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Work with Visual Display Terminals:
Psychosocial Aspects and Hedadlth

Report on a World Health Organization Meeting

When health effects related to the use of visual display
terminals {VDTs) can be substantinted, complalats are iargely
asgpciated with poor job and workstation design, Fsychospeial
aspects of work with VD'Ts may affect users' heglth apd weil-
being and include a varicry of situations: work demands, woerk
design and ofganizational problems. warkload breskdewn con-
tral, pacing, socizl support and isolation. deskilling. manage-
ment of change gnd user involvement. task snslysis apd job
desjgn, training. work scheduling. 8nd rest periods. Although
various physical gspects mey sifcct the hezlth of VDT users
and sre, to a lerge extepl. isseparable frem psychosoeinl
effects. they have been nddressed in o previeus report. This
repor! tekes the view that, in the prevention of VD T-related
health problems. psychosocial factors are at least as important
as the physienl ergonomics of workstations and the working
enviraament,

*rn a seminal paper, one of the first to consider hurman-
Iccmputer interaction from the perspective of the user,
Licklider' coined the term “man (sic)-computer sym-
biosis.” This phrase was intended to encapsulate the
then prevalent view that anticipated very ¢lose cooper-
atipn between the human user and the computer system,
For the most part. the physical manifestation of this
relationship has been the appearance of the visual &is-
pley terminal (VDT). During the 1960s. the use of VDTs
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was largely confined to specialized user groups, but
nowadays they are used by an sstonishingly heteroge-
peogus group of people for an equally broad renge of
tasks. Five of the ten fastest growing occupations in-
volve nonmanufacturing applications of computer tech-
nology.® Forecasts suggest that by the early 1990s,
aronnd 40 million working pecple in the United States
alone will be using such devices.®

The change to new technology has undoubtedly
brought with it enormouos benefits both to organizations
thet implement it and to individual users. In other
instances, problems heve arisen largely because of in-
adequate planning and implementation policies. includ-
ing job redesign, poor design of eguipment, and poor
working environments. More particularly, the VDT has
been rightly or wrongly blamed for health conceras
ranging from mild headaches to perinatal mortality.*

The Health Debate

Much of the debate about alleped VDT-related illness
hes taken place in the popular press; some of the ac-
counts imply that almest every bodily system or organ
is a potential target. But there has been gennine doncern
expressed in the scientific and medical community.”’
and most eountries have been or are in the process of
issping guidance, developing minimum standards, or
enacting legislation on actual or perceived VDT -related
health jssues. Consensus on some issues exists; whereas
others. including the reliability and validity of the date
on which their existence is based, are hotly disputed.
Are VDTs the cause of the complaints heard apparently
from large numbers of workers or, as the physical
embodiment of a new system, are they a convenient
target for hostility and reaction against fundamental
changes introduced into the work process, particularly
where such changes are perceived as being threatening
to livelihood and status? In many indusiries, the VDT
health debate has been the subjeet of much discussion.
negotiation. and anguish, with the result that there has
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been o proliferation of company-union agreerments. some
of which have been extremely wide-ranging in their
caverape and technieally very detailed. others less so.
The debate has impinged upon those invelved in oeccuy-
prtional health in scvera) wavs These include issues
only marginally related to mainstream occupational
health: for example, being the final arbiter in bargaining
eontexts, being asked to pronounce oo the desirability
of screening for VDT users (in the case of eyesight
examinations), and grappling with allegations of mis-
carringe and birth defect, while simultaneously tryiﬁg
to allay users’ fears and worries about such effects,
legitimate or not.

Beeouse of this concern, the World Health Organiza-
tion (WHQO) Regional Office for Europe sommissioned a
review of physical health hazards associnted with VDTs,
which was published in & previous issue of this journal ®
It haz been increasingly recopnized that psychesccial
variables are important ip the context of VDTs, both in
terms of impact on users and associated health out-
comes. and the previcus review recognized the interac-
tion of physical and psychological aspects. To cover these
issues, and to complement the eariier one on physical
hazards, the WHO Regional Qffice for Europe commis-
sioned the present additional study. A number of experts
were invited 4o review and comment on the draft study
docurnent (Appendix 1). A meeting of & group of experts
{Appendix 2) was convened at Streatley-on-Thames,
United Kingdom, Sept 22 to £24. 1987, to review, discuss,
and finalize this document, alse giving consideration to
the written comments received, Dr C.J. MacHay acted
as Chairman and Dr M.J. Suess as Scientific Secretary.

Psychosocial Factors at Work

It is now well recognized that the overall reaction to
working conditions is influenced by a range of factors,
some of which are physical and some psychosocial. The
psychosocial environment! surrounding the workplace
may ¢ontribute to the perception of risk and to eventual
ill health: thus the overall impact on and reaction of the
person must be considered.”

Although psychosacial factors related to the work-
place are recognized as being cruciz) in both the caus-
ation and prevention of disecase &nd promotion of
health,'®!! compared with physical complaints, eompar-
atively little attention has been paid to this area by
those coneerned with occupational health. Although
there iz a shift away from the narrow view of occupa-
tional mental health in terms of psychiatric referral and
resettlement. there has been little systematis atiention
to the assessment of eecupational psychoesocial factors.
It is incrensingly Rpparent that. in the context of new
working methods and teehneologies and their impact on
individual workers. such factors are important in me-
diating effects upon health and well-being.

Health Effects of VOTs: A Model

As far as the user is concerned, aecess 10 the system
is achieved through trhe medium of an interface. The

interface is any hardwere or software feature with
which the user mav have to interact. As such, the
performance of the interface. ie, its usability, influences
the perception of the user of the systern as n whole. and,
if deficient. may impede work performance and gencrate
discomfori. In the past. the health debate has tended to
focys more on the technology (the physical manifesta-
tions and possible hazardous processes within the de-
vige) than the information-handling requirements of the
task and the related information- processing limitations
of the user, as well as wider organizetional aspects, This
would seern to he a reflection of perceptlion of risk on
the part of users rather than an objective assessment of
its size. More recently. however, information-processing
aspects. cognitive demands in VDT work, and wider
organizational considerations have received pgreater
serutiny, The present report will, therefore, concentrate
upon factors relevant to informetion-processing re-
quirements of VDT tasks and sociotechnical/psychoso-
eial gpproaches for delineating stress effects and the
impact of new technology.

Work Demands in VDT Qperation: An lllustrative Example

In the majority of offices where VDTs are used, their
introduction has heen trouble-free and has not generally
been associated with problems of fatigue and psychologic
stress. However, the following case report is an iHustra-
tien of the combination of problems which can result
when inappropriate work demands are coupled with
poor design of the workpisece and environment. Word
processors had been introduced into a typing peol that
handled compliceted legal documents. Problems had
arisen during the winter months, when excessive heat
from the centra! heating pipes combined with radiant
heat from the machines, This led to headaches, dry eyes,
dry nose and throzt, and skin irritation. Investigation
by the United Kinpdom Employment Medical Advisory
Service (EMAS) revealed numercus ergonomic prob-
lems ac well as organizational and stress-related ones,

The all-female staff worked hoth mornings and after-
noons on the machines. and an attempt was made to
enable them to also cope with all other types of work in
the office. Considerable pressures were applied to obtain
complicated reports at shorl notice. Two departments
used the typing pool. Each department believed it had
priority with work allocation. One department in par-
ticular was identified as presenting short notice require-
ments and inadequately revised drafts. The VDT oper.
ators were under continuous pressure because of a
eontinuous backlog of work., The word processors were
gable to cope with 300 lines per hour as opposed to the
normal typist’s 60 to 70 lines per hour. Just prior to the
EMAS wvisit, the management had agreed that the
women should have o break of 10 minutes for cvery 1
hour spent on the machines.

An automatic record was kept of the running time of
each word processor together with the output in lines
per hour. whichk was used for performance monitoring
purposes. The workers felt intimidated. were anxious to

Working with Visual Display Terminals /WHO Report
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work at maxi—um speed. and were reluctant te take
their entitled break periods.

At one point. the pool was staffed by temporary
personnel, and this produced additicnal pressures on
the regular staff. Much of the layout of the decuments
was complicated. and finished work was often required
on short notice, The skills involved eould only be learned
over a period, and untrained temporary personnel could
not cope with the complexities; A new recruitment policy
was intreduced which delayed the hiring of new typing
staff, end this had the effect of exacerbating inadequate
stafling levels.

The supervisar had noticed that experienced women
did well up to I vear after training and then suddenly
lost confidence in their abilities, needing support for
slmost every deesision, and that eomplete recovery did
not ocour,

Six workers reported = variety of complaints. The
visual symptoms were eye dryness, with occasional con-
junetival infeetion. In five of the six workers, this was
related to change in blink rate and work in low humidity.
Excessive tiredness at the end of the working day was
present in four of the six operators. In two cases they
retired to bed upon arriving home, resulting in family
conflicts. Feelings of lack of control or vacant sensations
on leaving whbrk were present in three operators, In all
cases they reported that their surroundings felt unreal,
as though they were walking in a dream. The problems
of concentration persisted for 10 to 13 minuvtes after
leaving work. Although the feelings of unreslity re-
parted by some of the eperators are uncommeon. the case
described above serves to illustrate problems eauvsed by
inappropriate working methods. which appear to be
widespread. Poor task and job design often interact with
bad ergonomic practice to generate visnal and muscu-
loskeletal symptoms and psychological ill health,

Work Design and Organizational Problems

If the justification for technology is s a “toe]” to
extend human ecapabilities. then this requires. among
other things. that users perceive themselves to be in
eontrel, However. seemingly contrary assumptions are
often made that operators are unmeotivated. unintelli-
gent. unable to make tzsk-related decicions, and unable
to understand aspecis of overall system c:::1::&.'1"511.1&::1'1.’2
VITs may be useful tools for professionals. but for
clerical users such technology tends to take the meaning
out of work.

One of the supposed advantages of 8 VDT-based sys-
tem is the capability of the user to interact intelligently
with & computer system in ways compatible with human
capacities in information processing. Essentially ihis
approach envisages the VDT as an intelligent device
working at the behest of the user. However. & cursory
task analysis of many existing VDT-based jobs indicates
that such jobs contain undesirable features character-
istic of some forms of work organizatien that fail to
provide work that fits existing patterns of skill {or
where training is inadequaie) and in so deing fail to

- ]

meel the persen’s need for challenging and interesting
WorK.

A long-term program of work aimed at examining the
impact of computerization and psychosocial aspects of
the work environment has been described by Bradley.'®H
A number of the findings from thesc studies, which have
been ongoing since 1974, are relevant here. In general,
VDT users were less satisfied with some aspects of the
psychosocial work environment, ineluding questions of
workplace participation. They reported more frustra-
tion. and viewed their work pace as too irrepular. too
dependent on other people, and too high during certain
pericds. Work environment aspects regarding work
pace, staffing. and the demands for efficiency were the
most salient areas in which VDT users expressed a
higher level of dissatisfaction. They point to 8 number
of chanpges in their work environment resulting f{rom
computerization: inereased dernands put om them (the
buffer vole intensified): more irregular work pace: and
increased demands for atientiveness. accuracy, and re-
sponsibility at the job,

With the new technology, it has become possible to
accelerate the rate at which work has been performed
and material processed. At the same time. the number
of contacts, such as with customers, has also inereased.
However, it appears to be highly difficult. if not impos-
gible, to translate this inereased speed of performance
into &an enhanced quality of persongel contacts or into
more time available to be spent with eustomers. As the
work pace at the terminal speeds up, it tends to set the
pace for other functions.

Employees with longer hours of daily terminal use
more often believe that they receive too little informa-
tien. that the possibilities for promotion and individual
development and growth in the work are too small. as
are the opportunities for training. They also more often
feel imprisoned by their work situation. isolated from
other people during working hours, and oppressed by
the physical demands on their back. muscles. and eyes.
On the other hand, those with longer hours of daily
terminal use feel more secure at work (greater job
security),

The handful of studies undertaken so far on occupa-
tiomal stress factors inherent in some forms of VDT-
based work support these general assertions. Some
studies have shown high levels of reported psychological
distress among VDT operators.'™'® Others report no
significant differences between users and controls.'” It
is most likely that. in most of these studies, VDT work
is eonfounded with undesirable job characteristics.
There are also methodological problems inherent in
some of the studies which make the interpretation of
cause and effect somewhat difficult.'*'® Methodolegical
issues aside. the problem seems not to be the technology
bul the pature of work being undertaken.'® Thus. Gun-
narsson and Ostberg™ showed that monctony experi-
enced during VDT operation was c¢learly related to
perceived feelings of lack of controliability and low levels
of variety. Smith et al® report that rigid work proce-
dures. high production standards. and constant pressure
for performance were reflected in measures of self-
reported siress ang work demands that were subsian-




tinlly in excess of thuse established for 23 occupational
groups * Their respondents also complained of negative
effeats on their mental health as well as musculoskelatal
angd visunl problems. However. their data from other
workplaces suggest that perceived flexibility. autonomy.
and control over how work is to be carried out act as
ettenunating factors in the expericnce of stress. In these
operaters the greatest problems were those concerned
with ambiguity over career development and future job
activities.

Workioad and Demand

Two rather different types of problems with worklead
exist: work overload and work underload. Thesc prob-
lems have been identified in other occupational settings
previously, and are now being observed in p VDT work
context. When the demands on 4 person at work are not
matched to their skill or skill petential, the situstion
may be stressful ®°

Most researchers have found a positive correlation
between workload and intensity of computer use: thus.
Turner.”™ investigating mortgape loan servicing work-
ers, found an association between reported work over-
lopd with fnereasing amount of work done on the com-
puter, Kling®™ found that office workers in 42 cities
attributed an inecrease in job pressure to the use of o
computer system.

Certain kinds of pressure may be considered a "part
of the job.” sometimes even the more stimulating part—
eg. journalists may accept and enjoy producing articles
to meet deadlines. However, for many workers, purely
quantitative pressure may be experienced as intolera-
Ble. In the San Francisco study.®' clerieal VDT users
scored highest, professional users lowest, and non-VDT
elerieal eontrol subjeets intermediate on work pressure
scales (Work Envirenment Scale, ref 28). On scales of
workload and dissatisfaction the same order applied
(Job Demands Scale, ref 22), The combination of clerical
work and VDT use appears to create the worst condi-
tions with respect to work pressure and workload,

Breakdowns

Breakdewns, interruptions, overieading. and slow re-
spense times are problematic. An operator in e state of
resdiness to accomplish something experiences frustra-
tion when the system blocks effective action.”™ Deadlines
are seldom relaxed when response times are long ar the
system is down, During a breakdown. there is the knowl-
cdpe that sometime in the future work will have to be
completed twice as fast to meet unchanged deadlines. It
might &t first appear that breakdown time could be used
to relax or gain relief but! if the delay duration is
unkneown, the operator is actively waiting for a response
and so ennnet change over to relief activity or rest.5

Johansson and Aronsson® studied physiolegical and
self-reported stress measures in VDT opcrators and
contrel subjects over a 3-day pericd. Epinephrine (ad-

/

renaline) levels were higher ip the mornings and bolow
the basehne in the afternoons for the VDT users. and
vice versa for control subjecis. Similarly, feclings of
fatigue and effort, and a sease of being rushed were
greater for the experimental group in the morning. and
greater for contrel subjects in the afternoon. The Jikely
explanation eame from interviews, VDT operators were
working very fast in the merning 1o ensure npainst later
breskdown; thev could then relax in the afternoons if
the system remained functipnal Meastirements taken
while the system was down indicated significantly
higher tevels of epinephrine. sysm]ﬂ: and diastolic blond
pressure. and heart rate than in the same workers
during normal operation. Breakdown is a constant
threat that can have a number of undesirable effects.™
The undesirable impact of response times and bBreak-
downs has becn linked to unpredictability of events™ or
the interruption of a planned piece of work that is in
progress.®® Some recommendations have been given for
response times,”® Studies thus far do not indicate & clear
linear relationship between responsc time and stress
effects.”” A recont review® has differentiated between o
numhber of other factors, These include a need for think-
ing time as the system is responding (which will be
task-dependent). user expectations about likely re-
sponse times. snd individua! differences in tolerability
to varying delays in response, :

Pertinent factors in determining breakdown impact
inelude the amount of system status information avail-
able: the likelihood that data will be Jost; the amount of
effort needed to make up for any losses: uncertainty
about whether response times are long or the system is
down: and soncern abeoui custemer reaction: if the sys-
tem is being used to answer enquiries. the wrath of &
customer expecting prompt service has to be dealt with.

In a survey by Eeson,” a major source of dissatisface
tion with computer equipment was that it did not allow
jobs to be done as well as with a manual system. These
problems could be solved at 8 technaological level by &
reduction in the freguency and duration of breakdowns.
Froduction pianning needs to take breakdowns into
account. Overloading could be avoided and capaeity
rescrved for emergency use.

Contral

The concept of ¢ontrol refers to the possibilities for
the user to exert influence over the frequencing. timing.
and concept of tasks and the conditions under which
they are performed.™ Controllability is important be-
cause it kas an impact upon the functionality. the usa:
bility, and the “user-friendliness” of the system®

Gregory and Nussbaum*® suggested that increasin,
the iniroduection of computers into the office woul”
probably lead to more machine contrel, tighter super
vision, social isolation, and litile freedom of movement.,
as well a5 probable de-skilling of some users,

A number of writers have reperted reduced rutonomy
following the introducticn of computers inte the office.
Typical findings indicate & higher degree of structure,

Working with Visual Display Ter™ mals/WHO Report




preprograrmming. and formalized working methods fol-
lowing computerization. leading to reduced choice for
the individuat worker.

Most commentators agree. however, that the decision
to reduce avtonomy (or more likely that the reduction
is just a byproduct of poor work organization) is not an
ineviteble consequence of computerization.* Frese™ has
summarized a number of prerequisites of control. First,
that the users have the relevant knowledge and skills to
manipulate the system. Novices (or infrequent users) of
& particular system may need considerable guidance by
the system. whereas experts want control of the system
and the ability to exploit its capabilities ** Second, that
the systems possess functionality so far as it enables, or,
preferably. enhances, the user's ability to perform g
task. Third. transparency, implying that the user ean
generate a coherent internal mode) or representation of
system functions. and fourth. predictability of system
performance,

One of the erueial variables in determining stress-
related symptoms in VDT operators is linked to the
perception of control by the system (or conversely, lack
of control by the operator). Suech eontrol is evident in g
number of ways. First, in some systems the processing
power of the machine is exploited to such an extent that
it is able te,monitor the mipuie-to-minute keying per-
formance of an eperator. In many instances this infor-
metion is used to determine levels of remuneration via
piece-rate payment systems. Not unnaturally, this level
of control is often resented. is regarded with suspicien
by many operators. and. understandably. is associated
with feelings of fatigue and stress. Second, very long
response times from the computer. or those that are
varizble in length (as described earlier) may be seen as
a0 aspect of controllability.

Buchanan and Beddy™ reported a reduction in typists’
eontrol over work scheduling and boundary tasks after
the intreduction of word processing. In the San Fran-
cisco study.”” clerica) VDT workers scored lowest, fol-
lowed by cleriea! non-VDT cootro! subjects, and profes-
sional VDT workers on scales of involvement and auton-
omy (Work Environment Secale, ref 28),

Clericel workers reported s sense of being controlled
more often. Feelings of loss of individual contrel in a
computerized work environment have zlso been docu-
mented elsewhere.™**** Lack of control at work may
lead to the adoption of passive behavior patterns.

Perception of limited control or responsibility is likely
to give rise to stress. especially if combined with heavy
workloads ® " %3¢ 3% If an sperator tries to vary work
strategy in response to different work loads and either
technolegy or administration resists, then the technical
“aid” (the computer) may become a stressor ' *** Con.
trol is best influenced by effective job design. and train-
ing flexibility allows 2 choice of strategy in meeting
work demands while keeping stress to a minimum. With-
out 2utonomy to alter control strategies. operators are
unlikely to learn tasks effeetively or be able to build &
clear mode! of overall system funetion, and ineffective
performance will be the net result.”® Control over the
timing of rest breaks is a particularly irmmportant means
of relieving the effects of repetitive VDT work,

Task Pacing

Rigid. time-scheduled. machine-paced tasks do not
allow adjustment for daily and moment-to-moment var-
iations in effort, Henee. sometimes there will be excess
strain and sometimes an underuse of capacity. The
National Institute for Oceupational Safety and Health™
compared machine-paced assembly werk and machine
minding with supervisory and white-collar work, In the
former there was more evidence of boredom. job dissat-
isfaction, and somatic complaints. self-paced agsembly
workers being intermediate. In & study of sawmil! work-
ers, Johannson and Arvonsson® found that machine-
paced work led to inereased urinary eatecholamine lev-
e¢ls. Laville and Teiger® reported higher anxiety and
incidence of gastritis and sickness in paced assembly
workers (78%). Elevation of heart rate has been ob-

" served in computer-paced work with short cycle times

(57).

Systern Monitoring of User Performance

Allied to the notion of reduced control is the concept
of elecironic menitoring of worker performance. Qften
performance monitoring is eombined with other unde-
sirable job stresses, but monitoring per ¢ may not be
wholly negative. There js reason to believe that proper
application of job design principles can develop manitor-
ing systems that may benefit both sides in industry.®®
However, hecause of the way such systems have been
introduced. thus far the response to them has been
largely hostile. Such hostility is targeted at typical
features of current monitoring methods that include the
following: second-by-second monitoring, often at the
level of individual keystrokes: overemphasis on the
quantitative aspects of performance and upon speed; an
element of implied pacing to meet targets: lack of infor-
mation to users as to what information tan (or is) being
collected and why; the imposition of a form of supervi-
sory style that is manifested as constant negative per-
formance feedback: lack of diseretionary contrel; and
performance standards based upon arbitrarily defined
performance goals of system capabilities rather than
upon well-established data on human performance lim-
itations.

The impact of such characteristics upon users is likely
to be severalfold and may include awareness of constant
evaluation, fear of reprimand, and consequent nonre-
munerated overperformance; difficulties in allogating
and/or distributing effort. redueed job and/or invoive-
ment partigipation: time pressure and decreased possi-
bilities for social interaetion.®

Monitoring may be used, therefore, in a negative way,
but it can also be applied in a positive sense. If it is used
to provide accurate, meaningful feedback in a timely
way and is nonevaluative. it provides the basis for
eénhanced goal-setting and motivation and provides the
cues necessary for improvement in performance.™




Social Suppon ang lsolation

The social environment at work and the proximity of
other people for communication is important for main-
taining job satisfaction and general well-being.®* Un-
der some cireumstances social support mechanisms pro-
vide s powerful buffering or sttenuating effect on the
effects of stressful work demands'’ and represent an
important effect in terms of stress mitigation, The pos-
sibility that social networks will be directed by comput-
ing or word-processing systems is a threst.” The con.
straint of being stationary as & VDT may reduce social
contact, with less opportunity for meving arcund and
talking to colleagues. thus leading to isolation.™* Iso-
lation may also result from the fact that it is possible to
work awny from other people. In total. reduction in
formal or informal contact will depend very much upon
work organization and will be highly task-dependent.™

‘Word processors reduce the amount of communication
between operators and authors* In typing pools, is¢-
lated communities tend to form, so that the loneliness
of the supervisor can be & problem.®™ Butteriss and
Clark™ found that typists resented heing pooled and
remote from sauthors,

Deskiling

The moving toward computerization may invelve the
radical redesign of traditional office “paper and pencil
jobs” typically performed by clerical workers, Jobs may
become fragmented. with only the lew skill elements
remaining. This process has been referred to as “deskill-
ing.”

Mueh repetitive work involves underdemand 4%
“Deskilling” often occurs in changing jobs to suit tech-
nology, resulting in underutilization of skills, knowl-
edge, and abilities ™*** Among clerical VDT workers,
lack of demand on mental sbilities is o major contribu-
tion to job dissatisfaction.*” Another related feature of
organizational change under such cirecumstances is that
the range of tasks performed in a particular work
setting becomes much more uniform.® ™ Tavistock In-
stitute researchers™ " conelude that the use of valued
skills and knowledge and involvement in preparatory
and auxiliary tasks are significant determinants of the
guality of working life. Coburn,” studying job incongru-
ence by means of a posial questionnaire sent to more
than o thousand men in a variety of jobs, found poor
psychological well-being to be associated with both very
complex and oversimple work,”” Complex work, how-
cver, was not necessarily disliked,

A study by Cooper and Cox"" examined mental health
and jeb satisfaction in 166 secretaries working in insur-
ance and banking. A 40-item questionnaire using a six-
point Likert type rating scale exarmined a range of work
characteristics, including factors intrinsic to the nature
of the job (keeping up with technical changes in equip-
ment), job role facters (job expectations not very clear),
and relationships with others, One of the major sources
of stress in this particular group stemmed from ambi-
guity over roles within the present job and eenceras
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over limited carecr prospects. As the secretaries were
becoming more technically trained, their acocss to var-
tous organizational hierarchies was becoming more re-
strictive.

On 8 mere general {evel. the pace of technelogical
change. particularly in rapidly developing organiza-
tions. is leading to concerns about the relevance of skills
acguired today to the jobs of tomorrow,”™

In a similar study. Billette and Pichd™ studied data
entry clerks in two large data pools. In comparison with
other occupationa]l groups, these workers had higher
rates of psychiatrie disturbance as well as a higher
usage rate of over-the-counter prescription drugs. The
problems were worse in full-time as compared with part-
time employees, and were best predicted by work over-
lgad and the monotony of work speeialization,

Individual Differences

In predicting impacts it is important to recognize that
individual differences between users {(and between ho-
mogenous user groups) are likely to piay an important
role. Not only are psychobiological variables (ape, sex.
personzlity) important, but differences in cognitive
style, learning style. and personal knowledpe relevant
to interaction with the VDT system™ must also be
considered. Thus far, however, there has been little
gystematie research. Some of these variables are fixed,
others are more or less amenable to change. Clearly, in
the system design it may not be practicable to consider
individual personalities of users, but because of the
flexibility offered by new technology, the goal of provid-
ing work individually taiiored to meet particular needs,
styles, and eoncepts of users may be more easily
achieved.” The same arpument applies to learning speed
and skill development.

Approaches to Selving Organizational and Job Design lssues

The issues raised above indicate that, as well as
physical concerns (eg, hardware, workplace design, and
environmental factors). problems can ocour due to the
nature of the VDT operators’ task and role within the
organization, as well as individual characteristies of the
nser, Problems relate to two areas. First, insufficient
plapning of the job, or planning the job too late in the
design precess. This often leads to technical constreints
of the system defining the precise nature of the opera-
tors’ role, a process referred to as technical determin-
izsm.™ Second, jobs are often computerized with little
regard for which aspects of the old job are satisfying to
the operator, and thus should be retained, and which
aspects are overdermanding and thus should be phased
out or performed in some other fashion, The switeh to
VDT-based systems provides an opportunity for job en-
richment and enlargement. Job flexibility and some
control over work allocation should enable the promo-
tion and utilization ef individual skills. Although these
are ideal outcomes stemming from the introduction of &
computler system. they are only achieved by eareful and
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thoughtful planning and implementation and training
of user groups.

Management of Changs and User involverngns in the Design
Process

Whether change is perceived by workers as being
either positive or negative depends very much on the
mansgement of the change process itself. ™™ In relation

to the adoption of information technology, there is ample -

oppartunity for fears about health effects of VDTs,
unemployment, and future job activities. The result is
often indirect measures of resistance or apathy such as
reduction of output, keeping information to oneself,
working strietly to rules, and unplanned use of the new
system.“’“ The introduetion of new technology is some-
tirmes justified on the basis of a need to rationelize office
systems, 5o that sireamlined produretion-line systems
are often the result, with the focus upon technology-
dependent tasks (word processing, data entry, telephon-
ing). Moreover, the long-term strategy or the long-term
repercussions upon users are not always made clear,

There is almost unanimous agreement that, to mini-
mize such problems and ensure system acceptability to
users, some-degree of participation by them in the design
process js necessary, At the most basic level this may
mean communication of information concerning future
planned change, but more in-depth participation often
finds users heavily invelved in the design process them-
selves.

Awnreness of new technology can be heightened be-
fore it is introduced by giving demonstrations. arrang-
ing visits to manufacturers and other sites, and provid-
ing opporiunities for familiarization. Involving all those
likely to be affected by the change in the design process
not only promotes better acceptance and commitment,
but may aiso achieve a better system design®™ with user
insight into system strengths and weaknesses,™ with
the result that management begomes more familiar with
the possible limitations in the proposed system. Inveolve-
ment must not be illusory, trivial, irrelevant, or super-
ficial. It must be seen a5 an integral and legitimate part
of the workers' job that is reflected in the reward
system.

Conflict end resistance are likely to be reduced if an
apen, exploratory style is adopted by the project team.
encouraging colleboration, assistance and gquestions,
locking at the causes of mistakes rather thap looking
for someone to blame, and leoking at how work is
actually done prather than the procedures originally laid
down,

When new technology and methods are introduced, a
gradual ehangeover. with old and new systems working
side by side. is ideal. Training and the epportunity for
practice and consolidation of skills are essential. The
suppert of an experienced and patient adviser is impor-
tant to give people confidence. Adegquate and direct
feedback about new methods help learning and encour-
age mere rapid adjustment,

Participation has failed in the past for a number of
reasons. First, it often oceurs too late in the design
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process and there is too little of it. Second, users are
not suffieiently familiar with the propesed technology
to make participation eflfective. Third, users have not
had clear expectations about the nature and likely end
results of the participative process.

The type and extent of user involvement will depend
largely upon local factors such as management styles
and organizational structures.® However, the path that
appears to offer the most edvantages and the one most
iikcly to achieve a satisfactory systemn is the participa-
tive approach in which system designers end users of
the system, particularly VDT opercators themselves, are
jointly involved throughout the various phases of plan-
ning. design, and implementation. General guidance on
the introduction of computer systems is provided hy
Farrow® and Spinas et 8l.?® Examples of the participa-
tive approach to systemn design ecan be found else-
where.ﬁﬂ.m—ﬁ?

Task Analysis and Job Design

In the design of any system, an analysis of the existing
system is crucial. particulerly if human factor espects
are to be incorporated into the new system at appropri-
ate points. In the present egntext it is important to note
that during this analysis stape the activities and tesks
the worker is carrying out in the precomputerized sys.
tem need to be determined. In the computerized system,
some of these will be allocated to the computer. and
some will remain to be carried out by the person. There
are a variety of issues inecluding the need to consider
abnormal. upexpected, and unususl varieties of activi-
ties: data that are ambiguous, uneertain, or unpredict-
able: processing of data that cannot ensily be presented
in computer-compatible form; coping with goal conflicts
and priorities: novel problems requiring immediate so-
lutions; and the need o interact with others during
trapsactions with the computer, particularly members
of the public. The design of the system should ensure
that these potentially demanding activities can be per-
formed satisfacterily by designing flexibility intoe the
system (eg. by allowing the operator to perform activi-
ties in different seguences) and by designing the soft-
ware 50 that the computer acts as a supportive tool for
the operator.

Tltimately, job design is o compromise hotween a
number of ¢riteria that place restrictions upon system
design: cost, training, organizational flexibility, cus-
tomer satisfaction and service, as well g5 user needs and
gatisfaction. Much hasz been written about job design
both in terms of creating humean-oriented jobs and at
the same time minimizing stress-related aspects. Some
guidelines and draft standards promulgate rather gen-
eral requirements for good job design: others provide
very specific microlevel needs. In integrating the var-
jous recommendations, the fellowing general principles
apply.

Jab Content. The job should be mentally challenging
but within the capabilities of the individual user. It
should be of sufficient complexity te provide commit-
ment to, and interest {n. the work itself. This means
that jobs should econsist of a range of intercennected




tasks that require the use of different skills 50 that an
integrated meaningful job is created.

Skill Utilization. Job design should incorporate the
need to utilize existing skills of users {(where practica-
ble) and encourage the development and acquisition of
new ones.

Feedback. The systermn should be designed so that
appropriate feedback on overall performance provides
an aid to l¢arning, On a microlevel system. feedback
sheuld be consistent, seif-explanatory and should gor-
respond to users’ expedtations,

Contrel Ability."Job design should incorporate a de-
gree of user discretion into the way work is organized.
This may mean deciding upon the content of sub-tasks.
on their ordering of prierity. the methods for solving
them., apd overall time frame,

Although the introduction of new technolopy provides
the apportunity to enhance job content signifieantly. in
many instances such principles have neot been used in
Jjob design; thus, where simple elerical tasks have been
cormputerized, they invariably retain their monotonous,
repetitive, and demotivating features. Moreover, in
changing & job ta suit the intreduction of new technal-
ogy. an element of “deskiiling™ is often involved, thos
adding substantially to feelings of underutilization of
skills developed prior to the introduction of VDTs, In
many wbrkers. a considerable amount of time and effort
will have been invested in learning and practicing the
ekills required for the job prior to computerization,

VDT task design must therefore seek to minimize
repetitive elements in the operators” task by introducing
variability in workload throughout the day. instead of
long perieds of concentrated work. while ensuring that
the load is predictable. This should be coupled with job
design features that allow the worker to have some
discretion in how work is allocated over work periods
and by so doing intreduce feelings of personzl econtrol
and cater to individual differences in the need for brief
pauses in work. Thus, in sddition to the guantitztive
aspects of the VDT task, the qualitative features should
also be examined. All too often data entry tasks reguire
only the use of simple psychomotor skills, where only
minimal exercisc of intellectual abilities is possible.
Ideally. the shift should be toward the use of the VDT
&s o tool for carryving out a much larger job, rather than
the VDT user being solely a machine operator.

When the operator’s job consists of 2 variety of tasks.
only some of which may be related to VDT operation,
miner faults in the ergonomics of the equipment may
not be critical. Conversely, when intense and continuous
operation is required, the need for optimum workplace
end sereen characteristics becomes cruciai. However,
solutiens based entirely upon attention to ergonomic
factors are not a panaecea for low moetivation and poor
morale; work design and organizationz] facters are
likely to be mere important in determining the opera-
tor's overall aeceptability of the computer.

Training and Skill Enkancement

The mest direct way to influence individual resources
s to previde high-guality trairing. By enabling users
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both to understand and control the technology ot their
dispusul. it enables them to take full advantage of the
flexibie and powerfu! systems at their command. Users
who arce not well trained eften describe themselves oy
being influenced. even deminated, by the computer
rather than the other way round.™ On a microlevel,
training should provide users with a mode! af how the
technology functions. permit development of problen
solving stratepics. allow for generalization and transfer
ta pew. different, and less structured tasks. and should
make transfer belween systems 10 new pencrations of
systems easier. Training goals should be broad and of
sufficiently long range to encompass the breadth of work
likely to be encountered: providing only novice-level
training does nol permit users to utilize strong task
competencies and judgmental skills in eonjunetion with
VDT tasks, Training should also seek to gemerate the
development of groups of local experts for a given
department or prganizational grouping® and knowledpc
sharing within work groups

Work Scheduling and Rest Pauses

In most tasks. natural breaks or pauses occur as a
conseguence of the inherent organization of the work.
Such informal breaks help to maintain performance by
preventing the onset of fatigue. In seme VDT work (for
example. those data entry tasks reguiring continuous
and sustained attention and concentration. together
with high data entry rates) naturaliy oceurring breaks
are less frequent. In situations where this type of task
cannot be organized in any other way. and where natu-
ral breaks in work do not oceur. the intreduction of rest
pauscs should help to maintain attention and concentra-
tion. It is difficult to be specific about guidance on the
duration of rest pauses. The mast satisfactory length of
pause can only be determined by consideration of the
individual operator’s job, sinee the onset and meinifes-
tations of fatigue will depend upon the nature and mix
of cognitive and psychomotor demands imposed by the
job. ™ 1% Nevertheless. in connection with the provision
of rest pauscs some general statements can be mode.

(1) Some of the symptoms reported by users are often
the result of the effort expended to maintajn perform-
ance in the face of accumulating fatipue, Rest pauses
should therefore be arranged so that they are taken
prior to the onset of fatigue, not as & recuperative period
from it. Rest should be introdueed when performance is
at a maximum, just before a reduction in productivity.
Note that the period of rest is included in working time
and does not result in Jonger hours. The timing of rest
is more important than the lepgth of the rest period,
although optimal rest period lengths can elso be deter-
mined for individual jobs. This has not yet been done for
VDT work.

(?) Bhert, frequently occurring pauses appear to be
mure satisfactory than longer ones taken ocensionally.
Thus, & 5- to 10-minute break after 50 to 60 minutes
would probably be better in this respect than 15 minutes
after every £ hours, Additionally. there is some evidence
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to suggest that very short breaks (so-called “micro-
pauses™) of between 5 and 7 seconds after a few minutes
wark may also be helpful,

(3} Ideally, the break should be taken away from the
VDT workstation.

{4} Rest periods are most effective for work reguir-
ing ¢entinuous sttention than for jobs that are more or
less automatic and leave the employee free to daydream.
canverse with others, or follow similar monotony-redue-
ing strategies.

(5) A number of studies (eg. ref 101} have found
that, slthough fatigue-like complaints about the eyes
are not slleviated by mandated formal breaks, they are
alleviated by infoermal breaks, that is, time spent not
viewing the sereen, which may include time spent per-
forming other work tasks. These findings are consistent
with recent work in eccupational stress that emphasizes
the need to allow individual operators discretion in the
way tasks are carried out. Individual control ever the
nature and pace of work enables effort to be distributed
optimally throughout the working day.

(8) On the whole, rest pauses lead to a general
improvement in the gquality and guantity of output.
Beneficial effects are not confined to the period of work
following the pause but may also be noticeable before
the rest occurs.

(7) AlthSugh rigidly specified breaks appear pot to
bave large beneficial effects (see 5, above), totally dis-
cretionary arrangements may allow individus! nsers to
forgo breaks in favor of a shortened work period. Some
preseribed bul nevertheless flexible minimum reguire-
ments are therefore probably necessary for some types
of VDT work,

Shift Length

Because of concerns not only about fatizue, but also
marg long-term health effects. some guidelines and pol-
{cy statements have limited the maximum time allowed
at the VDT to 4 hours per day. There is a considerable
zmount of literature on shift length and health, although
only & small proportion of it is concerned with VDT-like
tasks. Generally, the results have been mixed end have
depended iargely upon the outcome measyres chosen
angd the extent to which hours of work are confounded
with the nature of the work being undertaken. However,
it is reasoneble to predict that the longer one works at
a particular task the greater the probability of fatigue-
like symptoms., and indeed such a statement is well
supported by the VDT literature. Overall therefore one
may consider different levels of preventive strategy in
lirniting the impact of VDT work. First. use the VDT as
& tool by incorporating good job design principles inte
system development. Second, where spells of intensive
VDT work must be undertaken, mix these with spells of
similar duration of nonintensive, non-VDT work. The
third and leas! preferred strategy for continuous text
or data eniry werk is to provide adequale work-rest
schedules,

m

Conclusions and Recommendations

A critical review of the available literature on psy-
chological health issues leads to the foliowing ¢onclu-
siong. :

(1) Psychological factors are gt least as important
as physical characteristics of workplaces in influencing
health and well-belng.

(2) The control of psychological risk factors B55001-
ated with VDT use can best be addressed through pri-
mary prevention of VDT job and orpanizational prob-
lems. In thie regard, careful introduction of the VDT
into the workplace is of utmeost impertance.

(3) Much has been written on job design in the
context of intreducing computer systems. However, es-
tablished knowledge in this area has been largely ig-
nored with respeet to control of psyehological risk fac-
tors in VDT use.

{4) Muany variables influence the relationship be-
tween psychosocial factors and health outcomes in VRIT
work. This, combined with the fact that no two situations
are exactly the same, makes it inappropriate to set rigid
recommendations governing psychosoeial conditions in
the VDT warkpince. In this regard, it is not possible at
present to specify the eptimum length of a VDT work
period.

(5} Some of the literature reviewed demonstrates a
lack of attention to methodological and statistieal re-
quirements needed to study psychosoeial factors in the
workplace, making it diffieult to draw ¢lear conclusions
about possible canse-effect relationships. In particular,
the lack was noted of studies coneerned with evaluating
possible effects of psychosocial jnterventions in the con«
text of VDT use.

(6) Problems caused by inappropriate design of work
involving VDTs can be seen as part of the generie
problem ares associated with the impact of new tech-
nologies. which are increasingly likely to confront oc-
cupational heslth specialists.

The World Health Organization group of experts
endorsed the follewing recommendations, While recog-
nizing that most, if not all, are applicable to any working
situation, these recommendations are presented here
specifically with respect to work with VDTs.

(1} A thorough analysis of psychosocial impact
should be undertaken prior to any final deeision on the
technical characteristics of & new VDT system.

(2) Boelotechnical changes concerned with introduc-
ing VDT into the workpiace should be accompanied by
involvement of those affected, at all levels within the
organization. Buch ianveolvernent, where practicable,
should be in accordance with the principies of partici-
pative design.

(3) Qualitative aspects of job design should insorpo-
rate the following general principles: (i) task variation.
including the provision of some non-VDT work. consist-
ent with the equitable distribution of different kinds of
work over appropriate time frames (preferably hours
and days): (ii) some degree of task complexity. consist-
ent with the skill potential of individual users. and
providing some degree of responsibility and opportunity
for exercising judgrment; {iji) ¢oherent job content. en-




tailing some intrinsic meaning in the tasks performed:
(iv) skill development, ensuring that past skills do not
become obsolete without the epportunity for learning
new ones, {v) feedback on performance. ensuring that
it does not create excessive or unrealistic expectations
that may result in stress: and (vi) control. implying
some possibility of influencing the structure and plan-
ning of work tasks and scheduling of breaks.

(4) Qualitative aspeets of job and system design
should incorporate the following general principles: (i)
workload should be realistic, (ii) production planning
should take into account likely breakdowns and faults.
and (iii) work pace should not be too dependent upon
colleagues or the system.

(5) Work with VDTs shoueld not prevent the oppor-
tunity for social contact and should be accompanied by
some emotional and instrumental support from super-
visors and coworkers.

{6) Where variations in tasks cannct be provided.
and natural breaks do not occur in continucus VDT
work, the number of rest breaks should be inereased.
The timinp and lengths of sush breaks depend largely
on tosk requirements and individual suseecptability to
fatigue.

(7} Insofar as many VDT tasks impose unfamiliar
cogznitive and other demands and require the acquisition
of new sKills, particular attention should be paid to
providing appropriate training before, during. and after
the implementation of the new system. Training should
utilize both formal and on-the-job techniques. cover
task-specific requirements, and imnpart 8 more general
understanding of the functional aspects of the whole
system.

(8) Investigpators should utilize more rigorouns re-
search methods to enable cause-effect relationships to
be more precisely and reliably delineated. In peneral.
more evaluation research should be performed, includ-
ing the development of case or demenstration studies,
and the gencration of data on the effectiveness of psy-
chosocial interventions and guidelines,

References

1. Licklider JCR. Man-computer symbiosis. JRE Transastions on
Humap Factors In Electronics. 1961411,

2, Bilvestri GT, Luknsiewicr M. Occupational empleyment pro-
jestions:  the  1884-1985  outlesk.  Moeothlv  Laber  Rev.
1987 November 2. 87,

3. Bexold C, Carlson RJ, Peck JC. The Future of Work and
Heajth Dover, Mans: Auburn House Publishing Co: 1986,

4. Visual! Dizpluy Termingls and Workers' Health, WHO Offset
Publicotion 99. Gaoeve: World Henlth Organication; 1957,

5. Lee WR., Werking with vigual display units, Br Med J.
1885.291:089-961, )

6. Frunk AL. Qceupationn! Medicine., JAMA, 1985:254:20333-
2334,

7. Penrce BG, Hoalth Hazards of VOUs? Chichester: Wiley: 1984,

8. Murrigt JA, Stuchly MA Health nspects of work with visual
display terminuals. J Qecup Med. 1585:268:833-8458,

2. MueKay CJ, Lucaz EG. Occupntionsl eapects of whole-pernan
benlth goare. In; Christie MJ. Mcellet PG, eds. The Psvchotomatiz
Appresch: Contemporpry Proctice of Whole Fersan Health Care
Chichaster: Wiley 1886,

10. Knlimp R, El-Batawi M4a. Ceoper CL. eds. Poychoseelal Feo-

10

/
[ors a! Work, Genevie Worl? Heaulth Organization, 1HB7,

11 MacKay Cd. Conper CL Oecupational stresy nnd health, some
eurrentissues, In. Coopor CL. Robortson, IT, eds. Internatinnal Review
of Industrial and Crganisationnl Psvehology, Chichester. Wiley, 1987,

12 Stellman JM. Klitzman & Gordon GC. Snow BR. Work envi-
ronment and the well-being of clerical end VT warkers. J Oeccup
Bepav, 1987:8:95-102,

13. Bradiey & Compyterization and Working Life from n Fsycho.
sueint Poiat of View, RAM report 90 Stockholm: Umversity of Stock-
holm: 198}

14. Bradiev G. Psychosocial work environment and usé of vigunl
display termingis, In: Knave B Widehnok P-G, edu. Work with Dupiny
Units 6. Amsterdam: Elsevier Science Publishers: 1987,

1%. Elue B. Cail F. Tsserand M, Christmann H. Investigntions in
operaters working with CRT displuy terminals: relationships between
task content and peychophysiclogicnl lterations. In: Grandjean R
Vigliani E. eds, Ergonomic Aspects of Visua! Displny Terminals.
Londen! Taylar & Franeis: 198%,

16. Ghingirelli L. Gollection of subjective opinions an use of VRUs.
In: Grand)ean E. Vighani E. ods, Ergonomic Aspects of Visual Dispiay
Terminals, Londen: Tayler & Pranciz: 1982,227-831.

17. Binashi 5. Albonige G, Gelli £, et wl. Study on subjective
symptomnatalogy of fatigue in VDU operators, In Grandjean E. Viglinnl
E. eds. Erponomic Aspects of Visual Displey Torminals. London: Taylor
& Frangis: 1982:218-225.

16. Kac! 5V, Stress and dinense in the workplace. A methodelog-
jcal commentary on the accumulated evidence, In- Cotnlde MF, Coates
TS, eds. Health and Industry. A Hehnvioural Medicine Porspogiive.
Kew York; Wiley, 19586,

19, Sauter SL. Gottlich MS, Jones KC. et al. Job and henlth
implieations of VDT use: inilial results of the Wisconsin-NIOSH study.
Communicatiens of the ACM, 1983;26:285--204.

20. Gunparsson E. Ostbergy O, The physical and psycholegical
worging environment ia a terminal-based computer storage and re-
trigval system. Report 35; Steckholm: Natipnal Bourd of Occupntienal
Bafety and Health: 1977.

21, Smith MJ. Cohen BGF. Stommerjohn LW, An investigation of
henlth eomplaints &nd job stress in video display operotions, Hum
Factors. 1981:23:387—500.

22 Caplan RD. Cebb 5, French JRP. Job Demands and Worker
Health. KIOSH Reacarch Report. HEW publication 75-160. Washing-
ton DC, U5 Depr of Health, Education, nnd Welfare.

22 Cox T. Reprtitive work. In: Cooper CL. Paync R, nds, Qurreat
Conceras in Decupational Stress. Chichester; Wiley: 1880,

24. Cox T. Repetitive work: QOecupational stress and health, In:
Cooper CL. Smith MJ, eds. Jab Siress and Blye Coller Work. Chi-
chester: Wiley: 1BRGBS-112.

25. Paync R. Demands. supports and copstraints and prychelogi-
enl henlth, In: Mackay CJ. Cox T, eds. Hesponse to siress: occuprtional
pupects. Guildford; IPC Seienee nnd Technelogy Press; 1379:85-88.

28, Turner JA, Computers in Eapk (lerical Functipps: lmplica-
tiens for Productivity and the Quality of Life, New Yeork: Columbina
Upiversity: 1980, PhD disseriation.

27, Kling R The impaets of computing on the work of manngers,
dats analysts, and clerks, Workiog Faper. Fublic Folley Rasenrch
Organizatian. Irvine, Califi University of Californin: 1978,

28, Insel P, Meos B, Work Environment Spole—FPORMS. Fulo
Aleg, Culif: Consulting Psychalopist Press Ine: 1974,

28, Turper JA, Hnrosek HA_  Software orgonomies: effects of
computer application deaign parameters op operater task performance
and health, Erponomiss. 1964:27T:663-660.

20, Ociberg O. Fatigue ta sieries! work with CHT display termi-
pals. Gothenburg Psychologion] Reparts. Vol 4, Ne 18, University of
Gotheoburg, Sweden, 1974,

3}, Mnrein J. Design of Man-Computer Dinloguas. Englewond
Cliffs, NJ: Preptice=Hnll; 1873,

32, Johunsson G, Aropmson G. Biress reactions in somputerised
pdminizstration work, J Qreup Besav, 19684:5:159-181,

33 Kennedy T8, Edmonds R. An examinntion ef training prob-
lems angd npive commputer users, Procecdings of the European Comput-
ing Congress {(Euricomp "74): 1874:41 1 =425,

34. Boucsein W. Greif &, Wittenkump J. Systemrespongezeiton als
Belastungsfnktor bei Buidshiem-Thalogtoetighkeiten. X Arbeitywis-
srnsch. 198438 113-118

a5 Milier RE. Reaponze time in MAn-compuler conversational

Working with Visual Display Terminals/WHQ Report




inlcrncéions. Proceedings of the Spring Joint Gomputer Conference.
Mantvale, NJ. AF1PS Press: 1 365:267-277.

36. Cekir A.Shart pnper townrds an ergonemic design of software.
Bahav Information Technol 1886:5:63.

87. Maortin GL. System response time effects on user produetivity.
Beohav Information Technol. 1986:5:3-8

a8, Shneiderman B. Responsc time and displey rate in humsn
performance with computers. Compirt Surv, 1984:16:265-272.

30, Fason KD. The manager os n computer user. App! Ergonom,
1974:5:9-14.

40. Parkes X7 Personol control in aa occupatiopn! context, In:
Steptoe A. Appels AD. eds. Stress, Persons! Control and Health. Chi-
cheater: Wiley: in press.

4]1. Brown JS. From cognitive to social erponemies and beyond,
In: Norma! DA, Druper SW. eds, User Centered Systems Design.
Hilladale, NJ Erlbaum. 1986.

42, Gregory J, Nussbaum, K. Race against time: autemation af
the pflice. Ofice: Tochpology and People 1982:1:197-201.

43, Ellis ¥. Office pianning and design, The impuet of organisa-
tinnal change duc ta advanced informatian technolegy. Behav Infor-
mation Technol 1984;3:221-2895,

44. Frese M. A theory of control nnd romplexity: implications for
softwnre design and integration of computer systems into the work.
place. In: Fresc M, Ulich E. and Dzids W, eds. Psychological Issuas of
Human Computer Interaction jn the Work Plage. Amsterdam: Elscvier
Science Publishers: 1888,

45 Frese M. A concept of control: implicntions for stresa pnd
performance in humuon-computer interaction. In: Salvendy G, Sauter
EL. Hurrell 1J, eds. Social, Ergonomic and Stress Aspects of Work
with Computers. Amsterdam: Elsevier Scienoe Publishers: 1987: 43—
50,

46. Buchnnnn DA, Boddy D. Advanced technslogy and the quulity
of working 1if@: the effects of word processing on video typists. J Oooup
Fayehol 1982:55:1-11.

47. Stammerjohn LW, Smith MJ, Goher BGF. Evaluation af work-
station design factors in VOT eperations. Hum Factors. 198123401 -
408,

45, Dainoff MJ. Bapp A. Crone PC. Visual fatiguc and gecupa-
tional stress io VDT operoters. Hum Factors 1981:23:421—438.

48, Cukir &, Hart DJ. Stewart TFM. Visual Display Terminals.
Chichester; Wiley: 1980

50. MacKay CJ. Cox T. Occupational stress associated with visyal
digplay unit operation. In: Fenroe BG. ed. Health Hezprds of VDUs?
Chichester: Wiley:; 1984:187-143.

51. Karasek RA. Job demands, job decision latitude nnd mental
strain. implications for job re-design. Admin Sci Q. 1979,24:285-308

52. Henry J. Cassel J. Psychelogicnl factors in essentinl hyperten-
sion: recent cpidemiotegical and animal experimental evidence, Am J
Epidemial 1879.50:1171-200.

53. Speriando J. Variation of operations’ strategies and regulat-
ing effects on workload, Ergenomics 1971;14:5371-577.

%4. Broadbent DE. The clinica! impact of job design. Br J Olin
FPsychal 1985:24:75-83.

85, Gill . Wors. Unemployment and tke New Technolagy, Cum-
bridge! Polity Press: 1983,

56, Laville A, FTriper . Sante mentale ¢t conditions de travail,
Ther Umsch. 1978:82:152-156,

57, Kumnshiro M. A mechanism of menta) stress response on VOT
performonce. Visual Funet, 1983:8: session A.

58, Smith MJ, Pascnle €, Miezio K. Electronic monitoring and job
atreza. In: Salvendy G. Sauter SL, Hurrcll JJ, eds. Seclal. Ergenomiz
and Siress Aspects of Werk with Computers. Amsterdnm: Elsevier
Eeienee Publishers: 1987:38—42.

52, Hackmnp JR. Oldham GR. Metivation through the design af
work: test of o thesry. Qrganizatisnsl Behaviour end ¥uman Perform-
ance 1976:16:250.272.

&0. Hill P. Towards g Now Philesephy of Mansgement, Aldershot.
Hanats: Gower Precs: 1971,

61. Emery FE. Some hypotheses about the ways in which tashs
may be more effectively put 1ogether to make jobs. Tavisiock Institute
of Human Relptions. 1963 Reprinted In: Hill P, Ed. Towards 8 New
Fhilosophy of Managemen:. Aldershot. Hants, Gower Press. 1971:208-
210,

82, Grandjean E Ergponomics of VIU's: Review of Present Knowl-
edge. Zurich Swiss Federai Imstitute of Techrology, Depariment of

Hygiene nnd Ergonomics, 1980,

€3. Balvendy G. #d. Mnchine Paging and Oceupatianal! Stress.
London: Taylor & Francis: 1854,

&4, Buch L. The use of word processors: a survey in Switzerland's
Federa! Government Administration. In: Ulieh E. ed. Computer-dided
Office Work, Zurich: Swiss Federal Institute of Technolegy, Chair for
Work and Qrgnnizational Payehology: 1986:17-23.

&5. Stunafield RG. Typing Fools: A Study op Satisfastion in Work.
Proceedings of the Jeint IEA/Ergonomics Secivty Conference on Job
Setisfoction, Slough, Sept 19772124,

66. Butteriss M. Clark A. Givipg word processing o new mMEaning.
Porgonnel Manggement. 1877:2:.81-83. 39,

67, Frapkeohaeuser M. Gardell B. Underioad ond overload io
working lifer outline of n multidis¢iplinary approach. J Hum Sfrmis,
1976:2:35-46.

&8. Gallie D, In Sonrch of the New Working Class: Automniicn
and Socipl Integration Within the Gapitslist Enterprise. Cambridge:
Cambridge University Press; 18976,

&9, Spinas P. Bildschirmeinsatz und puycho-sozinle Folgen fur die
Beschaftigten. Ia: Arbeit in mederner Technik. Referste der 267
Fachtagung der Sektion "Arbeits- und Betriebspsychologie’ im BDE,
Libock: 1984 503-516,

70. Uleh E, Troy N. Job organization and allegrtion of functions
between mon npd computer: I1—Job orgnoization. In: Klix F. Wandke
H. eds. Man-Computer Internction Research, MACINTER-1. Amster-
dam: Elsevier Scienee Publishers: 1986421427,

%1. Coburn D, Job alicnation aad well being, Jot J Health Serv,
1973:9:141-59.

78 Langner TS, A 28 ilem sereening scele of psychintric symp-
toms indicpting impalrment, J Hea/th Hom Bahav. 1962.:3:269-276.

73. Sauter SL. Hurrell JJ. Qecupational health and the computer
mediation of information work: research peeds. In: Salvendy G, Snvter
SL. Hurrell 3J, eds. Socinl. Ergonontie apd Stress Aspeets of Work
with Computers. Amsterdam: Elsever Secience Fublishers; 1987211~
Ri7.

74. Cooper CL. Cox A. Deeupationsl siress emeng word prosessor
operators, Jf Stress Med. 1885:1:87-93,

75, Billette A, Piche J, Health problema of data entry ¢lerks and
related job stressors. J Oceup Med, 1987:29:942-948.

76, van de Veer G. Tauber MJ, Wnern ¥, and van Maytwijk B.
Omn the interaction betwoeen system and user charpeteristies. Behsv
Information Technol 19685:4:1285-326,

77 van Maylwijk B, van de Veer G. Waern Y, On the implications
of user varisbility in open systems, Bebnv Information Tecknol
1983:2:313-386.

78. Sydow J, Sogiptechnical change and peregived work situations:
some conceptual propositions nnd an empirical investigation in differ-
ent offiee settings, Offipe: Technol People, 1984:2:121-1382.

79, Ulieh E, Townrds the design of user-oriented dialogue syslems.
Experiments. In: Ulieh E. ed, Computer-pided Office Work, Zurnch:
Swizs Federal Institute of Techeology, Chalr for Work and Organi-
zational Psychalogy: 1986:6-9.

B0. Sell B, Micsroelectironics and the quality of working life. Work
Research Unit Qeceaslonal Paper 17, London: Department of Employ-
ment; 1980. .

B81. Davis A, Cox T. Management Development-Manpagement of
Change. Artitudes to Change. Nottinghom: University of Nottingham:
1986.

82, Baroud: JJ, Olsen MH, Ives B. An empiricsl study of the
fmpact of uaer invelvement on system uskge aad infermation aatisfac-
tion, Communications of the ACM 1986:28:282-242,

85, Hirschheim Ra, Lane FF, Smithson 5. lmplementing com-
puter-bosed infermation systems in erganizations: issues and stroie-
gics. In: Shacke! B. ed, Human Computer Interaction 4. Amsterduni:
Elgevier Science Fublishers: 1985:855-863.

84, Frese M. Human-computler interaction in the effiec, In: Cooper
CL, Robertson IT. cds, Jrtermational Boview of Industrial and Organ-
[=ational Psychology. Chichester: Wiley: 1987:117-165.

B5 Thompsen L. New office technology: people. work struglure
and the proeess of change, Work Research Unit Oceasional Paper 34.
Lendon: Department of Employment: 1985,

86. Stewart T. Ergonemics of the coffice. Ergonomics
1985:268:1 1651170,

87. Damodaran L. Simpson R, Wilsen P. Designing Svstems for
People. Manchester: Nationa! Computiag Centre; 1980,

11




88 Farrow HF. Computerization Guidelines: CGuidefines for Man-
agers. Other Employess and Tradr Upions Invelved. Muanchester:
Natigpal Computing Centre. 1879,

B8 Spinas P. Trey N, Ulich E, Leitfaden zur Emnfulrung and

Gestsltyng von Arbeit mit Bildsehirmsystemen, (Guidelines for the

introductian nnd design of work with VDTx). Munich: W . Fublikat-
ancn 1583

80. Mumford E. Values. Technalogy and Work. Leiden: Martinus
Nijho!f: 189E1.

#1. Mumford E. Designing Secretaries: The Participative Desig:s
ef a Word Processing System. Mancnesier: Manchester Business
Scheol; 1983,

82. Briefs U, Ciborra C. Schneider L. eds. Systems Design for.
with. and by the Users. Amsterdam: Elsevier Science Publishers; 1982,

83, Sydow J, Office autemntion—an organizationn] perspective.
in: Frese M. vt nl, cds. Psychological Issues of Humas-Computer
Internction in the Werkplace. Amiterdam: North Holland; 1887,

%4, Beharer LL. User training: Less 15 more. Datamation.
1880:80:175- 182,

95. Bikson TK. Gutek BA. Advanced office systems: an empirical
look nt uge and antisfaction. In; AFIPS Conferanze Proeoedings. Rn-
tiona! Computer Conference: 1983:319-327.

BE. Lee KS, Waiknr AM. Reduction of physical stress experienced
by VDT operntors, Procesdings of the International Scientific Gonfer-
ance: Work with Display Units 86, Fart 1, Stockholm: 1986:507-510.

#7. Zwnhlen HT. Hartmann AL. Kothari N. How much do rest
brenks help to allevinte VDT gperator subjective ocular and museu-
loskeletul discomiort? Proceedings of the laternational Bcientific Con-
ferepec; Work with Display Upits 86 Fnrt 1, Stockhelm: 1986:505-
506,

98, Bundelin G. Hoagberg M, Hammarstreom U, The effects of
pauses enmuseuler load and pereeived disecomfort when working at o
VT word processor. Froceedings of the International Scientilie Con-
ference: Work with Display Units B6. Part 1. Stockhalm; 19B6;501 -
502,

9%, Florine R. Cail 5§, Ellas R. Pxychaphysiologicn] changes in &
VDT repetitive task. Ergonomics. 18815:25.1450-1461.

100, Herle Y, Aoki M, OhKubo T, A fundamental study on optimum
hours with rest pauscs for VDT work. Chiba. Jopun: College of Indus-
trial Technology. Nitten University,

101. Coc JE. Cuttle K. McClellan WC, nt nl. Visual Display Units.
Report W/1/80. Weollington. New Zealand: New Zealand Department
of Health; 1860,

Appendix 1
List of Reviewers

Dr G. Arendsszon, National Board of Oceupational Sufety and Health,
Solna. Sweden.

Dr W. Baehmunn, Central Institute of Occupationn! Medigine, Berlin.
German Demeeratic Republic.

Dr 5 Bagnonra, Institute of Psychelogy, National Resenrch Centre.
Rome, Itaiy,

Ms R, Belment, Office of International Health. Food and Drug Admin-
istration, Dept of Health and Humaon Seevices. Roskvilie, Md, USA,

Mr U.0.V, Berquist, National Beard of Ozcupntionnl Snfety and Health,
Eolon, Sweden.

Dr Guenills Bradley, Dept of Bociology. University af Stockholm,
Sweden,

Dr F, Danicllou. Laboratery of Ocoupstional Ergonomics and Neurp-
phyeiology, Nntiopn! Conservatory of Arta and Crafts, Paris, France. _

Dr Maria A. Frasquilhy, Dept of Menta! Health, Nations! School of
Public Health, Lisbon, Poartygal,

Ms 5. Harker, Dept of Heman Sgiences, University of Techrelogy,
Loughberough, United Kingdom.

Dr Frigga Haug, Higher Schoal of Egonomy and Folities, Humburg,
Federal Republic of Germany.

Dr M. Helunder, State University of New York. Buffale. NY. USA.
DrG. Johpnssan. Dept of Psyehology. Uriversity of Stockholm. Sweden.

12

Dr B Kahime Inastitute of Occupstional Health, Helzsinki Finlang,

Dr B. Knave. National Board of Occupntional Sufety and Health, Solnn.
Dweden

Dy Vera Koycheva. Laboratory of Applied Prychophysiology nnd Ney-
rophysiclegy. lnstitute of Hygiene and Occupational Health. Sofip,
Bulgaria.

Dr 5 Mateell Institute of Physiglogy, Sofin, Bulgaria.

Dr A G Navakatikvan. Researeh Institute for Labour Hygiene and |
Occupatipnal Discases. Kiov, USSH,

Dr K. Nishivama. Dept of Preventive Medicine, Shign Univerajty of
Med:ieal Science, Setn, Otsu. Japan. {
Dr G. Qlsson. Department of Human Work Sciences, Lulea Univr}rﬁity.
Sweden. -

D 0. Qstherg. Department of Industria] Enginvering. University af
Wisconsin, Madizon. Wik, TJRA.

Mr M. Oxenburgh, Henlth, Safety and Environmont Services, Sydncoy,
Australin.

Dr M, Palacek. Oecupationn]l Sofety Research Imstitute, Prague,
Czechonlovakin,

Dr F. Fot, Netherlands Institute for Preventative Henlth Core, Leiden,
The Netherlpnds.

Dr &.L. Savter, Applicd Prychology and Ergonamies Branch. Natlonal
Institute for Oceupationn) Snfety and Heslth. Cincinnnti, Ohie, USA,
Dr Patricia Shipley, Stress Research and Control Centre. Birkbock
College, University of Londen. Unfted Kingdom.

Mr DH. Bliney, Lascr-Microwave Divislon, Dept of the Army, US
Army Environmental Hygiene Agency. Aberdeen Proving Ground.
Aberdeen, Md, USA.

Dr 1. Soderberg. Work Psychologpy Unit, Nntionn! Bonrd of Qcoupa-
tional Safety and Health, Salna, Sweden.

Dr T.D. Sterling, $cheocl of Computing Sclence, Simon Fraser Univey-
gity, Burnaby, Britizh Colutnbia, Gannda,

Dy Maria A. Stughly, Nen-lonising Radintion Section. Bureau of
Radiaticn and Medical Deviees, Envirgnmaentnl Henlth Centre, Health
and Wellnre Copada. Ottawa, Ontario, Canada.

Dr M.J. Suess. Environment and Health, WHO Regiona! Office for
Eurepe, Copenhagen, Deomark,

Dr J. $ydow, Institute of Management, Free University of Berlin.
Berlin {West).

Mr J.C. Villforth, Center for Devices and Radielogleal Protection, Food
and Drug Administratios, Dept of Health ond Euman Services, Rocks
ville, Md, IS4,
Dr Gunnela Westlander, Nationul Board of Qecupntional Safety and
Health, Salna. Sweden.,

Appendix 2

Farticipants at Review Meeting on the Psychosocial Impact
of VDTs, Streatley-on-Thames, Sept 22-24, 1887,

Dr Maris A, Frasquilbo. Assistant Professor. Depnriment of Mantal
Health, Kationni Scheol of Public Henlth, Liskon, Portugal,

DPr Vern Koycheve, Hend. Laboretory of Applied Psychophyniolngy
and Neurophysiolegy, Ingtitute of Hygiene and Qceupntional Health,
Sofin. Bulgaria,

Dr Colin MacKay. Prineipal Psychologist, Medien) Division. Health
and Bnfety Executive, Bootle, Merseyside, United Kingdom (Chair-
man).

Dr Steven L. Souter, Chief, Motivation and Strest Rescnrch Loction,
Applied Poyehology and Ergonomics Branch, Robert A, Tuft Labora-
tories. Netional Inatitute for Oceupational Safcty and Health, Cinein-
nati. Obio, USA.

Dr Jorg Sydow, Hesenrch Scieptist, Institute of Masugement, Froo
University of Berlin, Berlin {West).

Dr Michael J. Suess, Regionnl Officer for Environmensta! Health
Hazards, WHO Regional Office for Europe. Cupenhngen, Denmark
{Scientiftic Seeretury).

Working with Visual Display Terminals/WHO Report




