symptoms 3 days or more were regarded as symptom
cases. Working conditions were also registered, but are
not reported here. Measurements at follow-up were
made by 10 monthly questionnaires about symptoms.
Subjects identified as incident symptom cases were
called for a medical examination performed by a physi-
cian. An incident symptom case was defined as a sub-
ject reporting symptoms from any of the body regions
above (as in baseline), and who was symptom-free dur-
ing the preceding month. 

4 Results

Twenty-nine women and 28 men at the call center re-
plied to the base-line questionnaire (mean age 28 and
29 years, respectively), and 756 women and 470 men in
the reference group (mean age 45 and 43 years, respec-
tively). The call center operators had on the average
been working with computers during 4-5 years and the
referents during 12 years. The operators had on the av-
erage been working in their present profession since 14
months (males) or 26 months (females). The corre-
sponding figures among the referents were 10 years
(males) or 14 years (females). 
Symptom cases were found at baseline among 86% of
the female call center operators compared to 72%
among women in the reference group. The correspond-
ing figures among men were 68% and 50%. The odds
ratio for being classified as a symptom case among call

center operators versus the referents was 2,2 (95% ci
1,2-4,3) (adjusted for gender and age). The neck and
shoulder regions were most frequently affected in both
groups. 
Out of maximum 570 possible follow-ups, about 71%
were returned by the operators at the call center. During
follow-up 18 operators at the call center (32%) were
identified as incident symptom cases, compared to 514
in the reference group (42%). The cumulative incidence
of incident symptoms was about 0,5/year among the
call center operators and about 1/year in the reference
group. (The number of incident cases in the call center
group was judged to bee too low for analysis of inci-
dence ratios.) 
About 12% of the call center operators and 21% of the
referents remained symptom-free both at baseline and
the whole follow-up period (Table 1). On the other hand,
about 35% of the call center operators and 23% of the
referents were never symptom-free, neither at the
baseline, nor at any follow-up. Women at the call center
reported symptoms at about 60% of the follow-up
months and men at about 40% (totally about 50% out
of all 405 follow-up months). 

Table 1: Number (No.) and % of subjects at the call
center and in the reference group who reported symp-
toms in one or more of the upper body regions at
baseline and during 10 months follow-up. 

Fourteen out of the 18 incident cases at the call center
were medically examined (5 women and 9 men) and
389 out of 514 incident cases in the reference group.
Pathological findings were made in the neck-shoulder
region in 5 operators, shoulder joint 1 operator, wrists
and hands in 4, and in the back in 3 operators. Affected
structures were considered to be muscles in 4 opera-
tors, nerves in 4, joint in 1, and miscellaneous in 5 oper-
ators. Three operators were classified as cases of neck/
shoulder pain syndromes and another three as cases of
nerve compression. The results from the reference
group were similar but with a somewhat lower frequen-
cy of nerve related findings and a higher frequency of
tendon related findings and diagnoses.

5 Discussion

This study demonstrated a very high prevalence of
symptoms from the upper body regions among call cen-
ter operators. In fact, the call center operators was the

Call Center
No. (%)

Reference group
No. (%)

Never symptoms 7 (12%) 260 (21%)

Symptoms only 
at baseline

12 (21%) 176 (14%)

Always 
symptoms

20 (35%) 276 (23%)

Incident symp-
toms

18 (32%) 514 (42%)

Total 57 (100%) 1226 (100%)
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occupational group that reported the highest prevalence
of symptoms among all professional computer users
out of more than 30 different occupations and compa-
nies in the study. On the average, the call center opera-
tors experienced symptoms every other month. More
than a third of the operators experienced symptoms ev-
ery month. The call center operators were mostly under
30 years of age compared to the middle aged reference
group. They had been working at call centers for only 1-
2 years, which was about 1/10 of the corresponding se-
niority among those in the reference group. 
There are several plausible explanations why these
young and novice professional computer workers
would be in such a bad health condition. The working
conditions, both the psychosocial and the work-station
design, were worse at the call canter than among the
reference group (Norman et al, 2001). This was most
prominent concerning the work-station design and the
level of influence at work. The work tasks at the call
center were less varied than among the referents and
the call center operators also worked longer at the com-
puter work-station without taking rests. These are well
known risk-factors for e.g. neck-shoulder disorders
among computer users (Punnet & Bergqvist, 1997). 
As found in many other studies, the women both at the
call center and in the reference group reported more
symptoms than the men. Findings in medical examina-
tion of incident symptom cases were similar among
men and women. They were also similar to findings in
the reference group and what has been reported from
examinations of other professional computer users
(Punnet & Bergqvist, 1997). 
This study has reported results from one Swedish call
center. There are reasons to believe that conditions dif-
fer between call centers. As these results, like in other
studies, indicate unfavourable health conditions, further
studies should be done on working conditions and
health at call centers.

6 Conclusion 

Operators at this call center were more symptom-load-
ed than other professional computer users. Symptoms
were long lasting or recurrent. Clinical findings indicated
lesions mainly affecting muscles or peripheral nerves.
More studies should be done on the working conditions
and health status among call center workers.
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ABSTRACT

ISO 9241 part 5 requires that a fit be achieved between computer users and their workstations. Because of
the wide anthropometric variation among populations, ISO does not specify dimensions for workstations.
The Business and Institutional Furniture Manufacturers Association (BIFMA) has developed an ergonomic
guideline for furniture intended for computer use in North America. Rather than attempt to create a standard
of its own, BIFMA has applied the measurable furniture-related principles and design requirements of ISO
9241 parts 3 (Visual display requirements) and 5 (Ergonomic requirements for office work with visual display
units) to the North American population. While conforming to the accepted practice of providing dimensions
for the 5th – 95th dimensions of the population, the guideline includes an “Ultimate Test for Fit” for each pa-
rameter to help ensure that each worker can be provided with an ergonomic work environment. 

1 Introduction

Selecting VDT furniture for a large number of users, dif-
ferent tasks and posture preferences can be a night-
mare. After the qualitative features have been deter-
mined, the necessary adjustment ranges and dimen-
sional requirements becomes the issue. Ideally, even
large companies would have a stable workforce and de-
tailed records of each worker’s relevant body dimen-
sions. In reality, furniture specifiers have relied on a
hodgepodge of specifications – many of which have lit-
tle to do with the actual physical characteristics of the
workforce. To provide guidance both for its members
and for computer workstation users, the Business and
Institutional Furniture Manufacturers Association (BIF-
MA) has developed the Ergonomics Guideline for VDT
(Visual Display Terminal) Furniture Used in Office Work
Spaces, for furniture intended for computer use North
America. 

The provisional draft was released in January 2001 and
the public comment period lasted until June 30, 2001.
The final version was approved on March 1, 2002.

2 ISO 

ISO 9241 is the internationally recognized standard for
computer workstations. It presents accepted principles
for office ergonomics. Part 5 provides guidance for de-
termining the dimensional requirements for computer
workstation furniture that will accommodate the body
sizes of specific working populations. To accommodate
the North American population, BIFMA has applied the
measurable, furniture-related principles and design re-
quirements of ISO 9241 parts 3 and 5 (ISO 1992, 1998). 

Because of the wide variety in body sizes in different
countries, ISO 9241 does not provide specific dimen-
sions for workstation components such as chairs and
worksurfaces. For the North American population, BIF-
MA used the most widely accepted anthropometric sur-
vey available, the 1988 Anthropometric Survey of U.S.
Army Personal (ANSUR) (Gordon et al., 1988). 

While the population measured by ANSUR does not
precisely reflect the office working population of the US
and Canada, it is the most encompassing set of mea-
surements available at this time. The measurement
method used in the ANSUR survey is consistent with
the anthropometric measurements described in ISO
7250: Basic Human Body Measurements for Techno-
logical Design.

3 Fit

The application of the concept of “fit,” as defined in ISO
9241-5, 4.3, is the primary consideration of the guide-
line:
Selection and design of furniture and equipment re-
quires a fit to be achieved between a range of task re-
quirements and the needs of users. The concept of fit
concerns the extent to which furniture and equipment
(work chairs, work surfaces, visual display units, input
devices, etc.) can accommodate individual users’
needs. (ISO 1998)
Since, except under special circumstances, worksta-
tions cannot be custom-made for individual users, some
alternative forms of ensuring a good fit are required. The
extent to which the workstation provides a good fit be-
tween the requirements of users and their work should
be of primary consideration. (ISO 1988)
Current design practice for industrial products takes the
relevant anthropometric dimensions of the 5th percen-
tile of female to 95th percentile male working popula-
tion into account. (ISO 1998)
The BIFMA guideline follows the 5th-95th-percentile
convention, but recognizes its limitations. While many
people assume there exists a “5th percentile female”
and a correspondingly large male, such a person is im-
possible. The percentiles refer to individual body seg-
ments, not standing height. People with long shins tend
to have shorter thighs, and vice versa. Therefore, some
users will be too “long” or “short” for a “typical” seat
depth, but fine for everything else. A user who falls
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within the 5th-95th percentile range for one body dimen-
sion may be outside that range for another. Specifying
for only the 5th-95th percentile means that much more
than 5% of the population will remain accommodated. 

To ensure that all workers are accommodated, it is nec-
essary to have some workstations that are smaller, and
some that can be larger, than the fabled 5th-95th percen-
tile. Recognizing that, the BIFMA guideline provides an
Ultimate Test for Fit. Passing the Ultimate Test for Fit
ensures that the furniture fits the individual, even if it
does not conform to the recommended dimensions. 

4 Scope 

The purpose of the guideline is to provide guidance in
applying the relevant measurable ergonomics principles
and design requirements found in ISO 9241-3 and 9241-
5 to the dimensions and adjustment ranges of chairs
and worksurfaces used in the design of workspaces uti-
lized specifically for intensive VDT work. It is intended
for use by professionals involved in the design, manu-
facturing, specifying, qualifying and purchasing of office
furniture for VDT workspaces. The more intensive the
VDT usage, the more important adherence to the ISO
principles becomes.

5 Conformance

Designing products to fit the 5th percentile female to
95th percentile male body dimensions will accommo-
date a large number of users. 

It is important, however, to realize that purchasing/de-
signing furniture for the above range will not accommo-
date at least 5 percent of the users for any particular di-
mension. In order to accommodate users outside the
5th to 95th percentile ranges, it will most likely be nec-
essary to purchase components that are not within that
range. The practice of ergonomics requires fitting the
work environment to the user. A furniture component
that fits a particular user conforms to ISO and the rec-
ommendations in the Guideline, even if it does not con-
form to certain numerical ranges.

6 Limitations

The workspace dimensions recommended in the guide-
line are based on meeting the requirements of the 5th

percentile female through 95th percentile male body di-
mensions in an upright posture, relying on a single data-
base, ANSUR. Alternate postures may result in different
dimensional requirements. If the anthropometric di-
mensions of a particular user population can be estimat-
ed, it is preferable to utilize those dimensions. 

While the ANSUR body dimensions are generally taken
from upright postures, there is no uniquely correct
working posture that would fit any user for an extended
period and/or accommodate every personal working
habit. The dimensions given in the guideline consider

these generally upright postures only. Other dimen-
sions may be acceptable if other postures are assumed.

The application of ISO principles to specific user/work-
space combinations may result in dimensional conflicts.
The final criterion for determining whether an individual
user has been accommodated is the Ultimate Test for
Fit.

The application of ergonomic principles is broader than
anthropometry. Workstation design should consider
other aspects such as lighting, acoustics, heating and
ventilation, and psychosocial aspects. 

7 Guideline format

The guideline addresses work chairs and worksurfaces.
Each specification is subdivided into the following parts:

7.1 ISO Related Quote and Reference. 

Quotes from ISO provide the guiding principles upon
which the recommended specification is based.

7.2 Relevant Body Dimension

Photographs and drawings from ANSUR (Gordon et al.,
1988) illustrate the critical body dimension and show
how it was measured. Data is provided for the appropri-
ate 5th percentile female and 95th percentile male body
dimensions. In some cases, such as seated eye height
from the floor, which is critical for determining screen
height, the dimension is calculated within subjects us-
ing the raw data from the ANSUR database. 

7.3 Why is the parameter important?

Many persons responsible for specifying computer sup-
port furniture are unfamiliar with ergonomic principles.
They sometimes take what they consider the safest av-
enue by specifying only those components with dimen-
sions that accommodate the fabled 5th – 95th percen-
tile. That has resulted in refusing to accommodate indi-
viduals who require furniture that falls outside the rec-
ommended dimensions. The explanation of the
importance of the parameter provides the basis for the
recommendation and will hopefully allow specifiers to
determine when specialized components would not
only be allowed, but necessary.

7.4 Discussion

This section explains how the relevant body dimensions
were used to determine the recommended dimen-
sions/ranges, including where allowances have been
made for clothing, shoes, or postural variation. 

7.5 Recommended Dimensions/Ranges

Recommended adjustment ranges or minimum-maxi-
mum settings are provided based on the 5th -95th per-
centile body sizes. The chair dimensions provided in the
guideline are obtained using the Universal Measure-
ment Procedure© for the Use of BIFMA Chair Measur-
ing Device (CMD)® BIFMA/CMD-1. In some cases, be-
cause of variables beyond the control of the manufac-
turer, no specific numbers are provided. 
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7.6 Ultimate Test for Fit for the Individual 

User 

Most ergonomic guidelines provide either specifica-
tions or a performance requirement. Conform to a spec-
ification-based guideline is achieved by providing furni-
ture that meets a list of dimensional requirements, i.e.,
the seat adjusts from x to y. Performance based guide-
lines focus on how well the furniture actually fits the us-
er. An example would be, “Can the person sit in the
chair with their feet flat on the floor?” The BIFMA guide-
line combines both. It provides dimensions to fit work-
ers from the 5th percentile female to 95th percentile
male body dimensions, but it also provides an Ultimate
Test for Fit. 
Passing the Ultimate Test for Fit ensures that the furni-
ture fits the individual even if it does not conform to the
specified dimension. Furthermore, because the dimen-
sional ranges cover only from the 5th percentile female
to the 95th percentile male body dimensions, the guide-
line explicitly states that it is impossible to “fit” all users
by purchasing only those components that fall within
the recommended ranges. 

8 Conclusion

The BIFMA ergonomic guideline applies the principles
of ISO 9241 parts 3 and 5 to furniture intended for com-

puter user in the U.S. and Canada. It provides dimen-
sions and adjustment ranges to accommodate from
the 5th percentile female through the 95th percentile
male body dimensions. 

Recognizing that this will not accommodate all users, it
provides an Ultimate Test for Fit to ensure that all users
can achieve the ISO goal of “fit.” 

BIFMA G1-2002 may be ordered at www.bifma.org or
BIFMA, 2680 Horizon Drive SE, Suite A-1, Grand Rap-
ids, MI 49545-7500 USA, (1- 616-285-3963).

9 References

Gordon, C.C., Churchill, T., Clauser, C.E., Bradtmiller, B., Mc-
Conville, J.T., Tebbetts, I., and Walker, R.A. (1989). 1988 An-
thropometric Survey of U.S. Army Personal: Summary Statis-
tics Interim Report (Technical Report NATICK/TR-89-027). Nat-
ick, MA: United States Army Natick Research, Development
and Engineering Center. 

ISO (1992). Ergonomic requirements for office work with visu-
al display terminals (VDTs) —Part 3: Visual display require-
ments. Geneva, Switzerland: International Organization for
Standardization.

ISO (1998). Ergonomic requirements for office work with visu-
al display terminals (VDTs) — Part 5: Workstation layout and
postural requirements. Geneva, Switzerland: International Or-
ganization for Standardization. 



Comparison of Stationary LCD and CRT Screens - Some Visual and Musculo- Skeletal Aspects

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

682 Per NYLÉN

Comparison of Stationary LCD and CRT Screens - Some Visual and 

Musculo- Skeletal Aspects

Per  NYLÉN
National Institute for Working Life, S-11279, Stockholm, Sweden. E-mail: per.nylen@niwl.se

ABSTRACT

Most individuals spend an increasing amount of time in front of their computer screens, both at work and at
home. The actual work at the screen has often also been intensified including more frequent and longer inter-
active phases, often together with increased manuscript reading straight from the screen instead of using a
paper printout. This development motivates improved visual and postural ergonomics at all computer work.
LCD screens might contribute to such improvements, as compared to the traditional and today cheaper CRT
screens. In general, LCD screens generate considerably less flicker and reflexes; the latter factor thus per-
mits a lowered screen position. Some advanced graphic presentations are still only possible using CRTs. Due
to the reduced depth, the LCD screen is often easier to place correctly on the table in relation to light sources
and incoming day light. The considerably lower weight of the LCD screens makes it easier to move and twist
in different directions during work, actions rarely done with the CRT. Such screen movements allow more
varied work postures and are thus favourable.

1 Introduction

In the end of year 2002, the proportion of LCD screens
sold will probably pass 50% in Sweden and be around
30% in Europe. Along with the increasing proportion
there is a considerable decrease in price compared to
CRT screens. Difficulties in choosing between LCD and
the cheaper CRTs are common and comparing analyses
of the different aspects are often welcomed. 
The total time spent in front of computer screens is still
increasing; both for private and professional activities
due to increase in e.g. activities on the web, communi-
cation by e-mail, and interactive education. Leisure time
playing on the computer has increased also among
many parents and young adults. Different professional
work tasks performed at home, instead of at the office
and often by using a computer, are also increasing. This
increase in total time spent in front of computer screens
motivates further improvments in visual and postural er-
gonomics.
In the following, aspects of only stationary computer
screens are discussed, notebooks are not included.

2 Visual ergonomics

2.1 Flicker 

Exposure to both visual and non-visually observed am-
plitude modulated light is unavoidable when viewing a
CRT-screen, even at static presentations such as a text
page. Visually observed modulations, i.e. flicker, are
both annoying and reduce readability and productivity.
Non visual modulations from normal fluorescent lighting
using AC 50-60 Hz have been shown to cause discom-
fort in general but also severe annoyance in a strictly
controlled study in persons claiming them selves to be
hyper sensitive to electromagnetic fields. When ex-
posed to high frequency fluorescent lighting (several
thousand Hz) in the same study, a considerable part of
the reported symptoms disappeared. Claimed hyper-

sensitivity to electricity might therefore partly be a hy-
per sensitivity to amplitude modulated light. It has been
proposed that similar effects might be induced by non-
visually observed amplitude modulated light from CRT
screens too. The LCD-technique generates much less,
if any, amplitude modulated light in the frequencies
found in CRTs, i.e. between 50 and 100 Hz.

2.2 Peripheral sharpness  

When using the CRT technique, the exact positioning of
electron beam is more difficult at the peripheral parts of
the screen. This results in a decreased sharpness in
these parts. A LCD screen has the same sharpness all
over the screen 

2.3 Advanced graphic applications 

The resolution of CRT-screens can still be increased be-
yond the limits of the LCD. High-speed graphic presen-
tation and needs for high resolutions like at the physi-
cians detailed examination of computer generated x-ray
images still requires CRT-technology. 

2.4 Reflexes 

The glass surface of CRT-screens often gives rise to re-
flection of light sources and bright areas in the surround-
ings. The manufacturers are reducing reflexes genera-
tion by applying different optically active layers on the
screen surface. Lately, CRT screens with completely
flat glass surface instead of traditionally slightly curved
surface have been introduced. The flat surface decreas-
es the risk of reflexes from e.g. light sources in ceiling
projected in the upper part of the CRT screen.
The screen surface of LCD screens is normally made of
a plastic glossy material with low reflectance factor,
thus considerably reducing the risk of disturbing reflec-
tions. The reflex risk reduction permits the LCD screen
to be placed lower and more twisted upward relative to
the user, a location often recommended to reduce mus-
culoskeletal strain.
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2.5 Viewing Distance 

The weight and size of the CRT-screen results in the
fact that they are rarely, if ever, moved or adjusted on
the desk surface. In contrast, the lower weight and re-
duced depth of the LCD screens permits frequent
movements and adjustments on the desk. Adjustment
of viewing distance and body posture is thus easier. An
increased need to adjust the viewing distance is seen at
work at height adjustable desks when alternating be-
tween standing and sitting positions (Fig 1). At standing
position, the body is often slightly bent forward, and the
face consequently horizontally closer to the desk. This
position requires movement of the screen towards the
distant desk edge to achieve the optimal viewing dis-
tance. The need for distance adjustment is most pro-
nounced in elderly users due to their reduced ability to
accommodate at close distances (presbyopia). 

Figure 1: Schematic illustration of the difference in
viewing distance at sitting and standing work at a
fixed screen position.

Sometimes the performance of graphic work is facilitat-
ed by temporarily pulling the screen really close for
magnification, another advantage of easily movable
screens.

2.6 Secondary effect on visual ergonomics 

Due to the simplified movements and reduced depth of
LCD-screens, the desk surface can be more optimally
used for e.g. manuscript holders. The location of the
screen on the desk is also critical. The 19” CRTs are so
huge that they are often placed in the corner of the desk
to get enough space for keyboard and support for wrist
and lower arm. Much too often the only corner available
is a corner close to a window, which means consider-
able problems with contrast glare due to unbalanced
light intensities from the window and the screen.
LCD screens can, due to the reduced depth be placed
perpendicular to the window, a location which almost
eliminates the risk of contrast glare and reflections in
the screen surface from window.

3 Musculoskeletal ergonomics 

3.1 Body posture variation 

The possibilities to adjust the LCD screen desk position
mentioned above are also an advantage for the achieve-

ment of good musculoskeletal conditions. The static
body posture i.e. fixed neck, shoulder, and back posi-
tions most often found at work with CRT screens are a
well known risk factor. The fixed positions are mainly
due to the fact that the heavy CRT screens, even for
strong and tall male users, are difficult to reach and thus
relatively even heavier to move as they are located at
the far part of the desk. By using a screen that can be
easily moved on the desk surface the body posture can
be considerably more varied, thus reducing the risk of
musculo-skeletal problems. The fact that a LCD screen
can be moved must, however, be pointed out to many
former CRT users since they are so used to computer
screen that cannot be moved on the desk. It is thus an
important educational task for all professional catego-
ries working with computer ergonomics to teach LCD
users that these screens have the obvious advantage
that their position should be adjusted to the body pos-
ture, instead of vice versa.

3.2 Secondary effect on musculoskeletal 

ergonomics

The LCD-screen can also be pushed away completely
from the central part of the desk surface. Hereby, the
desk is more easily converted for task which does not
require the computer, an advantage especially in small
office rooms with only one desk. These tasks can then
be performed on a larger space without spatial distur-
bance from the screen, which ought to be an advantage
for varied body postures and reduced musculoskeletal
strain.

4 Other aspects

4.1 Energy consumption  

LCD- screens consume considerably less than 50% of
the energy needed for CRT-screens of comparable size.
A lot of the energy consumed by CRTs are converted to
heat which imposes a ventilation problem and often re-
quires further energy consumption due to the need for
air cooling acheived by air condition.

4.2 Need for printouts  

Improved visual ergonomics would permits an in-
creased proportion of comfortable text reading straight

Figure 2: Common desk location of large CRT screen
seen from above.
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from the screen instead of reading from a printout. This
fact means increased productivity, a reduced number of
printouts; in a longer time perspective resulting in de-
creased need and thus costs for printers, printer main-
tenance and separate printing rooms.

4.3 Exposure to electromagnetic fields 

Although the health risks of EMF exposure in grown-
ups is questioned, a lot of employees are concerned
about such fields and want to avoid unnecessary expo-
sure. LCD screens produce only a minor fraction of the
EMF produced by CRTs and are thus, in this respect,
preferred by many users. For users claiming hypersen-

sitivity to electricity, LCD-screens might be the only way
to use computers and reach the possibilities like the
web and e-mail, social activities they would otherwise
be isolated from.

5 Conclusions

Visual and musculoskeletal ergonomics deserve de-
tailed attention when choosing between LCD and CRT
screens, including factors like flicker, reflexes, screen
mobility and the connected possibillities to vary viewing
distance and body posture.
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ABSTRACT

This paper presents a new ergonomic cushion with the pelvic support. It was developed in order to prevent
the musculoskeletal problems of floor- seating. Its effectiveness was examined through measuring of the
pelvic motion. The result showed that the cushion reduced the rear rotation of pelvis and the flexion of back.

1 Characteristics of the Japanese 
seated posture

The typical Japanese posture is floor-seated posture.
Dainoff (2000) reports that the standing posture for VDT
work are increasing in work places in Western coun-
tries. The floor-seated posture for VDT work is rare,
however, a height-adjustable table to fit the posture
from floor-seated to standing has been developed (Her-
man Miller Inc, USA). In the future, there is possibility
that the floor-sated posture will introduce into VDT
work. The reason is that changes in work posture (or
free posturing) are recommended to reduce fatigue
(Kroemer, 1999). The Japanese floor-seated posture for
VDT in the office is unknown. However the posture
tends to increase at home, especially in the wintertime.
Figure 1 shows the floor-seated posture for VDT work.

The floor-seated posture is used not only Japan, but is a
life posture also distributed widely throughout the

world. Figure 2 shows the typical floor-seated postures.
To the present time, the musculoskeletal problems of
floor-seated posture have been pointed out. One of the
main problems in the floor-seated posture is the flatten-
ing of lumbar curve. Particularly in VDT work, the flat-
tening of lumbar curve increases, because the trunk
tends to lean forward. This is the cause of discomfort
and pain. In order to reduce the problem, we developed
a new ergonomic cushion "zabuton" to improve floor-
seated posture (Figure 3). "Zabuton" is a Japanese
sounding name of a floor-cushion.

2 Development of a new ergonomic 
floor-cushion (Ergo-zabuton)

The feature of the seating tool is following. There are
differences between male and female in the Japanese
floor-seated postures, therefore two models were de-
veloped. In order to reduce the rear rotation of the pel-
vis, the pelvic support was put into use. The material is
hard chipped cork. Cushion material is the polyurethane

Figure 1: Floor-seated posture for VDT work

Figure 2: Examples of floor-seated postures

Figure 3: Floor-cushion with pelvic support
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wrapped with soft polyester. These are being applied
for a patent.

3 Experiment: Effect of pelvic support

3.1 Method

The purpose of experiment was to examine the effect
of pelvic support. Measuring of the pelvic motion was
taken in floor-seated posture. The method referred to
Wu’s (1998) one. The measuring system consists of gy-
roscopic and acceleration sensors. The measuring
equipment was fixed to the right iliac crest with the aid
of a contact belt. The zero value of the pelvic inclinom-
eter was calibrated corresponding to the erect standing
posture of the subject. Back and forward movement of
the body (pitch angle) was recorded at a sampling inter-
val of 1 second. In order to analyze the relation between
the variation in the inclination angle and the variation in
body posture, video recording was made of the sub-
jects from sagittal plane. The subjects were 2 university
students (1 male and 1 female).

3.2 Result

Figure 4 shows the time series of the pitch angle while
the subject changes the posture from standing to floor-
seated. The floor-seated posture was compared under
condition with standard cushion (without pelvic sup-
port) and new cushion (with pelvic support). By the

comparison of the pelvic angle with and without pelvic
support, the pelvic angle tends to rotate backwards
about 10 degree more in the condition without support.
Analysis of VTR observation leads to the conclusion
that the subject’s back extends in the condition with
pelvic support, and bends in the condition without it.

4 Conclusion

In order to prevent the forward bending posture in the
Japanese floor seating, we developed new floor cush-
ion with the pelvic support. As an experimental result
on the effect of pelvic support, the cushion reduced the
rear rotation of pelvis and the flexion of back. The cush-
ion with pelvic support is proposed, as one of useful
tool for the free posturing (from floor-seated to standing
posture) in VDT work.
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Figure 4: Variation in the pitch angle of pelvis and the posture, under the conditions with and without pelvic support
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ABSTRACT

Recently with the growth of the telecommunication technologies and the office organizations the office
worker’s work environment has changed dramatically. Meanwhile the foot swelling is reported on a long-
term Visual Display Terminal (DVT) work as a working load to the body. Also the Deep Vein Thrombosis that is
called ‘Economy Class Syndrome’ stems from the static posture on the airplane. The foot swelling often oc-
curs when man keeps the static posture. This study focuses on examining the occurrence of the foot swell-
ing on VDT work and researching the relief method of symptoms. The foot swelling was measured by two
kinds of methods. One is wet system by water and the other is dry system by measure tape. The experi-
ments were conducted under three different conditions. As a result it was found that keeping the consoli-
dated seating posture for a long time would trigger off DVT and the stretching of the leg and foot should be
effective.

1 Introduction 

Recently, there have been innovations in the telecom-
munication technologies and the office organizations
through remarkable growth in the use of information
technology (IT). This trend has dramatically changed of-
fice workers’ work environments. The working stresses
become more complicated and diverse, which some-
times result in mental fatigue. Meanwhile the foot
swelling is reported on a long-term Visual Display Termi-
nal (VDT) work as its influence to the body.

The VDT works become popular not only in the office,
but also at home because personal computers have be-
come into wide use and the Internet users rapidly in-
creased. In addition to the above, the foot swelling of-
ten occurs when man keeps the static posture on the
airplane, train and bus during the long-distance trip’s. Al-
so, the Deep Vein Thrombosis (DVT) that is well known
to us as it is, the accumulated water leaches through
the vein and lymph vessel, which twines around the fat
tissues causing the hypertrophy.

This study aims to examine the occurrence of the foot
swelling and how to alleviate the condition in daily life,
by checking the influence of the committed posture on
VDT work to the lower legs.

2 Measurement Methods

The foot swelling was measured by two kinds of meth-
ods. One was measuring the foot volume (Paul, 1995)
by the variations of water using the original water tank
(figure 1). The other was measuring the circumference
of lower thigh, instep and forefoot with a tape. At the
same time the subjective evaluation was conducted
bythe questionnaire that is related to the discomfort.

3 Subjects and Conditions

Subjects were healthy 5 males and 5 females. They
were university students. 
The experiments were conducted under the three dif-
ferent conditions. Firstly the subject was operating only
VDT work. Secondly the subject was doing the same
work with drinking a cup of water twice at 25 minutes
intervals. Finally the subject was going on VDT work
while doing four kinds of stretching exercises for two
times at 20 minutes intervals.

4 Results

4.1 Foot swelling rate 

Figure 2 and Table 1 show the results of the foot-swell-
ing rate each foot parts. The swelling rate was apparent-
ly the highest under the condition 1 (only VDT work). By
two-way ANOVA the significant difference was showed
between the only VDT work and VDT work with stretch-

Figure 1: Experimental apparatus (Mitsui et al. 2001) 
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ing in the maximum circumference of the lower leg. (p
< 0.05) The lower swelling rate was the lower leg and
forefoot.

4.2 Subjective evaluation

The result of subjective evaluation concerning the phys-
ical discomfort parts was showed in Table 2. (the high-
est sore was seven) By one-way ANOVA the finds were
obtained that the discomfort score would be higher in
only VDT work with stretching < VDT work with drink-
ing < only VDT work in order in this order. (p<0.1)  

And about the result of foot discomfort was showed in
figure 3. (The highest score was ten) By one-way ANO-
VA the discomfort score was higher in VDT work with
stretching < VDT work with drinking water < only VDT
work apparently.

5  Discussion and Conclusion

 For sixty minutes VDT work with stretching was effec-
tive for workers to reduce foot-swelling rate, which
was concluded in this experiment. By approaching
from subjective evaluation, we obtained knowledge
that the static posture for long time as a only VDT work
affected the physical discomfort, especially the lower
leg, foot, buttock that were causes of foot swelling. In
this experiment we predicted the risk factor of DVT sid-
eration on VDT work was static posture for long term
as well as the factor of Economy Class Syndrome. 

The results indicated that DVT is likely to occur in daily
life especially associated with the VDT work in the
modern office where IT is broadly used. Excessive air
conditioning and keeping the consolidated seating pos-
ture for a long time would trigger off DVT. It was found
that stretching is effective (Tetsuka et al. 1996) for elim-
inating the foot selling on the VDT operation. Further re-
search would be continued.
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Figure 2: Foot swelling rate each parts of foot and feel-
ing the foot swelling

Table 1: Mean value of foot swelling rate (%) each
parts of foot

condition 1 condition 2 condition3

circumstance of the lower leg ** 1.1(1.1) 0.7(0.5) 0.3(0.8)

circumstance of instep 1.5(1.1) 0.7(1.3) 1.1(1.0)

circumstance of forefoot ** 1.9(1.0) 0.7(0.9) 0.5(1.3)

volume of foot 1.1(2.3) 1.7(1.4) 1.4(1.6)

**p<0.05,(SD)

Table 2: Subjective evaluation of each physical mean
discomfort

0nly VDT 
work

VDT work 
with drinking 

water

VDT work 
with 

streching

neck 4,1 3,8 4,6
shoulder 4,5 4,5 4,5
upper arm 3,9 3,2 3,1
elbow 3,5 2,8 2,4
forearm 3,3 2,7 2,8
abdomen 3,6 2,8 2,6
back 4,6 4,2 4,8
lumbar 4,9 4,9 4,5
buttock 5.3* 5.2* 4
thigh 4,3 4,5 3,5
knee 4 3,4 2,7
lower leg 5.1* 4,1 3,2
foot 5.2* 4,2 3,2
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1 Introduction

Despite the light physical work and the supposed lack
of "classic" risk factors for muscular and skeletal diseas-
es, German employees in the office domain in particular
are very often affected by muscular-skeletal disorders
(see Zoike, 1999). The predominant neck pains and
headaches, neck-shoulder-arm syndromes or lumbar
and back aches tend to be reversible muscular disor-
ders and cause absence from work more rarely than in
occupational groups performing heavy muscular labour.
Even so the health of employees working in offices has
long been acknowledged as an economic factor. This is
highlighted by the numerous movement and back exer-
cise programmes implemented by health insurance or-
ganisations and companies since the end of the 80s.

It has not been established beyond all doubt in what
proportion the different facets of office work contribute
to muscular-skeletal complaints on account of the mul-
tiplicity of causes. There is no doubt, however, that so-
called circumstantial prevention, where the optimum,
i.e. humane design of working conditions is the prime
consideration, is of crucial importance in preventing
muscular and skeletal disorders. 

To summarise, the aim of ergonomic work design is to
achieve a balanced load by adapting the task, work-
place, working environment and work organisation to
human abilities, skills and needs (Fig. 1). Below is an
overview of the contribution of alternative office work-
place concepts to the prevention of muscular and skel-
etal disorders. Measures of so-called behavioural pre-
vention, where the study and teaching of healthy
modes of behaviour for the person working in an office

are the central concern, will not be dealt with at this
point.

2 Ergonomic design of the office 
workplace

To determine the prevention potential of alternative of-
fice design, it is necessary to characterise the muscular-
skeletal stress and strain situation of office employees:
it is mainly characterised by the following disorder pat-
terns affecting the neck, shoulders and back, the head
area and the extremities:

• painful limitations of free movement
• painful groups of muscles
• painful tendon insertion points and
• changes in the pattern of movement which can

increase the complaints arising (see Schwaninger
et al, 1991)

The working conditions connected with these com-
plaints have been studied closely over the past few de-
cades. To summarise, the following strains were identi-
fied as risk factors for muscular-skeletal disorders:

• inadequate work equipment and furniture (espe-
cially desk and chair)

• unfavourable positioning of the main items of
equipment of keyboard and VDU

• lack of system ergonomics (harmonisation of work
equipment and furniture and adaptation to the
working environment)

• unfavourable task with repetitive sequences of
motions 

• excessively long daily working hours at the VDU
with too few breaks and few changes in posture

Figure 1: Influencing factors affecting the muscular-skeletal stress and strain situation at the office workplace (start-
ing points and examples for circumstantial prevention)
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The view – unfortunately widespread – that compliance
with the directives or standards leads to effective pre-
vention of muscular-skeletal disorders in office work
does not go far enough. Consideration of the criteria re-
quired by directives and standards is regarded as a nec-
essary condition, but not a sufficient one. A well de-
signed workplace, i.e. one installed in every respect to
the state of the art, creates, in other words, the condi-
tions for trouble-free work, but this is not sufficient to
prevent complaints or promote health. 

3 Promotion of movements as a 
preventive measure in office work

The reasons for this can be sought mainly in unfavour-
able, static postures, which lead to a lack of movement
at the office workplace. In the age of the modern infor-
mation and communication society, nearly all activities
are performed sitting in the office and administrative do-
main. There are good reasons for this. Standing requires
much greater energy than sitting, mainly due to the in-
volvement of larger groups of muscles in the thighs and
buttocks. Because fatigue sets in more quickly, stand-
ing is not so good for work which involves greater con-
centration. Extended standing places a greater strain on
the hip joint. Because the leg-vein-muscle pump is inac-
tive, blood clots may arise in the leg vessels, which in
turn encourages vein disorders such as varicose veins
and thrombosis. In addition there is an impaired stability
of the trunk, which means that standing as a posture is
less suitable in particular for activities with sometimes
fine motor requirements (operation of a mouse at the
computer) at least over longer periods. 
Consequently sitting is regarded nowadays as a gener-
ally accepted posture in offices. Because of the anato-
my and physiology of the human body, sitting over long
periods also causes problems, however. Even at an of-
fice workplace designed in all respects in accordance
with the state of the art, constant sitting with no change
of posture will lead sooner or later to impairments and
complaints, depending of the constitution of the individ-
ual concerned. In addition to creating optimum working
conditions, there is a further, essential goal of ergonom-
ic work design in the avoidance of static postures and
the promotion of movement at the workplace. Supple-
menting the measures already mentioned with respect
to individual behavioural prevention, recently alternative
workplace concepts have been under discussion (see
Berquet, 1991).
Within the framework of a recently concluded research
project of the Fraunhofer Institute Industrial Engineer-
ing, which was instigated and funded by the German
Federal Institute for Occupational Safety and Health,
the preventive potential of alternative seating possibili-
ties (high chairs, various forms of swinging axle seats,
sitting balls, kneeling chairs) with conventional rotating
office chairs according to DIN 4551 and of sitting-stand-
ing concepts (various forms for high desks, standing-sit-
ting desks with extreme height adjustment range) was
examined as compared to a conventional sitting desk to

DIN 4549 (Wittig, 2000). Figures 2 and 3 arrange the var-
ious concepts and provide an overview.
The study design not only took account of the compari-
son of the alternative furniture with the respective con-
ventional sitting and standing-sitting concepts, but also
combined alternative sitting with standing-sitting con-
cepts. Various analytical methods were used, which
ranged from the measurement of spinal column strain
(e.g. based on spinal column flexion), measurement of
muscular activities in the lower back and the shoulder-
neck muscles, multimoment studies to record the pos-
tures, to subjective estimates of the perceived stress-
strain situations on the basis of questionnaires. The in-
vestigations consisted of a number of combined field
and laboratory research series. The field tests involved
employees from four enterprises in the banking, insur-
ance and service sectors. In all the random sample con-
sisted of 42 subjects.
The results show that alternative sitting facilities do not
generally have a beneficial effect on the muscular-skel-
etal stress-strain situation as compared to a revolving
office chair according to DIN 4551. Kneeling chairs,
swinging chairs and in particular also the sitting ball
were not accepted by most users after a short time and
consequently the users stopped using them. Only the
high chair was rated positively compared with the other
alternative seating facilities. But it can only be used to a
limited extent in the office at conventional desks. Taking
account of the body dimensions of the individual con-
cerned, the adjustment range of desks according to DIN
4549 is far too small for nearly 50 % of all office work-
ers. Desks whose height cannot be adjusted and which
have heights of 720 or 750 mm are invariably of no use
for those using high chairs. The use of a high chair
therefore requires desks with an adjustment range sub-
stantially greater than that specified in DIN 4549.
Most standing-sitting concepts also exhibit no directly
evident benefits as against the conventional desk with
office chair: statistically there was no evidence overall
of favourable effects on the muscular-skeletal stress-
strain situation. Of all alternative standing-sitting con-
cepts, however, the desk with extreme height adjust-
ment (so-called alternating standing-sitting work),
where work can be performed both in a standing and in
a sitting position, exhibited the greatest potential for
supporting movement. While the other standing-sitting
concepts were used only between 3 and 5 times a day
and the use duration for high desks was on average only
5 minutes and a maximum of 15 minutes, the figures
for the extremely height-adjustable standing-sitting
desk was greater by a factor of 6 (average use duration)
and 4 (maximum use duration). Only with this piece of
furniture did most of those asked express the desire to
use it again. 
To summarise, it was found that high desks degenerate
in many cases to an additional place just to put things
on. Given the results of the study, it cannot be assumed
for the average user that a standing and sitting dyna-
mism is furthered which would counteract the lack of
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movement and constrained postures as risk factors for
muscular and skeletal disorders. The movement need-
ed to prevent muscular and skeletal disorders in the
form of alternating work in a standing and sitting posi-
tion is possible, however, with the use of an extremely
and easily height-adjustable desk at which the individual
can work in both a standing and a sitting position. On a
critical note, however, it should be said that a meaning-
ful distribution of tasks which combines sitting activi-
ties, standing activities and movement (VDU work bro-
ken up by phoning while standing, walking to the photo-
copier and copying while standing ....), would appear to
have at least just as high a prevention potential. Corre-
sponding measures have been known for more than 10
years and have been described under the term "mixed
work" in many studies. Even so the results of studies to
date also show that high desks or alternative sitting fur-
niture can be used meaningfully if the user is appropri-
ately sensitised (e.g. by suffering back complaints). This
makes clear that in addition to circumstantial prevention
(provision of the high desk), a specific behavioural pre-
vention is needed (encouragement to use what is pro-
vided) so that standing-sitting dynamism is actually pro-
moted.
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ABSTRACT

Office workplaces are usually equipped with a computer and visual display unit. In this working environment
the work tasks have changed to more complexity and to a higher level of mental concentration. An important
factor to meet these requirements is a low-noise working environment as it is stated in many directives such
as the EC-Directive on Work with Display Screen Equipment.

1 Introduction 

Many people working in offices with a computer on or
beneath their desk feel annoyed by the noise emitted
from their equipment. Typical noise sources are com-
puter components like fans, hard disks and CD-drives or
printers and copiers. Although the annoyance is not al-
ways recognized directly mental concentration usually
becomes lower when the noise level increases.

2 A strategy for a quiet workplace

When planning new offices or buying new computer
equipment the easiest way of noise control is to make
use of noise emission data given by the manufacturer of
the equipment. If the noise emission values are mea-
sured and declared correctly, i.e. according to ISO 7779
and ISO 9296, a comparison among the devices of
one’s choice can save up to 10 dB(A) of noise level.
Moreover this is the cheapest way of noise reduction.

3 Recommended noise levels

The EC-Directive on work with display screen equip-
ment states in its annex 2d) that
“Noise emitted by equipment belonging to worksta-
tion(s) shall be taken into account when a workstation is
being equipped, in particular so as not to distract atten-
tion or to disturb speech.”
Keeping noise as low as possible is always a goal in
workplace related regulations, target values have been
stated in international standards. For diverse types of
working rooms ISO 11690 part 1 recommends the max-
imum background noise levels given in table 1. Here the
background noise is noise arising from all indoor techni-
cal equipment or noise coming from the outside
through windows or from adjacent rooms.

A noise related qualification of office workplaces with
display units can be derived from the target values to-
gether with some additional criteria
• The noise level from a single identifiable source

shall not exceed the overall noise level from the
other sources by more than 4 dB(A).

• Speech from other workplaces or from outside shall
not be understandable. This means that the disturb-
ing speech level is about 3 – 5 dB(A) lower than the
overall background noise level.

• The noise level at workplace caused by all of the
sources shall be as low as possible.

The latter leads to the following qualification of a work-
place with respect to noise

4 Noise emission quantities

There are at least two emission quantities that describe
the noise emission from a source, i.e. the declared
sound power level LWAd and the emission sound pres-
sure level LpA. Both quantities are determined in accor-
dance to ISO 7779, which defines the whole test proce-
dure with standardized operation conditions.
The sound power level LWA describes the acoustical
power radiated from a single source while the emission
sound pressure level LpA gives information about the
noise from this source at a defined operator’s or by-
stander’s position.
Because these emission values do not consider back-
ground noise from other sources or reflected noise
from the ceiling or from walls they are well suited to be

Table 1: Recommended noise levels

Room type
Background noise level 

LpAeq in dB(A)

Individual office 30 - 40

Multi-person office 35 - 45

Conference room 30 - 35

Industrial lab 35 - 50

Industrial control room 35 - 55

Table 2: Qualification of workplace

Rating level Lr in dB(A) 
at workplace

Noise related 
qualification of 

workplace

up to 30 optimal

30 - 40 very good

40 - 45 good

45 – 50 acceptable in an industrial 
neighborhood

50 – 55 inconveniently but 
permissible

above 55 not acceptable
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compared among different machines to get information
about the state of the art of noise control within a ma-
chine group as well as to find the quietest machine on
the market. For this purpose ISO 9296 defines the way
of declaration of these terms. 

A correct declaration of the noise emission therefore
must always refer to both ISO 7779 and ISO 9296.

5 Estimation of the noise at workplace

Because of the freefield conditions under which the
sound power level LWA and the emission sound pres-
sure level LpA are determined the sound pressure level
at a real workplace caused by a particular device will be
slightly different (i.e. higher) due to the specific room-
acoustical conditions.

For an acoustical qualification of the noise emission of a
single device the sound pressure level at the workplace
LAP in an office with about 10 m2 of equivalent absorp-
tion area can be calculated from

Note: In accordance with ISO 9296 the declared
sound power level LWAd has to be given in Bels
(B). So if one does the above calculation with a
declared sound power level the LWAd firstly has
to be multiplied by 10 for transforming into deci-
bels (dB(A)). Secondly the uncertainty of 2.5 dB
which the LWAd involves has to be subtracted to
get the expected value for LWA to be used in
this formula.

The so calculated level LAP then can be taken for an as-
sessment of a workplace qualification with respect to
table 2.

In the stage of planning new offices or when going to
provide an office with new equipment the noise from
each single sound source must be known. Typical
sound power levels of different sound sources in an of-
fice are given in table 3.

The contribution of a single sound source (i) to the over-
all sound level in an office room can be calculated from

where KR is a correction term which describes the room
acoustical conditions, i.e. the absorption of the walls,
the ceiling and the floor.

With respect to the three categories

reflecting: only few textile or absorbing covering; no
fitted carpet; floor, ceiling and walls made
of concrete, roughcast, glass or varnished
wood

normal: usual design, possibly fitted carpet, walls
and ceiling like above

absorbing: additionally sound absorbing ceiling

the term KR can be taken from figure 1 for a given floor
area.

After the levels Li of the essential sound sources in the
office room have been determined by using table 3 to-
gether with figure 1 the resulting sound pressure level
L can be calculated by applying the formula for energet-
ical addition. 

It should be noted that for a single-person office the
sound power levels given for idling operation mode
should be used in the calculation preferably. An opera-
tion mode “busy” in this case is always caused by the
user himself and will probably not contribute to the
background noise level that affects the mental concen-
tration on his work task. On the other hand when doing
this calculation for a multi-person office the sound pow-
er levels given for operation mode “busy” shall always
be used.

Table 3: Sound power levels LWA of different sources
in an office

Source
LWA in 
dB(A) 
typical

LWA in 
dB(A) for 
planning 
purpose

Person talking on the phone 55 - 70 65

Personal Computer, idling 30 - 50 45

Personal Computer, hard 
disk access

35 - 55 50

Personal Computer, 
keyboard writing

55 - 65 60

Laser printer, idling <30 - 46 42

Laser printer, printing 55 - 60 58

Copier, idling 50 - 60 55

( )




 ⋅+⋅+=

− pAWA LL1.0
pAAP 104.01log10LL (1)

Copier, busy 60 - 70 67

Telephone ringing 60 - 80 70

Figure 1: Determination of KR as a function of absorp-
tion category and floor area

Table 3: Sound power levels LWA of different sources
in an office
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When planning to provide an office with new computer
equipment the above calculation should be done using
the declared noise emission values given by the manu-
facturer or the vendor.
Even if all the computer equipment in an office is turned
off there will be a remaining background noise level
caused by noise from outside, from adjacent rooms or
from house-technical installations. The handling of
these topics as well as useful hints for diverse noise
control measures and some calculated examples are
given by Probst (to be published in 2002).

6 A short example

A 4x5 m2 room in a quiet neighborhood shall be used as
an office and shall be provided with two new personal
computers and a laserprinter for shared use. The back-
ground noise level in the room due to the noise from
outside is 30 dB(A).
Calculations: For a floor area of 20 m2 and reflecting
conditions figure 1 will give KR = -4 dB. Using the sound
power levels of table 3 for planning purpose equation 2
leads to contributions to the background noise level of 

L1,2 = (50–4) dB(A) = 46 dB(A)

for each of the computers and 

L3 = (58-4) dB(A) = 54 dB(A) 

for the printer. Equation 3 then gives 55 dB(A) for the
overall background noise level, which is far too much
with respect to table 1. 
A new calculation with equipment that represents the
state of the art of noise control, i.e. the lower values in
the second row of table 3, will give 

L1,2 = (35-4) dB(A) = 31 dB(A) and 

L3 = (55-4) dB(A) = 51 dB(A). 

The two computers will now contribute with 34 dB(A),
while the printer is still too noisy in this environment. 

Providing the room with a sound absorbing ceiling,
which is always recommended for an office room, the
factor KR will change to about –10 dB. This leads to 

L1,2 = 25 dB(A) and 

L3 = 45 dB(A), 

which is sufficient for the computers but the printer’s
noise is still a problem. Depending on the amount of pa-
per to be printed the printer should either be located in
a room with lower requirements regarding noise or
must be insulated by an appropriate absorbing screen or
a capsule.
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ABSTRACT 

The authors present the results of a survey conducted on different types of VDUs to measure and evaluate
the occupational exposure to electromagnetic fields (EMF) with frequencies ranging from 5 to 2000 Hz. Fur-
ther investigations in the frequency range of 2-400 kHz were added. A comparison of the values obtained and
indications included in the latest regulations or international guidelines shows that, in the light of present
knowledge, these emissions do not pose a safety hazard for workers. 

1 Introduction 

As a result of the widespread increase in the use of
electricity and electrical and electronic appliances since
the early 1950s, background levels of electromagnetic
radiation have risen considerably. 
Since a number of surveys conducted to ascertain
health effects related to EMF exposure have failed to
provide concordant results, uncertainty has arisen over
the establishment of reference levels. As recently as
March 2000, an official WHO report entitled “Electro-
magnetic fields and protective policies” claimed that
many epidemiological studies contained weak points
such as inadequate evaluation of exposure. This implies
that a policy of caution cannot lead to the adoption of ar-
bitrary measures and that the practice of “prudent
avoidance” does not make it necessary to establish
very low limits in an arbitrary fashion, to be followed at
all costs.
On the basis of preliminary findings on EMF exposure in
offices, we were able to ascertain that there are three
main sources of EMF pollution: VDUs (whose prevailing
frequencies usually range from 50 to 80 Hz, while sec-
ondary frequencies may extend from 15 to 100 kHz), ra-
dio-bridge with radio beacon pylons, and proximity sys-
tems for the controlled access of personnel.
The aim of this study was to determine the intensity of
EMFs emitted by VDUs in the offices of a multinational
company whose employees spent an average of 6
hours a day in front of videoterminals. It was also to
compare findings with the principal regulations current-
ly available.

1.1 Electromagnetic fields emitted by VDUs

The horizontal and vertical sweep circuit of the electron
beam in VDUs causes electromagnetic radiation to be
emitted mainly in the 50 – 60 Hz frequency range. To
avoid flickering, the vertical deflection circuit uses fre-
quencies ranging from 70 to 80 Hz. Depending on the
type of video, the line horizontal deflection coil gener-
ates electromagnetic fields with frequencies ranging
from 15kHz to 100 kHz. The electronic components in
VDUs and computers represent a further source of radi-
ation in weaker fields of up to 30 kHz. The frequency

range of <1-300 Hz is referred as ELF (extremely low
frequency) EMF.

The intensity of the deflection fields depends mainly on
the size of VDU: the larger the monitor, the more in-
tense the magnetic fields required. Depending on the
model, the highest field values are to be found in front
of, behind or beside the screen. The diffusion of alter-
nate electromagnetic fields from the inside to the out-
side of monitors depends largely on the screening
methods used. Modern low-radiation models are well
screened, allowing only 20% electromagnetic radiation
to filter through.

1.2 Legislation, good practice rules and 

evaluation criteria for time-varying EMFs 

In Italy at the present time, there is no standard set of
laws to regulate EMF risk prevention in life and occupa-
tional environments, although there are some specific
rules concerning telecommunications systems. 

At international level, the European Prestandard ENV
50166-1 (experimental regulation adopted in Italy by the
Italian Electrotechnical Committee – CEI) establishes
electric and magnetic field intensity limits (expressed as
effective values – rms values, except for frequencies
ranging from 0 to 0.1 Hz, where peak values are used)
in relation to frequency both for workers and for the
general population; there is also a limit to the number of
hours a worker can spend in an electric field at a higher
level. These limits are reported in Table 1.

Again at international level, European countries have ac-
cepted “ICNIRP Guidelines (1998), issued by the Inter-
national Commission on Non-Ionizing Radiation Protec-
tion, as being the most authoritative. We decided to
take them as a reference for our own evaluation. This
decision was based on two considerations: firstly, even
if the EU has not yet officially passed any directive on
this matter, on 12th July 1999 it issued a Council Rec-
ommendation (Italy was the only country to oppose the
motion) concerning the ”limiting of general population
exposure to EMFs ranging from 0 Hz to 300 GHz”
(1999/515/EC in EC 30/7/99 Journal) in which it adopted
ICNIRP guidelines; secondly, radioprotection even in
the field of ionizing radiation, greatly more dangerous
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than non-ionizing ones, is largely based on the principle
known as ALARA (As Low As Reasonably Achievable).

Table 3 shows a simplified version of ICNIRP and EC
threshold values, adopted for various frequency ranges,
so that they can be compared to the strength of electric
and magnetic field emitted by VDUs.

In the case of VDUs only, we also refer to Swedish reg-
ulations (especially the TCO norm, 1991), recently rec-
ommended by the Swedish Board for Technical Accred-
itation. These are very strict since the Swedes intend to
reduce the intensity of EMFs to the lowest levels that
can technically be achieved by instruments currently on
the market. Swedish limits are shown in Table 2.

Not many years ago there were only a few low-radiation
emission screens that complied with the MPR recom-
mendation. Nowadays even the largest monitors can be
screened at relatively low cost, so as to meet the stan-

dards established by the MPR II recommendation. TCO
guidelines are slightly stricter than the MPR II but many
experts wonder whether this is a sensible measure, es-
pecially as far as the limits imposed for electric field in-
tensity are concerned.

2 Materials and methods

Instruments used to evaluate time-varying EM fields. In
order to evaluate exposure to extremely low-frequency
electric and magnetic fields emitted by VDUs, we used
a Wandel & Goltermann EFA-3 field analyser equipped
with two isotropic probes to measure the intensity of
the electric (E) and magnetic (B) fields, respectively.
Measurements performed in frequencies ranging from
5 to 2000 Hz, are expressed in V/m (E) and in µT (B), as
unperturbed rms values. Moreover, thanks to the ana-
lytical capacity of this instrument, we were able to de-
tect the frequency where field values were higher (pre-
vailing frequency)Measurements were made each time
at a distance of 30 and 50 cm (sometimes also at 60 cm
distance) from the screen of 23 different types of VDU
(5 different makes), some of which were described as
being in the “low-radiation emission” category.

On the other hand, exposure to very low frequency
(VLF) electromagnetic fields (2-400 kHz) was evaluated
using a Combinova FD2 analyzer, fitted with a number
of wide-band isotropic probes, both for electric (V/m)
and magnetic (µT) fields. Measurements were made
each time at a distance of 30 and 50 cm from the screen
of 150 different VDUs.

Table 1: Reference levels for occupational and general
public exposure to electric and magnetic fields estab-
lished by the European Prestandard ENV 50166-1, ex-
pressed as effective values - rms values; peak values
in the frequency range of 0-0.1 Hz only (modified)

Frequency range
(Hz)

Electric field 
(kV/m)

Magnetic field
 (mT)

Workers Public Workers Public

0-0.1 42 14 2,000 40
0.1-0.23 - - 1,400 -
0.1-1.5 - - - 28
0.1-50 30 - - -
0.1-60 - 10 - -
0.23-1 - - 320/f -

1-4 - - 320/f2 -

1.15-1500 - - - 32/f
4-1500 - - 80/f -
50-150 1500/f - - -

60-1500 - 600/f - -
150-1500 1500/f - - -

1500-10000 1 0.4 0.053 0.021

f as indicated in the frequency range column

Table 2: Threshold limits for exposure to electric and
magnetic fields adopted by Swedish Guidelines (MPR
II and TCO); these limits are valid for a distance from
the source of 50 and 30 cm, respectively.

Frequency 
range

Electric field 
(V/m)

Magnetic field 
(µT)

MPR II TCO MPR II TCO

5-2000 Hz 25 10 0.25 0.2

2-400 kHz 2.5 1 0.025 0.025

Table 3: Reference levels for occupational and general public exposure to time varying electric and magnetic fields
(unperturbed rms values) established by the ICNIRP and adopted by the EC for general public in 1999 (modified, ELF
and VLF range).

Frequency
Range

Electric field strength 
(V/m)

Magnetic field strength 
(A/m)

Magnetic induction
(µT)

Workers Public Workers Public Workers Public

up to 1 Hz - - 1.63 x 105 3.2 x 104 2 x 105 4 x 104

1-8 Hz 20,000 10,000 1.63 x  105/f2 3.2 x 104/f2 2 x 105/f2 4 x 104/f2

8-25 Hz 20,000 10,000 2 x 104/f 4,000/f 2.5 x 104/f 5,000/f

25-800 Hz 500/f 250/f 20/f 4/f 25/f 5/f

0.82-650 kHz 610 - 24.4 - 30.7 -

0.8-3 kHz - 250/f - 5 - 6.25

3-150 kHz - 87 - 5 - 6.25

     f as indicated in the frequency range column
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3 Results

Table 4 illustrates electric field strength levels in V/m
and magnetic field values in µT expressed as effective
value (rms value), in the frequency range of 5 to 2000
Hz. The prevailing frequency that mainly corresponded
to the maximum intensity of the electric or magnetic
field was 50 Hz, with a range extending from 50 to 90
Hz. Table 5 illustrates electric field strength levels in V/
m and magnetic field values in µT expressed as effec-
tive value (rms value), in the frequency range of 2 to 400
kHz.

.

4 Discussion

The values observed for electric and magnetic field
strength clearly indicate that levels are lower than the
threshold limits established for the general population
by ICNIRP and EC guidelines and by the experimental
ENV50166-1 regulation. We can therefore exclude the
possibility of occupational risk for VDU operators.
Moreover, at a distance of 50 cm from the screen, all
the VDUs examined were within the limits proposed by
the Swedish MPR II recommendation for electric and
magnetic field intensity emitted during normal occupa-
tional activity, in the ELF range (in the VLF range the
only magnetic field limits were exceeded in 17 VDUs
out of 150).
However, at a distance of 30 cm from the screen, three
“low-radiation emission” VDUs and three other termi-
nals that were not in this category, exceeded the TCO
limits proposed by the Swedish Board to regulate mag-
netic field exposure. Furthermore, electric field intensi-
ty in four “low-radiation emission” VDUs  and in four
more VDUs that were not in this category was found to
be above the TCO recommendation level. In the VLF
range TCO limits were widely exceeded: in 55 VDUs
out of 150, referring to electric field, and in 139 out of
150, referring to magnetic fields.
 We should nevertheless remember that the TCO rec-
ommendation is very strict and that the worker station
is usually placed at 50-60 cm from the screen. Current
knowledge therefore leads us to claim categorically that
VDU operators run no risk due to exposure to VDU
electromagnetic fields,
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Table 4: Mean and range values of electric field
strength and magnetic flux density observed at vary-
ing distances from VDUs and expressed as effective
value (root-mean-square or rms) in the frequency
range of 5-2000 Hz

N. of mea-
surements

Distance
(cm)

Electric field 
strength

(V/m)

Magnetic flux 
density

(µT)

23 30 10.45 
(0.95-39.0)

0.164 
(0.055-0.460)

23 50 5.81 
(0.84-15.1)

0.092 
(0.045-0.230)

23 60 4.62 
(0.80-14.7)

0.077 
(0.031-0.220)

Table 5: Mean (± sd) values of electric field strength
and magnetic flux density observed at varying dis-
tances from VDUs and expressed as effective value
(root-mean-square or rms) in the frequency range of 2-
400 kHz

N. of mea-
surements

Distance
(cm)

Electric field 
strength

(V/m)

Magnetic flux 
density

(µT)

150 30 1.41 (± 1.13) 0.05 (± 0.04)

150 50 0.83 (± 0.43) 0.02 (± 0.01)
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ABSTRACT

Whereas, signs of visual strain can be directly attributed to the workload, age and the use of correcting
glasses, the relation with poor luminous conditions is less obvious. Based on a series of laboratory and field
experiences, with the new discomfort index "J" of the LEV, the authors accepted the hypothesis that one
should dissociate the feeling of discomfort to light from the physiological discomfort, depending fundamen-
tally on the papillary illumination and the contrasts between the task and its surroundings as well as the ho-
mogeneity of the visual field. 

1  Introduction 

Fundamentally, the sense of ergonomics consists of
making a linkage between the "undesirable effects" on
the organism and the behavior of the main "determi-
nants" inherent in part to the subject and partly linked to
the job. For vision ergonomics the interest centers par-
ticularly around the determinants and effects of pro-
cessing information. The effects are both objective and
subjective. Visual strain symptoms like visual fatigue,
red eyes (grouping characteristic signs) reflect the ef-
fects of a strong demand of the exploration mecha-
nisms and adjustments. Glare is more directly linked to
the perception of over intensive light sources. Lighting
engineers distinguish discomfort glare and disability
glare. We consider mainly three causes of discomfort,
viz.:

1) a lack or an excess of contrast in relation to the size
of the objects; 

2) the presence of strong contrasts or disturbing light
sources in the visual field; 

3) insufficient illumination or excessive illumination of
the retina ("pupillary illumination"), unfavourable for ex-
ploration and focusing mechanisms. 

With regard to visual performance, lighting engineers
use essentially horizontal illuminations. Whereas this is
valid for reading written text on a horizontal document,
it ignores illuminations on vertical surfaces (e.g. docu-
ments or a screen) and contrasts in the visual field. In
the case of working on the screen, these two aspects
can hardly be separated, particularly for the part of the
visual field known as the ergorama (90° visual field). A
direct relation exists between luminosities perceived
around the fixed spot and the papillary illumination.

Moreover, one does not consider variations occurring in
a general population. For dealing with these factors, the
LEV developed the new visual discomfort index "J". This
was based on the variations of the acuity as a function
of the luminous conditions and the individual perfor-

mances according to the LEV C45 acuity-luminance
test. 

2 Method

An evaluation procedure was developed, specially de-
signed with a view to learning the visual aspects of the
workload at VDT stations. Inspired by a new model for
visual comfort, the procedure contains both, subjective
and objective indicators, stemming from three sources:
• a questionnaire relating to the task, the presence of

visual symptoms or signs of discomfort and to the
perception of the working conditions;

• ergophtalmological tests for evaluating visual per-
formances; 

• a series of metric and photometric measurements
for evaluating existing luminous conditions in terms
of indexes related to efficiency and visual comfort,
in particular, the new visual discomfort index "J" of
the LEV. 

3 Results

The results obtained are based on several hundreds of
evaluations carried out within a number of companies
examined between 1984 et 2000 and, in addition, on a
vast laboratory research program, illustrated with some
characteristic examples.

3.1 Field data

They permit a global interpretation of the relations be-
tween causes and effects for a number of subjective
and objective indicators, classified within groups ac-
cording to the relevant scales and treated in terms of a
multifactorial analysis and cross-tables. 
More recent evaluations in the field confirmed a notice-
able persistence, if not an increase, in signs of visual
and postural strain. Comparable signs of strain could be
observed amongst aspect or quality control operators.
The causes of visual symptoms did not vary: whereas
the duration and the nature of the task represent the
first cause, persons at risk are being characterised by
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their age, the need for dioptric corrections and by low
performance ratings for light-sensibility and contrast
tests.

With regard to sensorial discomfort, spontaneous com-
plaints mainly concern thermal and sonic conditions
and, to a lesser degree, the luminous conditions. It
should be noted that workers often prefer less light,
rather than using fluorescent tubes. When subjected to
direct questions, however, it appears that, not seldom,
complaints for discomfort glare and a feeling of a lack or
of an excess of light are being disclosed. Concerning
the luminous conditions, a clear interference exists be-
tween the psychological and physiological factors: sev-
eral observations involving a strong visual strain,
showed the presence of some concealed feelings of
dissatisfaction related to the luminous environment.  

Table 1: Examples of photometric data and the corre-
sponding computed indexes (visual field in fig.5)

1= Horizontal illuminance (lx)

2= Vertical illuminance (lx)
3= Computed equivalent surrounding luminance (lx)
4= Recommended screen luminance (cd/m2)
5= Contrast surrounding/screen 

6= Visibility "J" index as a percentage of dissatisfied.

Direct observations and photometric measurements
have revealed a large variety of luminous conditions ac-

Figure 1: Evolution of complaints at different work-
places from 1984 through 1999.

Figure 2:  Relationship between symptoms and causes
in publisher1 staff. 

Figure 3: Sensorial discomfort in the different groups. 

Figure 4: Assessment of lighting in the different rooms
of the bank group.

Field data: Bank Experimental
Lab. dataRoom 4 station 

16
Room 5

station 22
sunny grey sunny night Min Max

1 Horiz.illum. 109 339 347 675 245 1040
2 Vertic illum. 152 233 451 325 154 815
3 E.S.L. 321 23 461 187 41 277
4 Scr. Lum. 100 100 100 100 100 100
5 ESL/Src.L. 3.21 0.23 4.61 1.87 0.41 2.77
6 Visib. Ind. 69 12 63 17 5 41

Bank, room 3 station 16 sunny Bank, room 3 station 16 grey

Bank, room 4 station 3 grey Bank, room 4 station 3 night

Figure 5: Examples of typical illumination conditions. 
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cording to the meteorological conditions and the mo-
ment of the day, as well as the structural and architec-
tural characteristics of the different rooms in the same
company.

The new evaluation criteria illustrate better than the
solely horizontal illuminations, the large variability of
lighting condition. Thus, a same index value may relate
to different illumination levels and that, on the contrary,
equal illumination levels may correspond to completely
different indexes.

3.2 Laboratory experimentation

Following the ergophtalmological test, the subject was
then invited to execute a series of on-screen acuity
tests. After these he had to complete a questionnaire,
equally on-screen, in order to give an appreciation of the
quantity of available light, taking into account the illumi-
nation of a document on his left hand side, the discom-
fort glare and the colour temperature as well. The test
took only some 5 to 7 minutes, but it had to be repeated
four times for different illumination conditions. A fish-
eye picture of the visual field was taken each time and
also a number of luminance and illuminance measure-
ments. Part of the main results are exposed in figure 7.

The tested illumination conditions, characterized with
relatively homogeneous visual field, confirm the individ-
ual variability of the reactions to light. As demonstrated
by the "J" index, these are being influenced by the con-
trasts within the visual field and the papillary  illumina-
tion.

4 Conclusion

First of all, the persistence of the signs of strain, or even
their increase, may appear surprising in the light of a
general improvement of materials and a large distribu-
tion of recommendations. Nevertheless, ac-cording the
ergonomical analysis, supported by evidence from the
laboratory experiences, one should give increased prior-
ity to improving the visual conditions taking rather more

into account the variability of the reactions to light.
Whenever possible however, when setting up worksta-
tions, one should from the very beginning plan an indi-
vidual light-management system, both for natural and
artificial light sources, and their influence on the visual
field.
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Figure 6:  Experimental set up and example of corre-
sponding fish-eye visual field. Figure 7: Relation between the feeling of a lack/excess

of light on the task and the "J" index, taking into ac-
count the physical and physiological parameters. 

C = Contrast on screen; Lt =Screen luminance ; Le= equiva-
lent surrounding luminance ; Ep = pupillary Illuminance ; Lm =
Maximum individual accepted luminance in C45 reference
test. 
A1, A2, A3 = relative acuity factors for individual C45 test max-
imum acuity. Jt are J value optimised for screen luminance (=
100 cd/m2).
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1 Introduction

Light is one of the biologically effective factors that de-
termine the psychophysical balance of the human body.
Ergonomics at the computer workplace requires a holis-
tic approach that goes far beyond relaxed seating posi-
tion and the correct viewing distance from the monitor.
The characteristics of ambient light strongly influence
the mood of the work environment. Natural sunlight
makes people feel livelier and creates a positive, active
mood. Contemporary architecture acknowledges this
need by increasing window size, even in areas such as
conference rooms. 

2 Requirements of today

This presents a new set of challenges for modern light-
ing systems that go far beyond the basic need to pro-
vide light: 
• Interaction between natural and artificial light
• User-oriented lighting climate
• Individual control
• Low maintenance
• Energy efficiency
Besides these requirements, lighting must comply with
the latest national and international legislation. To satis-
fy these highly demanding requirements, modern light-
ing systems offer far more than an on-off switch, and in-
clude options such as dimming, automatic control, re-
mote switching, and interaction with sunlight. The term
light management is used to describe systems offering
these features.

3 Light Managament

Light-management systems are often an integrated
part of  building management systems, or bus technol-
ogy. Alongside heating, air conditioning, window
shades, security systems, etc., lighting is controlled
centrally. This allows, for example, lights to be switched
off at predefined times such as when the building is
empty. Besides helping to save energy, it is also very
convenient.
An alternative to bus-controlled lighting systems and
special bus light-management systems are light-man-
agement systems built into luminaires. These systems
can be individually controlled, and offer significant tech-
nical advantages. They also eliminate the expense of
bus installation throughout a building.
When choosing a luminaire-integrated light-manage-
ment system it is essential to look closely at perfor-
mance of a system. Simply adding off-the-shelf light
and motion sensors to standard office luminaires is un-
likely to produce satisfactory results. Good lighting

must satisfy users’ ergonomic requirements. However,
conventional systems are not up to the task, as their ba-
sic components cannot cover the necessary perfor-
mance spectrum.

4 Our solution

Light management at the computer workplace means
intelligent light, tailored to users’ individual needs. Here
system luminaires, such as the Waldmann Legato P,
create an ideal lighting climate in the room or the individ-
ual work space. The Legato P’s precision light sensors
are "linked to the sun” and adjust light output depending
on how intensive sunlight is within the room. A further
innovation is the integrated HFMD presence module.
The light switches off automatically after a few minutes
if no-one is in the room. Combined with the light-level
control, this can mean energy savings of up to 70 per-
cent. If the employee returns to the room, the light not
only switches back on, it also adjusts itself to the indi-
vidually set level.
Despite all the advanced technology, luminaire-integrat-
ed light management is successful only if it meets us-
ers’ physical and psychological needs. Numerous stud-
ies show that a light-management system that does not
allow individual adjustments can lead users to reject or
even sabotage it (Velds and Knoop; Knoop and Velds,
2000; Knoop et al. 1997). A high priority for such intelli-
gent systems is therefore simple and intuitive opera-
tion. Employees at their workplaces should be able to
adjust lighting to their needs without expert help. Only
then can this innovative technology effectively improve
the lighting conditions at the computer workplace and
promote better workplace performance.

5 Product features

The following need to be taken into account when
choosing luminaire-integrated light-management sys-
tems:
• Light sensors for interactive, automatic light adjust-

ment (depending on the amount of daylight in the
room) should be very precise and work according to
a proportional dimming strategy. In other words,
sunlight and artificial light should be evaluated dif-
ferently to achieve most harmonious lighting effect

• Adjustment and dimming should be pleasant and
unobtrusive, as a result of measured impulse delay
and asymmetrical dimming characteristic

• Frequently chosen light levels should be easy to
store and recall

• The integrated presence sensor should be adjust-
able to match the area covered, and should detect
the slightest movements within 5 - 6 m without
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error. High-frequency detectors (radar) currently
offer the best results

• It should be easy to add sensors to larger presence
areas

• The system should offer numerous additional set-
tings, set with dip switches, to offer maximum cus-
tomizability for any environment, e.g. centralized
control, stationary operation

• Operation should be simple and intuitive. Easy-to-
read LEDs should provide useful feedback about
the lighting status of the device
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ABSTRACT 

There are different types of lighting systems suitable for VDT work, which at the same time create different
interior appearances with respect to the main lighting parameters at the recommended levels. The aim of the
study was to model different lighting systems for VDT work and determine their influence on the users’ pref-
erences and visual fatigue. The results of the study showed that visual fatigue (the smallest changes in visual
functions like accommodation and convergence) is the lowest for indirect and compound lighting systems.
On the other hand generally the most preferred lighting system is direct lighting realized by “dark-light” lumi-
naires but some interesting preference differences according to age, gender and VDT work experience were
found. On the basis of obtained results some guidance for lighting designers could be provided.

1 Introduction

Prolonged use of VDTs has been established as a rea-
son for visual problems, which are often called as-
thenopic symptoms. Among the symptoms of astheno-
pia are: sore, tired, tender, itchy, dry, burning or aching
eyes, blurred or double vision, redness, lacrimation and
headache. VDT operators very often report them. The
ergonomic evaluation of the work of VDT operators in
Poland confirmed that the highest percentage (above
90%) of complaints from persons working with com-
puters concerns discomfort associated with eyesight
(Kamienska-Zyla, 1993). One of the main environmental
factors which influences users’ visual fatigue is lighting
(Anshel, 1998; Bergqvist, 1984; Çakir, 1991; Wolska &
witua, 1999). According to lighting requirements, illumi-
nation of VDT stands can be realized in different ways
using different luminaires. All these lighting realizations
fulfil the requirements of standards, but this is not
enough to obtain users’ acceptance of lighting. The lu-
minous environment in a given room differs significantly
depending on the lighting system and type of luminaires
which are used. The variety of lighting realizations for a
given room, which ensure compliance with lighting re-
quirements for VDT work give lighting designers an op-
portunity to create a wide range of luminous environ-
ments. Lighting should ensure that visual work condi-
tions do not themselves result in fatigue. This means
that people feel comfortable and do not complain about
a lot of visual fatigue symptoms. A user-friendly lumi-
nous environment mostly depends on the users’ prefer-
ences. If something is not accepted and is not per-
ceived as comfortable it becomes the cause of fatigue. 

Even though it seems obvious that lighting correlates
with users’ visual fatigue and well-being there are no re-
ports about experimental laboratory studies concerning
the influence of the type of lighting system on visual
problems during VDT work and on users’ preferences.

The purpose of the study was to model different light-
ing systems for VDT work and to improve knowledge in
the field of choosing best lighting systems for VDT

stands with LCD screens, taking into consideration visu-
al fatigue and users’ preferences. 

2 Method 

2.1 Participants

Participants were selected according to the criteria of
age (under 40 years old), eye state and VDT work expe-
rience (novices and professionals). VDT work experi-
ence was evaluated during a pre-study group selection
on the basis of an interview. The group consisted of 44
participants (15 women and 29 men) aged 17–37 with a
mean age of 22.25 years. At the same time the group
was composed of 22 novices and 22 professionals. All
participants volunteered to take part in the study and un-
derwent training in VDT work before the experiments.
They had to become familiar with the visual task simu-
lated by a computer program.

2.2 Lighting conditions

Experiments were carried out in laboratory conditions
for the following lighting systems suitable for VDT
work: 
• direct-indirect (DI-L) realized by “soft-light” fluores-

cent luminaires ABML 2x58W,
• direct (D-L) realized by “dark-light” fluorescent lumi-

naires XRD 2x36 W, 
• indirect (I-L) realized by “uplight” fluorescent lumi-

naires TCS 663 2x58 W, 
• compound - general and task lighting (C-L) realized

by an indirect lighting system as general lighting
and low-luminance desk luminaire Wacolux 801
(special VDT workplace luminaire).

All lighting systems were connected with a luminous
flux control system, which allows easy adjustment of
lighting parameters and no flicker effect was observed.
Windows in the laboratory had blinds and curtains to
avoid the influence of natural lighting (daylight). The
main assumption of modelling lighting conditions for
each lighting system was to obtain the same illumi-
nance level of about 500 lx on the work surface – a desk
and to avoid direct and reflection glare.
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2.3 Experimental design

Participants performed a specially prepared visual task
(Landolt’s rings) for 1.5-2 hrs. During the study, each
participant took part in 4 experimental sessions (1 ses-
sion for one lighting system). A computer program sim-
ulated the task and measured time needed to perform
the task and the number of mistakes. Before and after
the experimental session the near point of convergence
and accommodation were measured. The near point of
accommodation (NPA) and the near point of conver-
gence (NPC) were measured by RAF (Clement Clarke,
UK), the near point rule according to the measurement
method described by London (1991a, 1991b). After
each experimental session participants had to fill in a
questionnaire, which concerned both visual complaints
and lighting assessment.

3 Results

3.1 Visual fatigue

The mean values of complaints intensity indicated that
all asthenopic symptoms were assessed as small or
medium regardless of the lighting system. The biggest
intensities of discomfort were found for tired eyes, red-
ness, blurring, sensitivity to light, burning, heaviness of
eyelids, lacrimation and itching. It was established (Wil-
coxon signed ranks test) that sensitivity to light was sig-
nificantly bigger for C-L than for D-L (p=.02), tiredness
of eyes was significantly bigger for DI-L than for either
I-L (p=.05) or C-L (p=.04), heaviness of eyelids was sig-
nificantly bigger for C-L than for either D-L (p=.05) or DI-
L (p=.003) and redness after the experiment was signif-
icantly bigger for both C-L (p=.003) and I-L (p=.01) than
for the DI-L lighting system. The most frequently report-
ed complaints were tired eyes, blurring, redness, burn-
ing, lacrimation and sensitivity to light. 

Changes of NPA and NPC were obtained by subtracting
“after-before” values whereas changes of the accom-
modation amplitude (AA) by subtracting “before-after”
values for each participant. Those changes were statis-
tically analysed. After the experimental session period
NPA and NPC moved away from the eyes, which corre-
sponded with the reduction of accommodation and con-
vergence abilities of the eyes. The mean changes of ac-
commodation and convergence after VDT work under
different lighting systems are presented in table 1. Al-
though the biggest reduction of accommodation was
found for DI-L and the smallest for the C-L lighting sys-
tem; these changes did not differ significantly. Accord-
ing to ANOVA analysis, convergence changes differ sig-
nificantly in relation to the lighting system (F(3)=3.16,
p=.03). The biggest convergence reduction was found
for the DI-L lighting system, which was significantly big-
ger than convergence changes for the I-L (p=.02) and C-
L (p=.005) lighting systems.

However the assessments of the considered lighting
systems did not differ significantly. The room illuminat-
ed by the DI-L system was the one most frequently as-
sessed as too bright, which was perceived as strenuous

(and could be the cause of discomfort glare) for 37% of
the participants. 

Table 1: Changes of accommodation and convergence
under different lighting systems

3.2 Lighting assessment

Most participants assessed the D-L system as comfort-
able for visual task and would have liked to work under
this lighting system (see figure 1). 

Spearman correlation analysis between subjective as-
sessment of lighting features and age, gender and ex-
perience in VDT work revealed that:

• females more often than males found excessively
bright surfaces in the room under the I-L system
(r=.54, p<.001), which could be the reason of they
more rarely assessed that system as comfortable
for visual work.

• females more rarely than males chose the D-L (r=-
.33, p=.03) and I-L (r=-.47, p=.001) systems for reg-
ular work,

• professionals more often than novices chose the I-L
(r=.37, p=.013) system for regular work,

• older participants more rarely than younger ones
chose the DI-L(-.47, p=.001), D-L (r=-.4, p=.007) and
I-L (r=-.39, p=.009) systems for regular work,

• females more often than males found the room too
bright under the C-L system (r=.26, p=.001),

• generally there is a tendency that females more
often than males found surfaces in the room to be

Parameter Lighting system

DI-L D-L I-L C-L

NPA, cm

Mean
SD
Variance

0.99
1.46
3.13

0.71
1.61
2.60

0.70
1.42
2.01

0.34
1.64
2.70

AA, Dptr

Mean
SD
Variance

0.79
1.34
1.81

0.62
1.34
1.79

0.59
1.36
1.84

0.42
1.08
1.16

NPC, cm

Mean
SD
Variance

1.38
1.69
2.84

0.89
1.53
2.33

0.57
1.65
2.73

0.40
1.49
2.20

Figure 1: Quality assessment of lighting systems
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too bright (r=.27, p=.007) and, as a consequence,
the room seemed too bright

• generally there is a tendency that novices more
often than professionals (r=-.21, p=.006) and
younger participants than older ones (r=.27,
p=.007) found lighting influences their well-being. 

4 Conclusions

The luminous environment in a given room differs sig-
nificantly depending on the lighting system and type of
luminaires which are used. 
From the point of view of visual fatigue the best lighting
systems are indirect and compound lighting systems.
However, a compound lighting system should be used
with special care for realization of task lighting. 
The obtained results show that about 1.5 hours of VDT
work (with visual attention mainly on the screen) could
cause small or medium asthenopic symptoms, regard-
less of the lighting system. However it seems that di-
rect-indirect and compound lighting systems are the
most problematic. They should be used with special at-
tention to their appropriate anti-glare realization.
From the point of view of the users’ general preferenc-
es the direct lighting system with “dark-light” lumi-
naires is the most preferred. But lighting system prefer-
ences with regard to users’ features differ and some
guidance for lighting designers could be provided.
When most users in a given room are male indirect or
direct (with “dark-light” luminaires) systems are pre-
ferred. Females and novices in VDT work are more sen-
sitive to very bright surfaces in a room than males and
professionals and they feel more comfortable when the
luminances (mean values) of walls and the work surface
do not exceed 60 cd/m2. Additionally novices, contrary

to professionals, do not prefer an indirect system. The
compound system is recommended mainly for older us-
ers, who mostly prefer that system.
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