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ABSTRACT

This study investigated the well-being and working conditions of a
heterogeneous. sample of 248 VDT users and 85 non-users. An additional
smaller sample of VDT users was assessed for their perceptions of changes in
working conditions and health incident to the introduction of VDTs in their
jobs. All participants were office workers employed by public agencies of
the State of Wisconsin. All but 13 were females. Well-being was measured
through the cross-sectional administration of a survey. Working conditions
were measured by both survey and objective techniques. All assessments were
made in the field. The objectives were (1) to explore whether VDT users are
at greater risk for job and health disturbances than their non-user
counterparts, and (2) to identify potential causes of strain among VDT users.

No significant differences were found between users and non-users on scales
of job dissatisfaction or affective or somatic disturbances. However,
incidence rates for most symptoms of eye and musculo-skeletal strain were
greater. for users than for non-users. The difference for cne symptom
(burning eyes) was marginally significant. Rates of reporting eye irritation
and back/neck/shoulder strain were surprisingly high in both VDT users and
non-users. One-fourth to one-third of all participants reported these
symptoms as occurring at a frequent or constant rate. VDT users actually
reported a significantly lower incidence rate for a limited number of
specific symptoms of psychological strain. Unlike the well-being measures,
the groups were significantly differentiated on perceptions of working
conditions. The VDT users reported less autonomy and skill utilization, less
staff/supervisory support, and greater physical environmental problems. Both
well-being and working conditions varied in relation to cthe type of work.
Data entry workers had the worst of it. Working conditions tended to be
rated less favorably and health disturbances reported more frequently as jobs
became less qualified and professiomal., No differences between VDT users and
non-users were observed for job and health effects related to the type of
work performed.

Regression analyses showed the predictors of strain to be much the same for
VDT users and non-users alike, They involved both job design related factors
and physical environméntal attributes, as well as worker characteristics.
With only one exception, VDT use did not interact with these factors in
predicting strain (i.e. differential effects for VDT users and non-users were
not witnessed). Only in the prediction of affective disturbances did
knowledge of whether or not am individual is a VDT user contribute to the
explanation of strain after adjusting for effects of worker characteristics
and working conditions. In this case VDT use was associated with improved
moods, Extent of daily VDT use or cumulative exposure in months was not an
important correlate of strain. The most important worker characteristics
influencing strain were age and marital status. Reporting of strains
decreased with increasing age and was less pronounced among married workers
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for both users and non-users. The effects, however, were modest in
comparison to the cumulative effects of work related variables.

In the prediction of eye strain among VDT users, ratings of display and
ambient lighting quality were particularly important determinants. So were
chair and workstation configuration ratings in the prediction of
musculo-skeletal strain.” Chair and ambient lighting ratings were also
significant correlates of strain among non-users. For both types of strain,
corrective eyewear use was also an Ilmportant predictor among the VDT users.
Symptom frequencies were greater for individuals using corrective eyewear,
but the effect was most pronounced with monofocal as opposed to multifocal
lenses. The eyewear effects were much less pronocunced in the control group.

In only one of the prediction models did the explained variance in well-being
measures exceed 50 percent. Fifteen to 35 percent was the common range,

For the VDT users whose workplaces were objectively assessed, the simple
correlation of measures of workstation illumination with reported eve strain
was positive and significant. Use of a detached keyboard and decreased gaze
angle were also associated in a simple fashion with less reported
musculo-skeletal strain.

While the present study provides no strong evidence of increased strain
incident to VDT use, it provides a partial template for understanding the
causes of strain in VDT jobs, Although the mechanisms seem much the same for
VDT users and non-users alike, the VDT users fare less favorably with respect
to certain of the risk factors identified. Further explication and
confirmation of a number of the findings needs to be accomplished through
longitudinal field work and controlled laboratory research.
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INTRODUCTION
THE RESEARCH PROBLEM

Video display terminals (VDTs) are becoming ubiquitous in office workplaces.
The number of VDTs in use in the U.S. for all purposes in 1980 has been
estimated at between five and ten million, and the number of operators in
excess of seven million (CDC, 1980). 1In Wisconsin State Government offices
where the present research took place, the number of VDTs purchased for
replacement and expansion purposes has been increasing at a rate of
approximately 50 percent each biennium over the last 10 years. The
application of VDT technology is expected to further accelerate through the
remainder for this century as business strives for cost-containment and
increased productivity 1n office work, and as the information sector of the
economy grows. Giuliano (1982) cites projections that by 1990 between 40 and
50 percent of all Americanm workers will be making daily use of electronic
terminal equipment; that nearly 40 million terminals will be installed in
offices, factories, and schools; and that home use will involve over 30
million terminmals.

In many cases the advent of VDT technology and cffice automation in general
has led tc sweeping changes in the way information processing/management work .
is organized and performed, and in the physical design of workplaces and
workstations for this type of work. These changes greatly facilitate the
performance of tasks, and research shows that usually the improved
capabilities brought about by VDTs are a significant source of satisfaction
for workers.

At the same time, however, advances toward automation have created concerns
over the potential impact of this technology on the quality of working life
and the well~being of workers. Shepard (1971) has drawn a parallel between
evolutionary changes toward the automation of office work and prior trends in
the mechanization of factory work. Within this framework, some of the
concerns over VDT technology can be understood. According to Shephard's

. scheme, traditionzl secretarles are the officeplace equivalents of ‘the blue
collar craft worker, and production typists, keypunchers, etc,, are analogous
to factory assembly-line workers, both categories of jobs involving highly
mechanized work tasks. One concern with VDT-computer applications in office
work, then, is over the attributes of mechanized work (i.e. standardization
and simplification of work practices) which have sometimes been judged
unfavorable in investigations of industrial work in terms of implications for
quality of work life and worker health (e.g. Caplan, Cobb, French, Van
Harrison, and Pinneau, 1975; Johansson, Aronsscn, and Lindstrom, 1978).
Guiliano (1982) describes how electronic information processing may hold the
potential for a positive transformation of the dull, fragmented, repetitive,
and standardized work that is characteristic of jobs in the "industrial”
office. However, it -is clear that this. potential is not yet fully realized



since work in many VDT jobs has advanced little beyond the mechanization
stage - as for example, in data entry via VDT.

A second major area of concern, as described by Ostberg (1975), involves
potential health related problems (e.g. visual and musculo-skeletal
disturbances, and psychological strain) related more directly to the physical
and -operational ergonomic demands and constraints of VDT technology. These
are problems which stem from a poor interface between the user and the
physical environment, machine and workstation hardware, and systems scftware.

A third 1issue which is not within the scope of the present investigation has
been the speculation regarding a potential electromagnetic radiatien hazard
from VDTs.

The concern over the potential for occupational stress and health problems
assoclated with VDT use has stimulated a substantial number of investigations
addressing this subject in recent years. Matula (1981) cited 174 articles
and research reports from 1972 through 1980 pertinent to the issue of the
well-being of VDT users.

Two types of questions or issues predominate in the literature examining the
health implications of VDT use. The first is whether or not VDT users are at
greater risk for disturbances of health and well-being than non-users
performing similar types of jobs. The second concerns the risk factors in
VDT use, i.e. the aspects of VDT work and VDT users which are associated with
job and health problems. The current study addresses both of these issues
since neither has been adequately resoclved.

On the first issue, studies which have compared VDT users with their non-user
counterparts on various indices of well-being have produced mixed results. A
number of studies suggest increased levels of stress, discomfort, or debility
among users (Canadian Labour Congress, 1982; Haider, Kundi, and Weisenbock,
1980; Hunting, Laubli, and Grandjean, 1981; Laubli, Hunting and Grandjean,
1981; Mourant, Lakshamanan and Chantadisai, 1981; Smith, Cohen, Stammerjohn,
and Happ, 1981). Others suggest no or few differences (Coe, Cuttle,
McClellan, Warden, and Turner, 1980; Starr, Thompson, and Shute, 1983). A
number of studies have alsc shown relatively high frequencies of expressions
of various types of job and health disturbances among VDT users (Dainoff,
Happ, and Crane 1981; Ghiringhelli, 1980; Gunnarsson and Ostberg, 1977), but
contrasts with comparison or control populations are not drawn. Importantly,
many of these studies have been rather severely criticized on methodological
grounds (Helander, Billingsley, and Shurich, 1983; Starr et al. 1983).

It is important to obtain these types cf comparison data as cne way of
addressing the fundamental question of whether VDT use is stressful or
uncommonly so, and how potential stresses and strains of VDT use vary with
different types of VDT work. Such information provides the basis for
decisions regarding the necessity for additional research or abatement
measures.

These types of data and their underlying research methodologies can have
fairly severe limitations, however, depending upon the aspirations of the
study. Perhaps the most important drawback 1is that they allow almost no
inferences pertinent to the corollary question of the specific causes of

2




differences observed between VDT users and non-users. Some investigators
have been critical of prior studies comparing VDT users and non-users,
claiming that control groups are inappropriate - that the samples are not
well matched in terms of job characterisctics and thact VDT use as an
experimental or treatment variable 1s not well isolated (e.g. Starr et al.,
1983). The assumption underlying such criticism is that "VDT use” can be
defined in terms of some. fairly narrow attribute of the instrument use
itself, and that comparisons of VDT users and non-users can uncover the
effects of this attribute. In some cases such as telephone directory
assistance via VDT versus hardcopy these assumptions may be largely safe, but
such cases are likely in the minority. Even in the Starr et al. (1983)
investigation where the.jobs of the VDT users and non-users seem
distinguished only by the VDT, it is seen that work monitoring practices also
separated the two jobs.

Analysis of VDT jobs and their more traditional counterparts seems to suggest
that in most cases VDT work cannot be defined in a narrow way.
Operationally, VDT use involves much more than simply cathode ray tube
viewing or interacting via keyboard. Fcr example, contrasting keypunching
with VDT-data entry, significant differences exist with respect to
work-station configuration, information display characteristics, ambient
noise, and temporal and general process control features of the task related
to software determinants. Cakir, Reuter, von Schmude, Ambruster and Shulte
(1978) differentiate typing from text processing via VDT on seven major
characteristics of the job task alone. Thus even where first impressions
suggest that a particular task carried out via VDT is only a limited wvariant
of a similar task performed in a more manual fashion, the two may be
differentiated along numerous dimensions, all of which could play a role in
affecting the well-being of users.

Such complexity may defy the design of controlled experiments or studies to
examine the effects of VDT use construed as a narrow phenomenon embodied
simply in the operation of the instrument itself, and generalizations
regarding the effects of VDT use from studies so designed. 'Paced work'" is a
good analogy. Salvendy {(198l) asserts that comparative studies to
investigate the effects of machine pacing versus self-paced work are not
desirable because in real world situations these two pacing conditions are
confounded by job content. Like paced work, VDT use is similarly a
multidimensional phenomenon. Results of simple.comparisons of VDT users with.
non-users are limited to conclusions regarding effects of the complex of
conditions separating the VDT and non-VDT jobs. Unfortunately, such studies
almost reflexively elicit the inference or perception that group differences
observed can be attributed to VDT use narrowly conceived, i.e. the VDT.

A main objective of the present study is to augment the still limited data
base addressing the absolute and relative risks of office jobs in which VDTs
are utilized. Comparative analyses are carried out to examine the relative
intensity or incidence of various strains between users and non-users, and
among subgroups of users and non-users from State of Wisconsin Government
agencies. Job characteristics of users and non-users are also investigated
to assess the impact of VDT use on the nature of office jobs. Evidence of
less favorable working conditions among users might indicate increased risk
over: the long.term irrespective of differences. in current levels of strain.
Where research instruments allow, comparisons are also made with normative



data on working conditions from other occupational samples to examine the
potential for strain in relation to the workforce at large.

Questions regarding the nature of risk factors in VDT usage are as important,
or perhaps more so, than questions regarding the comparative risks of VDT
use. This information holds the key for understanding discrepancies among
comparative studies reporting varying differences between user and non-user
samples in terms of well-being, and can be useful for minimizing stress, and
strain among users regardless of the comparative risks. of VDT use. Nearly
all of the studies to date have made some attempt to identify particular
origing of stress In VDT work. Some specific ergonomic determinants- of
musculo~-skeletal and eye disturbances are indicated in data provided by Coe
et al. (1980) and by Eurcopean investigators (Cakir et al., 1978; Elias, Cail,
Tisserand, and Christmann, 1980; Haider et al., 1980; Hunting et al., 1981;
Laubli et al., 198l1). User characteristics have been implicated by Cakir et
al. (1978), Coe et al. (1980), Ghiringhelli (1980), Rey and Meyer (1980}, and
by Starr et al. (1983). Salient job content factors have been suggested in
regsearch by Cakir et al. (1978), Coe et al. (1980), Johansson and Arensson
(1980), and by Smith et al. (1981). Swedish investigators (Gumnnarsson and
Ostberg, 1377; Gunnarsson and Soderberg, 1979; 1980) have also provided
limited information in all these areas,

Although VDT user and work/workplace design factors have been implicated as
stress factors in VDT use, studies thus far have been deficient in
sorting-out or prioritizing effects of multiple causal variables within and
among these categories. A good example is provided in the report by
Ghiringhelll (1980) where the effects of age, extent of daily VDT use, and
education cannot be distinguished. Coe et al. (1980) alsoc note the potential
for confounding in their results.

A second aim of the present investigation is to improve upon current
knowledge regarding the process by which stress and strain are caused in VDT
work by examining more systematically, using mainly multiple regression
techniques, the relative importance of various job design, physical
environmental, and user variables. Our study also asks whether the effects
of these variables are any different for non-users.

STATUS OF CURRENT KNOWLEDGE

Current reviews and'surveyS'(Dainbff;71982; Belander et al., 1983; Matula,
1981) indicate that in the neighborhood of three dozen research studies to
date have focussed on the health and comfort of VDT users. However, only a
handful have appeared in the regular scientific literature.:

The emphasis in prior research 1s about evenly divided in terms of attention
to somatic strains, and to psychological strain and job attitudes incident to
VDT work. Findings suggest a pattern of symptomology among VDT users
characterized by eye strain (more so by fatigue-irritation than imperception
or aculty deficits), together with a lesser degree of musculo-skeletal strain
(more so upper torso than arm=-hand discomfort}, and some indication of mental
fatigue, but little job dissatisfaction or explicit psychological strain.
Evidence of the exacerbation of these problems in VDT users in comparison to
non-users 1s mixed. Causal factors implicated include physical and ergonomic
aspects of the workplace envirooment and workstation equipment, as well as




job content and organizational factors. However, statistical evidence of
causal patterns is limited.

Questions have been raised regarding the reliability and meaning of findings
thus far, and these concerns cannot be taken lightly. Some Iinvestigators
have gone so far as to discount to some degree nearly all of the research to
date on the basils of methocdological shortcomings. Starr et al. (1983) assert
that "...nearly all of the studies that have addressed the effects of VDTs om
workers have been seriously compromised..." (p. 701), listing basic
methodological problems of control including reactive effects from testing,
failure to isolate the treatment (VDT use), and opportunities for

systematic bias via selection problems., Starr et al. (1983) are also
critical of the fact that judgements have been made regarding the severity of
disturbances observed among VDT users in the absence of norms or criteria
which define acceptable levels. In a critique of 65 human factors research .
studies on VDTs, Helander et al. (1983) alsc conclude that lack of scientific
rigor has devalued the meaning of much of this work. They emphasize that
many of the studies to date are based upon research methodologies which fail
to meet minimal requirements for even quasi-experimental designs and thus
have limited internal validity. Much of the existing work consists of field
investigations using self-report techniques which are either simply
demonstrations (one-shot case studies) or static group comparisons.

Dainoff (1982) asserted that the lack of an "integrated' approach in which
different aspects of VDT users, their jobs, and workplaces are systematically
examined or manipulated has been a major shortcoming in prior research which
precludes a clear and reliable understanding of the risk factors in VDT
operation. Although the source of VDT user problems has generally been
accepted as multifactorial by prior investigators {e.g. Cakir et al. 1978;
Coe et al., 1980; Daincff, 1982), no studies to date have incorporated
designs or analyses which enable a systematic determination of the way in
which potential stressors combine additively fo affect the comfort of VDT
users. Starr et al. {1983) alsc express concern over failure to investigate
potential interactive effects. Ostberg (1977) describes an interaction
whereby glare discomfort was rated greater at high task difficulcty than low
task difficulty, with objective lighting conditions held constant. Likewise,
ratings of task difficulty changed with variation in the glare parameter.
Smith et al (1981) provide data suggesting that VDT use interacts with job
content factors (specifically the professional level of tasks) to contribute
to problems experienced by users. Yet, research methodologies which
systematically examine for the nonadditive combination of variables or
nonlinear effects seem nonexistant. By and large, the analytical schemes
employed in the VDT stress research thus far have gone little beyond series
of bivariate analyses or comparisons, with limited control (exercised
primarily through subgroup analyses) over covariates or potential confounds

* However, as discussed previously, such attempts may be an exercise in
fucilicy.



In the present study, we sought to overcome some of these methodological
shortcomings which are readily amenable to correction.

REVIEW OF BACKGROUND RESEARCH

The results of about twc dozen studies which seem to represent the main core
of the work addressing the health and job implicatioms of VDT use are
described., The review 1s organized in accordance with the research emphasis
which can be generally categorized into three topical areas corresponding to
eye or visual function effects, musculo-skeletal effects, and emotional
effects/job attitudes. Several studies focus on all three areas. 1In the
interest of brevity, discussion is confined to a synopsis of che main
findings, and methodological detail is limited. The reader is referred to
Helander et al. (1983) for a more thorough treatment of the methods of this
work. Within each section, studies are presented in chronological order of
their appearance.

Visuo=ocular Effects

Summary-—

Data have been obtained on both subjective repeorts of eye comfort and visual
function, and om various objective indices of ocular and visual status. For
the subjective measures, a considerable degree of unanimity exists among the
results of different investigations. VDT users tend to give fairly strong
affirmative responses to questions regarding the presence of eye fatigue or
irritation-like symptoms (asthenopia); e.g. tired, heavy, burning, itching,
watery eyes. Users report symptoms such as blurred vision, altered color
perception, etc., indicating optical disturbances or imperception te a much
lesser extent. In the relatively few studies which have compared VDT users
and non-users on subjective indices of ocular discomfort and visual
insufficiency, users tend to report higher rates of disturbance. However,
evidence of statistically significant differences in incidence rates is
mixed. :

While some investigations have found effects indicative of alterations in
convergence and/or accomodative functioning during VDT use, objective
evidence of visual dysfunction incident to VDT use is less consistent and
definite than the subjective data.

Although most studies have identified working and viewing conditions which
are attributed as the cause(s) of these eye/visual system disturbances (most
notably task and ambient lighting, display characteristics, job regimen),
only rarely are systematlc efforts undertaken to statistically link these .
conditions with the effects observed.

Review—

Using a worker survey and physical measurement of environmental lighting,
Hultgren and Knave (1973) examined the incidence and officeplace geographic
pattern of subjectively reported visual disturbances and office lighting
conditions for 17 customer assistance VDT users within a single room of an
insurance firm. There was no control group. Eleven users complained of
"contrast blinding" problems, and 10 users complained of reflection problems.
Six users reported eye fatigue with headache, and two reported a sensation of
burning eyes. However, there is no indication of the severity or frequency




(within users) of these problems. Inspection of a schematic of the office
and the location of users with various types of complaints shows a general
correspondence of complaints of reflections and coatrast blinding with VDT
use near south-facing windows. However, the locations of users with the
facigue symptoms did not correspond well with window seating, and the two
users with burning eye complaints were not among those with complaints
regarding treflections or contrast blinding. Numerous other physical measures
of lighting conditions were made, but they were not related in the report in
any systematic way to expressions of visual discomfort by the VDT users.

Holler, Kundi, Schmid, Stidl, Thaler, and Winter {(19%75) subjected 14
experienced VDT users to both 4-hour and 2-hour periods of VDT display
viewing-intensive work. Objective pre—post work session data were collected
on color perception and visual acuity. No control subjects were employed in
this study. Additional information obtained via questionnaire included
demographic data, data on normal working and environmental conditions, and
data on the experience of headache, fatigue, and various indices of visual
system disturbance (flickering before the eyes, burning eyes, changes in
color vision, and decreases in acuity). The subjective somatic strain data
were obtained both relative to regular VDT work for these individuals, and
before and after the experimental work periods,

Inspection of responses to questionnaire somatic disturbance items shows that
the most common eye/vision related problem among these individuals relative.
to their regular VDT jobs was burning eyes. Six of the 14 users reported
experiencing burning eyes "sometimes' or. "quite often". The reporting
pattern was the same for headache. Only two subjects reported changes in
color vision, but five reported decreases in acuity. In neither case,
however, were these latter effects reported meore frequently than '"sometimes".
Examination of questionnaire data on changes in strain symptoms following the
two different work sessions showed that again burning eves was the effect
most reported, although half the subjects reported "somewhat'" reduced acuity.
On the cbjective measures, nine of the subjects manifested acuity losses of a
myopic nature. This effect was more severe following the longer work
session, but appeared to reverse in most cases following a short rest period.
Results for color perception changes were inconclusive. WNo information on
the interrelationships among the various research measures was presented, and
apparently such analyses were not undertaken.

Gunnarsson and Ostberg (1977) carried out a broad investigation of health
complaints and working conditions of VDT users in the Scandinavian Airline
System. The study involved both an ergonomic evaluation of various physical
environmental parameters and work operations (photographic motion study of
work activities, lighting measurements, and viewing distance and angle
measurements), and structured interviews seeking informatiom regarding
aspects of the physical and organizational working environment. The
interviews also sought information on physical discomforts and psychological
stresses experienced by users. As in the Holler et al. (1975) investigation,
ne control group was studied.

Regarding visual system problems, the investigators report that about 73
percent of the interviewed users performing the most terminal intensive work
experienced some form of discomfort "daily" cr a "few times a week." For all.
types-of symptoms of visual system disturbances, approximately half of the



responding users reported "severe' or '"very severe" problems. In terms of
the specific sywmptoms, eye fatigue (607 of respondents) and again, burning
eyes (48% of respondents) predominated. Only 17 percent of the respondents
indicated they experienced double wvision, and fewer still "red eyes" or
headache. Results of a limited number of bivariate analyses examining visual
discomfort in relation te VDT user or task characteristics were also
reported. Factors such as screen viewing as opposed to hard copy reading,
and refractory deficits appeared to be associated with increased strain.
Although a wealth of information was apparently ocbtained on environmental
lighting conditions and on operators' reactions to these conditions (e.g.
workplace illumination, screen image intensity adjustability, use of local
lighting, reactions to celling lights and sunshades, existence of screen
reflections, etc.), the report provides no information on how these
conditions may have related to the eye/vision problems expressed by users.

One of the most extensive investigatioms into the well-being of VDT users was
carried out by investigators at the Technical University of Berlin (Cakir et
al., 1978). The total study sample included 1005 VDT users with diverse
tasks and responsibilities, and 16 nonusers, from about 30 different
organizations. Not all of the participants were assessed with respect to all
the research measures, and it is clear the composite project consisted of a
series of separate investigations which share common features, as opposed to
a unified study. The research involved: (1) a technical component assessing
physical ergonomic aspects of the workplace/equipment and ambient
environmental conditioms; (2) a physiclogical component focussing mainly on
the visual system: (3) performance assessments indicative of mainly CNS
activation/arousal; and (4) a broad battery of tests and surveys assessing
affective states, somatic symptomatology, perceived stress, and working
condictions. The report provides only select findings from the overall
project, and they are presented in a somewhat fragmented, summarized form.
The findings are further elaborated in the VDT Manual (Cakir, Hart, and
Stewart, 1980) which also alludes to additional studies on control
populations. Important data on the research protocol for the much of the
work conducted is often not presented or is difficult to extract from the
voluminous report. The report actually provides only very limited summary
information regarding the incidence of eye/vislon disturbances among VDT
users, or the relationship between these effects and VDT user or
task/display/ambient parameters that would presumably influence visual
function or eye comfort.

Levels of up to 85 percent of high speed data acquisition VDT users responded
"sometimes- true" to a question regarding the experilence of excessive eye
strain at work. Sixty-eight percent of users with similar tasks but not on
an incentive pay schedule responded the same. The rates for programmers,
however, were considerably lower, ranging from somewhat less than 50 percent
to 64 percent. Group differences in the experience of eye strain were also
reflected in the group proportions seeking (but not necessarily receiving)
ophthalmologic treatment. Eye strain was also reported more frequently among
users wearing momofocal reading glasses than among individuals without vision
correction or individuals wearing bifocals. The investigators also describe
(but do not present the supportive data) a positive relationship between.
perceived adverse display characterisctics (e.g. poor character
recognizability) ‘and reports of eye strain and burning eyes, and a positive
relationship between the level of office illumination and these symptoms.
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Two investigations by Gunnarsson and Soderberg (1979; 1980) similar to the
Gunnarsscn and Ostberg (1977) airlines project yielded data showing a similar
pattern of eye strain among users. In the 1979 study, 42 older VDT users in
the composition department and six VDT users in the sales department of a
Swedish newspaper were interviewed to obtain data mainly on visual system
discomfort., The incidence of complaints of eye/visual disturbance were close
to the rates obtained in the prior airlines study. Sixty-two percent of the
VDT composition operators complained of visual fatigue on an "occasional"
basis, and 38 percent reported "daily'" problems. Only one of the six users
in the sales office did not report at least "occasional" problems of this

type.

In the 1980 report, 15 VDT users from the sales department and 30 directory
assistance users in the Swedish Telecommunications Administration were
studied for evidence of eye strain in relation to either a "normal' work
session (3,5 ~ 4.0 hours per day) or an "intensified" (full 6-hour/day)
session working at VDTs, This was an experimental manipulation. Measures
included an eye strain questionnaire, the near points of couvergence and
accommodation, and interviews seeking data on eye strain and working
conditions. Again, a non-user control group was not examined.

The proportion of study participants reporting symptoms cof eye strain was
found to increase substantially with intensified work - from 34 percent
(normal working procedure) to 63 percent (intensified procedure), and these
effects were exacerbated in the sales department and with increasing age.
The investigators alsc suggested an interaction between job type and the
intensified work procedure in producing eye strain, but the effect was not
examined statistically. Of the symptoms reported, visual fatigue and eye
ache/headache were the most frequent, far more sc than sore, itching, or
bloodshot eyes. Symptoms corresponding to visual imperception were
apparently not included in the questionmaire nor sought out in the interview.
For the younger workers, near points of both accommodation and convergence
were found to regress (i.e. move away) over the course of the day, but
generally more sc during intensified VDT work. Differences between the two
regimens were reported to be statistically significant. These effects would
seem contrary to the findings of Holler et al. (1975) who reported a mcre
mycpic-type response. The investigators suggested a correspondence between
the subjective strain and the optometric findings, noting that convergence
shifts were less for the symptom-free group. However, no quantitative data
on the strength of the suggested relationship are presented.

In 1980 the results of a number of studies addressing the question of eye
strain in VDT users were presented at an international sympcsium held in
Milan, Italy, and have been since published in the proceedings (Grandjean and
Vigliani, 1980). 1In addition, the results of two additional studies, one
commissioned by the New Zealand Department of Health (Coe et al., 1980), and
the other by investigators from the University of Stockholm (Jchansson and
Aronsson, 1980) were released in 1980. Several of these studies are
distinguished from prior studies by improved methodolegy, involving both the
utilization of control groups and limited analyses to examine relationships
of VDT working conditions and user characteristics with strain measures.

In the New‘ZealandASCudy, 257 VDT users.performing either data input,
conversational (question and answer), editing, or creative (e.g. programming-



tasks) tasks were compared with 124 office worker control subjects on survey
measures of physical environmental conditions, health problems,
biodemographics, job design features, and on a series of objective optometric
measures. Objective anthropometric and ergomomic evaluations and lighring
measurements were also undertaken, but for the VDT users only. Data
evaluation consisted mainly of an extensive set of contingency table analyses
through which the investigators sought to identify various determinants of
strain.

The study failed to find major differences between the VDT and control group
in terms of a cluster of three survey items and responses to an open~ended
question, all denoting visual asthenopia (eye fatigue, weakness, pain).
Fifty-one percent of the VDT group and 45 percent of the control group
reported the experience of asthenopia. In addition, no differences were
found between the VDT and control groups on the objective optometric
measures. Unfortunately, the questicnnaire wording for the asthenopia items
allows no inferences regarding frequency or magnitude {within individuals) of
the disturbances. Although the two study groups were not significantly
differentiated in reports of asthenopia, significant differences were found
among the VDT user subgroups. Creative users had a lower incidence of
disturbances than users whose tasks were more structured and routine. Also,
when these symptoms were separated into fatigue-like effects (heavy, tired,
etc., eyes) and irritant-like effects (itchy, gricty, stinging, etc., eyes),
the fatigue symptoms were found to be significantly mere common among the VDT
users. No group differences in terms of any other subjective measures of
visual dysfunction or eye discomfort were found, nor was the incidence of
visual dysfunction as objectively measured any greater in the VDT group. Of
interest however, reports of blurring and asthemopia, particularly
irritation, were far more prevalent among full-time users, and among users
taking a lower frequency of informal rest breaks. Paradoxically, repcrts of
asthenopla were least frequent among VDT users working under the most intense
ambient lighting.

Johansson and Aromsson (1980) investigated 81 VDT users and l4 non-users at a
reglonal office of a large Scandinavian insurance firm to examine the impact
of VDTs on users' perceptions of job attributes, on their job attitudes, and
on reported strains. The study inveolved both survey and psychophysiclogical
measurement. The survey component covered blodemographic characteristics of
participants, job content, job satisfaction, fatigue, moods, and somatic
disturbances within the past year, Data on eye strain were limited. The
investigators reported that 58 percent (25 of 43) VDT users with lengthy VDT
sessions experienced "eye symptoms' within the past year. But more specific
data on the-nature, severity, or frequency of these disturbances are not
given, nor is a2 compariscn made with non-users. It was also reported that a
small group of "favored" individuals (more varied and responsible jobs) were
less troubled by unsuitable lighting.

At the Milan symposium, Haider et al. (1980) reported on a study which
represented a variation of the previous investigation by Heller et al.
(1975). Thirteen VDT users and nine office workers performed VDT and typing
tasks respectively for three 4~hour sessions, each session separated by a one
week interval. Before, throughout, and following each session, measures of
heart rate, psychological state, color perception and acuity (both objective
and subjective measures), and perception of an optical illusion (Muller-Lyer)
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were obtained. Following each session a questionnaire with items denoting
visual asthenopia, headache, and musculo-skeletal problems was administered

Results supported the findings of Holler et al. (1975)., For the objective
visual function measures, significant changes in acuity described as
temporary myopia were noted following VDT work, but not following typing.

The investigators attributed the effect to accommodative strain. Work breaks
moderated the effect considerably. Color contingent after-effects and an
increased illusory effect were also observed only for the VDT users. All of
the visual disturbances were significantly exacerbated with green as opposed
to yellow image foregrounds. No data were presented on changes over the
working period on the subjective ratings of visual status, nor was any
relationship of these ratings with the objective measures reported. The
experience of eye twitching and sore eyes was reported for a majority of VDT
users, but data on frequency or intensity and comparisons with non-users were
not reported.

A report by Ostberg (1980) at the Milan conference suggests a possible
resolution of the apparent discrepancy between the myopia effects reported by
both Holler et al. (1975) and Haider et al. (1980), and the regression of the
near point of accommodation and convergence c¢bserved by Gunnarsson and
Socderberg (1979). Using the relatively new technique of laser optometryv,
Ostberg examined accommodative response during the viewing of targets at
various visual depths for a group of air traffic controllers and for a group
0f VDT users with less taxing visual demands. Both groups exhibited a
"hyperopic" accommodative change for near viewing, and a "myopic" effect for
distance viewing. The effects were statistically significant for the air
traffic controllers. Ostberg also reported that he obtained findings of no
such changes among traditional office workers not using VDTs.

Also reporting at the Milan conference, Laubli, Hunting, and Grandjean (1980C;
results are described more comprehensively in 1981) presented data clearly
linking visual discomfort with physical viewing aspects of VDT work.
Fifty-three data entry VDT users, 109 conversational users, 55 traditional
office workers, and 78 conventional typists were given a medical evaluation
which included a vision battery and examination of muscles and joints. Data
on forehead and hand skin temperature were alsc obtained. A questionnaire
was used to obtain data on physical symptoms and working conditicnms.

Physical measurements were made of the environmmental and VDT display
lighting, and of the dimensions of the workstation. Finally, data on working
posture were also collected.

Results of a factor enalysis of questionnaire vision items showed that 81
percent of the variance in responses was explained by a cluster of items
denoting eye irritdtion (pains, burning, etc.). Items denoting imperception
(e.g. blurring) accounted for the remaining 19 percent. Note that this
characterization of visuo-ocular symptomatology (i.e. deminated by irritant
or fatigue-like effects) is highly consistent with prior findings on the
nature of eye/visual disturbances incident to VDT use. Significant
differences among groups were found on four questionnaire eye/vision symptom
items (fatigue, shooting pain, impairment persisting until sleeping, and
impairment before work).
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In all cases it appeared that the significance occurred in the comparisons of
traditional office workers, who reported the lowest incidence of
disturbances, with either the conversational or data entry users (most
frequent disturbances). Unfortunately, a posteriori group contrast data are
not presented. Conventional typists did not appear to be significantly
different on these measures from the entry and conversaticmnal groups,
although their incidence rates were lower. For the data entry and
conversational users, approximately 65 percent reported occasional eye
fatigue, and about 25 percent dally fatigue. Clinical optometric data did
not predict well the occurrence of subjective symptoms of strain, although
there was some tendency for greater blurring and pain in individuals witch
irritated conjunctivae, with the wearing of corrective lenses, and with low
visual acuity. The trend was much the same for VDT users and non-users
alike. Visual disturbances correlated significantly with visual field
luminance contrasts, but not with the luminance of screen reflections.
Finally reports of shooting pain and burning and red eyes were found to be
significantly negatively related to the amplitude of oscillation of VDT image
luminance. The relationship was not significant, however, for items denoting
visual imperception.

VDT users were compared to workers with jobs- characterized by strong visual
demands (engraving and watche-making) in a field study by Rey and Meyer (1980)
also presented at the Milan conferemce.. A control group comprised of
clerical workers was also ilncluded in the study. Data were collected on
general feelings of discomfort, symptoms of visual fatigue at the end of the
day, and on other signs of visual asthenopia (burning eyes, ocular pain,
etc,), Clinical optometric tests.and tests of brightness discrimination,
glare resistance, and flicker-fusion thresholds were also administered.

- Further Information on measurement techniques and subsample sizes was not
provided.

Age of the participants, VDT use, and VDT task duration were all positively
associated with the subjectively expressed eye disturbances. However, only
the VDT use and task duration effects were significant. Only age influenced
the objectlive measures of eye defects. About 50 percent more of the VDT
users than comparison participants expressed eye complaints, and about the
same ratio was observed in users working 6-9 hours versus four or less.
Additional laboratory data were presented showing increased blink rates with
high as opposed to low screen-background contrast ratios during video display
viewing.

At the Milan Conference, Elias et al. (1980) described a relatively high
incidence of four types of eye and visual strain symptoms among 89 off-line
data acquisition VDT users and 81 dialogue users. In all cases the
disturbances were significantly more frequent among the former group (69% vs.
53% prickling; 43% vs.-21% blurring; 827 vs. 697 discomfort glare; 437 vs.
21% acuity weakness). The effects were attributed to repetitive visual
adjustment demands related to the very high frequency of visual sweeps
between the display and document for the acquisition users. The
investigators also suggested a link between users' affective states, as
influenced by working conditions in general, and visual functions which are
mediated by autonomic mechanisms. This is an important hypothesis few
investigators have explicitly considered or explored. Miller and Le Beau
(1982) have obtained limited evidence of a myopic-like, dark focus (resting)
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accommodative change related to induced stress. Also pertinent tg this
issue, Dainoff et al. (198l) speculated that vision related complaints may
represent displaced expressions of distress related to psychosocial stressors
in automated office work, and to generalized physical debility among VDT
users.

Ghiringhelli (1980) reported at the Milan Conference that eye disturbances
were significantly more prevalent among 62 VDT users than a comparison group
of 237 non-users. Data were cbtained using interview techniques. No
description of the comparison group is provided, and description of the
research protocol is sparce. About half of the users reported eye
irritations at the time of interview and 34 percent reported imperception.
Seventy-five percent of users reported some form of vision related disorder.
Over 40 percent of users identified both luminance and reflection problems as
the source of these problems. Levels of vision-related disturbances in the
comparison group were not reported.

In 1981, the results of the first North American field investigations into
the well-being of VDT users were reported (Dainoff et al., 1981; Smith et
al., 1981l). Both were field studies.

The Dainoff et al. (1981) study involved VDT users only. The total sample
numbered 121. Most were clerical level users. Data collection involved a
formal "fuonel-type" interview to examine users' comfort and sentiments
regarding their jobs and working conditions, an objective optometric
screening, and administration of a mood status and physical symptoms
questionnaire. Results showed that one of the most frequently expressed
negative responses during the interview concerned visual fatigue (45% of
users). Adverse comments regarding lighting, need for vision correction, or
eye fatigue were registered by 75 percent of users. The complaints of visual
fatigue and lighting problems were significantly positively correlated with
estipates of the proportion of time spent in screen viewing (r = .28 and .39
respectively). Examining changes in the proportion of users reporting
various physical symptous from before to after work, the largest increases
observed among 13 symptoms were for eye strain (30%-62%) and blurry vision
(14%-39%). However, unlike previous studies in which adverse changes were
found in both objective optometric and subjective assessments of visual
status (Holler et al., 1875; Gunnarsson and Ostberg, 1977) over a period of
VDT viewing, no effects for the objective optometric measures were observed.

The NIOSH -investigation of VDT use at four California newspapers and one
insurance company was conducted as part of a formal government health hazard
evaluation requested by labor unions representing employees at these sites.
Radiation, industrial hygiene, ergotnomic, and health and job related data
were collected by a team of NIOSH scientists. In the health component of the
project, Smith et al. (1981l) used a broad questionnaire to obtain informaticn
on biodemographics, perceived job demands and stressors, disease states,
physical symptoms, mood status, and environmental and ergonomic conditions of
the workplace from 129 clerical VDT users, 125 professional users, and 157
clerical controls. At the same time, data were collected on objective
physical and perceived ergonomic aspects of the workplace and workstations
for the VDT users (Stammerjohn, Smith, and Cohen, 1981). However, the
methodelogy did not. allow the objective physical data to be associated with -
the subjective health or job data,
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Symptoms of eye/vision related problems were more common than any other
symptoms of health disturbance., Ninety-one percent of all clerical users
reported the experience of at least "occasional" eye strain, 80 percent
reported burning eyes, and 74 percent reported irritated eyes. Symptoms of
imperception were less frequently reported: blurred vision - 71%, changes in
color perception - 40%. Rates for the clerical controls averaged
approximately one-half the rates for the clerical users. Rates for the
professional users were somewhat reduced below levels for clerical users, but
still significantly elevated above the control level for symptoms other than
those denoting imperception. The total number of physical symptoms reported
by each user was only modestly related to the extent of daily VDT use (r =
.19).

In the assoclated report by Stammerjohn et al. (196l), screen glare,
character brightness, and flicker were all reported as problematic by users.
At least 75 percent of users rated these conditions as at least
"occasionally'" bothersome, and 25 percent or more "often bothersome',
Furthermore, all three problems were shown to be significantly associaced
with the number of physical symptoms (not just vision related) reported by
users. Importantly, NIOSH investigators were unwilling to implicate physical
workplace/station/equipment conditions alone as the source of visual strain,
concluding with the speculation (based upon the differential effect observed
for professional vis-a-vis clerical users) that job content factors
contribute to VDT users' complaints,

A limited number of field studiles addressing the subject of eye strain
incident to VDT use have been conducted in North America subsequent to the
work by Dainoff et al. (1981) and NIOSH investigators.

At the 1981 convention of The American Public Health Association, Sauter,
Rohrer, Arndt, and Gottlieb (1981) reported the results of a questionnaire
survey of working conditions and of physical and emotional well-being for 63
newspaper professionals (mailnly copy editors) who used VDTs for an average of
over six hours per day. The control group was comprised of predominantly
professional as opposed to clerical office workers. Both groups were from
the same newspaper facility. Data were obtained on aspects of job design and
demands, social and physical workplace conditions, biodemographics, and
aspects of health, comfort, and job satisfaction. Results showed that the
two groups were differentiated in a major way only in terms of eye strain
symptoms which were characterized by fatigue and irritation as opposed to
imperception. Thirty=-three percent of users in contrast to 1l percent of
non=-users reported a ''constant experience" of burning eyes. Between 30 and
40 percent of users reported a "frequent" experience of burning, tearing,
strained, and heavy eyes, in contrast te 15-20 percent of non-users. These
differences were statistically significant, Far fewer reports of blurred
vision or color perception problems occurred for either group, and the group
differences were less pronounced on these measures. There was no indication
that these effects were confounded by other group differences, including
workplace lighting conditions which were judged poor by both groups.

At the same meeting Arndt (1981 a,b) reported data showing a significantly
higher frequency of eye complaints among telephone directory service

operators who used VDTs than among operators who obtained the same
information from digital (nixie tube) displays. Both groups performed nearly
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identical jobs in the same environments. A third group of operators

randonly selected from several other facilities and working mainly with hard
copy {phone books) reported even fewer complaints. The proportions of the
three groups reporting they "often'" experienced eye strain were 52 percent,
16 percent, and 8 percent respectively. The proportions reporting burning
eyes was reduced by about one-fourth for each group. No significant group
differences were observed for indices of visual imperception (blurred vision,
focus problems, or color distortions). The reporting of eye strain in the
VDT group was very strongly associated with the reporting of direct and
indirect (screen) glare (average r of about ,60).

Arndt's (1981 a, b) findings stand in contrast to the results of a recent
similar and well controlled study by Starr et al. (1983) in which 250
telephone directory assistance operators who used VDTs were compared with 105
coutrol operators who performed identical tasks from hardcopy (phone books),
The questionnaire administered solicited information on participant demo-
graphics, physical discomforts, and job satisfaction. Although the VDT users
reported a significantly greater cumulative number of physical complaints
than non-users, with one exception the percentage of VDT users reporting each
specific complaint was not significantly greater than the corresponding
percentage for the control group. This includes all the items denoting eye
and visual disturbances. After adjusting for age (reports of discomfort were
more frequent in younger participants) all significant group differences in
the incidence of somatic disturbances disappeared.

Smith (1982) briefly commented on certain preliminary findings from a recent
NIOSH investigation of 280 VDT users in an east coast newspaper facility.
Much the same type of data were obtained as in the NIOSH California study
with the exception that ophthalmological examinations were also conducted.
Consistent with findings by Dainoff et al. (1981), Smith reported no
relationship between the outcome of the ophthalmologic investigation and
questionnaire indices of visual disturbances. Additionally, Smith (1982)
reported that no relationship was found between either the amount of VDT use
in terms of hours per day or years of tenure as a VDT gperator and the
prevalence of eye abnormalities.

‘The largest field study addressing the potential health implications of VDT
work was conducted by the Canadian Labour Congress (1982), Survey data were
obtained from 1742 VDT users and 588 non-user control-subjects from 15 sites
across Canada. All participants were members of an organized labor union.
Four categories of work were represented in the VDT user -sample: production
line, data entry, conversational-clerical, and professional-technical, The
survey solicted information on job characteristics, on aspects of the ambient
workplace environment and physical characteristics of the workstation, and e¢n
the incidence of various health disturbances (focussing most heavily on eye
and musculo-skeletal strain symptoms). Statistical evaluation of the data-
consisted mainly of contingency table analyses examining symptom incidence
rates in relation to VDT use/non-use and to aspects of working condicions.

For all six questionnaire items denoting eye or vision disturbance, the
incidence rate for the VDT users exceeded the rate reported by the non-user
contrel subjects by a statistically significant margin. Seventy-seven
percent of the users and 56 percent of the non-users reported  at least one
symptom of eye/vision disturbance as occurring in the three months prior. to
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the survey administration. Rates for the VDT users were highest for reports
of burning and aching eyes, marginally lower for imperception symptoms
{focussing and blurring problems), and somewhat lower still for grittiness
and watery eye sensations. The two groups were most differentiated in the
response- categories denoting the occurrence of these disturbances once a week
and almost daily. Reporting frequencies for each of these disturbances in
each time frame were roughly 15-20 percent for the VDT users, and about 10-12
percent for the non=-users. Univariate analyses examining the percentage of
VDT users experiencing eye problems cn an almost daily basis by working
conditions indicated an increase in disturbances with increased screeco
viewing, with increases in the length of work periods, with increases in
reported display aberrations- (flicker and blurred characters), with reports
of poor machine maintenance, with reports of keyboard glare, and with reports
of being bothered by dry air. Consistent with observations by Smith et al.
(1981), eye disturbances were least prevalent among technical-professional
VDT users. It is not clear from the report however, whether all of these
effects are statistically signficant.

Finally, two laboratory experiments addressing ocular and visual effects
incident to VDT use have heen publgihed in this country. Investigators from
Oakland University (Mourant et al., 1981) examined ocular kinetics during the
performance of a visual search task with either a near VDT or hard-copy
display in sequence with a distant display reading task. Outfocus (near to
far refocus) and infocus (far to near refocus)} times, as well as the blink
rate, increased in a progressive fashion over several hours of VDT viewing.
The effect was less pronounced with hard-copy viewing, occurring only with
long sessions (4 hours). One-hour breaks attentuated the effect
considerably. Information processing times were unaffected. However, due to
the small sample size, the investigators were reluctant to draw firm
conclusions. They indicated however that the data support a local
(convergence-accommodative control system) as opposed to central (CNS) effect
or mechanism in visual fatigue during VDT viewing.

In a very carefully controlled experiment, Gould and Grischkowsky (1983) had
24 clerk~-typists perform proof-reading tasks for six 45-minute work periods
via CRT on one day, and via hardcopy with the same regimen on another.
Displays for the two conditions were nearly equivalent. Vision measures
obtained at the beginning of the day and following each work period consisted
of contrast semsitivity and visual acuity and phoria. Eye comfort (feeling
of strain, pain, or discomfort) was assessed via questionnaire according to
the same schedule. Comfort declined somewhat over the course of the day for
both modes of presentation, but there were no differential effects in
relation to presentation mode, and the overall decline was very modest. For
none of the objective vision function measures was a differential effect of
presentation mode found. Neither VDT nor hardcopy presentation mode affected
near visual acuity over the course of the day. Lateral phoria varied
throughout the day, but again, an interaction of work period with display
mode was not observed.

Musculo-skeletal Effects
Summary-—

Evidence to date of musculo-skelétal disorders among VDT users has been
primarily subjective, involving user complaints of discomfort (mainly fatigue
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and pain). Objective or clinical methods for examining neuro-muscular and
musculo-skeletal function in VDT users have generally not been applied.

The research shows that the predominant manifestations of musculo-skeletal
strain in VDT users are neck, shoulder, and back discomfort. Cakir et al.
'(1978) refer to this as the "neck-spinal syndrome" caused by poor body
posture and incorrect positioning of the spinal column during VDT work. VDT
use has also been linked to shoulder, arm, and hand-wrist fatigue and
discomfort, but to a lesser extent than neck and back strain. Cakir et al.
(1978) refer to this as the "shoulder-arm" syndrome characterized mainly by
symptoms of tenosynovitis and attribute it to both improper posture and task
manipulative demands.

Judging by the frequency of user complaints of musculo~skeletal discomfort,
the problem seems considerably less prevalent or severe than problems of eye
strain. There is little evidence of frank musculo~skeletal or neuro-muscular
disease, injury, or disability among VDT users. However, on the basis of the
limited objective data (reports of medical treatment in two of the studies),
there 1s some indication that such possibilities cannot be completely
dismissed. Additiomally, Cakir et al. (1978) warn that poor motor habits of
VDT users may lead, chronically, to permanent damage, and this may occur in
the absence of major signs of discomfort to users.

Research to date is inconclusive regarding a greater prevalence of.
musculo-skeletal disturbances among VDT users in comparison to their non-user
counterparts. However, it appears that VDT use can impose certain physical
ergonomic demands which may have musculo-skeletal implications and are
somewhat unique to VDT use.

Prior research has alsoc produced extensive subjective and objective data on
physical anthropometric and ergonomic conditions in VDT workplaces, but
analyses which systematically examine relationships between these conditions
and indices of musculo~skeletal disturbances are limited and uncommon.

Review--

Gunnarsson and Ostberg (1977) were among the first to investigate
musculo-skeletal disturbances in VDT users and physical workplace/station
characteristics which may give rise to these problems. In their study of
customer assistance VDT users in the Scandinavian Airline system, 18 users
(65%) in one section complained of discomfort either "daily" or '"some times"
per week. About 18 percent reported severe discomfort at the same rate. The
locus of discomfort was primarily the shoulders, back, or neck, with at least
54 percent registering complaints in at least one of these categories. Only
two percent of respondents indicated a problem with the arms or wrists.
Comparison of full~ and part-time users suggested that complaint frequencies
were unrelated to the extent of VDT use. Information regarding physical
configurations and perceived limitations of VDT workstations were also
obtained, but from an zlternate section of the airline system. Data
indicated few user dissatisfactions, the major exception being limited work
surface area. There was also a clear indication that users did not take
advantage of the adjustability offered by thelr workstation equipment and
furniture. The report offers no information on relationships between work-
place/station physical ‘characteristics and somatic complaints of ‘users.
Non=-users were not investigated.
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Neck and back discomfort were alsc major complaints among a subsample of 250
VDT users in the study by Cakir et al. (1978). However, reporting rates were
shown to vary with a number of factors. Seventy percent of data acquisition
users reported it was "sometimes true" that they experienced neck pains.
Proportions reporting back thoracic and lumbar pain were 60 and 24 percent
respectively. Rates were one-third to one-half lower for clerical and
administrative- VDT users, and even lower for programmers and editors. The
same pattern held for treatment for back pain, with nearly half the
acquisition users: reporting such care.

Regarding the specific attribution of musculo-skeletal problems, Cakir et al.
(1978) and Cakir et al. (1980) listed visual, motor, and temporal task
demands, ergonomic aspects of the VDT, length of service at VDT work, and
extent of daily VDT use {(for tenosynovitis but not back or neck pain) as
determinants of musculo-skeletal strain, No age effect was reported,
However, data showing such effects are provided for only some of these
variables, and apparently no analyses were undertaken to determine their
separate effects, Although extensive physical workstation and anthropometric
measurements were made, felationships to strains were not drawn. Rather,
postural behaviors and physical conditions are summarized relative to
ergonomic guidelines, and then health implications of deviations from these
prescriptions are merely discussed.

Although supportive data are not presented nor the source clearly identified,
Cakir et al. (1980) refer to findings indicating rates of musculo-skeleral
strain among office workers using conventional equipment that are as high as
those found among VDT users.

Coe et al. (1980) examined reports of musculo-skeletal strain in relation to
a number of task variables and anthropometric measures. In terms of
identifying the specific causes of musculo=-skeletal disturbances, it appeared
that the sources were multiple, and as in the Cakir et al. (1978) report, the
types of analyses carried out did not completely separate the different
potential effects.

Just 11% of the entire VDT sample reported musculo-skeletal discomfort. This
is about one-fifth the number that reported eye disturbances. The proportion
of individuals with complaints (undifferentiated by locus of complaint), was
‘higher in data input (19%) than in creative (13%), editing (9%), or dialogue
(8%) VDT users. Complaints were also more common among users with gaze
angles falling outside a 10°-30° range, but there is some confounding of the
gaze angle and task-type variables. No relationship between the existence of
a detachable keyboard or the presence of near visual acuity defects and
musculo-skeletal discomfort was found. A VDT=-control group comparison on
musculo-skeletal discomfort was not reported.

In terms of musculo-skeletal discomfort expressed as seating problems, a-
significantly larger propertion of VDT users than non-users (37% vs. 267)
reported discomfort, but nc significant differences among types of VDT jobs
were observed. Adjustable (height) seating was actually associated with
increased seating discomfort, but the heights of most of the adjustable seats
were reported to be Iincorrect relative to existing standards. Seating
discomfort was also more prevalent among full-time users, but it seems that
this variable is confounded with task type.
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Musculo-skeletal complaints ranked third, behind eye/vision problems and
fatigue, among complaints by the "lengthy session' VDT users studied by
Johansson and Aronsson (1980). Again, neck and shoulder disturbances
predominated (10 of 43 users). This 1s less than half the proporticn
reporting eye disturbances. Only four users reported arm problems. Data on
the frequency or intensity of complaints (within individuals) are not
presented, nor were control data presented. Complaints were not evaluated in
relationship to working conditions or user characteristics, with the
exception that the threshold for the onset of physical problems in VDT work
was reported to be less than 1.5 hours for 31 of the 39 users who experienced
discomfort in lengthy VDT sessioms.

Haider et al. (1980) presented a table showing the experimental inducement of
neck and back ache symptoms in experienced VDT users at sbout the same
frequency as eye strain symptoms. Fewer symptoms of arm strain were noted.
These data are given only scant attention by the investigators, and thus
further interpretation is impossible.

Hunting et al. (1980; data presented in greater detail in 1981) obtained both
objective and subjective data on musculo~skeletal disturbances in both VDT
users and non-users with differing job requirements, and found impertant
associations of signs and symptoms with both job and workstation
characteristics. As in the Coe et al. (1980) report, the overall incidence
for experience of musculo-skeletal discomfort on a daily basis was about
one—fifth (11% of users or fewer dependent upon the specific complaint) the
incidence for eye strain., However, no strong differences existed between the
frequencies of neck or shoulder and arm or hand problems. Complaints of
daily problems were most common (6Z-15%, dependent upon category) among data
entry users, and least among traditiomal office workers (1% or less}.
Intermediate levels (4%-11%) existed for conversational users and traditional
typists, the two groups being undifferentiated in most complaint categories.
Medical examinations (palpation of pressure points) rendered the same pattern
of results, with 60 percent of data entry users and less than five percent of
traditional office workers reporting pain. However, systematic differences
of this type were not found in terms of reported "doctor visits” for arm or
hand problems (20% average for both the VDT user and non-user groups).

In a series of analyses examining the relationship between working heights
and neck, shoulder, and back pain in conversational users, it was found that
the more elevated work surfaces were actually associated with a dramatically
lower (usually less than half) incidence of impairment. This effect was
tentatively attributed to the increased use of hand rests and improved
head-neck posture with elevation of the source document and work surface. On
the other hand, keyboard height above the desk was positively related to
expressions of arm-hand disturbances in both data entry and conversational
users, and the effect was exacerbated when hand or forearm supports were
seldom used. In general the disturbances were mere pronounced on the right
side (the predcominantly used arm/hand). It should be noted, however, that
most of the effects pertaining to working heights failed to reach
significance at the .05 level. '

At Milan, Ghiringhelli (1980) reported a much lower incidence of

musculo-skeletal as opposed to eye disturbances among VDT users, Fewer than
10 percent of the 62 users questioned reported neck or back pain. However,
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the incidence of pain appeared to increase with tenure in the job, as less
than two percent recollected such problems at the time they began their VDT

jobs.

In the report by Elias et al. (1980) at Milan, between 40 and 50 percent of
the 89 data acquisition users (the group with the high frequency of "looks"
between the VDT and socurce document) reported in the questionnaire that upper
and lower back pain and neck pain were experienced. The incidence for the 81
dialogue users (lower frequency of "looks") was reduced by one-third to
one-half.

In their open-ended interview, Dainoff et al. (198l1) apparently received few
or no complaints of musculo-skeletal disturbances from the 121 clerical level
VDT users. Only two percent registered complaints regarding the keyboard,
and only 12 percent complained about uncomfortable furniture and chair/table
heights and dimensions. This compares with rates of about 40 percent for
complaints regarding eye strain and lighting conditions. On the other hand,
when a subsample of 31 users was evaluated at the beginning and end of normal
workdays using a physical symptoms checklist, musculo-skeletal symptoms were
clearly represented. However, the increase in the percentages of users
reporting musculo-skeletal strain at the end of the day was somewhat less
than the increase for reports of eye disturbances (about 10%Z=-232 versus
142-32% respectively, dependent upon the category). Alsc, substantial
differences in the absclute proportions of users reporting these two
categories of strain were observed at both the beginning and end of the day
(about 4%-19% for musculoskeletal strain and 39%-62%Z for eye strain
symptoms). Consistent with previous findings, neck and shoulder symptoms
tended to be reported and also to increase at a higher rate (about twice)
than arm, wrist, or finger problems, with an intermediate effect for back
pain.

The percentage of clerical users reporting musculo-skeletal problems in the
NIOSH investigation by Smith et al. (198l) seems to be higher than reported
by any user group in any other study. Over half of the 25 physical symptoms
which were reported significantly more frequently by clerical VDT users than
control subjects fell into the musculo-skeletal category. Again, Chree
familiar patterns were evident in the data. Firsc, of the musculo-skeletal
symptoms, the most frequently reported was neck-shoulder pain (81%), followed
by back pain (78%), ranging to a low for arm-hand problems (337%-497).
Secondly, even these relatively high rates were outstripped by complaints of
eye.problems (71%Z-917 dependent upon category). Finally, consistent with
findings by Cakir et al. (1978) and by Coe et al. (1980), it appears (actual
comparisou data not given) that professional users (mainly editors and
reporters) experienced fewer musculo-skeletal problems than did clerical
users.

In the associated NIOSH report by Stammerjohn et al. (1981), normative data
on reactions of users te various design features of their workstations are
presented, and linkages between some of these aspects and musculo-skeletal
complaints are described. Only generalizations and limited summary data are
available on workplace/station physical dimensions and configuratiomns. Users
were much less likely to rate the physical configuration of the VDT
components as "bothersome" as they were the visual quality of the display.
About two-thirds of the users were not bothered at all by screen or keyboard
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heights, distances or angles. However, musculo-skeletal complaints were
shown to be associated with both screen angle and height, but the
relationship was described for professional users only. In agreement with
findings by Smith et al. (1981} on job content related differences in
musculo-skeletal complaints, and in partial agreement with data on chair
comfort by Coe et al. (1980), clerical users were found to rate their chairs
significantly less comfortable than did professional users or control
subjects. However, data on any group differences with regard to objective
evaluations of workstation parameters were not provided.

In the investigation of news editors by Sauter ec al. (1981l), back and neck
or shoulder musculo-skeletal complaints were as common (over 85% of
participants reported at least "ecccasional" problems) as they were among the
clerical users studied by Smith et al. (198l1), and were reported at about the
same rate as the most commonly reported eye symptoms. However, the incidence
was significantly greater in the VDT group for neck and shoulder symptoms
only. For 10 other musculo-skeletal symptoms covering mainly problems in the
limbs, no important group differences were found, and the absolute rates were
not pronounced. An average of just seven percent of participants reported
the "frequent" occurrence of these symptoms. Consistent with results by
Stammerjohn et al, (1981), 30 percent of users reported their chairs to be
just adequate, and 40 percent reported them to be uncomfortable. However, no
difference appeared between users and the control group on these ratings.
Over 80% of both groups reported little or no ability to adjust the leccation
of furniture or equipment to improve working comfort. On the physical
comfort subscale of the Work Environment Scale (McNair, Lorr, and Droppleman;
1971) cthe scores for the two groups were undifferentiated. Of responses by
VDT users to open-ended questions on desired changes to improve working
comfort, physical reconfiguration of the workplace/station was the second
largest category (20% of users), with improved lighting ranking first (70%).

Arndt (1982) reported that chair design and comfort complaints were more
prevalent among telephone directory assistance VDT users than among operators
performing similar tasks from digital (nixie tube) displays, despite the fact
that both groups used identical chairs.

In the Starr et al. (1983) questionnaire comparison of 250 directory
assistance operators who used VDTs and 105 operators who accessed hard copy,
the only health related measure differentiating the two groups was neck
discomfort. Sixty-five percent of VDT users versus 48 percent of the
non-users reported neck discomfort’ as occurring at least cnce in the month’
prior to the survey. However, when age matched subgroups of 75 operators
each were compared, the difference with respect to neck disturbance
disappeared. Again, incidence rates among VDT users for shoulder, back, and
neck discomfort (487-65%) were many times the rate for arm or wrist related
discomfort (9%-14%). Interestingly, the group differences for the upper
torso disturbances averaged about 10% -(with the higher frequency consistently
found among the users) whereas the average incidence of upper arm and elbow
problems was actually higher among the non-users.

Finally, the Caradian Labour Congress (1982) study produced a fawiliar
pattern of findings with respect to musculo-skeletal effects. Disturbances
in. this. category were somewhat less prevalent than eye/vision disturbances.
No more than 15 percent of the users reported the daily experience of any of
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the specified musculo-skeletal strains. Strains in the back, shoulder, and
neck were reported more frequently among both users and non-users than
strains in the arms, hands/wrists or legs. For the former collection of
strains, 40-59 percent of users reported occurrences in the three months
prior to survey administration. The corresponding range for the latter
strains was 16=31 percent. However, incidence rates were umequivocally

- greater among VDT users for neck and lower back disturbances only.

Interestingly, there existed a tendency for higher incidence rates among the
non-users for the leg, hand/wrist, and arm disturbances. When
musculo-skeletal disturbances were examined relative to job factors,
incidence rates were found te be positively related to reported time spent
siltting, and to reported postural discomfort. Interestingly, reported
adjustability of the chair and VDT screen angle was not strongly related to
reports of musculo-skeletal discomfort. Consistent with observatioms by
Hunting et al. (1981), discomforts of most types were more prevalent among
data entry VDT users than among users in other job classificatioens.

Job Attitudes, Fatigue, and Affective Disturbances

Summary—

The research examining VDT users’ perceptions and attitudes regarding their
job content.and regimen, changes in these conditions brought about by VDT
use, and fatigue and emotional effects among VDT users has provided a fairly
uniform set of findings.

First, there is little evidence of general job dissatisfaction among VDT
users, or increased dissatisfaction incident to VDT use. Neither is there
unambiguous evidence of high levels of emotional strain or behavioral or
biological manifestations of stress among VDT users in relation to non-users.
Yet, some studies suggest that VDT jobs can be mentally fatiguing, and many
more have shown that users are irritated by technical difficulties (system
failures, slowdown, etc.) which affect performance and which the data suggest
can be common with computerized office systems. One study has linked system
operational problems with hemodynamic and neuro-endocrine stress reactions.

In terms of perceptions of job content, regimen, or general quality of
working l1ife, the findings are mixed. A few studies suggest that in jcbs
which rank low in terms of variety or worker discretion (i.e. lower level
clerical and data processing jobs), the introduction of VDTs is associated
with perceptions of further impoverishment of jobs along these dimensions.
These studies indicate that with VDT use, such jobs tend to be viewed as more
monotoncus, routine, comtrolled, and as involving lower degrees of skill
utilization. Perceptlions of VDT users with jobs ranking higher in terms of
variety and individual discreticn (mainly professional-technical users) are
not similarly affected.

In terms of task performance effects, for all types of jobs VDTs are
generally seen as facilitating the execution of tasks, and in the few studies
which have examined perceptions of workload, the evidence seems to weigh in
favor of increasing quantitative demands.

Only a very few studies have examined perceptions of job security or ,L;‘
opportunities for professional growth incident to VDT use. Results on this
toplc are mixed.




Review=-

In their investigation of the consequences of VDT work in the Scandinavian
Airline System, Gunnarsson and Ostberg (1977) carried out a very limited
evaluation of VDT users' reactions to their job regimens, and of their
perceptions of stress and satisfaction in their work. Thirty-nine customer
service VDT users (10 at ticket counters and 29 telephone agents) responded
to questions regarding the degree of work variety. Twenty-one of the 29 )
telephone agents indicated "monotonous” and 5 "far too monotomous'. All
expressed a need for job enlargement or rotation. Yet, twenty-six expressed
satisfaction with the job, but all but seven for reasons other than job
content per se. WNine of the 10 counter service representatives, however, )
reported their work as sufficiently variable., It was reported that long-time .
employees attribute the job monotony to the progressive transfer of
information to the computer, an effect apparently offset by personal contact
for counter service users. Only one=-third of all users regarded the work
pace as unsatisfactory, but it is reported that '"many" users desired greater
individual control over work pace. Responses to a question regarding job
stress were almost evenly distributed among categories of "much", "some', and
"none": Extremes in work pace and lack of privacy were attributed as main
causes of stress, but it is not ¢lear how the VDIs may have been implicated
in the work pace or privacy..

The' Cakir et al (1978) Berlin study represents one of the most extensive
investigations to date on the relationships among VDT job design, user
fatigue, and emotional reactions. Research methods consisted of
administration of both survey instruments and behavioral performance tests.
The survevs for this aspect of the research included the following: (1) an
extensive "work stress" questionnaire tailored for VDT jobs and covering job
cognitive, sensory, and motor demands, physical and social environmental
conditions, job content and organization, perceived health and functional
disorders; (2) two instruments to assess mood or psychic state (a modified
version of the "Proper State Scale" by Nitsch [1976] and an adjective
checklist); (3) a measure to assess arousal ("General Central Activation"
[GCA] scale [Bartenwerfer, 1970]); (4) a personality inventory, (5) a survey
of achievement motivation; and () a comprehensive job satisfaction survey.
Performance tests intended mainly for the assessment of CNS arousal included
eye-hand coordination, a vigilance battery, reaction time, and critical
flicker-fusion frequency.

The Cakir report contains a separate section by von Schmude (chapter VI) in
which the- consequences: of VDT work: in 48 news editors and 57 newsroom
information typists (the figures are somewhat at variance with the sample
sizes for these groups presented at the introduction to the report) are
treated fairly independently. Some of the findings are further elaborated in
the VDT Manual (Cakir et al., 1980). ' -

Discussion of the results focussed first on the measure of arousal-~activation
(GCA) which the investigators treat as a "stress" index, and on fatigue
measures from the work stress questionnaire. Of five VDT user groups
administered the GCA scale (off-line acquisition, on-line acquisition,
supervisor, no paper [a projection screen taking the place of a source
document] and programmer)}, all produced scores less than found in automobile
drivers-during long trips, crane-operators; and most interestingly, keypunch
operators or verifiers. The.comparisons were with normative data supplied by
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the scale originator. No comparisons were made with the VDT non-users in the
study. Among the five groups studied, the "no paper' group produced the
highest mean GCA stress scores (30.1) versus 24.9 - 28.6 for the other
groups. However, the intra-group variances are very large. No relationships
were observed between age or sex of the user and the GCA stress scores, The
lack of a relationship between stress and individual characteristics is
supported by data presented later on in the teport showing only a tenuous -
relationship at best between stress indices from the Proper State
questionnaire and user personality or motivational disposition. The
investigators also stated that the GCA stress scores were less related to the .
type of equipment used than the activity performed, but go on to say that GCA
levels were significantly higher for individuals reporting poor display
quality and lower satisfaction with the display quality. Apparently the
relationship of GCA scores to somatic complaints was low. Finally, a
quadratic relationship was reported with the number of hours of VDT use per
day (highest for 4-6 hours).

Unlike GCA stress scores, fatigue as measured on the work stress
questionnaire was stated to be linearly related in a positive fashion to
number of hours of daily VDT use and also to somatic complaints. This was
particularly true for eye/vision complaints in individuals in the no paper
group (projection screen display plus VDT display). The indication is that
facigue was also strongly related to job content and activity, with increased
levels in jobs rated as boring, monotonous, and strenuous. Finally, fatigue
was stated to be strongly related to dissatisfaction with the total job
activicy.

Results of behavioral performance tests and the Proper States survey
assessments administered prior to and following work were also described.
Effects were mixed. With the exceptiom of the flicker-fusion test results
(showing a significant decrease In fusion frequency following work) all of
the objective performance tests indicated no clear functional impairment.
However, the Proper State data seemed to clearly demonstrate reduced
capabilities with significant post-work impairment on almost all dimensioms.
It was further reported that recovery times were longer for thecse workers who
performed the most repetitive activities.

As elaborated in the VDT Manual, some of these effects were clearly
influenced by job design and content. Impairment on Proper State measures
following work was more pronounced in VDT piece workers tham hourly paid
workers, and the trend in the fatigue findings in general was toward
decreasing expressions of fatigue and effort in jobs with increased diversity
or complexity. In response to specific questions regarding strong fatigue at
work and. perceived effort needed to perform the job, the VDT Manual reports
lower rates of agreement among programmers and clerical staff than among
on-line, off-line, and pilece work data acquisition users. The VDT Manual
reports the same basic trend in regard to ratings of job monotony, control
over work activities by the computer, and occurrence of somatic complaints.

A group of workers whose jobs had been "dequalified" from clerical staff to
copy typists seemed particularly disadvantaged in that they were more likely
to report monotony and extreme fatigue thamn all the other groups. These
effects were reported as significant, but no information on where the
significance lies in terms of specific group contrasts was presented.
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Data is described by von Schmude (part VI of the Berlin study report) which
support and extend the implications from evaluation of the larger sample
regarding the influence of job design and content on the well-being of VDT
users. In particular, news editors using VDTs were prone to regard their
physical workplace positively, were largely satisfied with their work,
perceived the fewest physical impairments of all study groups, experienced
little fatigue at work, and recovered quickly at the end of the work day.
This cccurred despite the fact that they reported comparatively high levels
of psychic stress at work. It was pointed out, however, that the actual VDT
work time of editors was considerably less than that of the other study
groups. :

What is perhaps most interesting about the von Schmude report is the way in
which VDTs were regarded by users to have influenced the jobs of newsroom
information typists. The typists responded that with VDTs their work was
easier, involved less pressure, was less hectic, and was more interesting.
The information typists were only infrequently bothered by technical
disturbances. With the exception of the work reported as becoming more
interesting, the reactions of editors were less favorable, although not
decisively negative on these points. The resulcts for the information typists
may seem contrary to expectations based upon data reported previously in the
study for individuals with basic clerical and data processing tasks.
However, job analysis showed that the work of the information typists
involved diverse activities and VDT use was not intensive, usually less than
four hours per shift.

In the final section of the Berlin report, users from three different offices
which differed in job content and design were compared in terms of perceived
facigue, workload, monotony, work narrowness, and individual responsibility.
In one office (B) workers performed narrow repetitive tasks with close
supervisory control and hourly pay. Office A was differentiated from B o¢n
these dimensions, whereas work in office C was much the same as in B with the
exception that users were paid on a piece rate. The results were surprising.
While cffice B workers were dramatically different from office A workers in
terms of perceiving mwore narrow, monotonous, and less meaningful work, the
differences between offices A and C on these dimensions were very modest in
comparison to the A-B comparison.

A second puzzle presented by the Berlin data is that more professional or
qualified workers tended to report high levels of psychic stress, but were
clearly favered in terms of health related parameters.

Both of these apparent anomalies seem to point toward self contrel or
discretion in task performance as a potentially important determinant of
perceived work quality or user well-being. However, the VDT Manual presents
data showing piece workers perceived extreme levels of control by the
computer. It would be important to know the levels of computer control of
work expressed by workers in office C. Of interest is that data from the
Berlin report indicates that the levels of "felt responsibility' in office C
were about the same as in office A. It was high in both, but not in office
B. Along this line, the job descriptions for the information typists who
also seemed relatively favored in terms of well-being and reactions to VDT
implementation suggested that they enjoyed a fair degree. of self direction in
their work.

25



In the Gunnarsson and Soderberg (1980) study of VDT users in the Swedish
Telecommunications Administration, all but three of 45 VDT users who were
questioned perceived the introduction of VDTs as facilitating the performance
of their jobs. This is similar to the findings among the information typists
in che Berlin study and in the airline study by Gunnarssom and Ostberg
(1977). The main advantages- cited were faster processing times, simplified
procedures, reduced physical data handling, and improved customer service.
Numerous' job dissatisfiers were also mentioned, but it would seem-that some
of these were not necessarily related to the introduction of the VDT-computer
system: heavy load (8 of 15 sales department employees), lower equipment
delivery times to customers ("many" employees), monotany of the work
(directory assistance employees only). Complaints which were associated with
the VDT-computer system per se included lack of control over system design
features (about half the employees), and computer technical problems and
limitations in data storage. '

Coe et al (1980) reported very high levels of job satisfaction in both the
VDT user and non-user samples. Over 85 percent of the 257 VDT users and 124
control participants indicated that their work met persomal needs with
respect to social contact (but less so in the VDT group), work satisfactiom,
and economic rewards. Major satisfiers cited by both groups were the
challenge and content of the job. Surprisingly, job content was the most
frequently cited satisfier for data input operators. Among the
dissatisfactions cited by the VDT group, VDT contact ranked last, although
nearly 60 percent of the group failed to respond to this item. Asked whether
they felt "under pressure'" from the work performed, 54 percent of the VDT
group as opposed to 42 percent of the control group responded affirmatively,
a significant difference. Consistent with reports of stress from the Berlin
study, more editorial and creative VDT users than data input or dialogue
users reported they felt "under pressure" at work. The editors also smoked
more, took the fewest breaks, undertook the fewest leisure time activities,
and the proportion of editors reporting "pressure headaches" was higher than
in any other group (although the input group was close). The investigators
noted just a few of the sources of pressure identified by the VDT users
(responses to the open-ended question were not tabulated). Among them were -
key stroke monitoring for data input users, and adaptation to the use of the
VDT system for the editors., Cross tabulation or amalyses relating
satisfaction and work pressure to the extent of VDT use, working conditioms,
or health measures were not conducted.

For the 80 VDT users and 15 non-users studied by Johansson and Aronsson
(1980) at. the Skandia insurance company, the physical workplace and job
content were positively regarded. Workers reported a high degree of
autonomy, limited routine tasks, and moderately challenging jobs. Less than
25 percent of the VDT sample perceived their work as being too monotonous,
simple, or demanding in terms of needs for attention. Over 50 percent
expressed sufficient skill utilization and influence over work practices.
The main negative reaction was an expression of excessive workload (80%).
About 75 percent expressed a positive attitude toward the company on
dimensions such as personnel policy, transfer opportunities, and the personal
meaning of the work. None of the VDT users indicated a desire to revert to
the performance of their jobs in the non-VDT mede.
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Despite the generally positive atmosphere, questions regarding
computerization per se showed employee concern in many areas. About

65 percent of the sample felt they had insufficient influence over the course
of company computerization, and nearly 50 percent felt computers impeded the
"democratization" of working life. Nearly &40 perceant were concerned that
their skills may be rendered obsolete.

When asked about the perceived advantages and disadvantages of VDTs, system
breakdown, monotony, and job impoverishment were the three most frequently
mentioned disadvantages among the 50-60 perceut of the participants
responding. Rapidity of the system was the dominant advantage listed.
Computer or VDT specific aspects of the job were not among the 10 (of 24
possible} factors most highly rated as determinants of job satisfaction.

Reports of difficulty in relaxing during technical breakdowns and excessive
dependence upon technical equipment were very prominent (about 50%) among all
but those users who worked at VDTs for 10 percent or less of the work day.

In attributing the causes of mental strain, of 34 factors rated, work
overload, computer breakdown, and breakdown uncertainty ranked 1-3
respectively for users reporting occasional or frequent strain.

Specific changes in working conditions attributed to the implementation of
VDTs included slight increases in job difficulty and qualificaticns needed,
in job responsibility and number of routine tasks, and more pronounced
increases in mental strain and demands for attention. The greatest change
noted, however, was an increased overview of insurance cases handled, a
positive feature. A very slight decline in work variety and autonomy was
noted. Of interest is that the rated decline in the variety of tasks and
increase in the number of routine tasks varied considerably in relation to
the specific job task. For example, these perceived changes were far greater
in data entry as opposed to customer service jobs. Regarding this effect, in
summarizing their results the authors stated the jobs which benefited from
computerization consisted mainly of qualified work which calls for experience
and allows personal control of the amount of work and work pace. O0f further
interest is that a portion of the study sample (n=13) reporting the most
favorable VDT related changes in working conditions (less routine, greater
variety, more influence, greater overview of cases) also reported
significantly greater comradery at work, fewer headaches, and less bothar by
physical environmental stressors (light and noise) than the remainder of the
study sample.

In a second part to this study, measures of blood pressure, heart rate,
catecholamine (adrenaline and noradrenaline) excretion, and of variocus mocd
states were made in 11 individuals who used VDTs for more than 50% of the
working day. The same measures were obtained from a reference group of 10
individuals, mainly typists and secretaries, half of whom had very limited
daily use of VDTs. Data were collected at various times during two work
days, during a day at home, and also during the evenings of these days.

Of primary interest are findings pertinent to catecholamine excretion.
Results showed that catecholamine excretion levels in both groups were
moderate in relation to other occupational groups studied. During the day,
adrenaline excretionr was significantly greater at work than at home for the
group with heavy VDT use. The effect did not occur for the contrel group.
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Adrenaline levels for the VDT group were also higher than levels for the
reference group, both at work and at home. The VDT group also reported
significantly greater mental strain at work and mental fatigue after work
than the reference group.

Adrenaline excretion over the course of the work day appeared to track

workload which was greater for the VDT group in the A.M., and high in both
early A.M. and late P.M. for the control group. The authors in turn related
workload in the VDT group to computer system functioning in that users '
attempted to accomplish as much work as possible In the A.M. in anticipation
of potential malfunction later. Ratings of perceived effort closely
paralleled these trends over the course of the workday.

In view of the complaints of VDT-computer system failures at Skandia, perhaps
the most interesting aspect of this part of the study is the evaluation of
psychophysiological reactions during temporary breakdowns. When measures
obtained on six users during a mid-day breakdown were compared with measures
cbtained at the same time on workdays with normal system function,
significant increases in adrenaline and diastolic blood pressure were
observed during the malfunction. These changes were paralleled by a
significant increase Iin reports of irritation and decrease in reports of
relaxation.

Most of the research presented at the Milan Conference deals only in a
limited way with the perceived quality of working life in VDT jobs and the
emotional well-being of VDT users.

Haider et al (1980) showed an interaction between numbers of hours at VDT
work and display image character hue in terms of activation (inferred from
heart rate). Heart rate decreased steadily over three hours of VDT work in
13 VDT users (a significant main effect seems apparent) with a lower initial
and higher final rate with yellow as opposed to green phosphor. Performance
increased over the perled, but with the same hue related interaction effect.
A control group (9 office workers) comparison was mot reported on these
measures. On the Nitsch (Proper state) questionnaire previously employed by
Cakir et al. (1978), results showed a significant change on five factors.-
Pronounced increases in tiredness and sleepiness after three hours of work
are reported for VDT users, but only a modest Increase occurs on these
dimensions for the control group.

Hunting et al. (198l) compared 54 VDT users engaged In "payment transactions”
with 535 individuals performing the same job in the traditional fashion in
terms of satisfaction and job content. The apparent rational was. to examine
the credibility of the hypothesis that somatic complaints among VDT users
might represent veiled expressions of dissatisfaction with working .
conditions. Questionnaire measures of quantitative and qualitative overload,
task feedback, variety, cooperation, relationships with colleagues, decision
laticude, and utilization of skills were obtained. The VDT group was found
to report significantly less variety than the control group, but also less
workload. No significant differences were found on the remaining measures,
and 70 - 86 percent of both groups reported '"satisfied" for the last three
measures,
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The study by Elias et al. (1980) reported at the Milan Conference, is one of
the few to describe high levels of jcb dissatisfaction among VDT users.
Survey findings showed significantly greater job dissatisfaction in 89
off-line data aquisition users than in 81 conversatiomal VDT users (70% vs.
28%). The two groups were also similarly differentiated on four indices of
psychosomatic disorders (mean values about 457% vs. 207%), three indices of
mood alteration (mean values about 60% vs. 50%), and troubled sleep (about
45% vs. 15%). The investigators attribute these effects to job content
differences between the groups. In comparison to the dialogue jobs, the
acquisition jobs were more repetitive and short-cycled, involved less
personal freedom and decision-making, and required fewer qualifications.

Ghiringhelli (1980) also reported data at the Milan Conference suggesting a
rather high incidence of affective disturbances (depressive disorders and
anxiety aggravation) among 77 VDT users., The rate approaches that of aye
irritation (somewhat less than 50%). However, it appears that the total
number of complaints, not the number of users with specific complaints is
reported, making interpretation difficult, Data from an extensive control
sample were not reported. Of interest is that job content and organizational
factors were only infrequently c¢ited by users as causes of health related
problems in general. Opinions regarding the VDT work performed were largely
negative. Two-thirds of the comments specified problems such as excessive
machine dependence, monotony, isolation, and fear of health impairment. Of
special interest in view of findings presented below (Starr, et al., 1983),
user job and stress related complaints were most frequent among young,
educated users who worked on VDTs for less than three hours per day. These
three variables were confounded, however.

Evidence of significant acute and chronic fatigue among 52 VDT data entry
users was presented by Binaschi, Albonico, Gelli, and Popolo (1980) atr the
Milan Conférence. A multidimensional fatigue scale with a history of
application in Japan was used. However, from the discussion it seems that
the validity of the instrument is not well-established. Fatigue measures
apparently (lack of detail makes interpretation difficult) consisted of the
mean number of afflictions or symptoms (three lists of 10 each were
presented, with each list denoting a different dimension of fatigue)
affecting each participant. Effects observed were more indicative of
decreased activation and physical fatigue/discomfort than mental fatigue or
concentration problems, and were apparent both over the course -of a work day
and a work week. The magnitude of changes over time for VDT users was
roughly on par with changes observed in a group of 60. city -bus drivers,
although the absolute magnitude of fatigue seemed greater in the bus drivers.
However, the absolute magnitude of fatigue at any occasion did not appear
large for either group. Only 10-20 percent of the listed symptoms were
selected as pertinent by study participants at the beginning of work periods,
and less than 30 percent were selected at post-tests. Of interest, similar
daily changes were observed in a group of 54 bank clerks,

In cthe Daincff (1981) investigation of 121 VDT users, the familiar pattern of
a favorable attitude toward VDT jobs, appreciation of the job facilitative
aspects of VDT systems, and complaints with system inefficiencies again
appeared. Comments solicited during a structured interview indicated 36 -
percent of users found their jobs enjoyable, and that a large majority (81%)
appreciated the efficiency that the automated office afforded. However,
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nearly half were troubled by technical problems (interruptions) associated
with their VDT systems. Further, when comments pertiment to fatigue,
pressure, and mental stress were examined collectively, results showed that
well over half the participants were troubled with one or more of these
problems at work. Still, the prevalence of these complaints ranked well
behind lighting or visual system concerms, and of special interest, the
correspondence of stress and fatigue related complaints (together) with the
extent of VDT use was negligible. For stress alone the correlatiomn was low
but significant (r = 0.19).

Among a subsample of the VDT users investigated by Dainoff et al. (1981},
mood status (fatigue, vigor, and tensilon) was measured at the beginning and
end of the work day for several days. The instrument used was the Profile of
Mood States (McNair et al., 1971) subscale indices of these dimensions.
Consistent with findings by Binaschi et al. (1980) significantly increased
fatigue was observed at the end of the work day, and so was temnsion. But
unlike the Binaschil et al. (1%80) results, no effect related to the wark week
was observed.

NIOSH research (Smith et al, 1981) presents a much bleaker picture of the
quality of working life for VDT users than suggested in research examined
thus. far. Consistent with the conclusions of Johansson and Aronsson (1980)
and with the implications of much of the work reviewed thus far, the study
showed that the adverse effects on job quality were pretty much confined teo
basie elerical jobs.

Regarding perceptions of job content and organization, clerical control
subjects reported significantly greater boredom, future ambiguity, workload
dissatisfaction, role conflict, and workload (for just one of the two
measures used) on Caplan et al. (1975) measures of these dimemnsions than did
either the professional users or clerical controls. Clerical user means on
the first three measures were all well above population norms. The clerical
users also reported less peer cohesionm and autonomy, and greater work
pressure and supervisory control than the other two groups on the Work
Eavirooment subscales (Insel and Moos, 1974) for these constructs. Again,
the scores.deviated in an adverse fashion from population norms. In all of
these comparisons, values for the professional users were the most favorable,
but were generally quite close to values for the clerical controls.

This same general pattern was upheld for 16 additional specific questions
pertaining to work tedium and routine, job contrel and decision latitude,
work pace and' load demands, the sccial environment, and career future .
opportunities. On all of these questions, the most adverse cilrcumstances
were. reported by the clerical users, and for all but a few cases the most
positive reactions came from the professional users.

Of further interest in the NIOSH findings is that despite the presence of a
clear indication of impoverished working conditions, the VDT users manifested
no similar strong display of psychelogical strain or emotional debility. The
only indication of emotional debility using The Profile of Mood States
instrument was Increased fatigue among clerical users in comparison to
professional users and controls. Evidence of increased mood alteratioms
corresponding to anxiety, depression, vigor, anger, or confusion was not
observed among VDT users. From a list of nearly five dozen illness symptoms,
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emotional strain effects were generally not well represented among the 25
health problems experienced significantly more frequently by clerical users
than by controls. The three exceptions were irritability (80% vs. 63%),
fatigue (74% vs. 57%), and nervousness (50% vs. 31%). Still, the clerical
users were more likely to link personal stresses and problems to their jcb
and career than were the other two groups, but the frequency of reporting
these sources was relatively high for professional users as well (about
one-third).

With the exception of the Canadian Labour Comgress (1982) study, there is
little in any of the more recent investigations to suggest a pattern of
affective disturbances, excessive fatigue, or dissatisfaction incident to VDT
use., However, this work provides some support for prior findings of altered
job content/design, and some of the same technical problems associated wich
VDT use in prior work are identified.

Using many of the same measures employed by Smith et al. (1981), Sauter et
al. (1981) turned up almost ne evidence of increased emotional disturbances
or altered quality of work content and regimen among 63 newspaper
professional users. No significant differences from the control group were
observed on over three dozen items and scales assessing behavioral, psycho-
logical, autonomic, or organic manifestations of stress, nor in reports of
use of medication for such problems. Also, the groups did not diverge cn
reports of job satilsfaction, nor was there a trend toward dissatisfaction in
either group. Still, consistent with the NIOSH (Smith et al., 1981)
findings, the VDT users were more prone to link their personal stresses and
tensions to their jobs than was the contrel group.

Regarding the job content and regimen, no group differences were observed in
terms of reported workload, pressure, pace, participation in decision making,
autonomy, control by others over work, nor in terms of the social
environment. Interestingly, the VDT group reported greater skill
utilization. On the other hand, VDT users also reported greater machine
influence over their work regimen than did the control group, and two-thirds
reported equipment failures that affected their job performance, although the
frequency was not high (about 1l/week). Interestingly, the same rate was
reported by the control group. However, in an open-ended question soliciting
comments on needed workplace and practice improvements, '"system slowdown'
emerged as a major concern for users, ranking third behind desired changes in.
lighting and workstation design.

Turner and Karasek (1983) presented an extensive theoretical discussion of
the implications of computer software and operational characteristics for
user well-being and performance effectiveness. Receiving special emphasis in
- the discussion is how constrained software and system technical problems may
result in unpredictability and "exception conditions" (problems difficult for
end users alone to easily resolve), how these problems create greater social
interdependencies in the performance of tasks, and how these effects can
resylt in increased demands and thus stress,

In their discussion, the authors draw upon research by Turner (1980) of 1001
bank clerks with variable use of a computer system. In Turner's data (only a
correlation matrix and limited study details are presented in the Turner and
Karasek [1983] report), workload is seen to be positively correlated with
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intensity of computer use. Workload and task interdependence have a strong
positive inter-relationship, and both factors are positively related to
mental strain. User autonomy is negatively related toc mental strain. Strain
in turn is negatively related to job satisfaction. These and other data
cited from the literature are used to support the major temet of the paper:
that computer software (application features) alter the task characteristics
of jobs, and that both influence user well-being and effectiveness.

In the recent Bell Laboratory study (Starr et al., 1983) of 250 VDT directory
assistance operators and 105 hard copy control subjects, the.data show
moderate to high levels of VDT user satisfaction with five job dimensions
denoted by the Job Descriptive Index (Smith, Kendall, and Hulin, 1969: work,
pay, promotion opportumity, supervision, and people). Satisfaction scores
for the VDT users actually significantly exceeded control group scores for
the work, promotion opportunity, and people satisfaction dimensioms, The
users also reported significantly greater satisfaction in terms of achieving
task closure and in terms of opportunity to set the work pace. Questions
regarding perceived job security revealed no less optimism among users than
controls, with no trend toward a negative ocutlook in either group.

A recent survey by an advccacy group for office workers (Gregory, 1981)
provides limited data supporting the indications in prior work of Increased
workload demands incident to VDT jobs. In this study respondents selected
specified sources of job stress from a survey checklist. About 8000 surveys
were distributed, and about 500 VDT users and 800 non-users responded. It
was reported that two stress sources were selected more frequently by users
than non-users: production quotas (27% vs. 18%) and inadequate rest breaks
{187 vs. 152). Information on how users responded with respect to the many
other pctential sources of stress cited in the report is not provided.

In the Canadian Labour Congress (1982) investigation, the incidence rates for
six symptcms denoting emotional-behavioral debility were significantly higher
among the VDT users. Consistent with prior findings, the most prevalent
symptom was fatigue, reported to occur on a daily basis by 27 percent of
users and 20 percent of non-users. Reporting rates for the remaining
symptoms (daily basis) were as follows: dirritability, 17%-12%; headache,
15%-11%; sleeplessness, l1Z-7%; dizziness, 5%Z-4%; loss of appetite, 47-47%.
The users were also more prome to report high job pressure (47%-38%), and
less job satisfaction (60%Z-65%). The statistical significance of the latter
effects was not reported. Consistent with effects observed for eye and
musculo-skeletal symptomotology, these disturbances were least pronounced for
professicnal-~technical users. The prevalence of these disturbances also
increased with reports of computer monitoring of work, with reports of
feeling isolated in the workplace, and with reports of excessive workplace
noise, :
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THE RESEARCH STRATEGY

As explained, one focus of the present investigation is the prevalence of
health and job disturbances among VDT users relative to their non-user
counterparts. The objective is to further address the uncertainty regarding
the extent and nature of health risks incident to VDT use.

To examine this question, a sample of VDT users with jobs and tasks
representing a broad spectrum of types of VDT usage are compared on survey
data with a heterogeneous sample of office workers. The comparison measures
include; 1) an index of job dissatisfaction, 2) a2 broad array of
health-related indices denoting a variety of somatic, behavioral, and
affective disturbances, and 3) indices reflecting various attributes of the
job and physical environment. Statistical techniques involve mainly
univariate analysis of variance and analogous nonparametric tests for the
continuous and ordinal data, and contingency table analysis for the
categorical data. Comparisons on these measures are alsc made among
subgroups of VDT users and non-users with different types of jobs to
determine how potential risks vary with the type of work performed. Further
on, these analyses are referred to simply as the "group comparisons'.

A second focus of the investigation is the causes of health related
disturbances experienced by VDT users, irrespective of whether or not they
are differentiated in severity or prevalence from the health problems of
non-users. Regarding this second issue, the research emphasis is on some of
the major uncertainties, tentative findings, and salient but unexplored
questions in prior research. Thése points of emphasis are as follows:

1) The causes of health and job complaints reported by VDT users seem
multifactorial, including content and psychosocial/organizational
aspects of the job, physical environmental and ergonomic aspects of the
workplace, and characteristics of the users themselves. Yet in
attributing the origins of these problems, these variables have not been
examined concurrently by others in a controlled fashion.

2) 1Interactions among causal variables seem indicated (Ostberg, 1977;
Smith et al., 198l), but have not been investigated. This possibility
is ~ supported by prior occupational stress research demonstrating the

importance of interaction effects in prediction health outcomes (e.g.

House and Wells, 1978; Karasek, 1979).

3) Is is not certain whether there exists a special unique or narrow
effect of VDT use that adds to the stress process and which is not
experienced in office work where VDTs are not used. That is, after
extracting or adjusting for effects related to the physical and
organizational climate of VDT jobs, is there an additional additive
effect related to VDT usage that does not occur inm jobs with similar
working conditions but where VDTs are not used? Neither is it certain
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as proposed by Smith et al. (198l) whether VDT use interacts with
existing working conditions to influence the well-being of workers (i.e.
a differential effect of various job demands or stress factors depending
upon whether or not VDTs are used),

4) In attributing the causes of health problems-and job complaints
amcng VDT users, it appears that causation might be extended even to the
effacts (disturbances) themselves. The possiblity has been entertained
that somatic complaints among VDT users may stem not only from direct
external stress to sensory and effector systems, but they may reflect or
be exacerbated by psychological strain or dissatisfactions with the job
(Dainoff et al., 198l; Hunting et-al., 198l). Two mechanisms seem
possible. First, some somatic strains might represent veiled
expressions of job dissatisfactions. Second, psychosomatic or autonomic
processes may provide a causal path from psycholegical/affective strain .
to somatic strain, Altermately, job attitudinal change and affective
reactions might be expected to occur as a functiom of perceived health
risks or experienced health distuyrbances in VDT work (as indicated in
Ghiringhelli, 1980).

The potential causal factors and pathways indicated above and which we will
investigate are illustrated pictorially in the model shown in Figure 1. The
model shows that three categories of variables (workplace physical
conditions, job design/psychosocial factors and worker characteristics) may
each influence the somatic and affective status and the job attitudes of VDT
users. To these variables we have added VDT use. Here VDT use represents
gomething unique or additional that is related to VDT-computer system use and
is not represented among the other categories of causal variables. As
described further on, in the analyses carried out it is a designation cf
whether a study participant is a VDT user or not. Thus, the independent or
causal variables in the present research consist of a set of variables which
collectively define some of the major attributes of workers and of VDT jobs
and similar types of non-VDT jobs, plus the variable VDT use. If analyses
show a significant relationship between VDT use and an outcome measure when .
controlling for the effects of all other independent variables, it can be
surmised that there exists scmething special about VDT use per se as a stress
factor, or at least something about the difference between VDT users and
non-users which cannot be attributed to the other independent variables
considered,

The model also shows several types of causal pathways, The heavy lines
denote main additive effects of the independent variables on each of the
well-being dependent variables, and-the lighter lines interactions among
independent variables. A particular interaction of importance is- the
interaction of VDT use (i.e. the VDT variable) with each of the other
independent variables in predicting well-belng indices. This addresses the
issue of whether or not VDT use interacts with job content or workplace
physical variables to influence the well-being of users as suggested by Smith
et al. (1981). Finally, the model depicts causal linkages among the
well-being variables themselves.

Aé:pfesented, the model shown in Figure 1 does not provide a complete picture

of ‘the stress process im VDT work. Most importantly, it does not show a
causal pathway from the VDT use variable to the job design and workplace
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physical condition variables, Such an effect seems likely, and in the
present study can be investigated only through the comparisons of VDT users
and non-users in terms of their evaluations of working conditioms.

Regarding the presence and strength of various causal processes depicted in
this model, the specific research questions of major interest and our
approach to their resolution are as follows:

1) What 1is the relative priority of select worker characteristics,
physical workplace factors, job design factors, and the interactiens
among these variables in predicting the well-being of VDT users?

2) 1s there a special unique or additional effect of VDT use as a job
stressor?

3) Does VDT use interact with user characteristics or job or physical
workplace design factors to affect the way they influence the well-being
of users?

4) Do the various dimensions of well-being (i.e. the disturbances
themselves) influence one another in addition to the way they are
influenced by the three categories of independent variables and VDT use?

To answer these questions, multiple regression procedures are used to analyze
the combined data from the user and non-user samples. The basic form of
these analyses 1s expressed in the following general regression equation:

Y=a+bX, +b,X, +b.X,+? X4 +b

XX, +b XX, + ... +b, X X
where% 1 272 373 4 57172 67173 107374
‘Xl = individual characteristics
XZ = job design factors
K3 = physical environmental factors
X, = VDT use/non-use

Simply put, each of the three outcome variables denoting a dimension of
well-being is regressed on the three categories of independent variables and
the VDT use/non-use variable, and the interactions among these variables.
Stepwise procedures are used.

As indicated above, a significant predictive effect of the VDT use variable
would suggest an important contribution of VDT use to strain beyond effects
attributable to worker characteristics and job and workplace design factors
(addressing question 2). A significant VDT use interaction term would denote
an effect whereby the influence of the variable it interacts with has a
differential effect upon well-being for VDT users and non-users (answering
question 3). The relative Importance of the other causal variables and of
their interactions (question 1) can be assessed by examining their
significance levels and the amount of variance they explain in the well-being
outcome measures. This procedure, then, helps to overcome some of the
methodological limitations of prior research where the different potential
effects identified here were not separated and prioritized.
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The procedure for investigating question four is somewhat complicated,
Separate analyses are carried out in which each outcome well-being variable
is entered into the regression equations (as an independent variable) for the
prediction of the remaining two well-being measures. That 1s, there exist
three regression analyses, each equivalent in form to the general regression
equation shown above. Each analysis has as a criterion outcome variable one
of the three well-being measures (Y., Y¥,, ¥,). In the prediction Y

{job dissatisfaction) we add to the set of predictors (independent Variables)
Y, and Y, (affective disturbances and somatic disturbances respectively).

We also add Y, and Y3 to the independent variables for the prediction of

Yz, and ¥, and ¥, to”the independent variables for the prediction of

Y,. These three“regression equations are then solved simultanecusly to
détermine the influence of the well-being indices upon one another, and the
importance of these variables relative to the other independent variables.
With this procedure we can systematically examine the entire system of
relationships depicted in the model shown in Figure 1.

Clearly, the regression analyses described above can become difficult to
nmanage and accomplish, particularly without a very large sample size, as the
number of potential causal variables and well-being dimensions increases.
Consider for example, how the number of interacticn terms increases with
increases in the number of main effect terms. For this reason, in addressing
questions l-4, the variables used are limited in number and broadly
conceived. Only three well-being indices are considered. They include a
measure of job dissatisfaction, mood disturbance, and a scale of illness
symptoms. In addition to a variable denoting whether a participant is a VDT
user or not, the independent variables selected include the number of hours
spent daily operating a VDT or office machinery, and indices denoting the
amount of personal control or discretion an individual exercises in the job,
work load demands, social support, physical environmental problems, job/skill
future security, and variables denoting the type of job tasks performed. As
mentioned, the independent variables also include individual biodemographic
characteristics. Because we were interested in assessing the effects of a
large number of personal characteristics, a separate set of regression

" analyses was carried out to sift them down to an important few, These
characteristics were then added to the VDT use and job related variables
described above.

All of the data for these particular analyses come from survey evaluations of
VDT users and non-users.

The rationale for selectien of the three well-being dimensions specified is
that they represent the major types of effects demonstrated, previously
investigated, or theoretically expected in the type of work studied here.
Similarly, the independent variables are among the major ones which have been
theoretically indicated or empirically demonstrated in prior VDT or occupa-
tional stress research to play a role in the promotion or mitigation of
stress (Caplan et al., 1975; Cooper and Payne, 1978; Dainoff, 1982; Levi,
1981). Because of the breadth of the conditions dencted by the variables
considered here, these regression analyses are referred to as the 'general
work environment and health analyses". :

It is evident that the analyses just described do not address how more
specific attributes of-the job design and physical environment (e.g. specific
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VDT-computer operational, job regimen, or workstation
ergonomic/anthropometric factors) influence particular complaints such as
expressions of eye strain or musculo-skeletal disturbances among VDT users,
For this reascn additional analyses are also carried out to examine how these
more specific conditions influence specific somatic disturbances in VDT
users. Again, multiple regression procedures are used.

In these analyses the health measures of major interest are visuo~ocular
disturbances, upper torso musculo-skeletal disturbances, and musculo-skeletal
disturbances of mainly the upper extremities. The set of potential causal
variables includes fairly specific aspects of the job regimen, specific
attributes of the physical environment and workstation, as well as specifie
worker characteristics (e.g. age and corrective eye-wear use). Selection of
causal and outcome variables for these analyses is based upon prior VDT
research where associations of these factors with somatic disturbances have
been observed (e.g. Cakir et al., 1978; Dainoff et al., 1981; Hunting et al.,
1981; Laubli et al., 1981) and upon general knowledge in ergonomics
(Grandjean, 1981).

This set of analyses which is referred to as the "specific work environment
analyses" has two major componments. The first involves the regression
prediction of eye and musculo-skeletal strain measures from subjectively
(survey) assessed aspects of working conditions and worker characteristics.
This is dome only for the VDT users. However, the question of whether
non-users are affected in a similar way by these types of factors iIs also
addressed here in a limited way. Certain of the independent variables are
evaluated, onme at a time, and in terms of a differential effect between users
and non-users using two-way analysis of variance., This procedure, a
departure from the regression technique in the more general work environment
analyses, 1s necessitated because VDT users experience potential stress
factors such as glare from a display screen which are not peossible for
non-users, or for which a comparable phenomenon does not exist among
non-users. '

The number of predictor variables which were originally considered for these
analyses was quite large. In planning the analyses we were able to identify
geveral dozen salient aspects of the job and workplace which might
potentially contribute to the somatic complaints of VDT users. Because
sample size limitations alone prohibit the evaluation of all these variables
in a regression approach, the regressions are restricted to examination of
only main effects of a select set of variables deemed most important based
upon existing evidence..

In the second component of the specific work environment analyses the
influence of ambient environmental conditions, workstation and VDT ergonomic
factors, and worker anthropometric parameters that could be objectively
measured (e.g. workplace lighting, aspects of the VDT configuration, gaze
angle) are examined for their potential influence on reported eye and
musculo=-skeletal disturbances. These analyses are limited to a subsample of
the VDT users whose workplaces could be objectively assessed. The analytical
methods involved tests of the simple associatlon between worker/workplace
conditions and somatic strains. While multivariable techniques would be
appropriate, a relatively small sample size (max. n = 62) and strong.
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correlations among some of the independent variables prevented the
application more controlled statistical techniques in these analyses.
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DATA COLLECTION
STUDY DESIGN

Many of the major design characteristics of the current study were specified
in advance by the NIOSH contract under which this work was performed. They
included the basic study design, specific sample requirements, major
components of the survey questionnaire instrument, the genmeral analytical
scheme, and general procedural aspects of the survey administration. The
specific regression techniques employed and the tailoring of the survey
content for the evaluation of VDT work was performed at the discretion of the
investigators. All aspects of the study protocol and content were evaluated
and cleared by NIOSH and by the University of Wisconsin Center for Health
Sciences Committee for the Protection of Human Subjects prior to the
initiation of the work.

The study consisted of a self-administered questicnnaire survey of VDT users
and non-users who performed a variety of office functions. Some of the VDT
users and their workplaces were also objectively assessed. The survey design
was cross-sectional, with all information from each participant collected at
one point in time, Although the study design is most appropriately
designated as a "static-group comparison" (Campbell and Stanley, 1963), the
statistical control via regression techniques over the treatment (VDT use)
and other of the independent variables provides important quasi-experimental
properties which help circumvent certain limitaticns intrinsic to this type
of design.

Regarding one matter with crucial implications for a survey study on the
effects of VDT usage, we emphasize that VDT use was not a labor relatioms
issue for the study population at the time of this survey. Although the
population is formally represented by a natiomal labor organization (AFSME},
issues related to VDT usage were not included in any ongoing labor
negotiations at the time of the study, and the survey administration predated
the issuance of materials by AFSME describing bargaining guidelines and
directives relative to VDT use.

SAMPLE AND SAMPLING PROCEDURE
Primary Sample

The study actually employed two samples. The primary sample upon which most
of the analyses were based consisted of 248 VDT users and 85 non-users for a
total of 333 participants. There was one additional participant in the
primary sample, but incomplete data on this participant's survey did not
enable an unambipuous classification of the individual as a VDT user or
non-user, so the case was dropped from all subsequent analyses.
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All of the participants were public employees of six State of Wisconsin
government agencies. To identify potential participants, a letter (Appendix
A) soliciting consent to perform the study om public workers was sent to
administrators of six State of Wisconsin agencies and one University of
Wisconsin (UW)} department overseeing a large segment of UW data processing.
These agencies and the UW department were pre-targeted for the study since
each maintains extensive and heterogenous data processing operations. In no
case was the organization targeted or any participants selected on the basis
of existing problems surrounding VDT usage. Affirmative responses were
obtained from all sclicitationms,

In subsequent personal meetings with administrative perscnnel from each of
these facilities, the investigators provided further information on the
nature and scope of the study, and sought information on the extent to which
sample objectives could be met through the participation of employees from
each facility, 'The main sample objectives were as follows:

(1) A variety in types of VDT usage from each facility was sought. The
VDT work of major interest included data or text entry, conversational
use such as file maintenance or word processing, general clerical use,
and professional-technical or managerial use, including programming. A
range of comparable job tasks within each facility was also sought for
the control group. '

(2) Extensive dailly VDT use ( >4 hours) was sought for the user group.
For the control group, extensive daily office machine use was also
sought,

(3) A range of VDT use tenure.was sought among the users, with the.
large majority of users exceeding six months of experience with VDTs.

At the introductory meeting with administrators of the seven targeted
facilities, work units which met these cobjectives were identified and unit
managers were briefed on the study. During these meetings it seemed that
most of the sample objectives could be attained through the participation of
the State government agencies alone. For this reason, and to promote
homogeneity of the sample with respect to employment factors, the University
site was dropped from consideration prior teo actual solicitation of
individual participants. '

It should be .noted that as State of Wisconsin employees, all .of che
prospective participants, regardless of agency, were subject to equivalent
governance in terms of job descriptioms, job-career paths and opportunities
within State service, and compensation schedules. All of the potential
participants were from the immediate Madison (WI) area,

Managers of each of the work units identified were provided z model
memorandum {(Appendix B) which was subsequently sent to all employees of the
units to inform them of the study, and to announce a forthcoming visit by the
investigators at which time the purposes of the study would be explained and
the participation of employees solicited. The memo indicated in general
terms that the study involved an investigation of job demands in office work
(VDT use was not specifically mentioned) by investigators from the University
of Wisconsin, that further information would be provided in a subsequent
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visit by the investigators, and stressed in specific terms that participation
was voluntary and that participant anonymity with respect to data provided
would be assured.

Shortly following the issuance of these memoranda (within two weeks), the
project investigators held a short meeting within each unit and formally
sought the. cooperation of all employees after presenting a more specific
description of the nature of the research and the commitment required of
participants. At these meetings, the potential participants were informed
that the broad objective of the study was to evaluate the impact of new
office technmology on the job perceptions and well-being of office workers.
VDT-computerization was mentioned as an example., However, it was not
suggested .at these meetings that VDT use posed a potential hazard to health
and well-being, and in the very few instances where questions of this nature
arose during these meetings, the response was that the outcome of the study
would help to resolve any questions regarding both the positive and negative
impacts. Following thils discussion all employees of these units were
individually administered a formal letter of solicitation and consent form
(Appendix C) on which they designated their willingmess or refusal to
participate, Within a few days of each of these employee meetings, the
investigators returned and concurrently administered the survey questicnnaire
on site and collected the objective workplace data.

For most of the VDT users, anonymity was assured by survey data which could
identify only the locatiom of a participant's work unit. However, the
objective measurements involved photographic assessment of a subset of
participants at their workstations which was associated with the survey data
for these individuals. They provided release for this purpose (see consent
form, Appendix C). Data maintenance procedures assured that subsequent
counnection of these individuals with specific survey data was near impossible
for anyone but the project prineipal investigators. Photographs and surveys
were secured in separate locked files.

Major job and bilodemographic characteristics of the study primary sample are
described in Tables 1-14. Of speclal importance, Table 1 shows that of 360
individuals solicited (not including the participant dropped from the
analyses), only 27 (8%) declined to participate, and no major discrepancies
existed across departments in terms of participation rates. This rather high
compliance rate was likely due to the fact that approval was granted (in all
but one unit...see measurement protccol section below) to administer the
survey during normal working hours. Table 1 also shows that the VDT sample
was well distributed across the different agencies. The distribution was
less even for the non-users. This could not be avoided due to the status of
‘office automation in the different agencies -at the time of the survey.

Evaluation of survey data enabled a somewhat finer stratification of
participants according to job tasks than specified in the sample objectives.
Brief descriptions of job tasks within each stratum are as follows:

1. DATA ENTRY - Tasks involved the transfer of information from
various forms or records to computerized
data bases via VDT, or onto cards for computer entry.
For VDT users, the operations were mainly key-to-disk,
2. RETRIEVAL AND UPDATE - These were file maintenance tasks which
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involved both data entry as described above, plus the recall
and update or revision of information from various data bases.
An example is the entry and updating of motor vehicle
registration data. Tasks were predominantly on line,
accessing a large computer serving multiple work groups,

3. WORD PROCESSING - For the VDT users the tasks involved
preparation of typed documents using various text handling
systems. Work was usually from hard copy or machine stored
documents. The VDT work was usually on-~line accessing a small
computer serving about a half-dozen users. This task was
accomplished by the control group using typewriters with
magnetic storage systems, but not equipped with CRIs.

4, APPLICATION PROCESSING - Tasks involved the evaluation and
processing of applications for various types of
licenses, consulting previous records in evaluation cof these
applications, and handling application fees. VDT users were
on line, while non-users accessed hard copy records.

5., FISCAL CODING - These jobs involved primarily the evaluaticn of
accounting vouchers and various other meonetary records. VDT
users were on-line with a large computer, while non-users
utilized hard copy.

6. GENERAL CLERICAL/SECRETARIAL - These jobs involved the broad
range of tasks normally conducted by the traditiomal cffice
secretary (general typing, filing etc.).

7. LEAD WORKERS/SUPERVISORS - These jobs involved the supervision
(usually first-line) of employees in the other activity
categories of the study. While work in these jobs sometimes
involved part-time performance of tasks similar to those of
the individuals supervised, the jobs are distinguished by the
responsibility for the work of others.

8. COMPUTER PROGRAMMING - Main tasks involved composition of
computer programs or modifications of programs for work
performed by the remainder of the VDT user sample.

The number of study participants within each stratum for the different
agencies 1s shown in Table 2. As seen, several strata from every agency are
represented in the study sample. Table 3 shows the number of VDT users and
non-users within each stratum.

We wish to emphasize that the-discrepancies in frequencies of users and
non-users within certain job activity strata does not connote a discrepant or
inappropriate comparisen group. Some of the tasks performed by VDT users in
one activity stratum were subsumed under the jobs of members of another
stratum in the non-user group. For example, some of the file maintenance
tasks performed by the retrieval -and update VDT users are integrated inte the
jobs of the general clerical/secretarial personnel who do not use VDTs. The
number of clerical-secretarial perscnel is reduced among the VDT users
because the clerical jobs have become more specialized with the introduction
of VDTs. It is difficult to find a VDT user whose job scope and content is
similar -to that performed by the traditional office secretary. Similarly,
there are today few programmers who do not utilize VDTs, and it is becoming
increasingly difficult to find data entry work that is not performed via VDT.
The distinctions between the current VDT user and non-user samples in terms
of proportions of individuals in the different job activity strata reflect
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the change in office work organization that is brought about by the
introduction of VDT-computer technology.

Table 4 shows the extent of dally VDT usage within each job activity stratum
for the VDT users, and the extent of non-VDT office machine use in each
stratum for the comparison group. As seen, the VDT users within che
different job activity strata spend about the same number of hours per day in
VDT use as do their counterparts in the use of non-VDT office machines.
Seventy-three percent of the users spend over 4 hours per day in VDT use
(consistent with sample objectives), and 65 percent of the comparison group
spends over four hours per day in the use of non-VDT office machines.
Differences between VDT users and non-users in terms of proportions of
individuals with VDT/office machine use greater and less than four hours per
day are nonsignificant.

Table 5 describes the type of VDT equipment utilized by the VDT sample.

Tables 6, 7, 8, and 9 describe different aspects of the employment status of
the VDT users and non-users. Table 6 shows the job tenure for the VDT user
and non-user samples. Although the VDT users had a shorter mean job tenure,
the difference is nonsignificant. Table 7 shows that over 80 percent of the
users had more than six months job experience with VDTs {consistent with
sample objectives). Table 8 shows that most of the participants within each
group were full-time permanent employees, and no significant difference
existed between users and non-users with respect to proportions of
participants in the different categories of employment status. Similarly, no
group differences existed with respect. to the number of hours worked per week
(Table 9). Most worked a 40-hour week.

Tables 10-14 describe major biocdemographic features of the study sample. Cn
none of these measures do even modest differences appear between the users
and non-users. Table 10 shows that about half of each group was married, and
about a third never married. Table 1l shows that the mean number of
dependents for the two groups was nearly the same (about 1.3). Table 12
shows that mean ages differed by only 0.5 year. Table 13 shows that the
sample was predominantly white (95% both groups). Table 14 shows that over
50 percent of each group had been formally educated beyond the l2th grade.
There were only 13 males in the entire sample, and all were VDT users, mainly
programmers (n = 8),

In summary then, with the:exception of distribution by sex, the two
participant groups in the primary sample were nearly equivalence on major
biodemographic parameters, and not significantly differentiated on employment.
factors.

Finally, because health related symptomotology of VDT users vis=-a-vis
non-users is a primary concern of this study, it is essential that the two
groups not be discrepant in terms of medical history which could shape
responses on these measures. Table 15 shows that users and non-users were
fairly similar in their reporting of prior treatment or diagnosis of 23
different medical conditions within the past five years, and that the overall
incidence rates were low. With the exception of increased kidney/bladder
disorders among the non-users (corrected Chi-square = 4,18, p < .05), no
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Table 4. Extent of daily VDT and office machine use by job activity.

Job: activity

Data entry

Retrieval and update

Word processor

Applications processing
Fiscal coding

General clerical/secretarial
Lead worker/supervisor
Frogrammer.

Total sample,

use

Equipment use 4 hrs/day

Equipment use 4 hrs/day

Correctedgx2 (1) = 1.32:
2_=‘,75

Mean Hours of Office Equipment Use

Qffice machine use

VDT use (VDT non-users)

7.3 6.8
6.7 -

7.1 7.1
2.2 1.3
2.4 4.3
3.4 3.7
2.5 3.8
2.4 -

5.8 5.1

VDT users

68 (27%)

180 (73%)

Non-users
30 (352)

55 (65%)

Test for independence of VDT users/non-users and extent of daily machine
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Table 5. VDTs used by the study participants.

Brand Name

Entrex

IBM

WANG

4 = Phase Systems

AB Dick Shared Legic

Model

(mainly 121)
(mainly 3278)
Word Processor

Forward 7249

Freguencz

101
79
11
28

5

24 non-respondents
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Table 9. Number of hours worked per week for VDT users and non-users.

Mean hours- : SD
Non-users 39.26 3.78
VDT users 38.29 5.81

3 non-respondents

Test (ANOVA) for group differences in hours worked per week

(1,328) = 2.03

E
B .16
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Table 10. Marital status of VDT users and non—users.
Marital Status
Married Single Separated Divorced Widowed Totals
Non-users . 43 (51%) 25 (297%) 1 (1% 14 (17%) 2 2% 85
VDT users 130 (53%) 80 (33%) 5 (2%) 26 (11%) 4 (2%) 245
Totals 173 (52%) 105 (32%) 6 (27) 40 (127%) 6 (2%) 330

3 non-respondents

Test for independence of VDT users/non-users and married/not married status

Married
Non-users 43 (51%)
VDT users 130 (53%)

Corrected Xz(l) = .03
p= .87

Not married
42 (49%)

118 (47%)

53



sjuapuodsai-uou ¢

T€€
€S°T  TE°1 9y
A% S YA | 8
as n Te30],

00'T =d 99T s19sn LaA
00° = 2 9971 S195N-UON

juel ueay

p231oddns ardoad uo 1aqunu uy sadua1ajjyfp dnoad ioj 3891 0, LUITYM-uuey

(28) 91 (%5) 91 (2€1) TV (Y1) LY (202) L9 (z€%) €91 sTe10],

Z9) 71 (zv) ot Gy ve (%v1) %e (%81) SY (Z7%) 601 §195N 1aA

(%2) ¢ (%) 9 (26) 8 (%ST) €1 (297) 72 (20%) %€ $12SN-UOY
3 | Y 3 z 1 0.

paixoddns aTdoad jo 1aquny

*S19SN-UOU pUEB S13Sn LA 10J sijuepuadep jo iaqunN T I[qEL

54



Table 12. Ages of VDT users and non-users,.

Age
18 - 24 25 - 34 35 - 44 45 = 54 55 - 64 Totals
Non-users 18 (22%) 33 (392) 13 (15%) . 14 (16%) 7 (8%) 85
VDT users 65 (272) 79 (33%) 52 (21%) 32 (L3%) 14 (6%) 242
Totals 83 (25%) 112 (34%2) 65 (20%) 46 (14%) 21 (67%) 327

6 non-respondents

Test (ANOVA) for group differences in age

Mean age 5D

Non-users 33.05 = 12.11
VDT users 33.51 11.30
F (1,124) = 1.12

p = .29
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Table 13. Ethnic background of VDT users and non-users.

Ethnic Background:

American
Indian Asian
Non-users 0 0
VDT users ] 1
Totals 5 1.

Black

3

4
7

" Hispanic White Totals
1 80 84
1 233 244
2 313 328

5 non-respondents

Test for independence of VDT use/non-use and ethnic background

Non white
Non-users 4 (5%)
VDT users 11 (5%)
Totals 15 (5%)

Corrected Xz(l) = .04
p = -B4

White

80 (95%)

313 (95%)

233 (95%)
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Table 14, Educational attainment of VDT users and non-users.

Educaticnal Attainment

High school High school
: graduate plus graduate plus
High school technical some College
graduate or less training college graduate Totals
Non-users 41 (48%) 22 (26%) 16 (19%) 6 (7%) as
VDT users 119 (487) 61 (25%) 45 (18%) 21 (87%) 246
Totals 160 (48%) 83 (25%2) 61 (18%) 27 (8%) 331

Z non-respondents

Test for independence of VDT use/non-use and educational attainment

x? ) = .21
P = .98
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Table 15. Medical conditions treated or diagnosed in study participants within
the past five years.

(% diagnosed or treated)

Medical condition Users Non-users
Diabetes 1.6 2.4
Cancer 1.6 1,2
Hernia or rupture 2.4 3.5
Tuberculosis 0.0 0.0
Asthma 2.8 5.9
"High" blood pressure 10.2 12.9
Heart disease 1.2 2.4
Arthritis or rheumatism 8.1 9.4
Epilepsy (convulsions or fits) 0.4 0.0
Glaucoma. of the eyes 0.8 1.2
Paralysis, tremor, or shaking 0.8 3.5
Kidney or bladder trouble 10,6 20.0
Lung or breathing problems 6.5 8.2
Stroke 0.0 1.2
Anemia 5.7 9.4
Gall bladder, liver problems 4.9 3.5
Thyroid trouble or goiter 2.0 2.4
Insomnia 2.4 7.1
Gastritis 10.7 14,1
Colitis 2.9 4.7
Stomach ulecer 4.5 5.9
Cataracts 0.0 1.2
Mental or psychological problems 4.5 9.4
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significant differences existed between groups in terms of proportions
responding affirmatively and negatively to each condition.-

Secondary Sample

Subsequent to the sampling and survey of the primary sample, managers of some
of the work units from which the primary sample was obtained informed us that
several new VDT positicns had been created in their facilities. They
anticipated that we may wish to include the incumbents among the sample from
the original survey. According to their reports, most of these individuals
had not previously worked at VDT jobs.

This inspired an effort to obtain longitudinal data from these individuals
through multiple surveys in order to first gauge the users' immediacte health
and job reactions to VDTs, and then track changes in these parameters over
time. Johansson and Aronsson (1980) had recently published data on worker's
assessments of changes in their jobs and well-being incident to VDT use, and
we thought this would be a good opportunity tc attempt to replicate these
observations.

Forty-seven new VDT positions were identified, and the incumbents were
solicited according to the procedure described for the primary sample. All
participated. At the same time, 45 VDT users with longer job tenure were
solicited. The intent was to control for any effects related to potential
changes in State of Wisconsin VDT jobs (which could influence job and health
perceptions) over the period of time in which we intended to administer the
multiple surveys. Eighty-five percent of these individuals were among the
users from the primary sample. Table 16 provides the same job and
demographic information for these two groups that was provided for the
ptimary sample in Tables 1l-14.

The survey instrument we used for the survey of the secondary sample was a
modified version of the questionnaire used for the primary sample. The main
difference was that it was shortened to facilitate the multiple
administrations intended, and items seeking users' appraisals of job and
health changes since beginning their VDT jobs (similar to items used by
Johansson and Aronsson, 1980) were included (see "Research Measures" section
below).

Following the initial survey of each group, the additional surveys we had
planned were suspended. The main reasons were that we encountered resistance
to further assessment that would have resulted in a considerably reduced
sample size, and the ongoing analyses of the data from the primary sample
revealed no association of measures of ‘well-being with VDT job tenure.

With one exception, all of the data from this survey of the secondary sample
are reported separately; they are not converged with data collected from the
primary sample. The single exception is that objective worker amd workplace
data obtalned from the 12 users in the new VDT jobs (only 12 of 47 users and
workstations/workplaces were objectively assessed) were combined with the
objective data obtained from the primary sample. This combination of data
helped improve the sample size for analyses examining the relationship of
objectively measured aspects of users and workplaces with reported strains.
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Table 16. Characteristics of the secondary sample.

Existing VDT New VDT Non- Total
Agency job users job users- participants sample
Transportation 14 11 0 25
Natural Resources 0 19 0 19
Administration 13 0 0 13
Health and Social
Services 20 15 0 35
Totals 47 45 0 92
Existing- VDT New VDT
Principal Job Activity job users job users
Data entry 20 7
Retrieval and update- l4 12
Work processor’ 12 19
Applications processing 0 1
Fiscal coding 0 1
General clerical-secretarial 0 2
Lead worker/supervisor 1 3
Programmer 0 0

Extent of Daily VDT Use (hours)

Mean - 6.4 5.9
Standard Deviation 21.2 20.6
Time in Current Position (months)

Mean 35.9. 22.4
Standard deviation 43.5 20.5
2 non-respondents

Employment Status

Full-time permanent : 43 41

Part-time permanent 4 4
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Table 16 continued.

Existing VDT New VDT
Hours Worked Per Week job users job users
Mean . 38.3 39.0
Standard deviation 5.6 7.9
‘Legggh of Time VDT Use {(months)
Mean 30.8 15.2
Standard deviation 23.9 l9il
Marital Status
Married 28 22
Not married 19 23
Number of Dependents
Mean 1.6 1.5
Standard deviation 1.7 1.3
Age
Mean 36.5 32.6
Standard deviation 10.8 11.4
Ethnic Backpground
White ' 44 41
Non-white 2 4
1 non-respondent '
Educational Attainment
High school or less 29 23
High school plus technical training 11 11
High school plus some college 6 10
College graduate 1 1
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RESEARCH MEASURES

The questionnaire surveys and the data forms for the objective measurement
are reproduced in Appendix D and Appendix E respectively. As shown at the
end of Appendix D, the form of the questionnaire administered to the
secondary sample was an abridged version of the questicnnaire for the primary
sample, but with a limited number of irems added to assess mainly VDT users'
perceptions of job and health changes subsequent to the introduction of VDTs
in their jobs. The objective measures were the same for both samples.

The questionnaire scught information on three broad subjects: working:
conditions and job characteristics, worker biodemographic characteristics,
and health and well-being. Some of the questionnaire scales are widely used
psychometric instruments for which normative data are available. Nearly cthe
entire content of the questionnaire has had prior application in occupaticnal
stress research by NIOSH, and some elements had been applied in prior studies
of VDT use (Arndt, 198la,b; Dainoff et al., 198l; Smith et al., 1981). Much
of the questionnaire content was prescribed in advance by NIOSH. However,
items were added with NICSH approval to tailor the content for VDT and office
work, and for the types of health and job disturbances identified and
suspected for VDT users, The inclusion of these items was based upon prior
VDT research, our inspection of VDT facilities in Wisconsin, and general
knowledge in the area of VDT ergonomics. Following is a listing of the
questionnaire contents organized according to the three broad categories
specified:

Working Conditions and Job Characteristics-

Job Description=--

Information was obtained on job title and classification, tasks performed,
equipment used, emplovment status, job tenure, prior experience, work
schedule and temporal characteristics, training, and biodynamic requirements.
For the VDT users, separate data specific to VDT use were collected (extent
of daily VDT use; modes of VDT use such as dialogue, retrieval, entry;
intensity of each mode; temporal aspects: work breaks and interruptions;
documents or informational sources used; visual targets; etc.)

Perceived Job Characteristics--

This component of the.questicnnaire consisted mainly of Form § of the Work
Environment Scale (Insel and Moos, 1974) and scales developed and/or refined
at.the ‘Michigan Institute for Soclal Research for assessment of working
conditions which represent petential stress factors and stress moderators
(Caplan et al., 1975), The Caplan et al. (1975) scales included indices of
role ambiguity and role conflict, quantitative workload and workload

* variance, underutilization of abilities, participation, job future ambiguity,
and measures of job related social support from supervisors and peers at
work, and from spouse/family and friends, <Caplan et al. (1973) scales
dencting worker personal expectations or needs for some of these conditions
were also included., TFor a discussion of the development, prior application,
and reliability of these scales, the reader is referred to Caplan et al.
(1975). Subscales of the Work Environment Scale (WES) included the
following: job involvement, peer cohesion, staff support, job autonomy, task
orientation, work pressure, clarity of expectations, management control,
inncovation, and physical comfort. Specific items pertaining tc perceived
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‘performance, needed qualifications for the job, and rationale for job

selection were also included. Finally, separate multidimensional measures of
job control social environment/support, task performance

demands, and job/skill future certainty were computed by the investigators
from items within this section of the questionnaire (see '"Derived Scales"
below).

Workplace Physical Environment—--

In addition to the WES physical comfort subscale, items describing the
following attributes of the physical environment were included: noise, task
and ambilent lighting, lighting adjustability, temperature, crowding, fumes
and odors, chair comfort and adjustability, adjustability of furmiture and
equipment, and general quality of the physical environment. From some of
these items a multidimensional "environmental problems' measure was computed
(see '"Derived Scales'") below.

For the VDT users, information was also cbtained on the manufacturer and
model of the VDT, color of image foreground and background, presence of a
detachable keyboard, type of work table, and on adjustability of display
foreground/background characteristics, of the screen and keyboard distance,
height, and orientation, and of task lighting. Ratings of the extent to
which most of. these parameters were considered bothersome were also obtained.
Users also rated the efficiency with which their VDT hardware/software
systems could be used, and in open-ended questicons provided information on
changes both made and desired to improve system efficiency and comfort.

Based upon some of these items, multidimensional indices of the adjustability
of the workstation physical configuration and workstatiom lighting, and of
disturbance by the workstation configuration, display characteristics, and
ambient lighting were computed for the VDT users (see '"Derived Scales"
below).

Health and Well-being Measures

Job attitudes and the affective and somatic status of participants were
assessed. Caplan et al. (1975) scales were used to measure workload
dissatisfaction, job 'dissatisfaction, and boredom. The Profile of Mood
States (POMS) developed by McNair, Lorr, and Droppleman (1971) was used to
obtain a comprehensive measure of mood disturbance and measures of impairment
for six affective states denoted by the POMS subscales (tension-anxiety,
depression, anger, vigor, fatigue, and confusion), Also included was an
extensive inventory soliciting data on the relative incidence of 59 diverse
medical symptoms within. the time frame of the year prior to the survey. This
inventory was based upon a comprehensive symptom checklist with prior use for
health screening in NIOSH investigations. In the present study it was

‘modified to provide further emphasis on the types of disturbances suggested

in prior research as associlated with VDT use, particularly musculo-skeletal
and. visuo-ocular strain. An abbreviated version of this inventory was used
to collect data on medical symptoms experienced at work. The time frame for
the at-work inventory was the month prior to the survey. In addition to
information on sleep and vision disturbances obtained via these symptom
inventories, data were also obtained on experiences of sleepiness at or after
work, and on perceived vision deteriocration during the prior year and during
the job tenure.
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Several indices denoting disturbances of well-being were also computed based
upon the items and scales specified above. They included multidimensional
measures of job dissatisfaction, mood disturbance, and health disturbance,
and the following measures of fairly specific health disturbances:
visuo-ocular strain, musculo-skeletal strain of mainly the
neck/back/shoulders, musculo-skeletal strain of mainly the arm/hand, and a
scale denoting behavioral-autonomic manifestations of psychological stress
(see "Derived Scales" below).

Information was also obtained on the prior diagnosis or treatment of over two
dozen major health disorders. These data were used primarily to determine
the comparability of VDT users and non-users on pre-existing medical
conditions which might be reflected in their current symptomotology.

Finally, items were included to obtain information on participants’
self-assessment of their overall health, on perceived scurces of stress, on
sick leaves and hospitalization, on workplace accidents, and on the use of
prescription medication and common over-the-counter medication used for
symptom relief,

Worker Characteristics

The standard biodemographic data obtained for each participant included the
following: age, ethnic background, sex, education, height, weight, marital
status, number of children and dependents, living-arrangement and salary.
Data on the use of corrective eyewear were also obtained.

Personal behavioral-life style data collected included information on coping
techniques, recreation activities, time availability for non-work activities,
and on tobacco and alcohol, soft drink, and caffeinated beverage use. In
addition, the Holmes-Rahe Recent Life Events Scale (Holmes and Rahe, 1967)
was administered,

Questionnaire-Derived Scales.

Based upon select questionnaire items and scales, 17 additional
multidimensional indices of well-being and job attributes were derived.
Following below is an annotated description of each of these scales. The
acronym accompanying each description is used to denote the measure in data
tabulations in the presentation of results.

1. Job Control {(JOB CON): Individual freedom and participation with others
in determining the way work is to be performed; control over temporal
aspects of work; supervisory control over work processes; utilization of
personal skills and abilities at work,

2. Social Environment/Support (SOC SUP): Supervisory and peer support at
work; family and friend support regarding work matters; sccial
atmosphere at work; support from work peers, supervisors, family and
friends regarding personal matters.

3. Job/Task Performance Demands (JOB DEM): Quantitative waorkload; temporal
demands; demands upon attention/coucentration. :

4. Job/Skill Future Certainty (FUT CER): Certainty regarding career
picture, promotion, responsibilities; concern over job loss/replacement’
by machines.
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5. Physical Environmental Problems (ENV PROB): Furniture, space, lighting,
and other ambient environmental problems at work.

6. Job Dissatisfaction (JOB DIS): Dissatisfaction with job contenc,
regimen, workload; propensity to take same type of job; perceived stress
from job/career; affective disturbances at work. .

7. Illness Symptoms (ILL SYM): Broad cross-section of medical symptoms.

8. Mood Disturbance (MD DIS): Tension-anxiety, depression, vigor, fatigue,
confusion, anger.

9. Visuo—-ocular Strain (VISOC STRN): Eye strain, irritation, and visual
imperception (factor analysis did not differentiate items denoting
imperception from those indicative of asthenopia as in Laubli et al.
[1980]).

10, Musculo-skeletal Manipulative Strain (MANIP STRN): Musculo-skeletal
discomfort involving mainly the arms, hands, and wrists.

11. Musculo-skeletal Postural Strain (POST STRN): Neck, back, shoulder,
discomfort.

12. Behavioral-autonomic Disturbance (BEH AUT): Behavioral,
emotional/motivational, and psychosomatic manifestations of
psychclogical stress.

Calculated for VDT users only

13. Workstation/VDT Physical Adjustability (PHYS ADJ): Extent to which
physical characteristics of the workstation furniture and VDT equipment
are adjustable.

l4. Workstation Lighting Adjustability (LUM ADJ): Extent to which
workstation lighting and VDT display characteristics are adjustable.

15. Workstation/VDT Physical Configuration Problems (VDT BOTH): Extent to
which height, distance, and orientation of the VDT screen/keyboard are
bothersoume. .

16, VDT Display Problems (DISP BOTH): Extent to which image
foreground/background brightness, readability, flicker, and screen glare
are bothersome. :

17. Environmental Lighting Problems (ENV LUM BOTH): Extent to which ambient
lighting quality and quantity are bothersome.

The specific questiomnaire items included in each scale are identified in
Appendix F.

Several of the scales denoting potential stress factors/moderators (job
control, social. support, job. demands, future certainty) are based largely
upon items from similar indices (Caplan et al., 1975, Insel and Moos, 1974)
used in prior occupational stress research. Some items have been added to
provide emphasis to circumstances that may be encountered in VDT or automated
office work (e.g. "possibility of job loss due to machine or computer
systems" in the future certainty scale). Other scales within this category
(environmental problems, VDT/workstation physical adjustability, lighting
adjustability, VDT physical configuration problems, VDT display problems, and
environmental lighting problems) were derived based upon the necessity for
measures of these conditions as determined by indications in prior research
of their potential significance as stress factors in VDT work. Pre-existing
scales assessing these types of conditions.are not available.
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The illness symptoms measure was derived in order to broadly depict the
health status of participants for the purpose of predicting this
characteristic in the planned analyses. Similarly, the mood disturbance
measure was derived in order to depict the general affective status of
participants for planned analyses. These two indices are based,
respectively, upon the symptom inventories and upon items contained within
the PCMS. The dissatisfaction measure is an expansion of the Caplan et al.
(1975) job dissatisfaction scale (which examines mainly the propensity to
accept or recommend the current job) into a more comprehensive index
incorporating others dimension of job dissatisfaction and also affective
reactions to the job (e.g. "happiness at work"). The visuc~-ocular,
musculo-skeletal, and behavioral-autonomic strain indices were derived in
order to predict these more specific types of health disturbances'in planned
analyses.

The scale score for each individual for the derived measures was computed as
a weighted sum of the constituent item values, Weightings for items in all
scales are given in Appendix F. For scales 1-14, the weight of each item is
the corresponding coefficient of the first principle component (i.e.
eigenvector) of the sample variance-covariance matrix of items,

As indicated above, for scales 1-8 items were first selected for inclusion
within each scale based upon their general content relevance to the construct
denoted by the scale. For each of these scales, the initially selected items
were.then factor analyzed (varimax rotation). Items which failed to load
strongly on the first factor and were simultaneously judged not to be of
central importance for the content validity of the intended comstruct were
then tagged. Using the method of Serlin and Kaiser (1976), some of these
tagged items were systematically deleted in order to maximize the internal
consistency (reliability) of each scale. Items for the specific health
disturbance scales (9-12) were selected from a rotated (varimax) factor
analysis of items from the symptom inventories followed by deletion of items
from each scale to improve reliagbility as described above. Items for scales
13 and 14 (the adjustability scales) were selected in the same way. Items
within each of these scales were selected from rotated factor analysis of
questionnaire items denoting physical adjustability of VDT components and
adjustability of task lighting and display characteristics. Items were then
deleted to maximize the reliability of each scale.

For all scales 1-14, Table 17 shows the number of specific items within each
scale, the reliability caefficiént;(KR12Q) for each scale, and the percent.
variance explained by the first principal component. As seen, the latter two
measures are adequate in all cases, although the intermal consistency of the
two adjustability scales 1s somewhat marginal, In pletting the percent
variance explained by successive principal components for these factors, a
desirable "notch" appears between the first and second components in most
cases. The means (across derived scales) for these values are 38 percent, 13
percent, and 9 percent respectively for the first, second, and third
eligenvectors. For several of the derived scales [-14, correlations are shown
with other widely used scales dencting similar constructs and upon which the
derived scales are in part based (Table 18). As seen, the correlations are
all fairly strong.
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Table 18, The correlation between scores for scales formulated in the
present study and scores from analogous scales,

Derived scale Analog scale Pearson r
Job Demands * Combined Quantitative .92
Workload
Secial Environment/ * Support from Others .80
Support at Work
* Supervisory Support .77
T Staff Support .62
Job Control * Participation .80
+ Autonomy .74
Environmental Problems + Physical Comfort .81
Job/Skill Future .Certainty * Future Ambiguity -.97
Job Dissatisfaction * Job Dissatisfaction .73
Mood Disturbance [ Total Mood Disturbance .99

* Caplan et al, (1975)
+ Work Enviromment Scale (Insel and Moos, 1974)
f Profile of Mood States (McNair et al., 1971)
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For measures indicating perceived problems with physical conditions (scales
15-17), scale values were computed directly from item weightings obtained in
a varimax rotation of 28 items denoting reactions of VDT users to physical
characteristics of the workplace/workstation/VDT. When eight factors were
extracted, three factors corresponding to the "problems" constructs denoted
in scales 15-17 emerged clearly. The percent variance explained by each of
these factors is as follows: workstation/VDT physical configuration problems
(20Z): VDT display problems (15Z); environmental lighting problems (12%).
These three scales were computed to be orthogonal to one another based upon
our interest in very finely distinguishing their effects in the regression
analyses,

In computing scale scores for the derived measures it was necessary to
estimate values for a limited number of items to which subjects did not
respond. The BMDP (Bicmedical Computer Programs P-Series, 1979) PAM
regression procedure was used to predict values for missing data based upon
values of other items within the same scale was used for this purpose. Data
were estimated only for derived scales 1-8., To minimize error due to data
estimation, two limitations were imposed. First, no more than two data
points were estimated per subject per scale. Second, when only-oni itenm
value in a scale was estimated its ccoefficient of determination (R") with 2
the scale had to exceed 0.3, and when two item values were estimated the R
for each item had to exceed 0.4, We were able to ensure reliability of
estimation with these criteria by artificially deleting data for the
estimated items from complete data sets, and then estimating these known
values using the procedure described above and comparing actuzal and estimated
values, When the above criteria were not met the case was excluded from the
sample for the analyses involving these variables., 1In all, only 57 values
{(data points) were estimated out of a total of 53,714 data points for the
scales 1-8. After estimating these values, complete data on scales 1-8 were
available for 186 VDT users and 65 non-users.

Objective Measures

The objective data (obtained for VDT users only) consisted of
workplace/station lighting related measures, a measure of screen glare, and
measures related to worker anthropometry and to use of keyboards in a
detached fashion. These data were obtained in two ways. First, the data on
lighting conditions were obtained by on-site determinations using a light
meter capable of both luminance and illumination measures. Secondly,
information regarding quantity of screen glare, anthropometric parameters,
and use of a detached keyboard were cbtained by photographic assessment in
which slides of the user and workstation and VDT display were evaluated using
rear-screen projection. The specific technique for each objective
measurement 1s provided below along with the description of each measure.
The acronym accompanying each descriptiou is used to denote the measure in
tabled data presented further om in the reporrt.

The unit of measurement for illuminance was the "footcandle." The unit of
measurement for all luminance determinations was the "foot-Lambert." All
lighting measurements were made using a recently calibrated Lite Mate/Spot
Mate Photometer System (Photo Research Corp., Burbank, CA). The inaccuracy
of this ingstrument is rated at * 5%. In all cases of luminance measurement,
the reading was taken from the perspective of the operator seated in the
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natural working position and oriented toward the surface or object from which
the value was obtained. .

A few of the physical assessments described below (no. 13-16) required
dichotomous judgements. In these cases separate photographic assessments
were made by three of the project staff with expertise in VDT ergonomics.
Where inconsistencies among assessments arose, the two assessments in
agreement were recorded for the measured value. The same technique was used
for measure nine, number of screen quadrants with glare. The reliability of
the measures of anthropometric angles (no. 17 and 18) from slide photographs
was confirmed in an independent assessment

(r = .95).

The objective data were cbtained from a total of 62 VDT users (50 from the
primary sample and 12 from the secondary sample). A primary criterien for
selecting users for objective assessment was the opportunity (determined by
the location of the users' workstations in the workplace) to take a side-view
photograph cof the user and workstation.

Lighting Related Measures-—-

1. Screen background luminance (SCRN LUM): This measure was obtained from
an area of the screen background which was free of a "bounded" diffuse
or specular glare. The measurement was made with the VDT turned on, and
with contrast and/or brightness adjusted to the normal cperational
level. An effort was made to take the measure as near center screen &s
possible.

2. Screen standard luminance (SCRN STD): A measure of the luminance of a
white "standard" superimposed upon the screen in a position
corresponding to the screen coordinate where the screen background
luminance measure was made. )

3. Keyboard luminance (KYBD LUM): A measure of keyboard luminance taken in
the center of the keyboard.

4, Keyboard standard luminance (KYBD STD): A measure of the luminance of a
standard placed in the position and orientation of the keyboard (same
coordinate as the keyboard luminance measure).

5a. Background luminance, left (BKGD LUML).

5b. Background luminance, center (BKGD LUMC).

5c. Background luminance, right (BKGD LUMR).

Luminance measurements were made of the visual field approximately 30°
to the left and right of the user, and directly in front of the user
when’ positioned at the VDT. The vertical angle of the instrument was 0°
(the horizon), at the eye level of the seated operator..

6. Screen illuminance (SCRN ILL): The illumination at the screen was
measured with the plane of the the light meter transducer (sensor)
positioned in the center of the screen and in the same orientation as
the screen surface.

7. Work surface illuminance (WRK SURF ILL): A measure of the illumination
at the position of the workstation where the source document was usually
situated. Most often, it was.a flat tabletop to the right of the VDT
user. c

8. Reyboard illumination (KYBD ILL): A measurement of illuminatiom at the
keyboard, with the meter transducer positioned in the center of the
keyboard and in the same orientation as the keyboard gradient.
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10.
11.

12..

Glare quadrants (GLA QUAD): Slide photographs of the VDT screen taken
from the viewing perspective of the seated operator were examined for
the presence or absence of either diffuse or specular glare. Scores of
1-4 were assigned according to the number of quadrants of the screen in
which any glare was detected.

Average background luminance (ABKGD LUM): This measure consisted of the
average of the three background luminance values.

Screen to background luminance ratio (SB LUMR): The ratio of the value
for the screen luminance to the average background luminance value.
Screen reflectance (SCRN REF): This was a measure of luminous
directional reflectance (i.e. a contrast ratio of the screen background .
luminance value to the luminance value for the screen standard).

Anthropometry Related Measures—

13,

14,

15..

16,

17.

18.

Quality of the frontal plane of the trunk (BACK PLANE): A judgment of
whether or not the operator assumed a forward-leaning posture marked by
an arched back and drooped shoulders. The judgment was made from a side
view photograph of the operator in a normal sitting position. A
dichotomous (1, good posture; (), poor posture) rating was given.

Quality of the frontal plane of the neck (NECK PLANE): A judgment of
whether the frontal plane of the cervical spine area was a near
continuation of the plane of the back, or whether the plane appeared to
be excessively inclined or thrust forward and downward. The judgment
was made from a side view photograph. Again, the rating was dichotomous
(1, good posture; 0, poor posture).

Use of a chair back support (BACK SPPT): The measure consisted of a
dichotomous (1, yes; 0, no) rating of whether or not the back support of
the VDT user's chair was contiguous to the user's back; i.e., an
estimate of whether or not the back support was actually being used.

The judgement was made from a side view photograph.

Use of an adjusted keyboard (KYBD ADJ): A dichotomous (1, yes;

0, no) rating of whether or not the position of the keyboard was
separated from the VDT main chassis. A negative score was given for
every attached keyboard since separaticn was ilmpossible by definitionm,
and to each separable keyboard which was positicned in a2 manner such
that for all practical purposes it might just as well have been attached
to the mainframe (e.g. contiguous with the VDT main chassis). The
judgments were made from close=-up photographs of the VDT from the
perspective of the operator. .

Eye-to-screen angle (GAZE ANGLE): The angle of gaze of the subject in
viewing the VDT. This is the angle subtended by the horizon at the
level of the eye to a line intersecting the eye and the midpoint of the .
VDT screen. Measures of this angle were made using a protractor on a
rear-screen projection of a close-up side angle slide of the operator
sitting in a natural working position.

Forearm elevation angle (FQREARM ANG). Thils measure is the angle
subtended by the forearm and a verical axils extending upward from the
elbow while keying. As with the gaze angle, the measure was made using
a protractor on a rear-screen projection of a close-up side view slide
of the operator.
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MEASUREMENT PROTOCOL AND DATA QUALITY ASSURANCE

For nearly all of the research participants the questionnaires were
administered on the job at individual workstations, and collected immediately
following completion. Investigators were therefore available to respond to
questions arising during completion of the questionnaire. ~The time required
to complete the questionnaire ranged from 45-75 minutes for most of the
participants. It was during this on-site period that the photographs and
objective workplace measures were obtained. All of the data collectien
occurred early in the workshift, usually within the first few hours.

At one site management was reluctant to allow administration of the
questionnaire during the work peried. For these individuals {n = 28 VDT
users, primary sample; n = 15 users, secondary sample) questionnaires were
completed at home and returned by mail or collected by the investigator at
the job site the following day. These individuals received a remuneration of
$15.00. Since the remainder of the sample completed the questionnaire during
the normal work period, they were not additionally compensated.

Uniformity in data collection methodology was ensured with a standard
protocol in which a single investigator oversaw all survey administracion
measurement activities and made all the objective measures at every job site:
The protocol for survey administration and objective measurement was
pre-tested and standardized in a preliminary evaluation of a small sample of
VDT users and non-users (their data were not included in the study data).
This exercise was. also used to discover and correct any ambiguities in the
survey instrument.

The raw questionnaire data and the objective data were transcribed directly
to standard coding forms by trained project staff for later entry to a
computer data base. To minimize error, a questionnaire coding rule book was
developed by the project investigators to govern the coding process. Efforts
were made to have a single staff person code a specific bleck or section of
every questionnaire. In cases where more than one person ccded the same
block on different questionnaires, the alternates thoroughly re-evaluated
each other's work. Throughout the coding process, continual spot checking
for coding accuracy by one of the investigators occurred. Approximately
one-third of all coded questionnaires were completely re-evaluated to ensure
that .the-established coding rules were observed.

Following professional keypunching and computer entry of coded data, a sample
of data sets was randomly selected from the entire file by computer. All of
the data in this sample were completely rechecked against the original
uncoded questionnaire by a single person, and detected errors were corrected.
In the few instances that systematic errors were found, the coding for these
items was completely rechecked for every single questionnaire. In all, ten
percent of the entire computer questionnaire data base for the project was
completely checked against the raw questionnaire. For the objective lighting
and anthropometric measurements, 100 percent of the data in computer file was
checked against raw data forms. Finally, all calculations required for
computed variables were performed by computer.

72



RESULTS AND DISCUSSION
GROUP COMPARISONS
Aims .and- Overview of the Analyses

The objective of these analyses is to obtain a broad perspective of the way
working conditions and the well-being of workers vary between VDT jobs and
their non-VDT counterparts. VDT users and non-users are compared on a
variety of measures denoting affective and health disturbances and job
attitudes, They are also compared on a range of job characteristics that are
indicated in the occupational stress literature to be instrumental in the
promotion or mitigation of stress. The primary purpose 1s to determine
whether or not VDT users are at risk, or at increased risk relative to
non-users, for disturbances of health and well-being. The answers to these
questions are important because they provide the information needed to
determine if action geared to the alleviation of these problems is needed and
address uncertainties regarding the influence of VDT work as a stressor.
However, the absence of a clear increment in strain among VDT users would not
necessarlly imply that they are at no greater risk than non-users. Evidence
of less favorable working conditions among users might indicate greater risk
and imminent problems with chronic exposure, particularly if these conditions
are identified in analyses presented further on as important risk facters in
VDT and office work. The relative potential for strain among VDT users, as
judged by the quality of working conditions, is also assessed by comparing
users' ratings of working conditions with occupational norms.

The present analyses begin with a comparison of the entire VDT user and
non-user samples in terms of their job and workplace perceptions, and in
terms of reported strains., Job assessments of both. groups are also examined
in relation to occupational norms where instruments allow, Next we examine
varlation in job perceptions and health reports by users and non-users as a
function of the type of office work performed. These analyses by job
activity were conducted to allow some comparison of the present data with
similar contrasts by previous investigators (e.g. Cakir et al., 1978; Coe et
al., 1980; Hunting et 'al., 1981; Laubli et al., 1981; Smith et al., 1981)
which: showed important effects related to the nature of job tasks. Finally,
we examine data (from the secondary sample) on changes new VDT users per-
ceived in terms of working conditions and health status following transition
from more traditional office work to their present VDT jobs, These data may
be compared to similar data. collected by Jcochansson and Aronsson (1980). They
may also serve as a check (albeit limited) on the results of the comparison
of the VDT user and non-user samples. It might be argued that longitudinal
data may be more appropriate for assessing the risks of VDT use. These
"perceived changes" data are the closest we can come to providing a
within-subjects assessment that spans the transition from non-VDT to VDT
jobs. - :
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Analytical Methods

Compariscns of VDT users with non~users are made on all the scales and sub-
scales in the questionnaire (WES, POMS, Caplan et al., 1975, questionnaire
derived scales) denoting working conditions and well-being/strain. The main
statistical technique used was one-way analysis of variance (ANOVA).
Comparisons. of users with non-users were also made on nearly all
questionnaire items, but only effects for the symptom inventories and select
items denoting working conditions of primary interest are reported here.
Test methods involved ome-way ANOVA for continucus measures and chi-square
tests for independence for nominal data. For reliability, ordinal data were
analyzed using both the chi-square and Mann~Whitney U (with correction for
ties) tests. In analyzing job and health perceptions in relation to job
activicy, two-way ANOVA was used (VDT use/non-use by job activity). The
results showed no evidence of interactions of VDT use/non-use with job
activity. Job activity effects were then examined using one-way ANOVA with
VDT users and non-users combined., For a posteriori contrasts following a
significant main effect of job activity, the Sheffe rest (Kirk, 1968) was
used. Although the test is conservative, it is exact with unequal cell
sizes, All tests were carried our using SPSS (Statistical Package for the
Social Sciences), Release 9 (Hull and Nie, 1981).

The samples for the present analyses fluctuate in relation to the variables
examined. For all the scales derived in the present study, the samples
consist of exactly 186 VDT users and 65 non-users (i.e. the number of
participants without missing data for the items comprising these scales).

For the single questionnaire item comparisomns, the  sample sizes consisted of
all of the 248 VDT users and 85 non-users without missing data on these
items. For comparisons involving WES, POMS, and Caplan et al. (1975) scales.
and subscales, the sample sizes also consisted of the entire sample of users
and non-users minus those participants with missing data for any of the items
comprising these scales. Participants with missing data for comparisons on
each of these scales/subscales and single questionnaire items never numbered
more than a very small fraction of the total sample 51zes, certainly not
enough to jeopardize reliabllity in any case.

Results

Comparison of VDT users and Non-users on

Measures Reflecting Well-being-=-

The bottom of Tables 19 and 20, and the entire contents of Table 21 show the
results of univariate comparisons of the VDT user and non-user samples on
measures indicating job attitudes, affective disturbances, and scmatic
disturbances. For comparative purposes, data obtained by NICSH investigators
(Smith et al., 198l) using some of these scales to assess VDT users are

- presented (Tables 19 and 2!), and in Table 19, normative data for the scales
used earlier by Caplan et al, (1975) in an investigation of workers from 23
occupations are also presented. In Table 23 we show the proportions of VDT
users and non-users reporting specific illness symptoms. The four groupings
of symptoms shown in this Table represent the components of the four strain
subscales formed from the factor analysis of the questiconnaire symptom inven-
tories, The two columns to the left in this table show the proportions of
VDT users and non-users reporting the experience of each symptom on at least
an "occasional"” basis. The two columns to-the right show the proportiom
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Table 19.

Group comparisons for Caplan et al. (1975) stressor/moderator
and strain scales.

Current Sample  Means NIOSH
C Clerical § Norms
VDT Users Non-Users User Means . {23 Occupations)

Stress Factors/Moderators

Role. Ambiguity 1.96 1.89 - 1.79 2.06
Quantitive

Workload 3.62 3.68 4.04 3.51
Role Conflict *1,73 1.96 NA NA
Workload

Variance 2.97 3.05 NA " NA
Job Future

Ambiguity 3.16 2.94 3.50 2.70
Underutilization

of Abilities *2.87 2.54 - 2.41
Participation 2.48 2.56 - 2.97
Social Support ‘

from Supervisors *2.69 3.02 - 2.87

Social Support
from Others at

Work 2.79 2,78 - 3.03
Social Support _

from Spouse/Family 2.90 2.91 - Na
Social Support

from Friends 3.06 3.02 - NA
Well-Being Indices

#Job Dissatisfaction .05 -.04 - NA
‘Workload

Dissatisfaction 2.05 2.09 3.17 2.13
Boredom 2,47 2,25 3,36 1.83

(-) Indicates scale value not reported
NA- Indicates current sample values were calculated differently from

values
* p<.05
# Values
§ Median

.from the other samples
(ANOVA: Current sample group differences)
indicate standard scores.
scores for 23 occupational samples (Caplan et al., 1975)
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Table 20. Group comparisons for the questionnaire derived scales.

Current Sample Means

Stress Factors/Moderators VDT users Non-users
Environmental Problems %% 18,87 18.05
Job Control ** 19,33 20.40
Social Support 22.07 22.55
Job Demands 22.71 22.68
Future Certainty 20.49 20.85

Well-Being Indices.

Mood Disturbance 10.30 11.10
Illness Symptoms 9.37 9.47
Job Dissatisfaction 16.27 15.74
Behavioral-autonomic Strain -5.09 =4.76

Musculo=skeletal Postural

Strain -1.91 =2.13
Musculo=-skeletal

Manipulative Strain -4,71 -4.,93

Visuo-ocular Strain -1.99 7 -2.25.

*%x p < .01 (ANOVA)
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Table 21. Group comparisons for Profile of Mood States (POMS) subscales
(occupational norms unavailable).
Current Sample Means NIOSH
Clerical
Subscale VDT users Non-users ' User Means
Anxiety-Tension 8.6 9.4 10.2
Depression 7.8 9.5 9.7
Anger 6.7 8.4 8.0
Vigor 16.8 16.8 16.0
Fatigue 7.2 7.5 9.0
Confusion ' 6.0 6.6 6.2
Total Mood Disturbance
18.9 24.4 -

(-) Indicates scale value not reported
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Table 22, Group comparisons for Work Environment Scales (WES).

Current Sample Means  KIOSH WES NORMS
' Clerjcal (44 Occupa-
WES Subscale VDT users Non-users Users Means tions)
Job Involvement- 1.9¢9 2.21 1.01 2.08
Peer Cohesion ‘ 2.22 2.53 1.33 2,73
Staff Support *2.18 2.62 1.38 2.94
Job Autonomy **1,77 2.74 1.14 2.69
Task 2.50 2.68 2.02 2.51
Orientation
Work Pressure *2.39 2.04 3.38 1.77
Clarity of 2.34 . 2.51 1.17 2.33
Job Expectations
Management Control **2 .45 1.%90 3.04 2.32
over Workers
Innovation 1.65 - 1.65 1.18 2.40
Physical Comfort **]1.55 2,31 1.28 - 2.04

of Workplace

*

P (ANOVA: Current sample group differences)
*k .
P

A

.05
.0l
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Table 23. Proportions of VDT users and non-users reporting symptoms in four
strain categories (Mann-Whitney U test performed on ranks ascribed
l=never, Z2=cccasionally; 3=frequencly;

to reporting frequencies:

4=constantly; Chi-square test based upon the four frequency

categories).

Visuo-ocular Strain
Scale Symptoms

Eyes ache/burn at work
Eye strain at work
Burning eyes

Tearing, itching eyes
Problems focusing vision.
Blurred vision

Behavioral=autonomic Strain
Scale Symptoms

Periods of depression
Easy irritability

Severe fatigue/exhaustion
High levels of tension
Difficulty sleeping

Upset stomach at work
Periods of extreme anxiety
Acid indigestion

Stomach pains

Nervous or shaking inside
Constipation

Nausea or vomiting
Trouble digesting food
Racing or pounding heart

% Reporting
Frequently or

Signi- Z Reporting
ficance Symp tom
VDT Non-
user user
NS 75 64
NS 75 75
+ 71 56
NS 68 60
NS 50 45
NS 39 41
* 66 80
NS 66 72
NS 62 65
k% + 60 74
. NS 60 54
NS 48 45
NS 47 47
t 46 53
NS 42 46
NS 39 41
NS 34 40
NS 29 32
NS 25 21
* ++ 14 24
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Constantly
VDT Non-
user user

27 23
24 20
20 22
LS 21
12 8
5 5
14 15
10 18
13 19
14 22
14 13
8 11
8 12
11 8
5 7
7 7
7 11
2 1
3 5
2 1




Table 23 continued.

Musculo-skeletal Postural
Strain Scale Symptoms

Backache at work
Neck/shoulder ache at work
Back pain

Neck or shoulder pain
Shoulder soreness

Pressure in neck

Radiating neck pain

Musculo-skeletal Manipulative
Strain Scale Symptoms

Pain or stiffness in arms/legs

Leg cramps

Swollen muscles or joints

Persistent numbness or tingling

Hand/finger cramps

Stiff or sore wrists

Loss of feeling in fingers/
wrists

Mann-Whitney U
* p<,05
** p<,0l

Chi-Sguare
+ p<.05

1 p<.0l

Signi-
cance

NS
NS
NS
NS
NS
NS
NS

NS

NS
NS
NS
NS
NS

% Reporting

% Reporting

Frequently or

Symptom Constantly
VDT Non= VDT Non-
user user user user

81 72 35 29
79 79 34 28
79 72 27 22
78 72 24 1a
59 51 12 13
52 53 15 11
40 39 10 9
56 52 13 12
46 39 7 4
41 42 9 11
28 27 5 4
26 20 3 6
26 16 4 4
19 15 2 1
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reporting the experience of each symptom at a "frequent" and "constant" rate.
We have reported the incidence of these symptoms inm this fashion in order to
draw actention to the frequent/constant category which we feel denctes the
extent to which each disturbance may be of clinical significance. Tests of
group differences in the incidence of these symptoms, however, were conducted
using all four response categories (never to constantly) as indicated in the
legend tc Table 23.

The single most impressive feature of the data presented in Tables 19-21 is
that for none of the scales denoting job attitudes or affective or somatic
disturbances are the VDT users and non-users separated by a statistically
significant margin. Similarly, statistically significant differences between
users and non-users in reporting specific symptoms of strain are rare (Table
23).

Job attitudes—Looking first at the Caplan et al. (1975) measures of job and
workload dissatisfaction (Table 19), a greater mean job dissatisfaction score
is seem among VDT users. However, the difference is modest and statistically
nonsignificant. The same 1is true for the boredom scale. The mean boredom
score for the current VDT users is higher than for non-users, but the groups
are not significantly differentiated. Mean boredom scores for both groups
are somewhat higher than the median for the 23 occupatioms investigated by
Caplan et al, (1975), but considerably less than observed for the clerical
VDT users workers investigated by Smith et al. (1981). The questiocnnaire
derived scale of job dissatisfaction (Table 20), based in part on the Caplan
et al. (1975) dissatisfaction and boredom scales, also suggests a trend
toward increased user dissatisfaction, but again the effect is
nonsignificant. Workload dissatisfaction was not excessive for the current
study sample judging by the Caplan et al. (1975) median. Mean scores of
users and non-users were nearly equivalent, and about the same as the median
level of workload dissatisfaction for the 23 occupations investigated by
Caplan et al. (1975). Like boredom, the workload dissatisfaction mean is
seen to be lower tham for the clerical VDT users investigated by Smith et al
(1981). :

These findings are consistent with trends witnessed in the VDI research thus
far which suggest that VDT users manifest no greater levels of general job
dissatisfaction than their non-user counterparts. The recent investigation
of directory assistance operators by Starr et al. (198l) actually indicated a
slight increase in satisfaction among VDT users. The Canadian Labour
Congress-study (1982) showed a tendency toward. the opposite effect, but the
statistical significance was not reported. Sixty percent of VDT users
reported they were satisfied or very satisfied with their jobs, in compariscn
to 65 percent of the non-users. Coe et al. (1980) also reported that the
vast majority of the VDT users and non-users they investigated responded that
their jobs met personal needs with respect to job satisfaction. In three
other studies of VDT users only, evidence of an unfavorable attitude toward
the job in general was not obtained (Dainoff et al., 1981; Gunnarsson and
Ostberg, 1977; Johansson and Aronsson, 1980)., Users investigated in these
studies tended to express fairly high levels of general satisfaction with
their jobs. In the Johansson and Aronssom (1980), study for example, none of
the VDT users expressed a desire toc revert to their pre-VDT work process.
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Although collectively the VDT research to date provides little evidence of
increased job dissatisfaction incident to VDT use, it is important to point
out that VDT work is not without dissatisfactions. In nearly all of the
studles cited here, VDT users have noted disadvantageous or dissatisfying
aspects of their work. As described in the background literature section of
this report, they include mainly increased technical problems, and some
studies indicate increased monotony or boredom. However, these effects vary
from job to jeb, and do not seem sufficient to result in a general negative
attitude toward VDT jobs.

Affective disturbances--Table 2] shows no significant differences between VDT
users and non-users in total mood disturbance scores on the Profile of Mood
States instrument, nor on any of the subscales of this instrument. Similarly
the questionnaire derived mood disturbance measure (Table 20), which is a
reformulation of the Profile of Mood States scores based upon facter analysis
of items in this instrument for the present sample, alsoc fails te
differentiate VDT users and non-users. If anything, there seems to be some
trend toward increased strain among the non-users. Looking at Table 21, it
can be seen that for the total mood disturbance measure, and for five of the
six subscales, mean scores are actually elevated in the non-user sample.

Thus the present data provide no indication of increased emotional debility
in terms of adverse mood effects in the present sample of VDT users. In this
regard, the present data compare favorably with the results of Smich et al.
(1981). On the six subscales of the Profile of Mood States, Smith et al.
(1981) found a significant impairment for VDT users {clericals only) in
relation to non-users for only the fatigue index. For only two of the
subscales, anxiety-tension and fatigue, were the scores for the clerical
users investigated by Smith et al, (1981) much in excess of the non-users in
the present sample. The resulcs of Smith et al. (1981) are of particular
interest because the remainder of the findings regarding working conditions
and health effects in that investigation, some indicating psychological
strain, suggested failrly severe levels of adversity among the clerical VDT
users. Yetr, with one exception (fatigue), these effects were not manifest in
similar disturbances on the mood indices,

Few other investigations utilizing psychometric instruments have provided
evidence of high levels of affective problems in VDT users in comparison to
non-users. In fact, few investigations have utilized such instruments and-
¢learly more work using reliable indices of emotional strain is needed.

Cakir et al, (1978) found that scores obtained on the "Genmeral Central
Activation" scale (Bartenwerfer, 1970) for VDT users were less than scores
reported by other investigators for automcbile drivers during long trips,
foundry crane operators, or keypunch operators or verifiers. It almost
seems, though, that this effect might be interpreted as increased strain in
terms of activation which may be below optimal levels. However, Cakir et al.
(1978) explain the effect as indicative of reduced stress among VDT users.

In an experimental study, Haider et al., (198l) reported increased fatigue
among VDT users in comparison to control subjects on two scales of the Nitsch
(1976) "Proper State" instrument, Significance levels are not reported, but
the effect seems pronounced.

Two controlled studies which did not. use standard instruments to assess-
psychological strain have reported conflicting results. Data by Coe et al.
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{1980) indicated somewhat greater levels of strain among non-user contral
subjects, consistent with the present findings. The Canadian Labour Congress
(1982) investigation, on the other hand, reports a greater incidence of irri-
tabllity and fatigue-like symptoms amcng VDT users.

Other studies have provided evidence of affective disturbances among VDT
users (e.g. Dainoff, 1981; Ghiringhelli, 1980; Johansson and Aromsscn, 1980),
but it cannot be clearly established from this work that the effects are
different from effects encountered in non-VDT work.

Collectively, the data thus far seems insufficient to conclude that VDT users
are at increased risk for emotiomal debility. Fatigue is a possible
exception, although such an effect is not bornme out in the present data.

Somatic disturbances--Table 20 shows nc significant differences between VDT
users and non-users for scores on the derived scale denoting general illness.
Neither are there significant group differences on any of the four specific
symptom scales denoting visuo-ocular, musculo-skeletal, and
behavioral-autonomic disturbances. However, it is of some interest that the
mean scores for visuo=ocular and musculo-skeletal disturbance scales are

.higher for the VDT users than non-users. A similar nonsignificant trend

toward the increased reporting of these types of disturbances was reported by
Starr et al. (1983). For the behavioral-autonomiec disturbance scale,
denoting behavioral and psychosomatic manifestations of stress, an opposite
trend is observed. Consistent with the trend seen in scores on scales of
mood disturbances, behavioral-autonomic scores are actually higher in the
non-users than among the VDT users,

Could these aggregate scales be concealing important group differences with
tespect to more specific symptomatolagy which has separated VDT users and
non-users in prior research (e.g., burning eyes or neck and back pain as in
Smith et al., 1981)? Looking at Table 23, it can be seen that statistically
significant differences between users and non-users in the reporting of
specific symptoms of strain are rare. Of all the symptoms denoting
musculo-skeletal and eye strain, no significant group differences in the
incidence of symptoms were observed using the Mann-Whitney U test. In this
regard, the present results stand in contrast to findings by Smith et al.
(1981) and by the Canadian Labour Congress (1982) in which VDT users and
non-users were significantly different in the reported incidence rates for
numerous musculo-skeletal disturbances as well as for symptoms denoting both
ocular irritation and visual imperception. The results do agree, however,
with findfngs by Starr et al. (1983) showing no differences between VDT users
and non-users in. the incidence of musculo-skeletal and eye disturbances,
although rates for VDT users tend to be gystematically greater in both
studies. '

Using the chi-square test for independence, which is perhaps less appropriate
for these types of comparisons (the data are ordinal), the incidence of
disturbance was in fact significantly greater among the VDT users for two
symptoms, "burning eyes" and "leg cramps", Were it not for the fact that the
"burning eyes" effect is highly consistent with effects observed in prior
research, it would be tempting to attribute the effect to chance (considering
the multiple compariscns)., Of all symptoms relating to eye or vision
impairment, "burning eyes" was the second most commonly reported symptom
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among the clerical VDT users investigated by Smith et al. (1981). The
overall incidence in thact study (80%), is not greatly at variance with the
incidence in the current sample of VDT users (71%). As in the present study,
in the Smith et al. (1981) investigation the difference in proportions of
clerical VDT users and non-users reporting various symptoms of eye or vision
disturbance was also no greater for any other symptom in this category. Of
all types of eye or vision disturbances, "burning eyes" was the second most
commonly experienced on a daily basis, exceeded only by fatigue, among the
conversational VDT users investigated by Laubli et al. (1981)., The incidence
appeared to be significantly greater than in traditional office workers, but
not greater than in conventional typists. In the recent Canadian Labour
Congress investigation (1982), VDT users reported a significantly grearter
frequency of "burning eye' problems than users, and the overall incidence was
greater for only one cther symptom of eye or vision disturbance.

A few more cases of significant group differences in the incidence of
specific disturbances are observed for symptoms comprising the
behavioral-autonomic strain scale. Consistent with scale scores for this
scale, and with trends observed for group differences in moods, the incidence
rate for these disturbances is systematically lower ameong the VDT users. VDT
users report significantly less frequent depression, tension, indigestiom,
and cardiac arcusal. These results stand in contrast to findings by Smith et.
al. (1981) and the Canadian Labour Congress (l1982) in which symptomctology of
this general type (e.g. irritability, nervousness) was.more prevalent, among
VDT users than non-users.

The incidence of certain specific disturbances not listed in the sets of
symptoms in Table 23 was alsoc examined based upon attention drawn to these
problems in prior VDT research. Four disturbances of particular interest are
listed below, -aleong with incidence rates.
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never occasionally frequently constantly

1. color users 90 9 1 0
perception
problems- non-users 99 0 1 0
2.. skin rash, users 677 26 7 1
itching, allergic
reactions non=-users 68 25 6 1
3. headache users . 20 55 23 2
non-users 21 49 25 5
4, fainting spells users 80 18 2 0

or dizziness
non-users 75 23 2 0

The color perception symptom was excluded from all symptom scales due to the
low variance in this measure. The remaining symptoms were included in the
general illness symptoms scale, but factor analysis did not permit their
inclusion in any of the four more narrow symptom scales. Of all four
symptoms, only the incidence of Eolor perception disturbance separates VDT
users and non-users (corrected X° = 6.88, p< .0l, when incidence rates were
regrouped into never and otherwise). Yet the absolute incidence rate for VDT
users is so low, the meaning of the effect in practical terms is somewhat
questionable., However, very modest color vision disturbances in VDT users
have also been reported by Daincoff et al. (1981), and Ghiringhelli (1981).
In Smith et al. (1981), a significant increase in color perception problems
in clerical VDT users in comparison to non-users was also reported.

The possibility has been raised that VDT users may be susceptible. to
dermatologic disorders related to ambient effects of electrostatic fields
created by CRTs (Linden and Rolfsen, 1981). Smith et al. (1981) report an
increase in the incidence of skin rash amomg VDT users, but-.no such effect is-
observed here. There are alternate mechanisms for dermatologic reactions,
including psychosomatic bases. It may be of some interest that despite the
fact that the skin rash symptom could not be included in any of the symptom
scales based upon the factor analysis of symptoms, it loaded most heavily on
the behavioral-autonomic scale. The association of the symptom frequency
with behavioral-autonomic strain scale scores is significant (rho = .32, p<
.01},
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Headache is sometimes cited as a consequence of VDT work, but an excess
frequency of headache among VDT users is not seen in the present data, nor
does this symptom differentiate the VDT users and non-users investigated by
Smith et al. (1981), or in Starr et al. (1983). However, more frequent
headaches among VDT users were reported in the Canadian Labour Congress
investigation (1982), and the absolute incidence in the present investigation
seemns to warrant clinical concern regardless of relative effects.

Increased fainting/dizziness episodes among VDT users were also reported in
the Canadian Labour Congress (1982) and Smith et al. (198l) investigations,
but again, no such effect is observed here.

Two aspects of the symptom data presented in Table 23 merit further
discussion, First, is it meaningful that VDT users systematically report a
greater incidence of eye and musculo-skeletal symptoms than non-users
considering the fact that the group differences are statistically
nonsignificant? 1If the different symptoms were independent of one another in
terms of incidence rates, which they are not, the effect would be of
statistical importance. On the other hand, frequencies for syuptoms of
musculo-skeletal and eye disturbances are now found to consistently greater
among VDT users in four independent studies (the present study plus the
investigations by the Canadian Labour Congress, 1982; Smith et al., 1981; and
Starr et al,, 1983). Such findings would seem unusual from a probability
perspective if VDT users were not at greater risk for these types of
problems.

The second issue concerns the absolute frequencies of various types of
disturbances, regardless of their relative incidence in the VDT user and
non-user samples. First, Table 23 shows that consistent with all of the work
to date, the present data indicate that eye strain problems in VDT work are
manifest in users mainly in terms of asthenopia or ocular irritation as
opposed to imperception or functional deficits in vision per se. Also
consistent with the prior literature, musculo=-skeletal disturbances center
mainly on neck/back/shoulder discomfort as opposed to discomfort in the arms
and hands. Secondly, the frequency data for eye and musculo-skeletal
disturbances presented in Table 23 indicate that the lack of significant
group differences in incidence rates does not obviate the need for attention
to these problems in VDT users. Table 23 shows that in the neighborhood of
25 percent of VDT users, and also of non-users, are reporting ocular
irritation at a frequent or constant rate. The proportions reporting
back/neck/shoulder discomfort frequently or comstantly is slightly higher.
Over a third of the VDT users reported the frequent or constant experience of
neck/shoulder and back ache at work. Clearly these rates approach a
magnitude which is too high to ignore in terms of their implications for the
personal sense of well-being among VDT users, if not their chronic health
effects. We hasten to add that the same is true for the non-users.

Comparison of VDT Users and Non-users on Measures Reflecting Working
Conditions-~

In Tables 19, 20, and 22, the current samples of VDT users and non-users are
compared on measures denoting working conditions. A quick overview of these
tables shows that in contrast to the well-being measures, VDT users and
non-users are differentiated in terms of their perceptions of a number of job
attributes. 1In general, the data indicate a greater prevalence of
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unsatisfactory staff/supervisory relationships and physical environmental
problems, and reduced job autonomy/control among VDT users.

Looking first at the Caplan et al. (1975) indices in Table 19, it is seen
cthat perceived social support from supervisors is diminished and skill
underutilization is increased to a significant degree among VDT users in
comparison to non-users. Skill underutilization is also in excess of the
median for 23 occupations investigated by Caplan et al. (1975) for both
groups, but particularly the VDT users, and supervisory support for users
only is below the median.

Similar to the effect for the Caplan et al, (1975) supervisory support
measure, VDT users report significantly less staff support than do non-users
on this Work Environment scale (Table 22). The level is well below the
occupational morm, but not nearly so low as reported by clerical users in the
Smith et al. (1981) investigation. The current users are also strongly
differentiated from non-users on the Work Environment scales of job autonomy,
control, and physical comfort. VDT users report less autonomy and physical
comfort, and greater external control over their work activities. In
addition, the VDT users report significantly greater work pressure than
non-users. In all cases, VDT users scores deviate from occupational norms in
an adverse direction.

The effects compare quite favorably with results obtained by Smith et al.
(1981) in comparing clerical VDT users and controls on the Work Environment
scales, although the absolute levels of adversity among the current users are
not nearly so great as in the Smith et al, (1981) sample of clerical users.
Qf the five subscales differentiating the current users and non-users, the
clerical users in Smith et al. (198l) were significantly differentiated from
control subjects in the same fashion for the autonomy, control, and work
pressure subscales. Trends were the same for the staff suppeort and physical
comfort scales, but the effects were nonsignificant.

For the derived scales denoting broad physical environmental problems and job
control {comprised in part of items contained within analogous Work
Environment and Caplan et al., 1975 scales respectively), scores for VDT
users were also significantly different from non-user scores (Table 20). VDT
users reported less job control and greater environmental problems.

These significant group differences are of interest in that prior occupa-
tional stress research suggests they may have implications for the well-being
of VDT users. House: and Wells (1978) present data suggesting that social
support from supervisors may be an: important moderator of stresses
encountered in the workplace. Turner and Karasek (1982) postulate that the
need for social interdependenciles adversely influences operator effectiveness
and well-being via disruptive effects in task performance. Worse would be
‘the inopportunity to satisfy the needs for increased interdependencies as
might result through the reduced supervisory and staff support among VDT
users witnessed in the present data. Regarding the potential effects of the
reduced control and autonomy observed here among VDT users, Karasek (1979)
and Karasek et al, (l198l) have provided impressive evidence that these types
of circumstances are linked to increased strain among workers as job demands
inerease. In analyses presented further on it 1s also shown that the social
support, job control, and environmental problems variables which tend to
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differentiate the present VDT users and non-users (although the social
support effect is limited to staff/supervisory support) are important
_ determinants in predicting strain.

Although a number of the job attributes investigated are rated more
unfavorably by the VDT users, other job attributes which may hold the
potential for stress and strain are rated much the same by the two groups.
The difference between VDT users and non-users on the Caplan et al. (1975)
measure of role ambiguity was nonsignificant, and scores for both groups are
below the occupational norm (Table 19). VDT users actually perceived
significantly less role conflict than non-users. On a related Work
Environment scale, clarity of expectations, the two groups were not
significantly differentiated, and both groups scored close to the occupa-
tional norm (Table 22). Other than the supervisory support measure, the two
groups were nearly equivalent in ratings of social support on the Caplan et
al. (1975) indices as shown in Table 19. Neither were they significantly
different on the related Work Environment scale of peer cohesion (Table 22).
Although Caplan et al. (1975) participation scores and the related Work
Environment subscale job involvement scores are lower for VDT users than
non-users (Tables 19 and' 22 respectively), consisterit with the reduced
personal control and autoncmy observed among users, the two groups are not
significantly differentiated on these participation and involvement measures.

Consistent with findings by Starr et al. (1983), the.VDT users seemed no less
certain about their job future than non-users (Caplan et al., [1975] job
future ambiguity measure, Table 19). They are also not differentiated on the
derived scale of future certainty (Table 20} which incorporated a question
asking specifically the likelihood of future job displacement due to
computeriza&ion. The two groups were also not differentiated on this single
question (X° = 4,10, p = .25). On the one hand, this effect seems contrary
to some prevailing concerns regarding job loss due to VDT-computer automation
of office work. The result is alsc different from findings by Smith et al.
(1981) in which clerical users reported greater job future ambiguity than
non~users. The null effect in the present study may have been influenced by
the fact that all of the VDT users were employees of public agencies, and
hence to some degree enjoy greater job security than might exist in the
private sector.

Finally, the Caplan et al. (1975} index of quantitative workload shows no
greater perceived workload among VDT users than among non-users (Table 19).
Levels for both groups are on par with the occupational norm, but less than
reported by clerical VDT users in the investigation by<°Smith et al. (1981).
The effect seems anomalous in view of the increased work pressure reported by
VDT users on this Work Environment scale (Table 22). VDT users reperted
greater pressure than non-users, and levels that are in excess of the norm,
but again considerably less than repcrted by clerical users in Smith et al.
(1981). However, on the questionnaire derived scale of job demands which
incorporates items from both the Caplan et al. (1975) workload and Work
Environment pressure measures, as well as select questionnaire items denoting
work rates, work quantity, and time pressures, the two groups are not
significantly differentiated. The present data, then, provide mo unequivecal
indication of variation in.production demands incident to VDT use. In this
sense, they are somewhat at variance with observations by Smith et al. (1981)
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of increased scores on both the Caplan et al. (1975) workload scale and the
'Work Environment pressure scale for clerical VDT users.

Other than the Smith et al. (1981) investigation, there have been few studies
which have systematically compared VDT users and non-users in terms of their
perceptions. of job demands and psychosocial aspects of working conditions.
The Canadlan Labour Congress investigation (1982) and the Coe et al. (1980)
and Starr et al. (1983) investigations are limited in this regard, but the
latter study less so. Hunting et al. (1981) briefly describe a comparison of
55 VDT users and 54 non-users, both engaged in banking payment transactions,
in terms of work overload, task feedback, task variety, and social
cooperation. Results showed significantly decreased qualitative and
quantitative overload, and reduced variety among the VDT users. A fairly
extensive analysis of job perceptions of VDT users was conducted by Johansson
and Aronsson (1980). However, the investigation did not utilize a control
group, relying instead on VDT users' perceptions of alterations in their owmn
jobs subsequent to the introduction of VDTs. The results showed a treund
toward increased demands incident to VDT use, consistent with Smith et al.
(1981), but contrary to Hunting et al, (1981). Task variety and job autonomy
were perceived as moderately reduced, consistent with findings by Smith et
al. (1981) and by Hunting et al. (1981) for variety.

The limited research to date regarding the impact of VDT use on job demands,
content, and psychosocial attributes, and the limited commonality among the
results of this work, do not seem sufficient to permit broad generalizations
regarding such effects. Perhaps the strongest unifying feature of the
research thus far is the tendency toward reduced job control/autonomy with
VDT work. Prior work suggests than an important qualifying factor is the
nature of the work performed. Smith et al. (1981) showed important
differences between clerical VDT users and '"professional” users. Almost
invariably the professionals judged working conditions to be more favorable
than did the clericals, and the indication is that strains were similarly
less prevalent. Differences between customer service and data entry workers
appear in the investigation by Johansson and Aronsson (1980). Effects
differentiated by job type also appear in Cakir et al. (1978), in the
Canadian Labour Congress investigation (1982), and in Gunnarsson and Ostberg
(1977). 1In most of this work, effects are most undesirable in lower skilled
jobs. In analyses to follow, both reported strains and perceptions of
working conditions are examined relative to the types of tasks performed.

Perceptions of the Physical Environment=--

As described above, group comparisons on the Work Environment physical
comfort scale and the derived envirommental problems scale indicated a
significantly less favorable perception of physical environmental attributes
of workplaces among the VDT users than among the non-users (Tables 22 and
20). Both scales are multi-dimensional, containing items pertinent to space,
noise, lighting, fumes, furniture, and gemeral ambience. 0f these
characteristics, the largest differences in the evaluations of VDT users and
non-users were for general workplace ambience and chair comfort. Fifty-two
percent of the VDT users rated their workplaces as "just adequate'” to "very
unpleasant" (response format = very unpleasant, somewhat unpleasant, just
adequate, somewhat pleasant, very pleasant). The comparable figurg for the
non-users was 26 percent. The difference is highly significant (X~ =

26.23, p <.01l). In rating the chair, comfort was judged as "just adequate"
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to "very uncomfortable" for 53 percent of the usars and 23 percent of
non-users (same response format as for the onkplace environment rating).
Again the difference is highly significant (X° = 24.46, p <.01). This
effect is important because analyses presented further om show chair
perception to be an important determinant Iin predicting reported
musculo=-skeletal strains among VDT users. The same is true for non-users,
but the lower ratings for the users suggest they are at greater risk.

Although chairs were judged less comfortable by the VDT users, about 90
percent of the VDT users (and non-users as well) reported they could adjust
their chairs to preferred heights, and that the present heights were correct.
This suggests that characteristics of the VDT users' chairs other than height
were instrumental in the higher rates of discomfort they reported.
Alternately, preferred and perceived correct settings may have been selected
based upon features of the VDT workstations, such as worksurface or keyboard
height, and these settings may not have always been appropriate based upon
other biomechanical prescriptions for cerrect chair height. The latter
explanation assumes this maladjustment is more likely at VDT workstationms.

The VDT users and gon-users also differed significantly in their ratings of
workplace noise (X~ = 10.55, p< .05, 5-point scale with correct in the
center and much too high/low at the extremes), but the effect actually
favored the users. Seventy-four percent of the non-users as opposed to 58
percent of the VDT users reported that ambient noise levels were too high.
However, there were no significant differences in the reported incidence of
being bothered by noise from ocffice machines per se, although again the rate
was slightly higher among the non-users. Twenty-five percent of the users
and 30 percent of non-users reported this type of a disturbance often cor
fairly often (5-point scale ranging from never-rarely to very ocften). These
results are contrary to findings by the Canadian Labour Comngress (1982) where
54 percent of users and 39 percent of non-users reported too much noise
(significance not reported).

The VDT users, however, reported a greater incidence of being bothered by
odors or fumes (z = -2.86, p <.0l {Mann-Whitney U test])}, but the absolure
rates were low (657% of non-users and 467 of users reported rarely-never, same
S-point scale as for the office machine noise). A greater frequency of being
bothered by dust {z = -2,44, p <.05), but not tobacco smoke, was also
reported by the users, In the Canadian Labour Congress study, the incidence
of smoke problems was greater among VDT users than among non-users (19% vs.
9%), and less for dust-problems (17% vs..24%). The incidence of crowding
problems was also reported to be greater among the users than the non-users
(z = -2,48, p <.05). The Canadian Labour Congress (1982) study found no
differences between users and non-users on a crowding question.

The final comparison of VDT users and non-users on environmental attributes
involves percepticns of ambient lighting. For the present VDT users and
non-users, ne significant differences were found in ratings of the

. appropriateness of lighting intensity, nor in reports of being bothered by
background lighting. Fifty-seven percent of the users and 67 percent of the
non-users reported the lighting was correct, and only 12 percent of the users
and 10 percent of the non-users rated the lighting as too intense (5-point
scale ranging from much-too-high to much-too-low, correct in the center}. 1In
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a classification of background lighting as bothersome or not, only about 20
percent of each group responded affirmatively.

This result seems unusual considering that office workplace lighting is often
judged to be substandard for VDT users. The Canadian Labour Congress
investigation (1982) found an increased incidence of adverse ratings. of
lighting among VDT users in comparison to non-users. We have no way of
knowing whether or not the lighting was objectively any different in the VDT
and non-VDT workplaces in the present study, but the survey data would
suggest it was much the same. About 80 percent of both users and non-users
reported they did not have supplemental lighting, and about 90 percent of
each group reported their lighting was nonadjustable. About 25 percent of
each group reported that windows represented a main source of lighting and
nearly 100 percent of each group also reported fluorescent fixtures repre-
sented a main source,

In addition to ratings of the workplace physical environment by beth VDT
users and non-users, aspects of the VDT were evaluated by the users. Table
24 shows the proportions of VDT users citing various problems with their VDT
configuration and video displays. A quick overview of this table shows that
a substantial number of VDT users report all types of problems listed. This
is of some concern since further on we present analyses which show that
perceived problems with the display and VDT/workstation physical
configuration are important predictors of reported eye and musculo-skeletal
strain respectively. However, although these problems are reported by a
relatively large proportion of the VDT users, there are few cases in which
the incidence rate is reported as greater than "occasional”. In only cne
case (screen glare) does the proportion reporting the incidence as "often" or
more frequently exceed 10 percent.

Looking first at the VDT configuration problems, the data show a strong
uniformity in ratings of screen and keyboard heights, angles, and distances.
An average of just over 70 percent of the users reported these parameters
were never a problem. These data compare favorably with findings in the
NIOSH (Stammerjohn et al., 1981) investigation of physical attributes of the
workplaces for VDT users studied by Smith et al, (1981). 1In that study, an
average of over sixty percent of VDT users rated the same conditions as not
problematic. Also as in the Stammerjohn et al, (198l) report, the present
study shows little variation in ratings of these different conditions. 1In
both studies, keyboard distance was the least bothersome, and screen angle
and heights tended toward the most bothersome.

It might be expected that these perceptions would vary in relation to
opportunities for VDT users to adjust the positioning of their VDTs. Sixty
percent of the VDT users reported their VDTs had separable keyboards, and 25
percent reported they worked at specially designed workstations, although we
observed none that offered the flexibility of the newer "ergonomic"” systems
with separate and adjustable supports for the display and keyboard.

To investigate the relationship between the potential for adjustability and
reported problems, the correlation of the workstation/VDT physical
adjustability scale scores (denoting perceived adjustability of VDT and
workstation components) with the scores for the scale denoting problems
associated with the positions of these components (VDT/workstation physical
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configuration problems scale) was examined. The results were-in line with
expectations, but the effect was very modest and statistically nonsignificant
{(r = -.10). This raises the question of whether or not features enabling
adjustability are utilized, or utilized effectively. Maladjustment of chair
pan heights (in relation to common ergonomic guidelines) among VDT users has
been reported by Coe et al. (1980). Further on we describe analyses in which
reported musculo-skeletal strains were examined in individuals with separable
adjusted keyboards im contrast to individuals with fixed or unadjusted
keyboards (the conditions were objectively assessed). The contrast was in
fact significant, with increased strain in the latter group. A comparison of
VDT users reporting fixed and separable keyboards yielded a difference in the
same directicn, but the effect was non-significant. The inference is that
the capability for adjustment of VDTs and workstation furniture is important,
but alone, is insufficient for avoiding problems and subsequent strain in the
use of these components.

VDT users' reactions to their displays were less favorable than their
perceptions of the VDI/workstation physical configuration. With the
exception of glare, 42-44 percent of the VDT users reported they were
bothered by display characteristics. This is about 10-15 percent more than
were bothered by physical characteristics of the VDI/workstation. A similar
effect is seen in Stammerjohn et al. (198l), except there, the difference is
much greater. Stammerjohn et al. (1%98l) report that only about 30-35 percent
of VDT users do not cite problems related to the display, somewhat less than
half the proportion reporting ne physical configuration problems. The most
interesting similarity between the two studies, however, is the propensity of
users to report glare problems. In both studies, glare problems stand apart
from all other display aberrations in terms of the proportions of users
citing these problems. Glare is cited about twice as frequently as any other
type of display problem in both cases. The rate is about 70 percent in the
current study, and 85 percent in Stammerjohn et al. (198l). Another
interesting effect observed in both studies is that rates of reporting
flicker are quite pronounced. Nearly 70 percent reported flicker in the
Stammerjohn (1981) study. Although display unsteadiness was not apparent to
us with causal inspection during survey administration, over 40 percent of
the VDT users in the current study reported being disturbed by flicker. A
similar rate for reporting flicker problems is reported in the recent
Canadian Labour Congress (1982) investigation.

Finally, Table 25 summarizes responses to open-ended questions regarding
environmental and VDT system changes made and desired by VDT users to improve
their comfort and efficiency. The tabled data reflect only the firsc -
response. (where multiple respounses were given) for each user. It is of
interest that nearly 60 percent of the users reported deficiencies in their
current VDT systems. Looking at the specific types of changes made and
desired, the concerns focus most heavily on physical design features of the
workstation., Nearly half of the changes made involved physical adjustment of
the VDT/workstation. This type of alteration was also the mecst frequently
cited as needed (297%). Within this category, work surface height/angle
adjustability was the most cited parameter. This finding reinforces the
importance of the current emphasis on high quality ergonomic furniture for
VDT use. It is not clear why desired changes in this category cutnumber
changes desired in display characteristics, considering thatr display problems
were reported by a higher proportion of users.
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Table 25. VDT-work system changes made and desired to improve comfort and
efficiency (n = 248).

Number Number
of users of users
No changes made 91 (377%) No changes desired 21 ( 8%
Changes made 69 (28%) Changes desired 143 (58%)
Non-respondents 88 (35%) Non~respondents 84 (34%)
Changes Made Changes Desired
% Users % Users
Number making Number desiring
Iypes of changes of users | changes of users changes
Display 4 6% 21 15%
—Quality (exclusive of glare) 2 12
-Screen glare 2 9
Workstation/VDT adjustability 34 497 42 29%
-Chair 7 7
-Keyboard 8 4
-Work surface height/angle 8 21
-Other 11 10
CPU/Software design 9 13% 10 7%
Ambient environment 0 0% 22 15%
-Lighting - 11
-Temperature - 3
~0Other - 8
Work space 6 9% 24 17%
Source document design 7 10% 4 3%
Job organization 7 10% 11 3%
Other ‘ 2 3% 9 6%
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One of the most interesting observations among these data is the large number
of changes desired with regard to workspace alone. The apparent deficiency
here is greater than for any other single item in Table 25. This observation
is important in that it seems relatively little attention has been devoted in
the ergonomics/facilities design VDT literature to the subject of workspace
needs for VDT users. Some varieties of ergoncmically designed, stand-alone
VDT support systems may actually reduce workspace available with more
conventional office desks.

Job Perceptions and Well-being in Relation to Job Activitcy

Previous investigations have shown considerable variation in reported strains
and appraisals of working conditions among VDT users in relation tc the types
of tasks they performed (Cakir et al., 1978; Canadian Labour Congress, 1982;
Johansson and Aronsson, 1980; Hunting et al., 1981; Laubli et al., 1981;
Smith et al., 1981). Similar effects are observed in the present study.
Figure 2 shows the variation in mean scores on select indices denoting
strains and job perceptions across five job activity classifications for the
present sample of VDT users and non-users.

The five job activity groups shown along the abscissa in each panel in Figure
2 result from a reclassification of study participants according to
similarities in the tasks they performed. The data entry group represents
only data entry workers. The file maintenance group is the combination of
users and non-users performing data retrieval and update tasks, word
processing, and the processing of license applications. The VDT users in
this group are all similar in that their tasks involved fairly intensive
conversational use of VDTs. The clerical-secretarial group is the
combination of users and non-users with varieties of tasks of the type
generally performed by the traditional office secretary. The lead worker
group consists of VDT users and non-users who are first-line superviscrs, and
the programmers are exclusively VDT users performing only computer
programming tasks.

One-way analysis of variance was used to examine for overall differences
among groups in terms of scores on the job and strain indices. This was
followed by a posteriori group contrasts using the Scheffe test when a
significant effect was observed., We do not distinguish between VDT users and
non-users in these analyses because preliminary analyses using two-way
analysis of variance showed no significant job activity by VDT use/non-use
interaction effects for any of these job or strain indices.

A quick scan of the variation by job activity group for the job and strain
measures in Figure 2 reveals an interesting trend. We have positioned the
job activity groups along the abscissa of these plots in an order, proceeding
from left to right, reflecting our judgements regarding increases in skill
requirements or qualifications incumbent to the different jobs. A fairly
uniform effect observed in these plots is that reported strain tends to
decrease and working conditions (by subjective appraisal) improve in a
similar fashion. Scores for data entry workers are higher than for any other
job activity group for the measures of job dissatisfaction (Panel 3),
postural strain (Panel 4), manipulative. strain (Panel S), visuo-ocular

strain (Pznel 6), and boredom (Panel 15). They are lower than for any other
group on the indices of job control (Panel 8), future certainty (Panel 11),
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PRG=Programmer; Sheffe test [Kirk, 1968] used for a posteriori
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and on the Work Environment staff support (Panel 13) scale. Scores for the
data entry group are also nearly the highest for the environmental problems
and- illness symptoms measures (Panels 12 and 2 respectively).

Group contrast tests show that data entry workers are significantly
differentiated from the clerical-secretarial group in terms of manipulative
strain (Panel 5), they report significantly less job control and greater
boredom than any other group (Panels 8 and 15), and they perceive
significantly less future certainty than programmers (Panel ll). TFor
programmers, the effect is just the reverse. On most of the strain and job
measures, levels of adversity are low or 'the least of any other job activity
group, altheugh programmers tend not to be differentiated from other groups
at statlstically significant levels.

|
These data tend to be consistent with previous work showing reduced strain
and an improved physical and psychosocial job climate with more skilled,
professional, or qualified VDT work. Cakir et al. (1l980) report six times
the level of perceived external control over werk in data input typists as in
programmers, with clerical workers in an intermediary position. A similar
trend was observed for fatigue. Johansson and Aromnsseon (1980) found reduced
levels of reported autonomy and significantly reduced levels of reported task
variety among data entry VDT users in comprison to customer service users.
Data by Smith et al. (1981) show that working conditions were rated far more
favorably and reports of health disturbances were less frequent among
professional VDT users than among clerical users. 'Creative" VDT users
investigated by Coe et al. (1980) reported less eye-irritatiom and fatigue,
seating discomfort, and headache ‘than did data input users and conversational
VDT users.

It is important to emphasize again that the effects observed here do nct seem
to be unique to VDT users. For none of the measures where there is a
significant job activity effect (manipulative strain, job control, job
demands, future certainty, boredom) was there a significant interaction with
VDT use/non-use in the two-way analyses conducted to investigate for such
effects. ‘Neither were there significant interactions of this type for any of
the remaining measures for which main effects of job activity failed to
attain significance.

The evaluations of perceived working conditions and reported strains by job
activity show two additional effects.of interest, First, Figure 2 (Panel 6)
shows that data entry workers report a greater incidence (but not
significantly sc) of eye strain than do ihdividuals in any other job activity
group. There is no difference in this trend for the VDT users and the
non-users. Yet, the VDT data entry workers report they spend less time
looking at the VDT display than does any other group. On a five point scale
denoting the extent of time spend viewing various fields (format = never,
rarely, scmetimes, often, very often), the data entry workers tend to report
"sometimes", while the remaining individuals fall in the range of "often" to
"very often". The tendency toward increased eye strain among data entry
workers seems counter-intuitive considering that beliefs (and some data; e.g.
Laubli et al., 1981) indicate the display is a source of eye strain.

However, there is some parallel to the present finding in Laubli et al.
(1981). They showed that conversaticmal users reported a greater incidence
of eye complaints than did data entry workers, but the persistence of visual
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disturbances was greater for the data entry workers. Although the present
data entry workers report more daily VDT use than does any other group (Table
4), hence possibly mcre absolute time in screen viewing, this explanation is
ruled out by analyses presented further on showing that extent of daily VDT
use is not strongly correlated with reported eye strain. Neither is the
extent of screen viewing. The analyses do slow, however, that job control, a
condition on which the data entry workers are least favored, is an important
predictor of reported eye strain. ,
The data also show that whereas data entry workers tend, as a rule, to report
the greatest incidence of strain and the least favorable working conditions,
they also report fewer job demands than dees any other job activity group.
Figure 2 (Panel 9) shows a trend toward increases in perceived job demands
with increased job qualification. The effect is contrary to the observation
by Smith et al, (198l) that quantitative workload was judged greater by
clerical VDT users than professiomnal users, but fits with findings by Cakir
et al. (1978) and Coe et al. (1980) where job pressures tended to be rated
greater among editors in comparison to clerical users.

Perceptions of Changes in Working Conditions and Well-being Incident to VDT
Use

The survey administered to the secondary sample of VDT users contained a
series of 27 items scliciting information on perceived changes in working
conditions and the incidence of strain symptoms following the transition to
VDT work. Users were asked to respond to these questions only if their prior
jobs were similar in nature to their present VDT work. All of the items
presented in a similar fashion to the VDT users investigated by Johansson and
Aronsson (1980) were included among the present items. Of the 92 VDT users
in this sample, 6! responses were recorded for every item, and 62 for some of
the items. Table 26 shows the "perceived change" items and the proportions
of users responding in different ways to each. The proportions shown for the
"decreased" and "increased" categories are the combined proportions from the
response categories of "decreased somewhat/decreased a lot'" and "increased
somewhat/increased a lot" in the actual survey,

Responses to these items compare very favorably to the results obtained by
Johansson and Aronsson (1980)., They found that users perceived decreased
autonomy, increased responsibility, increased demands for attention and
concentration, increased mental strain, increased task difficulty, and an
increased number of routine tasks. Precisely the same trends are observed in
the present data (items 1!, 3, 8, 26, 10, and 12 respeétively). Responses to
items 4-6, indicating improved- job effectiveness with VDT use, also compares
well with' job facilitative effects cof VDT use reported by the VDT users in
Johansson and Aronsson (1980} and cother previous work (e.g. Gunnarsson and
Ostberg, 1979). The only difference between the results of the two
investipations is that the present data show an increase in the reported
variety of tasks (item 12) whereas Johansson and Aronsson (1980) showed a
decrease.

The agreement of trends witnessed in these data with trends observed in the
previous comparisons of users and non-users is mixed, however. Looking first
at the well-being items, eye and musculo-skeletal disturbances are reported
to have increased. The actual data show that proportions citing an increase
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Table 26. Perceptions of work and health changes incident to VDT use.

Percentages of Respondents Citing Effects*

Conditions Decreased
Job design:
1. Personal freedom in doing
your work 33
2. Freedom to move around 36
3. Person responsibilities 22
4, Efficiency in job performance 10
5. Ability to do job well 7
6. Ability to do work quickly 8
7. Feeling rushed 20
8.. Demands for attention/
concentration 16
9. Amount of work to do 13
10. Difficulty of the work 18
11, Variety of tasks 21
12. Number of routine tasks 11
13. Problems with supervisors 20
14, Problems with co-workers 25
Physical environment:
15. Workstation lighting problems 8
16. Chair/desk problems 11
17. Noise problems 18
18. Temperature problems 8
Well-being:
19. Eye/visicn problems 6
20. Neck/arm problems 3
21, Finger/wrist problems 8
22, Back/leg problems 5
23. Headaches 8
24, Stomach/digestion problems 10
25. Fatigue when arriving home 11
26, Mental strain 18
27. Job satisfaction 18

*Some values do not add to 100% d

ue to rounding

Staved the same

42
39
43
38
44
31
44

50
44
45
31
41
69
69

65
63
55
51

39
57
81
65
53
74
33
53.
26

Increased

25
25
35
52
50
61
36

34
44
37
48
48
11

28
26
27
41

55
39
11
31
39
16
56
30 -
46
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in these symptoms is usually several fold greater in the "somewhat increased"
as opposed to the "increased a lot" category. This is in accordance with the
trend observed in the group comparisons of VDT users and non-users. However,
the same effect is cbserved with respect to the job satisfaction item (i.e.
increased satisfaction following the introduction of VDTs). If -anything, the
trend is toward the reverse in the group comparisons.

In surveying perceived changes in working conditions, one very strong and
notable similarity with the comparison of users and non-users is cobserved.
The present sample reports a decrease in perscnal freedom in their jobs (item
1). Of the 33 percent reporting a decrease, most (20 percent of all
respondents) reported their freedom decreased a let. O0f all 27 items, in no
case did the proportion reporting "increased a lot" or '"decreased a lot"
exceed the proportion reporting their individual freedom decreased a lot.
This compares favorably with the job control/autonomy effects observed in the
group comparisons. The same type of effect is observed for the item (no. 2)
denoting physical constraint, However, inspecting the items reflecting work
demands, some discrepancy with the group comparisons is also seen. The trend
is toward an increase in feeling rushed, an increase in demands for
concentration, and an increase in work quantity (items 7, 8, 9). The group
comparisons showed an increase in the Work Environment work pressure scores
for the users, but no such effect was observed for the Caplan et al. (1975)
quantitative workload measures or the derived job demands measure.

Looking at items pertaining to the physical environment, the trend toward
increased problems is consistent with the increased reporting of
environmental problems in the group comparison. However, the reporting of
increased lighting problems was not observed in the comparison of VDT users
and non-users.

How reliable are these data and the similar type collected by Johansson and
Aronsson (1980)? They do support some of the findings from the group
comparisons. If these data had resulted form a pretest—posttest design with
proper controls over experimental mortality, etc., they would probably be
more powerful than the static between-group comparison. But they were not
obtained in this fashion, and thus are likely less reliable than the results
of the group comparisons and should be interpreted with caution.

Summary and Conclusions

Regarding the health risks of VDT use, the present findings are consistent in
several respects with observations in prior comparative studies. There is
little evidence that the present VDT users suffer greater somatic
disturbance/impairment than their non-VDT counterparts. With the exception
the burning eyes symptom, the VDT users did not report significantly greater
strain on any of the physical health related measures. Even the burning eyes
effect is equivocal. These findings are in agreement with the results of
earlier comparative studies by Coe et al, (1980) and Starr et al. (1983), but
stand in contrast to observations by Smith et al. (1981) and by the recent
Canadian Labour Congress (1982) investigation showing significant differences
between VDT users and non-users for indices of both eye and musculo-skeletal
strain. However, the findings are consistent with all prior comparisons of
VDT users and non-users in that disturbances in these two categories were
more frequent among the users. It would seem unreasonable to dismiss this
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tendency in the research to date as meaningless. The data also provide no
evidence of increased affective disturbances or job dissatisfaction among the
present VDT users. The effect suggested is actually one of less
psychological strain among the users. However, the data do show that certain
aspects of working conditions generally believed te be conducive to
psycholeogical stress and strain to be less favorable among the VDT users and
non-=users.

Regarding the character of the eye disturbances reported by the VDT users,
the effects are also in agreement with prior findings. The data point to eye
discomfort .or irritation (i.e. asthenopia) as opposed tc imperception or
functional problems-of vision. Alsoc consistent with the prior research,
musculo-skeletal disturbances are more pronounced in the upper torso
(neck/back/shoulders) than in the arms and hands.

Although the incidence of eye and musculo-skeletal disturbances is not
significantly greater among the VDT users than non-users, it would seem
imprudent to ignore some of these problems. One-fourth to one-third of the
VDT users (and of the non-users as well) report they frequently or comstantly
experience eye irritation and back/shoulder/meck strain. The same is true
for headache, The medical implications of chronic strain of this type need
to be addressed by clinical specialists and possibly further research. Job
performance implications.would. seem likely,

Unlike the null effects for well-being measures, aspects of working
conditions were less favorably regarded by VDT users. These effects are
fairly consistent with observations by Smith et al. (1980). VDT users
reported less job control and staff support, and greater environmental
problems than did the non-users. Such effects would seem to point toward the
potential for increased strain among VDT users over the long term. Chair
comfort was a particular problem for the users. Reports of display problems
of all types, but especially glare, were also very prominent. This finding
closely parallels effects observed by Stammerjohn et al. (1981). These
results add emphasis to the importance of continuing efforts toward ergonomic
reforms in the design of VDTs and workstation furniture, especially since we
show (further on) that perceived display and chair quality are important
predictors of reported musculo-skeletal and eye strain respectively.

Assessment of .working conditions and strains by the type of job tasks
performed clearly indicate that with few exceptions the data entry workers
have  the worst of it. Again, these findings are consistent with prior
observacions (e.g. Cakir et al,, 1978; Coe et al., 1980; Smith et al., 1981)
suggesting that clerical and lower skilled VDT users are at greatest risk for
job and health problems in VDT work. The indication is that abatement
efforts should focus most intensively on these individuals. It is important
to point out, however, that this recommendation is not only for the VDT
users, since similar effects are observed among the non-users in the present
study.

In explaining the very slight tendency toward increased eye and
musculo-skeletal strain and the stronger indication of job disturbances among
the VDT users, a possibility that cannot be completely dismissed is that
perceived strains and adverse working conditions, or the propensity to.report
such effects, may be potentiated by beliefs or perceptions of health hazards
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incident to VDT use. This would also apply to all of the work to date
indicating VDT users are at greater risk for job and health problems. None
of the VDT stress research to date has incorporated designs or controls to
adjust for such effects, and such controls might be difficult. This may be
more of a problem today, as opposed to the time at which the present field
work was conducted, considering the growing volatility of the VDT issue. We
are not overly concerned about such an effect in the present work for several
reasons. First, as mentioned in the methods section of this report, we tock
pains not to suggest potential health or job costs of VDT use in.the conduct
of the field work. Second, we have data indicating no trend tcward the
perception of VDTs as presenting job or health risks for the present
population of VDT users, and VDT use was not a labor relations issue for the
present population at the time of the field work.

The final question of the survey administered to the secondary sample asked
the users whether or not they believed VDTs posed a hazard to their health,
The distribution of responses for the 89 respondents is as follows:
deninitely does = 10%; very likely - 17%; not sure - 37%; probably not - 19%;
no - 17%.

Although the present sample was not biased toward the perception of risks
;incident to VDT use, we did find a connection between such perceptions and
the reporting of strains and of working conditions as well. The implications
of these connections, however, are not clear. When responses to the
perceived health hazard question were examined in relation to reporting of
specific health disturbances from the syumptoms inventory, significant
associations (rho, p < .05) were found with the following items: skin rash,
back pain, arm pain, leg cramps, tearing eyes, blurred vision, dizziness, and
digestive problems. 1In all cases the reported incidence rates increased as
beliefs regarding potential hazards of VDT use became more positive, The
effect was also observed in examining VDT hazard beliefs in relation to
perceived changes in jobs and well-being incident to VDT use. Of the 27
conditions judged, nine were significantly associated (rho, p < .05) with
hazard beliefs. As hazard perceptions became more certain, VDT users
reported increases in problems with the chair, noise, and co-weorkers,
increased eye, hand, back, and mental strain, and increased fatigue and
digestive problems in their VDT jobs in comparison to their prior nen-VDT
jobs., The eye strain association was especially strong (rho = .50).

What do these associations signify? In conducting these analyses we had
hoped such asscociations would not appear. This would essentially rule out
the-possibility that personal biases or perceptions regarding potential VDT
hazards influenced the reporting of strains and working conditions. The fact
that these associations occur, however, does not necessarily mean that the
present observations are contaminated by the concerns or beliefs of VDT
users. It is equally probable that the causal path is in the opposite
direction, That is, VDT users perceive VDTs as being hazardous as a function
of their experiencing adverse job and health effects in their VDT work.

105



THE RELATIONSHIPS OF WORKER CHARACTERISTICS WITH STRAINS
Aim and Rationale

By and large, prior research into the health implications of VDT work has not
systematically examined or contrelled for the possibility that strains may be
influenced by individual characteristics of workers. The aim of the current
analyses is to identify correlates of strain that tend .to be fairly enduring
characteristics of individuals. These factors can than be included as
control variables in subsequent analyses investigating the effects of working
conditions. This will not only help protect against. the possibility of
misplaced attribution of the causes of straim, but knowledge of the relative
influence of the two types of potential strain determinants will address the
question of the extent to which strain stems frcm person versus work sources
and is subject to abatement through job redesign.

The present analyses first examine an array of general personal
characteristics such as marital status, education etc., for their simple
relationships with most of the health or well-being measures of the study.
This. is accomplished by a series of analysis of variance tests,
Relationships with three strain indices, job dissatisfactien, mood
disturbances, and illness symptoms, are of special interest because intemnsive
efforts are also made to predict these particular strains on the basis of
workplace conditions. For this reason, multiple regression techniques are:
utilized to sift and evaluate in a controlled fashion the predictive
influence of the individual factors on each of these three strain measures.
The significant individual predictors can then be considered in the analyses
of workplace affects on the same strain measures for the.control and .
comparative purposes indicated above.

Strain indices other than the dissatisfaction, mood, or illness measures are
not systematically predicted from the worker characteristics examined here,
The reason is that the remaining strain indices are fairly specific in terms
of the types of health disturbances they denote (e.g. visuo-ocular or
musculo-skeletal strain). In subsequent analyses to predict these more
narrow strains from working conditions, we included as control variables
alternate personal characteristics that would be highly likely to have a
specific impact on these strains. An example would be the requirement for
use of prescriptive eyewear in the prediction of visuo-ocular strain. This
doesn’'t .mean that the more general worker characteristics evaluated for their
influence of mood disturbance, job dissatisfaction, or the illness symptoms
measures are unimportant in the prediction of these more specific strains,
but only that we did not give them priority in our analyses predicting the
more specific strains. Some indication of theilr role can be obtained from
the univariate analyses in which their simple relationships with the specific
strain measures are evaluated,

Independent Variables (worker characteristics)

The potential individual sources of strain considered in these analyses are
listed and described below, In selecting these factors for evaluation, we
attempted to capture a broad range of individual attributes that are
generally recognized as important determinants of health and well-being, and
are frequently controlled or adjusted for in occupational and environmental
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health/stress research. Clearly some of these variables (e.g. tobacco or
alcohol use) can also be regarded as manifestations of occupational stress.
However, in the context of the present analyses they are treated as potential
risk factors.

Family Situation: A dichotomous classification variable denoting
whether or not an individual resides in a family-type living
situation.

Breadwinner Status: A dichotomous classification variable denoting
whether or not individuals regard themselves toc have the primary
fiscal respeonsibility for their family support.

Marital Status: A dichotomous classification variable denoting whether
or not individuals are married at the time of the survey
administration. While we appreciate the importance of alternate
classificarion schemes regarding marital status (e.g. separated,
divorced, never married) and these data were collected, low cell
sizes prevented their meaningful evaluation in the framework of the
current analyses.

Education: Participants were classified according to whether or not
they received post-high school technical training or college
education. Again, alternate schemes are possible and were
evaluated, However, preliminary analyses showed the present
separations have no less predictive power for strains than a more
continucus treatment of this variable. ,

Alcohol Consumption: For the regression prediction of the
dissatisfaction, mcod and illness measures, study participants were
classified simply as to whether or not they drink alcoholic
beverages. Although continucus data denoting the weekly quantity
(number of drinks) were obtained for those who consumed alcohol,
these data were not used to predict strain in the regression
analyses since we felt it was inappropriate to classify abstainers
along a quantity continuum with those who consumed alcohol. For
the individuals who consumed alcohel, the continuous data were
associated with strain scores in bivariate correlatioms.

Tobacco Use: Participants were classified in the regression analyses
also according to simply whether or not they smoked tobacco
preducts. As with alcohol consumption, we felt that qualitative
differences between smokers and nonsmokers precluded their
representation together along a quantity of use continuum. Again,
data were also collected on the quantity of use for the smokers in
terms of number of cigarettes or pipefuls of tobacco per day, and
the associations of this measure with strains were examined in
bivariate correlacions. ’

Number of People Supported: Ranks were assigned to study participants
according to the number of people they financially supported,
excluding themselves, ‘either partially or fully.

Salary: This variable is the number of dollars earned in the previous
year rounded to the nearest thousand. While salary is not
extrinsic to the job, it tends to be a relatively stable and
enduring characteristic, much like socio-econcmic status.

Some important demographic variables are comnspicuous by their absence from
this list., Among them are age, sex, and ethnic background. Sex and ethnic
background were omitted from consideration due to lack of variation in the
sample cn these parameters. The primary sample included only 15 non-whites
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and 13 males. The relationship of age with strain was not ignored, it was
simply bypassed in the present analyses. Preliminary analyses of the present
data showed a consistent age-strain association. The importance of age as a
predictor of physical health complaints has also been fairly strongly
indicated in prior VDT research (most recently, Starr et al., 1983). We
therefore reached the a priori conclusion that it would be mandatory to
explain and contreol for the effects of age in further anmalyses investigating
working conditions, whereas we were less certain with respect to the
individual characteristics evaluated in the present analyses.

Dependent Variables (strain measures)

Associations of worker characteristics with indices of job dissatisfaction,
affective disturbances, and physical health disturbances were examined. The
specific strain measures are listed as follows:
1. Job dissatisfaction
2. Mood disturbance
3. Illness symptoms
4, Visuo-ocular strain
5. Musculo-skeletal manipulative strain
6. Musculo-skeletal postural strain
7. Behavioral-autonomic disturbance-
8. Depression
9. Fatigue
10. Anger
11, Tension
12, Vigor-
13. Confusion
Indices 1-7 are the derived scales described in the data collection section
of this report. 1Indices 8-13 are subscales of the Profile of Mood States
(POMS) instrument denoting specific types of transitory affective
disturbances, whereas the mood disturbance index (no. 2) is a general overall
measure of affective or mood impairment. Similarly, strain measures &4-7
represent specific types of somatic problems whereas the illness symptoms
index (no. 3) provides a more global measure of health disturbance.

Analytical Techniques

First, the.relationship of each of the worker variables with each of the
strain variables was examined using two-way analysis of variance (ANQVA). In
each analysis, a VDT use term (classification of participants according to
whether or not they are VDT users) and a VDT use by worker-characteristic
interaction term were, included to examine for differential effects ¢f the
worker variable between VDT users and non-users, ANOVA subgroups for the
continuous variables (salary and number of people supported), were created by
separation at the median. The possibility of VDT use dependent differential
relationships of the salary and people supported variables with strain was
double-checked through correlations of these wariables with the strain
measures in the user and non-user subgroups.

Finally, we examined the correlations of strain scores with quantity of

tobacco use for smokers and with quantity of alcohol use for participants
téporting théy drink alcohol.
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The sample for each ANOVA and correlation consisted of all study participants
without missing data for each worker-strain variable pair. Since the derived
(strain) scale scores were computed for 251 of the 333 participants, after
accounting for missing data on some of the worker variables, analyses
involving derived scale scores were based upon samples sizes ranging from
approximately 225-251. Since the POMS subscale scores were calculated for
all study participants without missing data for constituent items, after
accounting for missing data on some of the worker variables, analyses
involving POMS subscales were based upon sample sizes of approximately
300-325. All of these analyses were carried out using SPSS (Release 9).

Multiple regression was used to systematically evaluate the influence of the
eight worker variables on the job dissatisfaction, meod disturbance, and
illness symptoms strain scores. Because the number of regressors examined
here is relatively small, an "all possible subsets'" regression procedure was
used to examine the combinations of predictors in develeping a model for
prediction of each of the three strain measures. The statistical package
used for these analyses was BMDP (P9R, All Possible Subsets Regression).

The necessity for complete data for regressors and strain measures resulted
in a regression sample of 160 (119 VDT users and 41 non-users). For all but
one worker variable, family living situation, the regression sample breakdown
for different levels of the predictor variables was adequate to ensure
reliability. However, for the family living situation variable, only a few
individuals were classified as not living in a family=-type arrangement.
Further, analyses indicated a fairly strong interdependence between the
family living situation and marital status variables (phi = .48, p< .01}, and
that both wvariables tend to have an influence on straim, although the effect
of the marital status variable was substantially stronger. For these reasons
we are not confident that the regression analyses adaquately depict the
influence of the family living situation variable or its effects vis-a-vis
the marital status variable. Further investigation will be needed to
distinguish these effects.

Because the ANOVAs and correlations showed no tendency toward a differential
relationship of worker variables with strain for VDT users and non-users,
interaction terms cf this type were not included in the regression models.

Results

The simple relationships between worker characteristics and the strain
indices are summarized in Table 27. Tabled values show mean strain scale
scores (VDT user and non-user groups combined) for categories of the worker
variables. Values for the salary and number of people supported variables
are correlation coefficients of their associations. with 'strain scores for the
VDT user and non-user groups combined. For the alcchol and tobacco use
variables, the values shown in the rows labeled ''quantity" are the
correlations of the quantity consumed with strain scores, but only for the
subgroup of participants that use these products.

As indicated above, interactions of worker variables with VDT use were almost
completely absent, so the trends indicated in Table 27 are much the same for
VPT users and non-users alike. In the combinations of eight worker variables
with 13 strain measures, only three significant interactions occurred. None
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Table 27, The relationship of individual characteriscics with strain scores

(tabled data are group means and correlations).

Strain Measures

Mood Job Visuo-
Distur- Illness Dissatis=- ocular Postural
bance Symptoms faction Strain Strain
Family Living Situation
Yes 9.83*%% 9.19 15.89%% =-2.11 -1.99
No 12,36 9.89 16.92 -1.87 -1.90
Marital Status
Married 9.47%* 8.52%* 15.52%%* =2.36%% =2 32%=%
Single 11.62 10.33 16.80 -1.73 -1.,58
Chief Breadwinner
Yes 10,72 9,45 16,10 -2.14 -1.89
No 10,40 9.36 16.15 =2.01 =2.00
Education
Secondary 10.16 9.32 15.61** =2.14 -2.07
Post-secondary 10.81 9.46 16.60 -1.98 -1.87
Alcoheol Use
Yes 10.67 9.51 16.16 -2.00 -1.88
No 9.60 8.77 15.97 -2.36. -2.40
Quantity (rho) -.02 .02 -.11 .02 -.00
Tobacco Use
Yes 10.96 9.98 16.35 -2.09 -1.57
No 10.33 9.12 16.05 -2.00 -2.16
Quantity (r) ) .13 23% .14 .16 .18%
Salary (r) -.03 -.00 -.11 .02 ~.08
People Supported (rho) -.11 -.08 -.12% -.07 -.03
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Table 27 continued.

Family Living Situation

Strain Measures

Yes
No

Marital Status
Married
Single

Chief Breadwinner
Yes
No

Education
Secondary
Post-secondary

Alcohol Use
Yes
No
Quantity (rho)

Tobacco Use
Yes
No
Quantity (r)

Salary (r)
People Suported (rho)

Manip- Behavioral-
ulative autonomic BOMS POMS
Strain Strain Depression . Fatigue
-4,.84 -5.13 7.00%= 6.90%=*
-4,59 -4,73 11.99 8.66
=5.17%*%  =5,40%** 6,56%% 6.65%%
-4.33 -4.58 9.98 7.94
-4.,74 -4.92 8.29 7.66
-4.78 =-5.05 8.19 7.06
=-4.80 -5.06 7.44 6.32%%
=-4.74 -4.95 8.93 8.13
-4.74 =-4.94 8.50 7.29
-4.83 -5.36 6.54 7.13
-.11 .07 -.04 -.07
-4.59 4,72 9.10 8.10
-4.85 -5.14 7.87 6.87
. 20% .15 .17=* .12
-.07 .06 -.06 .04
-.04 -.07 .11 -.03
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POMS
‘Anger

6.61%
8.77

6.38*
7.83

7.60
6.82

7.07
7.11

7.42
5.21
-.06

7.34
7.11
.10



Table 27 continued.

Family Living Situation

Strain Measures

Yes
No

Marital Status
Married

Chief Breadwinner
Yes
No

Education
Secondary
Post-secondary

Alcohol Use
Yes
No
Quantity (rho)

Tobacco Use
Yes

No
Quantity (r)

Salary (r)
People Supported {(rho)

.05
.01

*p
**P

In A

POMS

Tension

8.14%
10.53

7.71%*
9.92

8.92
3.02
-.05

9.54
8.44

.09
-.05

-.04

POMS
Vigoer

16.79
16.59

17.33
16.27

15,86%*
17.33

17.17
16.49

17.11%
15.04
. 10%

16.21
17.22
-.01
.05

-.03

POMS

Confusion

5.65%*
7.52

5.38%*
6.89

6.26
5.14
-.02

6.46
5.95
.07

-.04
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involved the job dissatisfaction, mood disturbance, or illness symptoms
variables.

Only one variable, marital status, is seen to have a consistent meaningful
relationship with strain scores. For all indices, lower levels of strain are
observed for married individuals. The differences are significant for all
but the anger and vigor subscales of the POMS.

It is also evident that individuals reporting that they reside in a family
living arrangement tend to experience less strain than those who do not,
although the effect is not so pervasive as for marital status.

There exist few other important effects or trends in these data.
Collectively, they suggest that other than marital status, worker
characteristics are largely inconsequential in predicting job dissatisfaction
or affective or somatic disturbances among VDT users and their office worker
counterparts. Smoking and alcohol use, both conventionally regarded as
important health risk factors, are indeed comsistently associated with higher
strain scores. However, the effect of alcohol use tends to be nonsignificant
for both the dichotomous classification of this wvariable and for the quantity
measures among the subgroup which uses alcohol. While the dichotomous
classification of tobacco use is also not significantly related to strain,
there 1s a significant tendency toward increasing physical health
disturbances as quantity smoked increases. The association with depression.
is also positive and significant. Trends toward increasing strain with
decreasing salary, fewer people to support, greater education, and greater
financial responsibility (breadwinner status) are observed, but only rarely
are the effects significant.

When these variables are cast into a multiple regression analyses for the
prediction of the job dissatisfaction, mood disturbance and illness symptoms
measures, the results were with one exception little different from
prediction permitted on the basis of extrapolation from the univariate
analyses, The best possible regressor subset for the prediction of the
illness symptoms measure consisted of simply the marital status variable (p <
.05), with classification as "married" associated with lower strain than the
non-married classification (regression coefficient = -2.42, the non-married
group was the reference group). Nome of the remaining variables were
significant. Marital status accounted for apprcximaEely nine percent of the
variance in the illness symptoms measure (adjusted R™ = .089). 1In the
prediction of the mood disturbance measure, the best possible subset (p <.05)
consisted of the marital status and breadwinner status variables. Again,
classification as married was associated with less strain (regression
coefficient = -1.86) and greater financial responsibility predicted more
strain (regression coefficient for the chief breadwinner indicator = 1.43)
consistent with indications from the univariate analyses. EHowever, cf the
variance explained by the these two variables (8.7%) the greatest
contribution was again from the marital status variable (6.0%).

In the prediction of the job'dissatisfaction index, the results were somewhat
at variance with indications from the univariate analyses. Specifically, the
univariate analyses indicate significant variation in the job dissatisfaction
measure as a function of education, number of people supported, and family
living arrangement, in addition to marital status. Yet, when the effects of
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these four variables were examined concurrently, or for any combination of
the worker variables, significant eSfects (p< .035) were found for only the
marital status variable (adjusted R = ,054, regression coefficient =
-1546) .

Summary and Conclusions

The results and implications of these analyses are fairly clear-cut.
Collectively, the perscnal attributes examined do not play a strong role in
predicting strain in the current sample of office workers. However, there
does seem to be something crucial about being married that mitigates or
deters strain, and the effect is quite broad and no different for VDT users
than non-users. As would be expected, in contrast to unmarried persons,
individuals who are married also tend to reside in family living arrangements
{phi = .48, p< .0l) and tend to be financially responsible for the support of
more individuals (eta = .45, p< .0l). This would suggest that the marital
status effect observed is in part due to a complex of conditions normally
associated with family life. However, the fact that marital status
consistently emerges as a significant predictor of increased well-being, and
that the effects of neither the family living situatiom, nor
people-to-support variables are not nearly so strong or pervasive in either
the regression or univariate analyses, places greater.emphasis on marital
status per se. The association of the marital status variable with all other
predictors of strain considered in these analyses is negligible and
statistically nonsignificant. In subsequent analyses focussing on working
conditicns as predictors of strain, marital status is alsc shown to be
significant after adjusting for age effects.

Due to the strong influence of the marital status variable in predicting job
dissatisfaction, mood disturbances, and illness symptoms, it will therefore
be useful to include this variable as a regressor in predicting these three
types of strain from working conditions for contrcl and comparative (perscn
versus work effects) purposes.

GENERAL WORK ENVIRONMENT AND HEALTH ANALYSES
Aim of the Analyses

The objective cf these analyses was to systematically examine the role of
general job design factors and physical workplace conditions as risk., factors
in office and VDT work. Of major interest is whether the effects of the
working conditions examined are any different for VDT users than for
non-users, and whether there is some special attribute of VDT use per se
{(i.e. beyond the effects of the other working conditions considered) which
seems to increase or reduce strains among office workers. Statistically,
this amounts to: 1) determining whether VDT use (i.e. whether or not a
participant is a VDT user) interacts with variables denoting working
conditions to influence well-being, and 2) determining whether there exists a
main effect cf VDT use after adjusting for the effects of these variables.

Independent Variables-Regressors

As described in the research strategy section of this report, these analyses
focus on a limited number of conditicns which have been demonstrated ot
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suggested in the occupational stress literature as potent job stress factors
or moderaters, and which appear to be of major concern and relevance in
mechanized office work. The plan was to regress three measures of well-being
(job dissatisfaction, mood disturbance, illness symptoms)} upon these
variables in order to clarify and prioritize theilr role in the stress process
in office and VDT work.

The analyses were begun by examining the effects of the derived indices of
job contrel/involvement, social environment/support, job/task performance
demands, job/skill future certainty, and physical environmental problems.
Age of participants was also included as a regressor at this stage. Because
the extent of daily VDT use is widely considered to be a major determinant of
health outcomes in VDT use (although empirical support is ambigucus), a
continuous variable describing the hours of daily use of cffice machines
(machine time) was also included. For the VDT users, this value was nearly
equivalent to hours daily VDT use (r = .93 for the correlation of VDT
hours/day with machine use hours/day). Finally, a variable corresponding to
whether or not a participant was a VDT user was included as a main term and
also interacted with all variables. As explained in the following
description of the regression procedure, job classification variables and
marital status (the only additional worker characteristic which proved to be
of importance) were added in subsequent analyses.

Interaction Terms

Two types of interaction terms were formed and evaluated. The first is the
more common type formed by products or ratios of two variables.
Multiplication or division of the variables was chosen based upon the actual
inspection of the response surface produced by pairs of variables for each cof
the well-being criterion measures. When strain was observed to result from
increases in the level of both variables (e.g. higher strain with high job
demands and high environmental problems, and lower strain with lower levels
of these two wvariables), the values for the two variables were multiplied.

If strain was observed to increase with increases in the level of one
variable and decreases in the level of another (e.g. high strain with low
social support and high environmental problems), the interaction term was
formed by dividing one variable by the other (e.g. the environmental problems
value divided by the sccial support value),

The method of formation of the interaction terms which were found to be of
major relevance in the current regression analyses is indicated in the
listing of these variables in Table 28 (division or multiplicacion is
indicated in the interaction term labels).

The second type of interaction term formed approximates an effect somewhat
similar to that occurring with moderator variables. Briefly, these terms
consisted of an interaction between two variables (e.g. job control and job
demands) that was allowed to vary or occur only at given levels of these
variables (e.g high demands, low control). At all other levels of these
variables (low demands-low control, high demands-high control, low
demands-high control), the effect is nearly invariant. Karasek (1979)
cbserved, for example, that for workers with varying degrees of job demands
and job decision latitude (similar to the job control variable
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operationalized here) strain occurred mainly with low levels of decision
latitude and high levels of demands exclusively.

This second type of interaction term was formed and evaluated for all pairs
of the continuous predictor varilables described above. The rationale for
formulating and testing this type of interaction was not theoretical alone.
The inspection of the response surfaces created by pairs of predictor
variables for each of the outcome well-being measures indicated the need for
these types of interaction terms.

Pictorial examples of such surfaces in the present data are provided in
Figure 3. The x and y axes of these figures show quartiles for a pair of
predictor variables, and the 2 axis shows the mean strain score for
individuals within each x-y combination of quartiles. For plotting purposes,
the strain score in the quartile combination with the lowest strain score was
set to zero. Thus the proportions between strain scores in different
quartiles combinations are not equivalent to the proportions created by the
ratios of numeric values of strain shown at various x~y coordinates in the
figure. In other words, the plots show the "peaks of mountains".

The lower plot in Figure 3 shows the magnitude profile of scores for one of
the well-being outcome measures, illness symptoms, at.various levels of the
job demands and job comtrol variables. Consistent with findings by Karasek
(1979), it can be seen that strain (illness symptoms) is amplified at high
levels of job demands and low levels of job control. At all other levels of
‘these two variables (low control-low demands, high control-high demands, high
control-low demands) strain does not vary in a consistent way. The same
effect is observed in the upper plet im Figure 3 where reported strain (again
illness symptoms) is comparatively promounced only at extreme levels of job
demands and low age. These types of effects cannot be accurately depicted by
the simple multiplication or division of the predictor variables,

For the present amalyses, two varieties of interaction terms were feormulated
to approximate the type of effects observed in Figures 3. The first variety
was formed by allowing products or ratios of the values for pairs of vari-
ables to exist above the value formed by the preduct or ratio of the means
for pairs of variables. At or below the product or ratic of the means, the
interaction values were held constant at the product or ratio of the means.
We refer to these as the "UP" interaction terms. The second variety of
interaction term.of this nature was formed by doing just the opposite. Here
the product or ratio values for pairs of variables were allowed to exist
below the value formed by the product or ratic of the means for pairs of
variables. At or above the value formed by the product or ratic of the
means, interaction values were.held constant at the product or ratio of the
means. We refer to these as the "DOWN" interaction terms. The formation of
these two types of interaction terms is illustrated in Figure 4.

Before leaving the subject of interaction terms, it is worthwhile to digress
briefly to a series of analyses carried out in which only the variables job
demands, job control, and their interactions of the two major types defined
above were used to predict the three general measures of well-being (illness
symptoms, mood disturbance, and job dissatisfaction) that are the focus of
the. current analyses. The aim was to attempt. to replicate Karasek's (1979)
findings on the way in which job' decision latitude conditicns the stress
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Figure 3. Examples of response surfaces approximated by the second type of
interaction terms (z-axis represents scores for the Illness
Symptoms index).
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Figure 4. Formation of the two varieties of the second
type of interaction term.
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effects of job demands. Of interest is that when the job ccntrol-job demands
interaction term of the second type was combined with the job control and job
demands variables as regressors, the effect of the interaction term was
significant in predicting both job dissatisfaction and illness symptoms.

When the interaction of the first type (i.e. a simple ratic term) was
combined with these two variables, the interaction effect was not significant
in any case. These findings would seem to lend support to Karasek's (1979)
findings and to the importance of forming these types of terms for the
present analyses. However, despite the apparent importance of the second
type of interaction term for interactions involving the job control variable,
these interaction terms actually contributed little to the prediction of the
well-being measures once the other major independent variables (and their
interactions) were considered in the amalyses.

The Dependent-Criterion Variables

As indicated, the well-being or outcome measures in the analyses at hand are
the derived indices of job dissatisfaction, mood disturbance, and illness
symptoms predicted previocusly from the individual worker variables.

The Regressiomn Preccedure

First, the three well-being measures were regressed in separate analyses on
the independent variables described above (with the exception of job
classification and marital status) and their interactions. Since this
investigation is expleratory in nature, a stepwise technique (backward: p>
.05 out, p£.05 in) was chosen. As described further on, other regression
procedures were utilized in checking the sclutions we obtained with this
procedure. The regression analyses were based upon the 186 VDT users and 65
non-users with complete data on all variables.

The main stdtistical package used was REGAN 3, a series of regression
programs developed and used extensively over the years at the University of
Wisconsin. The SAS (Statistical Analysis Systems, Raleigh, N.C.), Versiocn
79.6 PROC REG routine and options available with REGAN were used for
verification and diagnostic purposes on the final regression models.

In each of the three analyses (i.e. one for each outcome measure) we began by
stepping on the interacticn terms of the first type in the presence of the
main effect terms which were locked in the medel. Essentially the same
procedure was then followed for the interactions of the second type.
Interactions of both types which survived this preliminary stepping were
combined along with all main effect terms, and the entire set of variables
were then stepped in a subsequent analysis. Residual plots were examined for
evidence of curvilinear effects of the main predictor variables indicating
the need to form quadratic terms. As described further on in the results,
this was warranted in only one instance.

In the description of the results:-of the prediction of the three well-being
measures, tables are provided (Tables 30-32) showing the final models
achieved. The interaction terms shown in these tables (either as remaining
in or stepping out of the models) are the interaction terms which survived
the preliminary stepping. Table 29 shows the simple correlation structure
among the criterion measures and all the main independent variables in these
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analyses. All the interaction terms surviving the preliminary stepping are
also included. Table 28 provides descriptive statistics for all of these
variables.,

Next, we took the three final models resulting from the regressions of each
of the three well-being measures and then re-analyzed these models
simultaheously allowing the outcome well-being measures from each of the
three models to enter the other two medels as regressors. In this fashion we
were able to gain an understanding of the predictive relationships among the
outcome well-being measures. themselves, and their importance in relationship
to the other "independent" predictar variables. The SAS SYSREG routine was
used for this purpose. In these simultaneous analyses, variables were
removed in a simple backward eliminaticn process.

In deliberations over the results of these analyses with the NIOSH project
officer, we became concerned that the analyses may be deficient in reflecting
the influence that the type of office task or job may have on worker
well-being. For example, Figure 2 shows variation in reported strain across
the different job activity categories for the study participants, with an
indication of a trend towards decreasing. strain proceeding from the data
entry category at the left toward programmers at the right. The question is
whether there exists a job activity related variable which contributes to
this variation beyond effects due to variables already considered in these
analyses.

One option we considered was to include in the regression analyses
classification variables denoting qualitatively different, job activities
performed. To this end, the sample was reclassified into the.aetivitcy groups
shown in Figure 2 (data entry, file maintenance, general
clerical-secretarial, lead workers, and programmers). The three regression
analyses described above were then repeated, but including variables
corresponding to these classifications. The results were fruitless, adding
no explanatory power to the analyses already conducted and for this reason
are not reported further here,

It is also possible to roughly classify these different jobs along a more
continuous dimension, and they are arranged in this fashion as they appear in
Figure 2. Proceeding from data entry work to preogramming, the jebs tend to
involve progressively greater quantities of the characteristics of
professional jobs (greater knowledge, authority, responsibility, etc.),
although perhaps with the exception of programmers, none of the jobs can be
regarded as of a truly professional mature in an absolute sense. Based upon
this somewhat rough continuum, dummy variables denoting professional status
were created by classifying data entry and file maintenance workers as "lower
professional" workers, and clerical secretarial workers and lead workers as
"higher professional" workers. Programmers were included as a third
classification., The three regression analyses described above were then
again repeated with the inclusion of the higher professional and programmer
classification variables (lower professionals served as the reference group)
as regressors, The acronyms used for these two variables in the presentatiocn
ot the data are PRF STAT (higher professional status indicator) and PRCGR
(programmers). The interaction of the professional status variable with all
othet independent variables was also. included. The. results:of this- second
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Table 28. Descriptive statistics for all variables used in the gemeral work
environment analyses.

Variable Mean SD Minimun Maximum
JOB DIS 16.13 2.86 10.57 26.97
JOB CON 19.61 2.17 14.86 25.36
/30C SUP 22.20 2,50 15.66 27.59
JOB DEM 22.70 2.38 14.24 27.87
FUT CER 20.58 1.66 16,35 24.04
 MD DIS 10,51 4,95 4,18 33.00
ILL SYM 9.39 3.76 3,34 24.37
'ENV PROB 18.66 2.12 14.87 24.81
MTIME 6.10 2.45 0.00 10.00
AGE 32.61 10.35 18.00 62.00
VDT USE , 0.74 0.44 0.00 1.00
PROGR 0.07 0.25 0.00 1.00
PRF STAT ' 0.22 0.41 0.00 1.00
MAR STAT 0.52 0.50 0.00 1.00
JOB DEM *+ SOC SUP 1.04 0.16 0.70 1.64
ENV PROB * SOC SUP 0.86 0.17 0.57 1.47
SOC SUP x FUT CER 457.98 70.70 276.01 637.90
VDT USE x JOB DEM 16.83 10.18 0.00 27.87
AGE + ENV PROB 1.77 0.58 0.80 3.68
AGE x SOC SUP 722.84 237.98 313.08 1503. 20
PRF STAT x JOB DEM 5.12 9,86 0.00 27.87
PRF STAT x FUT CER 4,50 8.63 0.00 23.61
PRF STAT x ENV PROB 3.97 7.66 0.00 22.85
PRF STAT x AGE 8.06 16.18" 0.00 © 61.00
JOB CON "UP" - ' 1.14 0.12 1.05 1.51
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Table 29. Correlations (Pearson r) among the variables included in the

general work environment analyses.

Variables

1. JOB DIS

2. MD DIS

3. ILL SYM

4. JOB CON

5. SOC SUP

6. JOB DEM

7. FUT CER

8. ENV PROB

9., MTIME

10. AGE

11. VDT USE

12. PROGR

13. PRF STAT

l4. MAR STAT

15. JOB DEM + SOC SUP
16. ENV PROB + SOC SUP
17. SOC SUP x FUT CER
18. AGE + ENV PROB

19. AGE x SOC SUP

20. PRF STAT x JOB DEM
21." PRF STAT x FUT CER
22. PRF STAT x ENV PROB
23. PRF STAT x AGE

24, VDT USE x JOB DEM
25. JOB CON "UP"

1. 2. 3. 4. 5. 6.
JcB MD ILL JOB soc JOB
DIS DIS SYM CON SUP DEM
1.000

.5489 1.000

<452 «553 1.000
-.523 -.140 -.192 1.000
-.489 -.241 -.213 L4l4 1.000
-.036 -.072 151 .115 .062 1.000
-.400 -.304 -.298 .430 . 292 L241

415 . 246 .372 -.287 -.384 .188
-.030 -.023 .014 -.231 .075 -.113
-.163 -.220 -.094 -.047 -.033 285

.082 -.071 -.012 -.217 -.083 .005
-, 057 -.071 -.044 .251 .000 .033
-.025 .009 -.088 .262 -.043 . 244
-.223 -.217 ~-.242 .059 .113 .158

+350 146 . 287 -.243 -.713 641

. 545 .309 377 -. 424 -.824 079
-.556 -.334 -.307 -.518 . 866 <167
-.288 -.282 -.200 .051 .103 . 215
-.313 -.299 -.162 .089 <311 290
-.020 .007 -.083 .263 -.038 .289
-.044 -.013 -.106 277 -,025 . 247

.005 .025 -.068 L 244 -.Q070 .251
-.062 .004 -.085 0235 -.050 . 256

.070 -.071 .019 ~.192 -.072 .184
-.450 -.166 -.260 . 685 . 388 . 008
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Table 29 continued.

Variables
7« FUT CER
8. ENV PRCB
9. MIIME
10. AGE
11. VDT USE
12. PROGR

13. PRF STAT

14. MAR STAT

15. JOB DEM + SOC SUP
16. ENV PROB + S0C SUP
17. S0C S5UP x FUT CER
18. AGE + ENV PROB

19. AGE = SOC SUP

20. PRF STAT x JOB DEM
21. PRF STAT =x FUT CER
22. PRF STAT x ENV PROB
23. PRF STAT x AGE

24, VDT USE x JOB DEM
25. JOB CON "UP"

7.
FUT
CER

1

.000
.202
.062
.022
.0%6
.109
.103
.154
.068
.305
727
.053
.077
.107
.133
.088
.074
.045
.319
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8. 9. 10. 11. 12.

ENV _ VDT

PROB  MTIME AGE USE PROGR
1.000

.006  1.000

.083  -,150  1.000

171 .136 .011  1.000

.047  -.307  -.066 .159  1.000
-.053  -.466 L2470 -.354 -.141

.038 .016 .284 .012 .038

L4346 =126 .220 .064 .017

.821  -.030 .072 142 .012
-.378 .018  -.037  -.109 .098
-.270 -.1l46 .931  -.058  -.081
-.060 -.106 .933  -.027  -.072
-.045  -.460 ,254  =.336  -.140
-.062  -.459 .239 =361 -.141

L0046 ~.474 .245  =,326  -.140
-.050  -.476 .377 -.3146 =135

.199 .117 .063 .979 .162
-.664  ~-.093  -,048  -.212 .088



Table 29 continued.

13. 14, 15. 16. 17. 18.
Variables JOB ENV soc

PRF MAR DEM + PROB + SUP x AGE ~

STAT STAT SOC SUP SOC SUP FUT CER ENV PROB

13, PRF STAT 1.000
14, MAR STAT .059 1.000
15, JOB DEM + SOC SUP .195 .015 1.000
16. ENV PROB + SOC SUP -.002 ~-.052 .702 1.000
17. SOC SUP x FUT CER .026 .162 -.545 -. 744 1.000
18, AGE *+ ENV PROB .264 . 266 .063 -.216 . 099 1.000
18. AGE x SOC SUP .220 .3090 -.040 -.219 .261 .922
20, ©PRF STAT x JOB DEM .994 069 .221 .000 .032 .269
21, * PRF STAT x FUT CER .997 .066 .182 -.019 .054 . 260
22. PRF STAT x ENV PROB  .992 .052 . 222 047 -.001 . 240
23, PRF STAT x AGE - 954 .083 .210 .007 .008 .381
24. VDT USE x JOB DEM -.305 .040 .177 .152 -.074 -.015
25. JOB CON "UPp" .208 .002 -.282 -.593 L4438 .189

19, 20. 21. 22. 23. 24.
Variables PRF PRF PRF PRF

AGE x STAT x STAT x STAT x STAT x VDT USE x
SOC SUP JCB DEM FUT CER ENV PROB AGE JOB DEM

19. AGE x SOC SUP 1.000
20. PRF STAT x JOB DEM  .299  1.000

21. PRF.STAT x FUT CER  .220 992 1.000

22. PRF STAT x ENV PROB  .206 .989 .987  1.000

23. PRF STAT x AGE 339,954 L947 946 1.000

24. VDT USE x JOB DEM 026  -.283  -.312  -.275  -.263  1.000
25. JOB CON "UP" .080 .206 .221 .157 191 -.211

124



set of the three regressions were meaningful and are shown in Tables 30-32
along with the results from the first set.

Finally, the regression analyses undertaken to examine the influence of
worker characteristics on well-being pointed to marital status as an
important predictor of strain. For this reason, the marital status variable
was added in a final regression prediction of each of the three well-being
measures. -

Diagnostics

In examining diagnostic statistics for the regression models in these
analyses, particular attention was paid to four measures. The first was the
"Studentized" residuals for the predictions (i.e. the standardized value of
the difference between actual and predicted values for the critericn measure
for each individual). Estimates which were greater than two and three
standard deviations from the mean (cutliers) were noted. The second was the
"hat'" value for each case, This is a measure of the "leverage" or influence
of each observation (i.e. associated regressors for each case) on the
predicted values produced by the medel. In each model the critical value of
this statistic which should not be exceeded for anmy case is equal to the
quantity (3 x no. of regressors/sample size). The third statistic was the
covariance ratio for each case which reflects the change in the precision of
the estimated coefficients due tec the values of the associated regressors for
each case. Covariance ratios less than 0.9 were noted.

Results show that none of these three statistics indicate serious$ prcblems in
any of the models. Only a small number of cases in all of the regression
analyses reported in this study had values for these statistics outside the
critical limits described here. The raw data for all of these cases were
closely inspected for evidence suggesting the data to be unreliable (e.g.
lack of variance in response to questionmnaire items, large blocks of missing
data, coding errors, etc.). For none of the cases tagged by the regression
diagnostics was such evidence found, and therefore, none of the cases were
deleted from the analyses.

Finally, the correlations among the values of the regressors themselves and
among the regression coefficients for the different variables in the final
models were examined. Regarding the former measure, although some of the
correlations are in the neighborhood of 0.40, their frequency and magnitude
do not suggest serious colinearity problems in these models. The majority
of the correlations among the main regressor variables are much lower.
Results show that only in a few instances do strong correlations exist
between coefficients for the different regressors, usually between
interaction terms and their component main effect terms.

Results of the Job Dissatisfaction Regressions

In predicting the three different well-being measures, the results for job
dissatisfaction were the most acceptable. We describe first the results for
the dissatisfaction regression in which the professional status and
programmer variables were not included as predictors. The first section of
Table 30 shows the final outcome of this regression. The top portion of the
table shows the variables which remain in the final model; the bottom portion
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Table 30. Results of the Job Dissatisfaction regressions.

"Programmer and professional status indicators not included . in the model:

Variables remaining Standardized Partial Sig
in final model Reg.. coef. reg. coef. correl. coef. level
Job Control ~. 445 -.338 -.375 .000
Social Support -.246 -.214 -.247 .000
Future Certainty -,281 ~-.163 -.200 .002
Environmental Problems . 752 .557 .228 .000
Machine Time -.160 -.137 -.178 .005
Age - -:317 =1.147 -.182 L0044
Age < Environmental
Problems 4,735 .958 147 .021
Variables stepping
out of final model
Job Demands - - .088 . 169
VDT Use - - .049 LG46
R = ,702
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Table 30 continued.

Programmer and professional status indicators included in the model:

Variables remaining Standardized Partial Sig.
in final model Reg. ccef. reg. coef, correl. coef. level
Job Control -.469% -.075‘ -.376 .000
Social Support -.240 -.06l -.246 .000
Future Certainty -.272 -.088 " -.195 .002
Environmental Problems 776 . 204 .239 .000
Machine Time -.137 -.061 -. 145 .024
Age ‘ -.336 -.109 -.1%6 .002

Age : Environmental
Problems 5,231 2.032 . 164 .01l

Professional Status x
Job Demands .359 116 . 195 .002

Professional Status x
Future Certainty -.258 =.125 -.132 . 040

Professional Status x
Age -.071 .031 -.148 021

Variables stepping
out of final model

Job Demands - - -.015 .816
Professional Status - - 067 .303
Programmers - - 022 .730
VDT Use - - -.044 .494
Professional Status x
Environmental Problems - - .050 Jedl
R = .722

R2 (adjusted) = .501
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shows those stepped cut. The second section of Table 30 is organized in the
same way, except that the professional status classification and interactions
with this variable, and the programmer classification are included among the
regressors. Remember that the interaction terms shown in this table are
those surviving the preliminary stepping on interaction terms alone.

The "fit" or adjusted R2 of the model is 0.48. When age is omitted from
either of these models to determine the explanatory power of factors that are
predominantly job related, a slight decline of approximately three percentage
points in the explained variance is seen.

The job dissatisfaction model appears to be highly stable. Only 12 of the
251 predicted values were found to have Studentized residuals equal to or
greater than 2.0, and only two exceeding 3.0. In examining the hat
(leverage) values, only three observations were found to be in excess of the
critical value of 0.084 indicating excessive influence. Just eight
observations have covariance ratios of less than 0.9, and only 1 less than
0.8. The only indication of instability in this model is that the regression
coefficients for the age, environmental problems, and age by environmental
problems interaction terms are strongly intercorrelated.

Table 30 shows that most of the main effect terms considered in these
analyses contributed significantly to the prediction of job dissatisfaction.
This result stands in contrast.to the final models for the regressions of the
moocd disturbance and illness symptoms measures in which, as shown further on,
main effects are less prevalent. ’

In the present regression only one interaction term (age by physical
environmental problems) survived the preliminary stepping on interaction
terms, and this term also contributes significantly to the prediction of job
dissatisfaction in final models. The effect is shown pictorially in Figure 5
(Panel 1), Age seems to moderate the adverse effects of environmental
problems. In other words, the effect of increased environmental problems is
not nearly so great for older workers as it is for younger workers. This
plot and all of the interaction plots presented here were created by
calculating the predicted value for the dependent measure at values of plus
and minus one standard deviation from the mean for the variables inveolved in
each interaction, using the coefficients for these terms given in the
regression model. Values for all terms not involved in the interaction were
held constant at the mean. The ordinate in these plots is calibrated in
units of the dépendent measure (actual ranges given in Table 28B). It will be
seen that the age by environmental problems interaction effect is
particularly strong throughout the analyses, also attaining significance in
both the mood disturbance and illness symptoms models as well.

Table 30 shows that most of the main effects in the prediction of job
dissatisfaction are in a direction which is compatible with expectations from
the occupational stress literature. Decreases in job control, social
support, future certainty, and increases in envirommental problems all lead
to increases in job dissatisfaction. Especially noteworthy here is the
strong partial effect of job control.

One of our concerns in interpreting the 'strong effect of job control on job
dissatisfaction was that perhaps some of the items comprising the two scales
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are conceptually too similar, resulting in an artifactual relationship,
although this is not readily suggested by inspection of the scale contents.
Kasl (1978} described the seriousness of this type of problem in occupational
stress research. To further explore this possibility we examined the
relationship between the present job control scale and the job dissatisfac-
tion scale of Caplan et al. (1975) which deals almost exclusively with the
propensity to recommend or take again the present job. Interestingly, the
correlation is about the same (r = -,545) as with the present job
dissatisfaction measure (r = -.53). Similarly, the Caplan et al. {1975)
participatiocn scale which deals exclusively with decision latitude correlates
at very nearly the same level with the present dissatisfaction scale (r =
-.33) as with the Caplan et al. (1975) dissatisfaction scale (r = -.32), We
therefore, dismissed the possibility of contamination of the job control
effect.

In examining the univariate compariscon of VDT users and non-users on the job
stressor/moderator variables (Tables 19, 20, 22), it is notable that for the
derived job control and environmental problems variables, as well as for
related measures of these two types of conditions (management/supervisory
control over workers and physical workplace comfort) the data indicate
significantly less favorable. circumstances for the VDT users. The same is
true for staff-supervisory support. Similar findings were obtained by Smith
et al., (198l). It may seem inconsistent that while the VDT users and
non-users are differentiated on variables which play impertant roles in
predicting job dissatisfaction, the univariate comparisons show no
significant group differences in dissatisfaction, although dissatisfaction
scores tend to be greater for the users . The explanation is probably that
the group differences on these predictors are not large enough, particularly
in light of other significant predictors for which no group differences
appear, to cause significantly greater dissatisfaction among users. Remember
also that the significant regressors explain just half of the variance in the
job dissatisfaction measure.

The effect of the machine time variable shows that increased daily use of
office machines is associated with decreased job dissatisfaction. The effect
is the same for VDT users and non-users alike since the VDT use variable does
not interact with the machine time variable. However, the effect does not
appear to be particularly strong (this variable has the lowest standardized
regression coefficient and second lowest partial correlation).

Prior data on the relationship between.strain and the- extent of daily VDT.use
is mixed. Some studies indicate a positive relationship between the length
of VDT use and visuo-ocular strain (e.g. Gunnarsson and Soderberg, 1980;
Haider et al., 1980). Dainoff et al. (1981) reported a-correlatiom of 0.1%
between percent time daily VDT use and an index of physical/mental stress.
Smith et al. (19B1) reported a correlation of similar magnitude between the
extent of VDT use and health complaints. Cakir et al. (1978} found general
central activation scores to be highest for users with 4-6 hours of VDT
operation per day. On the other hand, Dainoff et al, (198l) reported a small
negative correlation between percent time daily VDT use and fatigue, and
Smith (1982) describes that no relationship was observed between the number
of hours of daily VDT use or length of job tenure and vision defects in a
recent NICSH investigation. Ghiringhelli (1980) reports that job and stress
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complaints were actually most frequent among users who worked om VDTs for
less than three hours per day.

Importantly, it appears that in some of this work the extent of VDT use
variable may be confounded with other job factors such as nature of the task.
There seems to be no prior data on the relationship of the extent of VDT or
office machine use with job dissatisfaction per se.

One possible explanation for the effect of the machine time variable which
deserves consideration is that it is attributable to factors converging tc a
degree with the machine time variable, but not considered in this particular
model. In the regression including a classification variable denocting
professional status, the jobs with the higher professional status are
associated with increased mood disturbances, and the inspection of plots of
the interaction of the professional status variable with other variables
(Figure 5, Panels 2-4) also shows a tendency toward greater dissatisfaction
in these jobs. These same jobs are shown to involve less intensive use of
office machines than the less professional jobs (indicated in Table 29). 1In
the regression of the dissatisfaction variable which includes the higher
professional status indicator, the importance of the machine time variable is
reduced (Table 30, second section). Still, the effect is significant and in
the same direction. On the other hand, it might be simply that the result is
linked to an appreciated task facilitative effect for individuals with
greater access to cffice machines.

A question which might be raised at this point is whether use cf the machine
time variable distorts the relationship of extent of VDT use per se with
dissatisfaction since number of hours machine time use and VDT use are not
exactly equivalent for the VDT users, This is doubtful since the two
measures are highly correlated (r = 0.93), and the simple correlations of VDT
hours and machine time with job dissatisfaction are nearly identical for VDT
users (r's = 0.029 and 0.030 respectively). The simple relationships of
these two variables for the VDT users are alsc nearly the same for the other
two well-being measures considered in these analyses (r's = -0.025 and -0.023
for the mood disturbance measure, and r's = -0.007 and 0.014 for the illness
symptoms measure).

A second question relates to the appropriateness of this type of "exposure”
index from the perspective of predicting strain. Hours of exposure daily was
chosen mainly in the interest of comparability with prior work and because
many of the adverse effects of VDT use reported thus far seem reversible with
rest. The argument might be made, however, that for the types of outcome
measures considered here, cumulative exposure could be a more appropriate or
at least a viable alternative measure. In examining the relationship of
numbers of months of VDT use with the three ocutcome measures in the present
analyses, the correlations obrained were not much stronger and nonsignificant
for the VDT users in all cases (r = -0.127 for the job dissatisfaction
measure, -0,110 for the mood disturbances measure, and -0.078 for the illness
symptoms measure). Further, no significant correlations were observed
between VDT exposure measured in months and any of the more specific physical
strain measures (visuo-ccular, musculo-skeletal strain) considered further on
in the results, nor for any of the Profile of Mood States subscales
indicating specific affective disturbances, nor for the derived scale
denoting behavioral-autoncmic manifestations of stress.

131



Like the machine time variable, age is negatively associated with job
dissatisfaction. However, the influence indicated by the age regression
coefficient is attenuated by the age by envirommental problems interaction.
As shown further on, the same effect occurs in the regression of the illness
symptoms measure, and in general throughout all the analyses conducted in
this study age is negatively associated with strain, There is little a
priori rationale to suggest that age should either diminish or exacerbate
dissatisfaction per se, although the same would not be true for health
disturbances. One possibility we cannot examine is that older workers may
have different (perhaps lower) expectations than younger workers. However,
the fact that age is systematically associated with reduced strain suggests
that some variation of the "healthy worker"” effect may be operating such that
dissatisfied workers or workers experiencing job and health problems
self-select themselves out the types of office work examimed. Alternately
they may have never entered these jobs. It is of interest that this same
type of age effect of was noted by Starr et al. (1983) for the reporting of
physical symptoms. Ghiringhelli (1981) also noted a greater incidence job
and health complaints among younger workers. No age-strain relationship was
observed in the recent Canadian Labor Congress (1982) study. None of these
investigators offer an explanation for the effect.

In examining scatterplots of the relationship between age and job
dissatisfaction, it was observed that the. effect approximates a curvilinear
trend in which dissatisfaction drops rather precipitously until the
mid-to-late 30's, but thereafter remains fairly stable. This effect is
particularly apparent for the VDT users as shown in Figure 6 (top) where mean
job dissatisfaction scores for the different age quartiles are plotted.
Because this curvilinear trend was'quite pronocunced in a plot of the
regression residuals for age, an age quadratic term was added to the job
dissatisfaction regression model. However, no effect on the model was
observed. The quadratic term stepped out and the linear term remained. The
curvilinear effect was also pronounced in the regression of the illness
symptoms measure where a significant main effect of age also occurred. The
curvilinear effect for the VDT users was again strenger, and is also shown in
Figure 6,

Relative to the issue of stress incident to VDT use, perhaps the most
important observation in this first regression is that the VDT use term and
all VDT use interacticn terms step ocut of the model. This means that after
adjusting for the effects of other variables in the model, knowing whether an
individual is a VDT user or not is of no significance in predicting the level
of job dissatisfaction experienced by that person. It also means that the
way the significant variables contribute to dissatisfaction is no different

' for the VDT users than ‘for thlieir non-user counterparts. The former effect is
seen even in the simple relatiouship of VDT use with job dissatisfaction. As
described, VDT use is not associated with the job dissatisfaction measure
(eta = .082, p = .19). '

Finally, the model shows no significant influence of the job demands variable
on dissatisfaction; neither is a meaningful simple relationship of these two
variables observed (Table 29). O0f interest, however, it will be shown
further on that there may exist some influence of job demands on
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Figure 6. Job Dissatisfaction and Illness Symptoms scale scores in relation
to Age for VDT users (n=186).
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dissatisfaction since demands do contribute to i1llness symptoms which in turn
affect dissatisfaction.

Effect of Including the Professional Status Variable—

In this analysis, classification variables denoting programmers and the
workers with the higher professional status were included as regressors along
with the variables and interaction terms considered in the prior analyses.
The lower professional workers constituted the reference group. Interactions
of the professional status indicator with all cother variables were also
examined. Because programmers were exclusively VDT users and the subgroup
sample relatively small, interactions involving this term were not formed.

The second part of Table 30 shows the final model obtained in this analysis.
Three observations are of interest. First the variables from the final model
without the professional status variables retain their signﬁficance.
Secondly, prediction with the model is improved somewhat (R°=.501). Third,
although there is nc main effect of the programmer or professional status
indicator, the latter variable is involved in significant interactions with
the age, future certainty, and job demands variables. Note, then, that in

" contrast to the prior analyses, job demands is influential in predicting
dissatisfaction when the professional status indicator is included as a
regressor.

Plots of interactions involving the professional status indicator reveal
effects that deviate from expectations. First, although there is no
significant main effect of the professional status indicator, a tendency
towards increased dissatisfaction is observed for the higher professiocnal
grouping of workers as shown Figure 5, (Panels 2~4). This relationship is
also cbserved in the regression of the mood disturbance measure as reported
further on, except there the main effect is in fact significant. In the
regression of the illness symptoms measure, there is z significant main
effect of the professional status indicator that is positive (implying
greater strain for the more professional workers), but a strong interaction
with the future certainty wvariable in that regression indicates that for the
average person, the higher professional status classification is associated
with reduced strain (illness symptoms). The second interesting feature of
the professional status interaction plets shown in Figure 5 is that they
suggest a greater influence of age, future certainty, and job demands for the
higher professional group than for the lower professionmal group. This
effect, too, is observed in the regressions of the mood disturbance measure
as. well as the illness symptoms measure where the interaction with the future
certainty variable is also significant.

This pattern of results is puzzling in the sense that prior VDT research
seems to fairly consistently point to greater resistance to stress and lower
levels of strain (at least physical health problems) among more professional
workers, With the exception of the illness symptoms measure, professional
status in the present sample points, if anything, to increased strain. This
inconsistency maybe due to the facr that in prior studies confounding of
professional status with other influential variables may have occurred. In
the current regression approach, the effect of certain important stress
moderators such as job control are accounted for independently of the effect
of the professional status. indicater. Thus the effect of the higher
professional status indicator we are observing here may be the residual
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negative influence of stressors associated with professional work after
adjusting for the effect of buffers such as the job control or other
variables (e.g. age or future certainty) which tend to counteract
stress/strain and are somewhat increased in the more professional jobs
(indicated in Table 29) in the present sample. What these adverse factors
might be, however, is uncertain. Cakir et al. (1978) and Coe et al. (1980)
both reported increased pressure at work by the more professicnal VDT users.
One alternate explanation for the present findings is the possibly that the
professional classification reflects less a distinction aleng a dimension of
professional work than along some other dimension we haven't considered. As
emphasized previously, the jobs included in the higher professional status
classification are not generally considered professional in the conventional
sense of the word,

Given the somewhat modest contribution and difficulty of interpreting
regression effects relating to the professional status of workers, and
considering that truly "professional" jobs are not well represented in the
current sample, we are not inclined to attribute too much significance to
these findings until further exploratory/confirmatory investigation of the
effects can be undertaken.

Effects of Including the Marital Status Variable--

With the exception of age, marital status stands out among all cther
demographic variables as an important predicter of strain. When the
regression sample is classified simply according to whether individuals- are
married or not, the associations with the three strain measures in the
present analyses are significant (job dissatisfaction, eta = 0,22, p<.0l;
mood disturbance, eta = 0,22, p<.0l; illness symptoms, eta = ,24, p<,0l) with
decreased strain in all cases for the married individuals. Because the
effects of influential individual factors in relation to working conditions
are of interest, the marital status variable was locked into the job
dissatisfaction, mood disturbance, and illness symptoms models, along with
age, as a predictor variable. The influence of the wmarital status variable
was significant in the prediction of both the job dissatisfaction and illness
symptoms measures. The model for prediction of job dissatisfaction was
ugchanged {(note terms eliminated), but prediction was improved (adjusted
R"=,513). However, as indicated by only a slight increment in explained
variance, the actual effect of marital status is modest in comparison to
cumulative effects of variables denoting working conditions. The
standardized regression coefficient and partial correlation for marital
status were -0.128 and -0.172 respectively (p<.01).

Summary and Conclusions--

The data show that both psychosocial/organizational and physical
environmental attributes of the work environment are instrumental in
predicting the job dissatisfaction of the present cffice workers, and the
effects are generally consistent with expectations from the VDT and general
occupational stress literature. Increases in persconal job control,
improvement in the social and physical environment, and increased future
certainty all predict reductions in job dissatisfaction. Of interest, the
influence of the job control variable is particularly strong, supporting the
growing literature implicating this factor as an important mitigatcr of
stress (e.g. Karasek, 1979).
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Also of interest is the role of individual characteristics. Both age and
marical status effects were significant, however it is important to note that
they are the only two variables of a much larger set which were found to be
influentrial. While the negative association of dissatisfaction with age is
similar to the relationship between age and well-being observed in prior VDT
stress research, and the '"healthy worker" effect is not uncommon in the
occupational health literature, the basis for decreased dissatisfaction per
se with increasing age in office work requires further explanation. 3So too
do the negative associations of dissatisfaction with machine time and the
professional status effect which are more difficult to explain. Regarding
the influence of the individual parameters vis—a-vis working conditions as
predictors of dissatisfaction, it is important to note that neither
contributed in a major way to the prediction of dissatisfaction. When the
age and marital status variables were excluded from the model, a decline of
less than 10 percent of the total explained variance is observed.

Perhaps most important is the implication that the mechanisms of job
dissatisfaction are much the same for the VDT users and non-users alike. The
results show that the influences of the dissatisfaction predictors identified
are no different for the VDT users than for the non-users; they do not
interact with the.VDT use variable. In addition, after adjusting for these
predictors, VDT use is of no consequence in predicting job dissatisfaction.
This means that there is nothing else distinguishing VDT users from non-users
which is of significance in predicting job dissatisfaction, although clearly
there exist other factors which influence dissatisfaction for both groups
since about 50% of the variance in the job dissatisfaction measure is
unaccounted for with the present model. Still, the fact that half the
variance is explained indicates that major determinants cf dissatisfaction in
VDT and office work are captured in the: model.

The, lack of a VDT use effect of any type in the present analyses does not
mean that VDT work is not more or less dissatisfying than more conventional
office work. Dissatisfaction among VDT users will vary with working
conditions according to the prescriptions of the model, but the effect would
be the same for non-users working under similar conditioms. The concern
raised by the present analyses is that certain conditions identified as
important predictors in the model (job control and envirommental problems)
tend to be less favorable for the VDT users. So too do staff and supervisory
support, elements of the social.support measure. Exaggeration of these
differences would lead to greater dissatisfaction among VDT users.

Results of the Mood Disturbance Regressions

The same regressors and regression procedures were used in these analyses as
for the regression of the job dissatisfaction measure. As shown in Table 31,
the fits of the final predictive models obtained are not as good as in the
prediction of job dissatisfaction. That is, less than 30 percent of the
variance in the mood disturbance measure is explained. The adjusted R~ for
the model without the programmer and professional status classifications is
0.262., With these classifications included, a slight Increase to 0.273 is
seen, but no change occurs with the addition of the marital status variable.
Actually, we expected a poorer fit in the prediction of the mood disturbance
measure (as well as in the prediction of the illness symptoms measure) than
in the prediction of the job dissatisfaction measure because the regressors
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Table 31. Results of the Mood Disturbance regressions.

Programmer and professional status indicators not included in the model:

Variables remaining Standardized Partial Sig.
in final model Reg. coef. reg. coef. correl. coef. level
Social support 2,206 1,113 .255 .001
VDT Use -18,914 -1.677 -.200 .002
Job Demands =

Social Support -12.070 -.39¢6 -.155 .0le
Environmental Problems

%+ Social Support 30.046 1.039 .291 .000
Social Support x

Future Certainty -.037 -.533 -.288 .000
VDT Use x

Job Demands .769 1.582 .186 .004
Age : Environmental

Problems 10.573 1.236 .216 .001
Age x Social Support -.032 -1.521 -.259 .000
Variables stepping
out of the model
Job Demands - - . 109 .08%
Job Control - - .048 .453
Future Certainty - - .10¢ .090
Environmental Problems - - -.034 .5998
Machine Time - - -. 064 .317
Age - - -.046 479
Job Control *

Environmental Problems - - .024 .715

(relative excess UP
interaction)

137

.534
.262

? R
R™ -(adjusted)



Table 31 continued.

Programmer and professional status indicators included in the model:

Variables remaining Standardized Partial Sig.
in final model Reg. coef. reg. coef. correl. level
Social Support 1.953 . 985 .225 .000
Professional Status 21.383 1.778 143 .026
VDT Use. -16.566 -1.469 -.175 . 0063
Job Demands +

Social Support -11.030 -.362 ~-.141 .028
Environmental Problems

+ Social Support 27.360 . 946 . 265 .000
Social Support x

Future Certainty -.031 -.443 -,229 .000
VDT use x

Job Demands 671 1,380 .162 012
Age + Environmental

Problems 9.000 1.052 .183 .004
Age x Social Support -.028 -1.353 ~-.230 .000
Professional Status x

Future Certainty -.991 -1.729 -.139 031
Variables stepping
out of final model
Job Control - - .032 .6026
Job Demands - - .102 .115
Future Certainty - - 126 .C50
Environmental Problems - - L019 .766
Machine Time - - -.032 .626
Age - - -.076 242
Programmers - - -.035 .588

R = ,549

RZ

(adjusted) = .273
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considered in the present set of analyses are predominantly job related, as
is job dissatisfaction by definition job related, whereas disturbances of
mood and physical health are intrinsically less so. In this regard, it is of
interest that when age is removed from the mood disturbance model to examine
the influence of variables intrinsic to the job, the explanatory power is
rather severely affected. A drop in the explained variance to about 0.17 is
seen.

Regression diagnostics show the model to be relatively stable. Studentized
residuals for the predicted values exceeded 2.0 in nine cases, and 3.0 in
four cases. Leverage or influence values beyond the criterion of 0.096 were
found for nine observations. Ten cases have covariance ratios less than 0.9.

The model described in Table 30 shows that the prediction of mood
disturbances is dominated by interaction effects. Perhaps the most important
feature of this model is that VDT use is shown to be negatively related to
the mood disturbance measure. This means that there is some aspect of VDT
use or of VDT users beyond effects attributed to other causal variables
considered here which is associlated with improved affective states among VDT
users. This finding runs contrary to the supposition that VDT use is a
source of psychological strain considered in terms of affective impairment.
This trend is reflected alsc in the univariate group comparisons for the
present study. Table 21 indicates that the VDT users in ccmparison to
non-users tended tc report less overall mood disturbance and no greater
disturbance on any of the six mood disturbance subscales of the POMS,
although none of the group differences are statistically significant. Also,
Table 23, showing group differences on behavieoral-autonomic disturbance
items, indicates significantly increased reporting of several symptoms of
Stress among non-users.

Previous findings pertinent to psychological strain incident to VDTs are
inconsistent. Some research shows favorable reactions to the implementation
of VDTs in office workplaces. Johansson and Aromnsson (1980) reported that
none of the VDT users surveyed at Skandia Insurance preferred to revert to
the more conventional mcde of information management. The same was true for
the information typists studied by von Schmude (Cakir et al., 1978).

However, Johansson and Aronsson (1981l) also reported that the users perceive
greater "mental strain" subsequent to the transition to VDT jobs. Positive
reactions in terms of job facilitation were noted by Gunnarsson and Ostberg
(1977) in their investigation in the Scandinavian Airlines system. Even in
the NIOSH (Smith et al., 1981) study which showed dramatic differences
between VDT users and non-users in terms of health and job complaints (scme
of an affective/psychosomatic nature), a significant difference between users
and non-users was found for only one dimension of affective disturbance
{increased fatigue among users) using the same index (POMS) as used in the
present investigation. The recent Canadian Labour Congress {(1982)
investigation provided evidence of increased affectlve and behavioral
disturbances among VDT users.

In considering the relationship between VDT use and mood status in the
present study, however, attention must also be drawn to the fact that a
fairly strong interaction exists between the VDT use and the job demands
variables. This interaction (which is negative) tempers the positive effect
of VDT use quite a bit (Figure 7, Panel 4). The effect is that increases in
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job demands tend tc predict increased mood disturbance in VDT users, but the
opposite occurs for non-users. This is the only instance in this entire set
of analyses where there exists a differential impact between VDT users and
non-users of working conditions on strain.

The only other significant main effect in the prediction of mood disturbance
in the present model is social support. At first glance the effect appears
to be counter-intuitive and contrary to experience. That is, the
relationship 1is positive suggesting that an improved social climate ‘leads to
heightened affective disturbances. This same type of relationship is
observed further on in the prediction of illness symptoms. However, the
effect of variation in social support cannct be ascertained without
considering the interaction effects involving the social support variable.

It is of interest that when values of social support are increased from -1 to
+1 standard deviation from the mean holding values of all other variables
constant at the mean (depicting the effect for the average person) the result
is a sizeable net drop in mood disturbances (using the coefficients for
social support and the social support interaction terms provided in the model
in Table 31). This effect is shown in Figure 7, Panel 8., The same
phenomenon occurs in the prediction of illness symptoms. The tendency
towards improved moods with increases in social support can also be seen in
Panels 1-3 of Figure 7 which shows plots of the social support interactions
produced by varying social support as described above and varying its
interacting variables in the same way (+1 and -1 standard deviation from the
mean, again holding all other variables constant at the mean). Table 29
shows the simple relationship of social support with mood disturbances to be

negative.

In further examining the interaction effects in the mood disturbance model,
several observations are particularly notable., First is that sc many of the
interactions (4) involve the social support variable. Prior research (House
and Wells, 1978; LaRocco et al,, 1980) has strongly-implicated social support
as a moderator of stress-strain relationships via interactions with stressor
variables. 1In the study by LaRocco et al, (1980), these effects were found
to be more prevalent for strains characterized by affective disturbances
(e.g., irritation, anxiety, boredom) than job dissatisfaction or somatic
complaints, although House and Wells (1978) reported moderating effects for
many physical disorders. Thus, the relatively large number of interactions
involving the social support variable observed here in the prediction of mood
disturbances. is not unexpected and censistent to a degree with prior
research, Note that no interactions of social support with other predictors
occurred in the prediction of job dissatisfaction, and it will be shown that.
only one is of significance in the prediction of illness symptoms.

The moderating hypothesis for social support peosits that the stress
attenuating influence of scocial support will be most pronounced at high
levels of the stressor it interacts with. That is, the beneficial effects of
social support on well-being would be observed only under conditions where
stress is likely. Inspection of the interaction plots involving the social
support variable for the mood disturbance model seem to provide only limited
evidence of such an effect. According to this prescription, social support
clearly moderates only the effects of increasing environmental problems
(Figure 7, Panel 2). That is, strain is attenuated more by social support at
higher levels of environmental problems. In the age, job demands, and future
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certainty interactions, sccial support seems to be more important at levels
of these variables which are least stressful (Figure 7, Panels 6, l, and 3
respectively. However, when we re-analyzed the current data exawmining the
interactions of social support with each of these variables (age, demands,
and future certainty) singularly in different models along with the main
effect terms for the interacting variables (comsistent with prior
methodologies for examining potential moderating effects of social support),
plots showed that indeed social support moderates the effects of job demanas
as well. Thus, the ambiguity of the present model regarding moderating
effects of social support may be in part a function of our analytical
approach which adjusts concurrently for job dimensions not ccnsidered in
prior research examining the moderating effects of social support.

A second observation of importance in the interaction plots is that the age,
environmental problems, and future certainty variables are all seen to exert
an influence similar to that seen for the prediction of job dissatisfaction,
although none have a significant main (linear) effect. The trend for both
the environmental problems and future certainty variables are consistent wich
expectations (i.e. increasing mood disturbance with increasing environmental
problems and decreasing future certainty, [Figure 7, Panels 2 and 5, and 3
and 7 respectively]). The nature of the age by environmental problems
interaction is also the same as in the prediction of job dissatisfaction
(Figure 7, Panel 5), with age moderating strain associated with increasing
environmental problems.

Finally, it is of some interest that one of the "second type" of interaction
terms (job control by environmental problems UP) survived the preliminary
stepping, but it was not strong enough to attain significance in the final
model. In fact, this is the only instance in this entire set of analyses
where an interaction formed in this fashion was strong enough to be
considered in the final models. It is perhaps noteworthy that the effect
involved the job control variable. The result was disappointing, however,
considering that we felt there were fairly strong empirical and theoretical
grounds for evaluating these types of interactionms.

Despite the fact that the models predicting mood disturbance shown in Table
31 are readily interpretable and generally consistent with expectations, we
were somewhat disconcerted with the complicated causal process suggested.
Further, as would be expected, regression coefficients for some of the terms
which share variables tend to be fairly strongly correlated. For these
reasons, an extensive series of regression analyses were undertaken in an
attempt to produce a more parsimonious model for the prediction of mood
disturbances. One of the approaches taken was to lock into the meodel the
main effect terms that were involved in interactions with which they were
strongly correlated. Another was to include in the model only the main
effect terms. Neither of these solutions nor any other attempt resulted in
an improvement in the fit or interpretabilicy of the model. In the "main
effects only'" model, the future certainty, environmental problems, and age
variables did attain significance, and the influence was consistent with the
trends exhibited in the interactions described above, but the overall fit of
the model dropped by about one-third. Of interest relative to the previously
discussed issue of the positive main effect of social support on mood
disturbance, in the "main effects only" model the influence of social support
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was reversed (i.e. increasing social support predicted decreased mood
disturbance).

Effect of Including the Professional Status Variable--

As in the prediction of job dissatisfaction, the addition of the programmer
and professionmal status variables to the set of regressors for the prediction
of mood Qisturbances resulted in a very modest increase in the f£it of. the
model (R™ = .301), with no substantive change in the influence of the
variables in the original model (Table 31, second part). Also, the tendency
toward increased strain among the more professional workers is again observed
with a significant main effect of the higher professiocnal status indicator.
In addition; an interaction of the professional status variable with the
future certainty variable similar to that seen in the prediction of job
dissatisfaction is also observed (Figure 7 Panel 7).

Again, although a tenable interpretation of the professional status effect
similar to that given in the discussion for the job dissatisfaction
regression can be offered, we view these particular findings as requiring
further investigation. Previous VDT research provides little evidence of
increased psychological strain among professional users, although both Cakir
et al. (1978) and Coe et al. (1980) reported findings suggesting elevated
strain among editors. :

Effects of including the marital status variable~--

The previous evaluation of worker characteristics in relation to strainms
showed that marital status is significantly associated with the mood
disturbance measure. Individuals who are unmarried appear to be at greater
risk for mood disturbances. There is neo. indication cf a differential effect
between VDT users and non-users. However, unlike in the job dissatisfaction
regression and in the illness symptoms regression reported further on,
marital status failed to achieve significance when added as a regressor with
the other predictors in the mood disturbances model (p = .07).

Summary and Conclusions—-—

The present analyses together with the univariate group comparisons indicate
reduced mood impairment with VDT use. Since this effect is present after
adjusting for influential individual variables and working conditions, the
inference is that there 1s some aspect of VDT usage (or conditions assaciated
with VDT usage or VDT users that we have not considered), that leads to
improved affective states among users. Further investigation is needed to
identify the source(s) of the effect, On the other hand, the data shows an
adverse effect of VDT usage on moods related to an increase in strain with
increasing job demands which occurs for VDT users only.

While job stress is sometimes cited as a risk of VDT use, particularly in the
lay literature, there is no conclusive evidence that VDT use.is associared
with comparatively abnormal levels of psychological strain. This is nowhere
more apparent than in the NIOSH (Smith et al., 198l) investigation, where
clerical VDT users seemed under particular duress in their jobs, yet
affective disturbances as measured by the Profile of Mood States instrument
were greater for the clerical users on only the farigue subscale. Several
other studies have provided evidence of impaired affective states among VDT
users, particularly in relation to the work pericd and the type of VDT work
performed (Cakir et al., 1978; Dainoff et al., 1981; Elias et al., 1980;
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Ghiringhelli, 1980; Haider et al., 1980), but comparisons with non-users were
either not drawn or described in only a limited way.

The distinction must be made between psychological strain, and stress in
terms of the perception of adverse working conditions. Stress in this sense
would..seem to be more prevalent among the present VDT users (i.e. they report
less job control, staff-supervisory support, and greater envircnmental
preblems). Some of these conditions may lead to psychological strain (the
ptesent model provides a template), but as mentioned, evidence of
comparatively abnormal levels of emotional debilities or affective
disturbances among VDT users is scarce or ambiguous. The Canadian Labour
Congress (1982) study reported a greater incidence of fatigue, irritability,
headaches, sleeplessness, loss of appetitie, and dizziness (all labeled as
"stress-related" problems) among VDT users than non-users. Smith et al
(1981) also report a greater incidence of irritability, mervousness, and
fatigue among users, but these findings stand in contrast to the general null
effects on the Profile of Mood States instrument.

Despite the favorable predictive impact of VDT use on the affective status of
users, the present findings raise some concern. This concern centers around
the pervasive role that the social environment plays in the present model,
coupled with limited evidence that computerization may potentially have a
disruptive influence on the social environment in office workplaces. In the
present study, univariate group comparisons suggest an adverse impact on
staff and supervisory support (Tables 19, 22). Turner and Karasek (1983)
describe how computerization may disrupt social structures in workplaces by
creating new dependencies between operators, system support staff, and
systems hardware and software. The implication of the current model is that
these effects hold the potential for a negative impact on the psychological
well-being of VDT users.

Results of the Illness Symptoms Regression

The same variables and regression techniques used in the prediction of .job
dissatisfaction and mood disturbance were used in the prediction of the
illness symptoms measure. The results are shown in Table 32. The basic
final model accounts for twenty-nine percent of the variance in the illness
symptoms measure. When the age variable is removed from this model to 5
identify the variance explained by primarily job related conditions, the R
drops by about six percentage points.

Regression diagnostics indicate a stable model. - Of the 251 cases, eleven of
the predicted values for illness symptoms are in excess of two standard '
deviations from actual values, and only one has a standardized residual
greater than 3.0. Just six observations have leverage values in excess of
the critical level (0.072) indicating excessive influence on the values
predicted. Only one case had a covariance ratioc of less than 0.9. However,
as would be expected, correlations among the coefficients for the
interactions and main effects of their component terms are quite strong.

Inspection of the basic model shown in Table 32 shows significant main
effects of the social support, job demands, future certainty, and age
variables. TFor the job demands variable, the effect is consistent with
expectations., Increases in demands are associated with increased health
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Table 32,

Results of the Illness Symptoms regressions.

Programmer and professional status indicators not included in the model:

146

Variables remaining - Standardized Partial Sig.
in final model Reg. coef, reg. coef, correl. coef. level
Social support .989 . 657 273 .00C
"Job Demands .329 . 208 217 .001
Future Certainty -.618 -.274 -.286 .0G0
Age -.496 -1.366 -.244 .000
Environmental Problems

+ Social Support 25.968 1.183 .328 .000
Age + Environmental

Problems 7.977 1.228 <214 ,001
Variables stepping
out of final model
Job Control - - - .007 L9111
Environméntal Problems - - .036 .575
Machine Time - - -.022 731
Treatment - - -.080 . .210

R = .550

R? (adjusted) = .285



Table 32 continued,

Programmer and professional status indicators included in the model:

Variables remaining Standardized Partial Sig.
in final model Reg. coef. reg. coef. correl. coef. level
Social Support 1,007 .669 .281 . 000
Job Demands .349 .220 .229 .000
Future Certainty -.490 -.217 -.219 .001
Age -.551 -1.406 -.254 .00¢
Professional Status 15.68Q 1.717 Llé4 .024
Environmental Problems
+ Social Support 26.166 1.192 .334 .000
Age + Environmental
Problems 8.282 1.275 .225 .000
Professional Status x
Future Certainty -.784 -1.800C -.151 .018
Variables stepping
out of the final model
Job Control - - .032 .619
Environmental Problems - - .044 .497
Machine Time - - -.056 .385
Programmers - - -.033 .614
2 R=.5
R™ (adjusted) = .3
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complaints. The same is true for the job/skill future certainty variable.
In neither case is the effect significantly different for VDT users than
non-users (i.e. VDT use interaction terms stepped out of the model). The
effect of job demands seems especially predictable. Work tasks for many of
the types of jobs studied, particularly in the lower professional groups
(e.g. data entry and word processing), involve fairly sterectypic,
repetitive, sensory-motor activity. Increases in job demands would serve as
a direct source of physical stress to these systems.

As in the prediction of mood disturbances, the asscciation of the social
support variable with the illness symptoms measure is positive. However, the
effect indicated is counteracted by the strong interaction between the social
support and environmental problems variable. In fact, for individuals with
average levels of environmmental problems (i.e. holding the environmental
problems variable constant at the mean), the effect of increasing social
support from -1 to +1 standard deviation from the mean is a slight decline in
strain using the coefficients given in the model (Figure 8, Panel 4). Note,
too (Table 29), that the simple relationship between the social support and
illness symptoms variables is negative. When the social support interacticn
term is removed from the model, the coefficient for the main effect is in
fact negative, but not significant.

It may appear puzzling that the current model shows no significant main
effect of environmental. problems. Of the factors considered, this variable.
would seem to be one of the most likely to be a predictor of physical strain
symptoms. In fact, a positive association with strain is indeed observed
upon inspection-of the plots of the interaction effects involving the
environmental problems variables (Figure 8, panels 1l and 2). The effect just
is not linear.

Again, a relationship of age with the reporting of symptoms of physical
health impairment that is negative is observed as a significant main effect.
Even after considering attenuation of this effect via the age by
environmental problems interaction, there is still a fairly pronounced
decline in the illness symptoms measure with increased age. As with the
relationship between age and job dissatisfaction, a tendency toward a
curvilinear effect was observed both in examination of a scatterplot of age
by illness scores, and in the regression residual plots. Illness symptoms
scores decline steadily until ages in the mid-ta-late 30's, after which
scores tend to stabilize. The effect is shown for VDT users in Figure 6.
Still, the model was not improved with the addition or substitution of an age
quadratic term.

Despite the fact that the age strain relationship observed here is consistent
with similar associations reported by Ghiringhelli (1980) and Starr et al.
(1983), and that no connection was observed between age and health indicators
in the recent Canadian Labor Congress (1982) study, we were still somewhat
concerned over the trend observed in the present data. The implication is
that older workers are less at risk for the phnysical strains of office work.
While thefe may be little rationale for expecting any dramatic increases in
physical disorders and complaints over the age range for workers in the
current sample (the fourth quartile begins at only age 39), an opposite trend
which is consistently appearing in VDT research’ seems unlikely considering-
the decline in physical resources and increase in chronic disorders often
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associated with increasing age. It is perhaps worthwhile to mention at this
point, however, that in the Caplan et al. (1975) investigation of workers in
23 different occupations, age tended to be negatively correlated (but only
slightly so) with certain physical strain indices (e.g. somatic complaints
and dispensary visits). Again we feel the most likely explanation for this
trend is a possible "healthy worker effect'"; that is, selective attrition of
workers from the current population based upon expected or perceived strains.
Unfortunately, the cross-sectional nature of the current study allows little
further resolution of this issue.

One alternate possibility explored was that perhaps the aggregate nature of
the illness symptoms measure obscures strong relationships of specific
physical strains with age. To investigate this possibility, the association
between age and the repcrting of each of the items comprising the illness
symptoms measure was examined. Significant positive correlatioms (rho, p <
.05) were observed for only a few items indicative of upper respiratory
disorders and lower gastro-intestinal disorders (both of these trends were
also observed by Caplan et al., 1975), and loss of physical strength.
However, significant negative associations were far more prevalent and well
distributed among all the major categeories of strain represented in the
illness symptoms measure. In fact, age is shown in regression analyses
(reported further on) aimed at explaining specific physical strains to bte a
significant predictor of visuo-ocular impairment. Again the effect was
negative.

While we tentatively posit a "healthy worker” explanation for these findings,
clearly more investigation is necessary before conclusions regarding the
health implications of age in office and VDT work can be drawnm.

Perhaps as important or more so than the significant associations with the
illness symptoms measure in the current model are the effects which failed to
attain significance. In particular, the extent of daily use of office
machines does not contribute significantly to the explanation of variance in
the illness symptoms measure after adjusting for effects of other variables
in the model. The effect is not even close to significant. Neither is there
a meaningful simple relationship (Table 29). Further, this variable dces not
interact with VDT use; that is, there is no differential influence of the
machine time variable for VDT users and non-users:

As with the age effect, we were-also concerned that-important effects related
to increasing daily use of office machines or VDTs might be obscured by the
aggregate nature of the strain index., To explore this possibility further,
we first examined the associations between the number of hours spent daily
operating a VDT and all of the 59 specific symptoms comprising the general
illness symptoms inventory for the entire sample of VDT users. Significant
positive correlations {(rho, p< .05) were observed in only five cases, and
three of these were so marginal that it is likely they would be rendered
nonsignificant after adjusting for multiple comparisons. Pearscn product
moment correlations with visuo-ocular, behavioral autonomic, and the
musculo-skeletal postural and manipulative strain scores were alsco small (the
coefficients for the regression sample were .075, -.084, -.083, and .013
respectively). In additionm, extent of daily VDT use did not correlate
meaningfully with reports of disturbances by the physical configuration of
the VDT workstation, display characteristics, or environmental lighting (i.e.
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the workstation/VDT problems scale, the VDT display problems scale, and the
environmental lighting problems scale).

The same types of relationships were than examined for the non-users (except
the correlations were between the machine time variable and symptom
frequencies and strain scale scores). Interestingly, significant
associations were somewhat more prevalent. Of particular interest,
significant correlations were found with reports of back pain (rho = .33, p<
.01) and burning eyes {(rho = .29, p<.01), and machine time was also
significantly correlated with the manipulative strain index (r = .27, p<
.05).

These findings may seem at variance with prier data on this subject. In
fact, the existing data linking physical strains to the VDT work period are
limited and ambiguous, Research by Dainoff (1981l) showed a fairly dramatic
increase in the number of individuals with vision related and
musculo-skeletal complaints over the course of the workday, but only a modest
correlation (rho = ,19) of VDT time with a physical/mental stress scale,
Smith et al. (198l) reported the same magnitude of association between the
total number of health complaints and number of VDT hours per day.

Laboratory studies by Holler et al. (1975) and Haider et al. (1980), and and
field research by Gunnarsson and Soderberg (1979) have provided objective
evidence of a positive association of visual strain/impairment with the VDT
work period, but Smith (1982) reportd that in preliminary analyses of data
collected in a recent NIOSH field investigation at a major U.S. newspaper, no
relationship was observed between the prevalence of eye abnormalities and
daily hours of VDT use, Dainoff et al., (1981) found no evidence of change in
objective optometric measures for VDT users over the course of a workday.
Gould et al. {1983) observed a slight but significant drop in far visual
acuity, but no change in near visual acuity for VDT users over the course of
a work day. The recent Canadian Labor Congress Study describes a very
pronounced Increase in reported physical strain with increasing daily VDT
use, but Chiringhelli (198C) reports just the opposite. However, in neither
study were the effects isolated from potential effects of other possible
stress factors. Cakir et al., (1978) described an increase in physical
strains with increasing time spent at VDT tasks, but they were reluctant on
the basis of their data to propose regulation of work time, opting imstead
for job re-organization to control these problems (page 200).

The implications of the present data are consistent with the perspective of
Cakir et al. (1978). Physical and organizational characteristics of the ,
workplace seem to be more important determinants of reported physical strain
in office and VDT work than simply the number of hours spent working at
office machines.

Of some concern was the fact that the job control variable failed toc attain
significance as a predictor of the illness symptoms measure. The simple
correlation is significant (r = =-.192, p< .01). Two recent studies (Karasek,
1979; Karasek et al,, 1981) provide fairly strong evidence that work which
allows high levels of individual decision latitude has a mitigating influence
on the development of health disorders. Alternate regressions were conducted
with the job control variable locked into the model. These analyses resulted
in wodels which included a significant main effect of the job control
variable, but not of the social support or future certainty variables (note
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that these two variabiles are fairly strongly correlated with the job control
variable [Table 29]). However the effects of social support and future
certainty were manifest in terms of additional interaction terms involving
these variables which attained significance, and the main effect of job
control was nearly negated by the interaction of the job control variable
with other variables, Explanatory power did mot change. 1In the interests of
parsimony, ‘'we rejected these alternate models in favor of the present models
shown in Table 32, and concluded that while job control seems to play a role:
in the prediction of illness symptoms, its influence seems to be of little
consequence after adjusting for the effects of the cother work related
variables considered in the analyses.

Finally, it is again the case that knowing whether or not an individual is a
VDT user i1s of no statistical significance in predicting reported illness
symptoms.

Effects of Including the Professional Status Variable--

Re-analysis including programmers and the professional status indicator and
its interactions with all other variables in the model resulted in signif-
icant effects of the professional status indicator and its interaction with
the future certainty variable (Table 32, second part). The structure of the
final model was otherwise unchanged from as describsd'above. The variance
explained is increased, but almost negligibly so (R™ = 0,301). Again, an
adverse effect related to more professional work was indicated, but when the
effects of the interaction term are cunsidered, the more professional workers
are assoclated with lower predicted illness symptom scores at mean levels of
the future certainty variable., Re-analysis locking the professional status
indicator into the model and excluding the interaction term does, in fact,
result in a negative coefficient for the professional status indicator
(indicacing less straln for the more professional workers), but the effect is
nonsignificant. This tendency is consistent with a lower incidence of
somatic complaints among the more professional VDT users studied by Smith et
al. (1981), and Coe et al. (1980).

Effect of Including the Marital Status Variable--

Locking the marital status variable into the regression model along with the
significant variables described above resulted in an improved model for pre-
dicting illness symptoms. The standardized regression coefficient and
partial correlation were =0.205 and -0.233 respectively. The 'structure of
the model is unchanged with no dramatic alterations in predictive power of .
other variables. Variance explained rises by over three percentage points to
33.6 percent. The negative coefficient indicates that classification as
married is associated with lower scores on the illness symptoms measure.

Summary and Conclusions—-— :

The data show that psychosocial and physical attributes of the job, workload
demands, as well as individual worker characteristics are all important
determinants of reported illness symptoms among the office workers studied.

Whether or not jobs involved the use of VDTs, however, appears to be of no
consequence in predicting health outcomes. That is, working conditions and
worker characteristics were associated with strain for the VDT users no
differently than for the non-users. There was no predictive influence of VDT
use on reported strain beyond effects related to factors that were examined.
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Again, this does not guarantee that health disorders are not likely to
develop among VDT users - only that the mechanisms appear much the same for
VDT users and non-users alike. To the exrent that the factors shown to be
significant predictors of strain vary between users and non-users,
differential levels of strain are likely to be experienced. 1In this regard,
it should be emphasized that the current VDT user sample tended to report a
more impoverished physical and social (supervisory-staff support only) work
environment than did the non-users. According tec the model, this would tend
to promote strain among users. However no differences existed for other
important predictors (job demands, job/skill future certainty, age).

One of the most important observations in the present analyses is that the
machine time variable (hours daily VDT/office machine use) does not
contribute to the explanation of reported illness symptoms. While it doesn't
seem reasonable to conclude that the extent of daily use of VDTs and office

- machines is omot at all instrumental in producing somatic strains, the present
data suggest other job attributes are far more important among the present
population. The implication of these data is that a narrow focus on this
parameter alone as a strain control measure 1s unlikely to be effective.

Finally, the findings tend to suggest that although individual characteris=-
tics are potent indicators of strain expressions in office workers, their
influence is superceded considerably by job conditions (age and marital
status together account for less than 30 percent of the explained variance).

Results of the Simultaneous Analyses

Occupational strain manifest as job dissatisfaction or affective disturbances
may progress to poor health and illness. In the automated officeplace, an
interesting twist to this causal sequence is highlighted. Specifically, the
experience or perception of potential health problems related to VDT use in
turn seems to be shaping users' attitudes and behavioral and psychological
reactions to their jobs. That is, a reciprocal effect occurs, with real or
potential health outcomes causing stress and strain. In our laboratory for
example, we receive several inquiries weekly from VDT users who are clearly
distraught or agitated over either physical health disturbances they are
experiencing and which they attribute to their work, or over fears that VDTs
will result in some form of impairment to their health. Fear of health
impairment is also listed as a source of stress among VDT cperators
investigated by Ghiringelli (1980). This situation suggested to us that in
the course of examining how different individual and job characteristics
predict strains among VDT users, the effects of the strains, themselves, upon
one another should be explored. It seems plausible, for example, that both
affective disturbances as caused by perhaps an adverse work climate, and an
increased experience of somatic disturbances self-attributed to the job might
heighten job dissatisfaction. Sywmptoms of i1l health might promote anxiety
and related affective disturbances as suggested above. Increased
dissatisfaction and mood disorders may result in behavioral adjustments which
are unhealthy, or may influence physical health through psychosomatic
mechanisms, ' In fact, the three types of strains considered in these analyses
are fairly strongly intercorrelated (Tzble 29).

To allow the job dissatisfaction, mood disturbance, and illness symptoms
indices to come into play as predictors of one another, and to consider their
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influence relative to the other independent variables in the models for the
prediction of each of these strains, we entered (as regressors) intec each of
the final models just described the strain measures from the other two
models. That is, the job dissatisfaction and mood disturbance measures were
entered as regressors into the illness symptoms model, illness symptoms and
mood disturbance into the job dissatisfaction model, and dissatisfaction and
illness symptoms into the mood disturbance model, The models inteo which they
were entered were the final models not including the programmer/professional
status or marital status variables. These three models were then re-analyzed
simultaneously. That is, the outcome strain measure for each model was
regressed upon all of its predictors, including the strain measures from the
other two models, but the three regressions were carried out concurrently so
that effects in one model would be reflected in terms of dynamic changes in
the other two models. Essentially, this procedure explores the entire causal
system postulated in Figure 1. Explained in more concrete terms, each of the
independent variables shown to the right in Figure 1 may influence each of
the "dependent" variables shown to the left, but at the same time the
"dependent" variables may also influence one another. The current simulta-
neous regression allows us to model this entire causal system.

The statistical package used in these analyses was SAS PROC SYSREG. A simple
backward elimination procedure was used (p .05, out). After the first
simultaneous solution, all three resulting regression equations were examined
and the nonsignificant regressor with the lowest significance level in any of.
the equations was removed...not from the entire system {a2ll of the equations
in which it was included as predictor), but enly from the equation in which
it reached this low level of significance. The three resulting models were
then re-analyzed simultaneously minus this regressor in one of the models,
and again the least significant predictor variable in the resulting models
was omitted. This process continued until all predictors in the resulting
equations were significant. In all, thirteen steps were required.

Before discussing the results, we would like to mention that several
alternate regression approaches were used to double-check the soluticn
achieved via the simultaneous regression procedure. One involved the
regression of each of the three strain measures simply upon the remaining two
strain measures in separate analyses. In another, each strain measure was
regressed in separate analyses upon a set of regressors which included the
variables from its final predictive model plus the remaining two strain
measures. The results failed to suggest any solution greatly at variance
with the solution.obtained with the simultaneous technique.

The final systems model obtained for predicting job dissatisfaction, mood
disturbance, and illness symptoms is shown in Figure 9., Arrows pointing to
each strain measure denote the variables from each of the final three
equations which are significant predictors of these measures. Standardized
regression coefficients and significance levels for each predictor are given
in parentheses sbove each arrow. Variables and interaction terms without
arrows are those which were significant in the preceding separate models
predicting strain, but which were eliminated in the simultaneous rﬁgressions.
The overall fit of the final systems model is adequate (adjusted R™ = ,38).

The- systems. model shows a.few deviations from the singular solutions
described previously in the prediction of strain. Of special interest is
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that the VDT use variable and its interaction with job demands fail to attain
significance in the system, tending to further depreciate the significance cf
VDT use per se as a predictor of strain.

The model! may resolve a question arising from the singular strain models,
Anecdotal data and some prior research suggest that increased workload
demands incident to VDT use represent major job complaints of VDT users. In
fact, work overload was listed as the number one cause of mental strain among
the VDT users investigated by Johansson and Aronsson (1980). Smith et al.
{1981) reported increased work pressure and quantitative workload (one of the
two workload measures only) among clerical VDT users in comparison to
clerical controls. Yet the present study shows a significant main effect of
job demands on the illness symptoms measure only. Data from Caplan et al.
(1975) also show a stronger relationship of workload demands with somatic
complaints than with either job dissatisfaction or psychological strain
indices. However, the current systems model shows that increases in illness
symptom scores in turn predict increased job dissatisfaction as well as
psychological strain. Intuitively, this would seem to be the primary
mechaniswm by which job demands might result in job dissatisfaction or
affective disturbances - that is, as a function of physical strain or
functional impairment attributed to the demands.

However, themost important aspect of these analyses is the observation of
predictive pathways among the strain measures themselves. As would be
expected from the magnitudes of the simple correlations, the effects are
quite substantial judging by the standardized regression coefficients. The
reporting of illness symptoms is found to predict the reporting of both job
dissatisfaction, and mood disturbances, and the meod disturbance measures is
found to reciprocally predict the illness symptoms measure. However, job
dissatisfaction predicts neither the reporting of mood disturbances nor
illness symptoms. Some of these effects are consistent with speculation and
limited prior data. The prediction of the illness symptoms measure by the
mood disturbance measure supports the possibility raised by Dainoff et al.
(1981) that the reporting of somatic complaints might be either exacerbated
by, or in part a reflection of, psychological strain, The effect of the
illness symptoms measure on both the mood disturbance and job dissatisfaction
measure is consistent with Ghiringhelli's (1980) report and our suspicion
that stress and strain in automated cffice work may be amplified by the
experience or perception of potential physical health risks related tc the
job. Hunting et al. (1981l) rule out job dissatisfaction as a cause of
increased somatic strains among the VDT users they investigated (users and
non-users were essentially equivalent in terms of satisfaction with various
.dimensions of the job), but they do not demonstrate that satisfaction is
unrelated to the reporting of strains.

The negative association between the mood disturbance and job dissatisfaction
measure is the one disconcerting result in this analysis, although the effect
is the weakest of the asscciations among the strain measures. Without
further probing of the data, compelling explanations for this unexpected
effect are in short supply. Further investigation of the effect is needed.

Summary and Conclusions=--

Taking the results of these.analyses at face value, it might be inferred that
certain strains experienced in VDT and office work mediate or compound the
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influence of job and worker attributes in the cause of other strains, and
that the effects are quite stromng. Specifically, job and worker
characteristics are seen to be associated with the job dissatisfaction, mood
disturbance, and illness symptoms measures, but the illness symptoms measure
is also shown to predict the dissatisfaction and mood measure, and the mood
measure to predict in turn the illness measure as well as the dissatisfaction
measure. However, we urge caution in any inference of causaticn. The
possibility exists that the predictive associations among strains may result
less from true causal pathways then from a natural pattern of correlation
among these variables related to their mutual causaticon by the types of
independent variables examined in the present study, and/or lack of
independence as a function of the way the strain variables are
operationalized in the present study.

On the other hand, the predictive patterns produced by these analyses tend to
be compatible with theory, and in the realm of VDT work, consistent with
effects previously postulated (Dainoff et al., 1981) and documented to some
degree (Ghiringhelli, 1980), and with our own anecdotal data. This tends to
enhance the possibility of a causal mechanism. In addition, prior occupa-
tional stress research has also reported non-trivial relationships among
these types of strain indices. For example, the correlations among somatic
complaints, job dissatisfaction, and collectively, anxiety, irritatiom, and
depression (psychological strains) in the Caplan et al. (1975) investigation
range from about 0.2 to 0.5. The similarity with these data tends to
discount the possibility that the predictive pathways observed are artifacts
of the scale formation for the strain measures.

In light of pricr data and theory, we feel the present results provide suffi-
cient justification for a tentative conclusion that the interdependencies
among strains in the present study reflect, in part, causal associations -
particularly that psychological strains promcte illness complaints, and that
physical health strains are instrumental in promoting job dissatisfaction and
psychological strain. However, further confirmatory investigation is
warranted.

THE SPECIFIC WORK ENVIRONMENT AND HEALTH ANALYSES
Aim and Overview of the Analyses

Although the preceding analyses offer some insight into how general worker
characteristics and workplace physical environmental and job design
characteristics predict overall well-being in the current sample of VDT users
and non-users, questions remain regarding the influence of specific aspects
of VDT job and workplace design on specific somatic disturbances among VDI
users, These questions are the focus of the current analyses. In these
analyses, attention is turned to the relationships of eye and
musculo-skeletal strains with operational aspects of VDT job tasks, and with
specific ergonomic and physical design features and limitations of the VDT
workstation and workplace environment. Specific worker characteristics such
as corrective eyewear use, age, and working postures and anthropometric
factors thought to be instrumental in evoking somatic disturbances are also
investigated.
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Causal relationships of many of these variables with eye and musculo-skeletal
strain among VDT users have been indicated previously in numerous studies
(Canadian Labor Congress, 1982; Cakir et al., 1978; Coe et al., 1980; Hunting
et al., 1981; Laubli et al,, 198l; Stammerjohn et al., 1981). 1In the present
evaluations of these relationships, one goal was to improve upon the mainly
piece-meal, bivariate analytical protccols of prior work which limit
inferences regarding the attribution of strain. Our aim was to study
concurrently select job operaticnal and physical design features as well as
VDT user characteristics for their prediction of reported somatic strains.

In addition, we sought to explore relationships which have received
insufficient attention or have not been unambiguously established at the time
of inception of this study, but yet would have important implications (some
already manifest in guidelines and recommendations) for job and workplace
design to reduce strain in VDT work. Examples include the relationship cof
objectively quantified luminance and illumination levels and contrast ratics
in the workplace with expressions of wvisual strain, the relationships of
anthropometric angles and use of a detachable keyboard with musculo-skeleral
strains, and the assocciation of corrective eyewear use and eyewear type with
eye discomfort as reported by Cakir et al. (1978). However, since our
planning of these analyses, some further data om all of these issues have
emerged (e.g. Laubli et al., 1981l; Hunting et al., 1981).

Determinants of disturbances denoted by the behavioral-autonomic strain index
{denoting adverse emotional reactions, sleep disorders, tremulousness,
symptoms of extreme sympathetic arousal, etc.) were not investigated in the
present analyses. However, this measure is included in the correlation
marrix (of job, worker, and strain measures) shown in Tdble 33, enabling some
evaluation of its relationship with certain of the independent variables
included in the present analyses. Determinants of behavicral-autonomic
disturbances among VDT users will be assessed more systematically in future
research from the present data base.

We began the present analyses by examining the relationships of reports of
eye and musculo-skeletal strain among VDT users with the types of conditions
designated above as they were subjectively assessed by the users through the
questionnaire survey. As in the preceding evaluation of more general worker
and workplace characteristics, multivariable regression techniques were used
to investigate and prioritize effects in a systematic and controlled fashion.
In these analyses, not only did we assess the influence of an array of
specific operational and physical design features of the job on somatic
strains, but we also examined the relative importance of these specific
factors in relation to select, broader job attributes investigated in the
preceding analyses, Separate regressions are carried out for prediction of
the visuo-ocular strain measure and for the two measures of musculo-skeletal
strain.

Our next step was to evaluate the relationships of worker reparts of eye and
musculo-skeletal strain with characteristics of workers and of
workstations/places that could be objectively assessed. Both multiple
regression and bivariate analytical techniques were used to examine these
relationships. However, a relatively low sample size and strong associations
among some of the predictor variables prohibited meaningful multivariable
analyses, so only the bivariate associations are reporcted.
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Although the emphasis in the current analyses is on the specific determinants
of strain for VDT users only, analyses are also carried out to determine
whether certain variables examined in relation to strain iIn the VDT user
sample have a similar influence on reported strains in the non-user sample.
Since some of the attributes of VDT work investigated do not have
qualitatively close analogs in mere conventional office work (e.g. video
display quality, computer response delays, etc.), a systematic appraisal of
effects of these types of conditions for users and non-users as conducted in
the preceding more general work environment analyses was not possible.

Somatic Strains and the Subjective Environment

Criterion Strain Measures--

Separate regression analyses were carried out for the prediction of the
visuo-ocular and two musculo-skeletal strain scales derived through factor
analysis from the survey symptom inventories, The musculo-skeletal strain
indices denoting back/neck/shoulder disturbances (labeled as postural strain)
and mainly arm/hand disturbances (labeled manipulative strain) parallel
somewhat the neck-spinal and shoulder-arm classifications of musculo-skeletal
disturbances by Cakir et al. (1978). Alcthough prior investigators (Coe et
al., 1980; Laubli et al., 1981) have also separated symptoms of visuo-ocular
disturbance into categories denoting imperception and fatigue-irritatien
(asthenopia), factor analysis of these types of symptoms in the present study
.did not confirm such a separation. Rotation of a set of six items indicating
both eye discomfort and visual imperception resulted in only one factor with
an eigenvalue greater than 1.0, with all six items loading high (about 0.7 or
greater) on that factor. TFor this reason, both types of eye related
disturbance items were combined into a single index for the prediction of eye
strain.

Predictor Variables—- .

Following below is a list of all of the regressors used in the predicticn of
the visuo-ocular and musculo-skeletal strain indices. Many of the variables
are used in the prediction of both types of strain. A few are pertinent and
hence used in the prediction of just one type of strain; for example, chair
comfort in the prediction of musculo-skeletal strain. However, the same set
of predictors used in the prediction of neck/back/shoulder strain was also
used in the prediction ¢f the musculo-skeletal strain measure denoting mainly
arm/hand problems. The strains for which each variable was used as a
predictor are indicated by the M-S (musculo-skeletal) or V-0 (visuo-ocular)
notation adjacent to each listed predictor variable. The job control and job
demands variables are the same' variables used as regressors in the preceding
analyses for the prediction of the mere general well-being indices. The
"problems" and "adjustability" variables (no. 3-7) are the
questionnaire-derived scales previously described in the data collection
section of the report. Variables 8-16 are not scales, but rather specific
questionnaire items chosen for inclusion as regressors in these analyses.

The questionnaire location and deseription of each of these items is provided
following the variable. Variables 17-20 are classification variables used to
denote the job tasks of the VDT users. Not shown is a fifth classification
(programmers). Programmers constituted the reference group for evaluating
the effects of the different job classification variables. The parenthetical
acronym following each variable is used to denote the variable in subsequent
tabular presentations of data.
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1, [M-§, V-0] Job control (JOB CON)
2, [M-§, V-0] Job demands (JOB DEM)
3. [M-5S] Workstation/VDT physical configuration problems (VDT
BOTH)
4. [V=0] VDT display problems (DISP BOTH)
5. [V-0] Ambient environmental lighting problems (ENV LUM BQTH)
6. ([M=S] Workstation/VDT physical adjustability (PHYS aDJ)
7. ({v-0] Workstation lighting adjustabilicy (LUM ADJ)
8. [M-S] Chair Comfort (CHAIR CFT) = a five-point rating scale for
chair comfort (questionnaire part 3, item 4)
9., ([M-5] Number of hours spent in a seated position each day (TIM
SIT) - questionnaire part 1, item 176
10. [M-s, v-0] Required to wait for computer response (WAIT) - a

dichotomous classification variable denoting whether or
not temporal delays were incurred while entering or
retrieving data

11, [M=-S, v=0] Discretionary breaks allowed (DISC BKS) - a five-point
rating scale indicating the ability to take brief
unscheduled rest breaks ad libitum (questionnaire part
la, item 11)

12. [M-s, V-0] Proportion of time interactive with the VDT (INTER TIM) -
denotes extent to which VDT tasks involve interactive
(conversational) communication with the VDT/computer
system versus simply data input or retrieval
(questionnaire part la, item l2c¢)

13. [V-0] Extent of VDT display viewing (SCRN TIM) - a five-point
rating scale denoting the amount of time spent viewing
the VDT display as opposed to other visual sources such
as the keyboard or source document, etc. {questionnaire
part la, item 1l3a)

l4., [M-§5, V-0] Hours of VDT use per day (VDT HRS)

15. [M=5, V-0] Corrective eyewear use (EYE WR) - a dichotomous
classification variable denecting whether or not VDT
users wear prescription eyewear (questionnaire part &,

item 19¢)

16, [M-S, V=0] Age (AGE)

17, [M-8, V=0] Data entry worker (DATA ENT) - a classification variable
denoting data entry workers

18, [M-S, V-0] File maintenance worker (FILE -MAIN) - a classification
variable denoting file maintenance workers and word
processors

19, [M=S, V-0] Clerical-secretarial worker (CLER SEC) =~ a classificacion

' variable denoting general clerical-secretarial workers.
20, [M-S, V-0] Lead worker (LEAD WKR) - a classification variable

denoting lead workers

In selecting this set of variables for evaluation, emphasis was placed on
specific aspects of the task process and physical workplace/workstation that
have either been identified in prior VDT research or would be implicated on
the basis of the general ergonomic literature to impact eye and
musculo-skeletal comfert of VDT users. Some high priority factors such as
number of scheduled rest breaks or intensity of keyboard use may seem
conspicuous by their absence. The number of scheduled rest breaks was
omitted due to lack of variance in this measure., Scheduled rest breaks and
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their duration are regulated at constant values in State of Wisconsin
service, We therefore substituted the discreticnary work break variable.
Intensity of keyboard use as measured by reports cof proportion of time spent
in simple information input is strongly associated with the interaction time
measure (r = -.50, p< .0l).

It may also be unclear as to why very specific factors such as keyboard
height adjustability or improper keyboard adjustment were not included as
predictors of strain. In fact, we attempted through factor analysis to
obtain finer distinctions than exist in both the "adjustability" and
"problems" scales, but the results did not permit further subdivisicn of
items comprising these scales,

The issue of why the status or configuration of workplace conditions was
assessed in terms of users' reactions (i.e. being "bothered”) needs to be
explained. The objective was to obtain data on variation in these
conditions, and variation with respect to optimal conditicons. Short of
objective physical measurement by the investigators, this seemed to be the
only way, although not necessarily the best way, to obtain these types of
data. However, such measurement methods have important implications in the
interpretation of results due to the potential conceptual or operational
similarity of independent and dependent variables. Results show, in fact,
that "problems" scales tend to be significantly asscciated with strain. One
interpretation of these results might be simply that strain 'is associated
with strain - that is, being "bothered" is equivalent to the percepticn of
ailments or symptoms. These types of circularity problems are common in
subjective studies of stress/strain, as in the relationship of role ambiguicy
or role conflict (independent variable) with role strain (dependent
variable), or quantitative overload (independent variable) with workload
dissatisfaction (dependent variable). The reader is referred to Kasl (1978)
for a further discussion of this issue.

Despite the potential, ocur inclination is that this type of contamination is
not a serious problem in the present analyses. The problem scale items do
not directly connote somatic ailments, and these items and the symptom
inventories are physically separated in the questionnaire. Further,
objective measures of workstation lighting conditions (illumination at the
keyboard and workplace source document site) correlate significantly with the
visuo-ocular strain index (r = .31 and .21 respectively, p <.05) in the same
way that the subjective environmental lighting "problems" scale is associated
with the same strain scores in the current regression analyses., Similarly,
objective measures of VDT screen illuminace and screen background luminance
(both potentially contriburing to display quality) are weakly associated with
the visug-ocular strain index (r = .22, p = .07; £ = .13, p = .15
respectively), and the display lighting/quality problems scale is also
associated (significantly) with the visuo-ccular strain index in the current
regression analyses.

The rationale for inclusion of certain variables from the preceding analyses
of more general workplace conditions in the present analyses of specific
workplace attributes may also be unclear. The job demands variable was
included as a measure of quantitative workload. It is reasonable to assume
that workload demands would represent a direct scurce of biomechanical and
eye/visual stress in VDT work.

16l



Although the job control variable is qualitatively different from the
remaining types of variables considered in these analyses in that it denotes
a fairly broad job design attribute, it may be that in reality this parameter
is considerably more important than specific task/environmental demands as a
determinant of physical strains. Specifically, individuals with high levels
of personal control and discretion in their job may be able to influence or
avoid specific task or workplace challenges such as poor lighting or
workstation design that may promote strain. The job control variable was
added as a regressor to examine this possibility. However, some of the
predictor variables examined such as the ability to adjust workplace lighting
or the workstation physical configuration, or the opportunity to take
discretionary work breaks, may actually represent variations of the job
control construct. These capabilities should be more likely with increased
personal freedom and discretion at work. In fact, the correlation of the job
control variable with the workstation/VDT physical adjustability scale is
strong (r = .43). In an effort to untangle the effects of the job control
variable from effects of more specific variables potentially related to job
control, separate analyses first excluding and then including the job control
variable as a regressor were conducted as explained below.

As in the preceding .analyses, the job classification variables were included
in an effort to capture effects linked to qualitative aspects of general task
activities not accounted for by other dimensions of VDT work examined here.
As explained below, they were actually added subsequent to observations of
only modest effects related to the other variables.

In the selection of user characteristics for examination in these analyses,
we chose only those attributes which would seem to have clear and direct
implications for the specific types of strain predicted. Thus, the marital
status variable which was identified in the previous analyses as influential
in the prediction of general well-being was not considered in the present
analyses because a specific causal mechanism is not readily apparent.

One additional variable, VDT user stature (height), was originally considered
for the prediction of musculo-skeletal strains. It might be expected that
deviations from the norm would result in a poorer interface bgtween personal
and workstation physical dimensions, and hence promote strain. In fact,
results show no relationship at all (neither linear nor curvilinear) of VDT
user height with the musculo-skeletal postural or manipulative strain indices
(r ="=.01 and .00 respectively). We found, however, that height'is
significantly associated with the workstation/VDT physical configuration
"problems" scale (r = .18, p <.0l), and this scale tends to predict
musculo-skeletal strains. Interestingly, a scatterplot indicates only a
linear relationship between height and the physical configuration problems
scores. Associations of height with specific scale items include keybecard
tilt (rho = .19, p< .0l), keyboard height (rho = .13, p< .05), screen
distance (rho = .15, p <.05), and keyboard distance (rho = .15, p <.05).

Analytical Procedure--

In separate analyses, the visuo-o¢cular and two musculo-skeletal strain
indices were regressed on the workplace and personal variables designated (in
the margin tc the left of the description of each variable) for the
prediction of these different strains. Since only two variables denoting
personal characteristics, age-and corrective eyewear use are .evaluated here,
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and since neither is highly correlated with the work related variables,
effects of the individual and work related variables are examined
concurrently in each regression analysis.

For exploratory purposes, different regression techniques were tried. We
first examined models with the full set of designated regressors included,
and then eliminated and added variables in a backward stepwise procedure. {p<
.05, in; p > .05 out) inspecting theé model at every step. This was followed
with a forward stepwise selection of variables (same criteria). The same
statistical package (REGAN 3) used in the more general work environment
analyses was used for the present analyses. The results of the two
approcaches were essentially equivalent. The results presented here represent
the cutcomes of the backward stepping process.

The regression sample for these analyses consisted of all VDT users with
complete data on all of the predictor variables and the strain measures for
each analysis. This is a subset of the VDT sample (n = 186) from the
preceding general work environment analyses. Twenty-one cf the VDT users
from the prior sample had missing data on variables unique to the present
analyses. Because the variables with missing data consisted of single
questionnaire items, missing data for these variables could nct be reliably
estimated. Rank-normal transformation (Li, 1957) was applied to single item
variables providing ordinal data. The simple correlation structure among the
visuo-ocular and two musculo-skeletal strain indices and all predictor
variables is given in Table 33. Table 34 provides descriptive statistics for
all of these variables.

Diagnostic regressions using the SAS PROC REG routine were carried out on all
final models. Correlations among estimates for significant predictors and
the same diagnostic statistics (Studentized residuals, hat/leverage values,
¢covariance ratios) examined in the preceding general work environment
analyses were also examined here,

As indicated in the description of predictor variables, several models were
examined in the prediction of each type of strain. Each strain measure was
first regressed on all designated predictors with the exception of the job
activity classification variables and the job control variable. The job
control variable was then added in a secondary analyses in an effort to
untangle its effects from more specific but potentially related variables
(e.g. the workstation/VDT physical adjustability scale). These regression
analyses were then repeated but with the job classification variables added.
These classification variables were added in subsequent analyses for the same
reason that they were added along with the professional status variables in
the preceding general work environment analyses. As before, in examining the
outcome of the first two regressions (with and without job control added as a
regressor) we became concerned that there may exist potentially important
effects related to differences in job tasks not accounted faor with the
original set of variables, particularly since the explanatory power of these
first two models was quite limited in all cases.

In evaluating job activity variables, the reference group for each of the
four classifications consisted of the group of programmers. Programmers were
chosen as the reference group since they tended to have low strain scores in
relation to the other job activity groups. For the VDT users, programmers'
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Table 33. Correlations among all the variables included in the specific
work environment ansalyses.

1. VIsoC 2. POST 3, MANIP 4, BEH 5. DATA 6. FILE

Variables STRN STRN STRN AUT ENT MAIN
1. VISOC STRN 1.000
2. POST SIRN 521 1.000
3. MANIP STRN .416 .555 1.000
4, BEH AUT . 459 .509 424 1.00C
5. DATA ENT .066 .071 .193 -.039 1.000

6. FILE MAIN .053 -.02¢9 -.0%6 .067 -.656 1.000

7. CLER SEC -~.110 -.011 -.085 .053 ~.199 -.168

8. LEAD WKR -.056 .019 -.041 -.064 -.257 -.218

9. JOB CON -.236 -.231 -.178 ~.182 -.503 .192

10. JOB DEM .134 .221 .062 .136 -.195 -.019
11. ENV LUM BOTH . 132 -.089 -.008 .139 -.020 -.020
12. DISP BOTH .268 . 268 .263 177 ~.066 .113
13. VDT BOTH .262 .211 .212 . 280 .056 -.070
14, LUM ADJ .039 .130 .139 -.005 144 -.134
15. PHYS ADJ ~-.143 -.141 ~.141 -.007 -.391 .257
i16. CHAIR CFT =-.145 -.298 -.193 -.246 -.084 -.017
17. TIME SIT _ .006 -.109 .065 -.035 .088 .103
18. WAIT -.068 -.049 -.091 -.056 .202 -.173
19. DISC BKS -.089 -.118 -.154 -.122 -.207 011
20. INTER TIM -.112 -.101 -.081 -.1156 -.379 .102
2l. SCRN TIM -.040 .036 .008 .128 -.354 .259
22. AGE -.100 .042 -.107 -.028 -.035 -.072
23, EYE WR .234 .260 . 200 .188 -.077 .135
24. VDT HRS .075 -.083 .013 -.084 .403 .157
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Table 33 continued.

7. CLER 8. LEAD 9. JOB 10. JOB 1l1. ENV 12. DISP
Variables SEC WEKR CON DEM LUM BOTH BOTH
7. CLER SEC 1,000
8. LEAD WKR -.066 1.000
9. JOB CON .062 .227 1.000
10. JOB DEM .140 .258 .118 1.000
11. ENV LUM BOTH -.048 .183 -.073 143 1.000
12, DISP BOTH -.069 .009 .0Q7 .040 -.043 1.000
13. VDT BOTH -.031 -.036 . 007 .028 .008 .030
14. LUM ADJ -.040 046 -.059 ~-.048 -.152 -.062
15. PHYS ADJ -.001 019 L4627 -.060 -.008 -.032
16. CHAIR CFT .008 .074 241 ~.022 -.195 -.043
17. TIME SIT -.060 -.338 -.163 -.088 .0l4 ~.081
18. WAIT .052 .073 -. 286 -.029 -.008 -.079
19. DISC BKS .082 .070 . 267 -.104 -.143 -.188
20. INTER TIM -.048 .220 377 . 148 .051 .005
21. SCRN TIM .187 -.059 .137 .029 066 097
22, AGE .278 .101 -.111 .238 .105 -.058
23, EYE WR .136 -.027 -.037 .123 -.052 .002
24. VDT HRS -.299 -.389 -.397 -.198 .01l .005
13, VDT 14. LUM 15, PHYS 16. CHAIR 17. TIME 18. WAIT
Variables BOTH ADJ ADJ CFT SIT
13. VDT BOTH 1.000
14, LUM ADJ -.017 1.000
15. PHYS ADJ -.097 -.177 1.000
l6. CHAIR CFT -.032 .011 .045 1.000
17. TIME SIT -.112 .035 .036 .057 1.000
18, WAIT -.041 .134 -.180 .009 -.076 1.000
19. DISC BKS -.077 -.07§ 177 -.003 -.046 .003
20. INTER TIM .0L4 -.020 .230 .102 -.127 -.250
21, SCRN TIM .034 -.148 .254 -.144 .001 -.243
22. AGE -.112 . 040 -.026 .019 .087 .1le
23. EYE WR . 144 .097 -.012 -.175 .037 .062
24. VDT HRS -.118 -.067 -.153 -.088 . 408 .073
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Table 33 continued.

19. DISC 20, INTER 21, SCRN 22, AGE 23. EYE 24, VDT

Variables BX TIM TIM WR HRS
19. DISC BXS 1,000
20, INTER TIM .032 1.000
21, SCRN TIM. .026 .144 1,000
22. AGE -.049 -.058 .135 1,000 -
23, EYE WR -.037 -.138 .010 .223 1.000

24, VDT HRS ~.176 -.316 -.124 -.074 .037 1,000
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Table 34. Descriptive statistics for all of the variables included in the
specific work environment analyses.

Variable Mean 8D Minimum Maximum
JOB CON 19,33 2,18 14,86 25,36
JOB DEM 22.71 2.42 14.24 27.87
AGE 32.67 10.40 18.00 62.00
VDT BOTH 0.00 1.00 -1.38 3.68
DISP BOTH 0.00 1,00 -1.98 3.21
ENV LUM BOTH 0.00 1.00 -2.16 2.81
VISOC STRN -1.99 _ 1.84 -5.01 3.87
POST STRN -1.91 2.09 -5.27 5.27
MANIP STRN -4.71 1.66 -6.56 0.39
VDT HRS 5.82 2.69 0.20 9.80
CHAIR CFT 0.27 0.59 -1.16 1.19
TIM SIT 65.25 19.97 0.00 98.00
WAIT 0.25 0.44 0.00 1.00
DISC BKS 0.03 0.62 -1.16 l.16
INTER TIM 14.04 24.93 0.00 98.00
SCRN TIM -.05 0.56 -1.1¢ 0.50
EYE WR 0.74 0,44 0.00 1.00
PHYS ADJ -1.19 1.52 -3.49 3.49
LUM ADJ 0.63 1.37 -2.96 3.53
DATA ENT 0.44 0.50 0.00 1.00
FILE MAIN 0.36 0.48 0,00 1.00
CLER SEC 0.05 0,22 0.00 1.00
LEAD WKR 0.08 0.27 0.00 1.00
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scores were the lowest of all groups on the two musculo-skeletal strain
indices, and were lower than scores for the data entry and file maintenance
groups on the visuc-ocular strain index.

In all of these analyses only the main effects of the predictors were
evaluated. However, residual plots for each variable were examined in order
to detect the presence of curvilinear effects. In no case was this type of
effect observed. Although it would have been desirable to evaluate
interactions, the effort required for the correct formulation and systematic
examination of interaction terms for the present set of predicters was beyond
the scope and resources of the current project. This should not be a serious
limitation, however, since interaction effects are often correlated with main
effects for their constituent terms and would therefore likely be reflected
as main effects in the present analyses.

Although the primary focus in the present analyses was on the determinants of
strain among VDT users, limited efforts were also made to examine differences
between VDT use and more conventional office work in terms of the influence
of the types of variables evaluated here on eye and musculo-skeletal strain.
However, a regression approach in which the interaction of VDT use/non-use
with each variable is systematically evaluated (as in the preceding analyses)
or a parallel regression of the three strain measures on the present
predictors for non-users was impossible since some of the predictors are
specific to VDT use only. Instead, each of the present set of variables
common to VDT users and non-users was interacted with a VDT use/non-use
classification variable. The interaction term, classification variable, and
common variable were then evaluated for their influence on appropriate strain
measures using two-way analysis of variance (ANOVA). OCne analysis of this
type was carried out for each common variable. For some of the variables nct
shared by VDT users and non-users (e.g, the ambient lighting problems scale),
certain questionnaire items comprising the variable were, in fact, responded
to by both users and non-users {e.g. guantity of workplace lightirng). Two
way ANOVA was also carried out with shared scale items to approximate effects
of the larger scale, The non-user sample for the ANOVA consisted of the 65
non-users from the preceding analyses.

Prediction of Visuo-ccular Strain--

Final regression models cbtained for predicting the eye strain index are
presented in Table 35, 1In this table and in subsequent .tables describing the
results of the regressions of the musculo-skeletal strain measures, the model
without the-job control or job classification variables added is presented
first. Next the model with the job classification variables is presented,
followed by a repeat of these two models in the same order but with.the job
control variable added.’

Table 35 shows somewhat different models for the prediction of the
visuo-ocular strain measure depending upon whether or not the job control
variable is added as a regressor, However, there is no effact of adding the
job classification variables in either case, The explained variance in the
visuo-ocular strain index in the model excluding job control as a regressor
is 16%, but rises to 21% in the model including the job control variable.
Diagnostics show both models to be highly stable. Correlations among
estimates for the significant predictors. are weak in both models. The
highest correlations were between the age and corrective eyewear estimates
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Table 35. Results of the Visuo=-ocular Strain regressions.

Job Control variable not included in model:

Variables remaining Standardized Partial Sig.
in final model Reg. coef. reg. coef, correl. coef., level
Age -.031 -.165 -.173 .027
Corrective Eyewear Use 1.170 .281 . 287 .000
VDT Display Bother .496 .265 .280 .000
Environmental Lighting
Bother .323 175 .187 . 017
Variables stepping
out of the model
Job Demands - - .119 133
Hours VDT Use/Day - - .055 L4982
Required to Wait for
Computer Response - - -.048 544
Discretionary Breaks
Allowed - - -.013 .867
% Time Interactive
with VDT - - -.104 .188
Extent of VDT Display
Viewing - - -.064 417
Adjustability of VDT/
Workstation Lighting - - .070 .380
5 R = .,42
R” (adjusted) = .15
Job-Task Activity variables included in the model: NO CHANGE,
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Table 35 continued.

Job Control wvariable included in the model:

Variables remaining Standardized Partial Sig.
in final model Reg. coef. reg. coef. correl. coef. level
Job Control =.235 -.273 .293 .000
Job Demands .148 177 .1889 016
Age -.040 -.214 224 .004
Corrective Eyewear

Use 044 . 249 . 267 .001
VDT Display Bother 467 .250 274 .001
Variables stepping
out of the model
Environmental Lighting

Bother - - .155 .051
VDT Hours/Day - - .031 L6396
Required to Wait for

Computer Response - - . 134 ,092
Discretionary Breaks

Allowed - - .059 . 460
% Time Interactive

With VDT - - .018 .818
Extent of VDT

Display Viewing - - . 006 .938
Adjustability of VDT/

Workstation Lighting - - .037 .646

RZ

. R =
(adjusted) = .211

L485

Job Control and Job Task Activity variables included in the model:

FROM MODEL WITH JOB CONTROL VARIABLE INCLUDED.

NO CHANGE
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(about 0.2 in both models). For neither model did more than six of the
predicted values have studentized residuals greater than 2.0, or more than
two greater than 3.0. In neither model were hat/leverage values greater than
critical levels in more than two cases. Ouly four observations had
covariance ratios less than 0.9 in each model.

Inspection of the models predicting visuo-ocular strain shows effects
consistent in many ways with prior suppositions and findings. Both the
display problems and environmental lighting problems variables seem to be
important determinants of reported eye strain symptoms. Since these two
variables are uncorrelated, the effects suggest distinct contributions of
each source to the reported eye strains. Although the environmental lighting
problems effect is marginally nonsignificant in the model including the job
control variable, it can hardly be ignored considering its influence in the
model excluding the job control variable. Both the age and corrective
eyewear variables are also significant in both medels. The age effect,
indicating greater strain for younger workers, is consistent with age effects
cbserved in the preceding general work environment analyses.

Of special interest is the effect of the corrective eyewear variabie. VDT
users wearing glasses or contact lenses report greater eye strain than do
those who do not. The eyewear and display problems variables each accounted
for about six percent of the variance in the eye strain index, more than any
other of the predictors.

Table 36 further illustrates the eyewear effect. To obtain the values shown
in Table 36, we first calculated the proportions of VDT users reporting each
of the six strain symptoms comprising the visuo-ocular strain index. The
values shown are the means of the proportions reporting each symptom. The
table shows that an additional 1l percent of the users wearing corrective
eyewear report eye strain symptoms than do users without corrective eyewear,
and an additional 6 percent report these symptoms on a frequent or constant
basis.

In further probing of the eyewear effect, we found that it is mainly related
to the use of monofocal glasses or contact lenses as opposed to bifecals or
trifocals. This effect is illustrated in Table 37. Table 37 shows the
proportion of VDT users with different types of eyewear reporting six
symptoms of eye strain in relation to the proportion of individuals without
corrective eyewear reporting these symptoms. Note that pronounced
differences do not exist between the bifocal/trifocal and no eyewear groups
in the reporting of symptoms for the VDT users. On the other -hand, the
proportions reporting symptoms for the monofocal and contact lens group are
consistently much higher than for either the no eyewear or bifocal/trifocal
gTOupSs.

These findings reinforce previous data (Cakir et al., 1978; Laubli et al.,
1981) indicating increased eye strain incident to eyewear use among VDT
users, and the Cakir et al. (1978) observation that the effect is linked
mainly to the use of monofocal lenses. Cakir et al. (1978) tentatively
attributed this effect to over-correction with conventional reading glasses
considering the usual visual distances in VDT display viewing. Laubli et al.
(1981) further reported that the.eyewear use effect was actually amplified in
conventional office workers. However, in further inspection of Table 37, it
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Table 36. Incidence of eye and musculo-skeletal strain in VDT users wearing
glasses or contact lenses (n=183) and users without corrective
eyewear (n=65).%*

Symptoms experienced Symptoms experienced
at least occasionally frequently/constantly

Corrective No corrective Corrective No corrective

eyewear eyewear eyewear eyewear
Visuo~ocular Strain 66% 55% 19% 13%
Musculo-skeletal 70% 597 257 14%
Postural Strain
Musculo=-skeletal 37% 267 7% 3%

Manipulative Strain

"
Each tabled value is the mean of the proportions of individuals reporting
the different symptom items in the respective strain scale.
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Table 37, Incidence of visuo-ocular strain symptoms in relation to type of
corrective eyewear in VDT users and non-users.¥*

» Symptoms. Type of Corrective Eyewear

. No
Meonofocal Bifocals/ Contact Corrective
glasses trifocals lenses Eyewear
(n's= (n's= (n's= {(n's=
124/42) 43/17) 43/19) 65/14)

Aching/burning VDT users : 81% 67% 91% 667%
eyes at work Non=-users 62% 62% 477 71%
Focussing dif- VDT users 52% 51% 60% 45%
ficulty at work Non-users 487% 38% 637% 43%
Tearing/ VDT users 767% 65% 86% 527%
itching eyes Non-users 55% 47% 797 71%
Burning eyes VDT users 7872 567 917 617%

Non-users 57% 53% 74% 57%
Blurred vision VDT users 41% 26% 46% 37%

Non-users 43% 41% 42% 50%
Eye strain ~ VDT users 81% 63% 867 68%

Non-users 79% 65% 74% 79%
Mean VDT users 68% 55% 77% 55%

Non-users 57% 51% 63% 62%

*Tabled values show proportion of individuals reporting each symptom as
occurring at least occasicnally. The n's for types of corrective eyewear sum
to greater than the n reporting eyewear use since some individuals reported
the use of more than one type of corrective eyewear.,
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can be seen that the types of eyewear-eye strain associations appearing for
VDT users are not evidenced for non-users in the present data. There is no
tendency for non-users with corrective eyewear to report more eye strain than
non-users without corrective eyewear, and only a modest trend for non-users
with monofocal glasses or contact lenses to report eye strain more than
non-users with bifocals/trifocals. In the two-way ANOVAs examining the
influence of the present predictors in the VDT user and non-user samples, we
found a significant interaction (p <.05) of VDT use/non-use with corrective
eyewear use/non=-use for visuo-ocular strain scores, indicating increased
strain for VDT users with corrective eyewear but not for non-users with
corrective eyewear.

In the model including the job control variable as a predictor of eye strain
{(Table 35, second part), decreases in job control and increases in job
demands are shown to be associated with increased strain. Both effects are
consistent with the effects of these variables in predicting the general
illness symptoms index, although the influence of the job control variable is
considerably stronger in the present analyses. An unequivocal explanation
for the job control effect which is consistently significant throughout the
present set of analyses is difficult. The most appealing hypothesis is that
the effect stems from increased opportunities to take action to avoid or
adjust troublesome or challenging job situations that would otherwise result
in strain. The job control variable does have a non-trivial positive
association with the discretionary breaks variable (r = .27) and the
workstation/VDT physical adjustability scale (r = .43), but on the other hand
is virtually unrelated in a simple way with the scale denoting adjustability
of workstation lighting (Table 33). Alternately, the variable might
represent more an indicator of a complex of positive, stress mitigating,
psychosocial job attributes. In the previous (general work environment)
analyses, job control is shown to be fairly strongly associated with both the
social support and future certainty variables. The job contrcl variable zalso
tends to differentiate data entry jobs from other types of VDT work
(indicated in Table 33). While we tend to favor the first interpretatiocn, it
is likely that the effect involves elements of both of these possibilities,
and further work will be needed to more precisely pin-down the mechanism.

The fact that so many of the variables considered in these analyses failed to
meaningfully contribute to the prediction of the eye strain index was
surprising. Conventional wisdom would predict that most of these variables
should play an important role in- promoting or preventing- eye-strain. Yet
these variables not only fail to predict reported strains after adjusting for
the significant variables, they fail to show even a simple association with
the visuo-ocular strain measure.

Tenable explanations can be offered for many of these null effects. The
possibility of curvilinear relationships with the eye strain measure,
however, is not viable since they were ruled ocut through inspection of
regression residual plots and scatterplots for each predictor variable in
relation to the eye strain index. The insignificant VDT hours use/day effect
is not surprising considering the systematic failure of this variable to
influence strain in a powerful way in analyses described thus far. The lack
of an effect related to the lighting. adjustability scale may be related to
the relatively low reliability (KR-20 = .54) for this measure. Alternately,
as suggested by Dainoff (198l) and as we have cbserved, VDT users may not be

174



proficient in effectively adapting workplace lighting to minimize stress
regardless of the potential. Note, hewever, that the degree of adjustability
of workstation/VDT lighting conditions is negatively associated, although
modestly so, with the scale denoting problems with environmental lighting (r
= =.15, Table 33). Although neither the percent time VDT interactive or job
classification variables (which differentiate users according to the extent
to which tasks are display dependent) even approach significance in the
prediction of the eye strain index, it is of some interest that a very modest
positive linkage exists between the file maintenance job classification
variable and the display problems variable (as indicated in Table 33). File
maintenance VDT work tends to be more interactive, and hence display
dependent, than data entry or clerical/secretarial work in the present sample
(indicated in Table 33). Along this line, a stronger negative connection is
seen between the discretionary work breaks variable and the display problems
variable (r = -.19, Table 33). Perhaps most curious is that the variable
denoting the extent of screen viewing has virtually no relationship with the
eye strain index, although it has a very low positive correlation with che
display problems variable (r = ,10, Table 33),

Altogether, the present data almost seems to peoint to some type of ordered,
or contingent causal pattern for eye strain inm which: (l) greater screen
exposure prompts somewhat greater viewing disturbances, but that physical
strain hinges more directly on poor display quality or ambient lighting, or
{2} lighting adjustability and screen exposure interact with the display or
lighting problems scales. That is, lighting adjustability and screen
exposure may be important only when display and ambient lighting
characteristics are sub-optimal. Although these possibilities are hlghly
speculative, and should be viewed with caution considering the low
associations, they seem reasonable and worthy of further investigation based
upon the data patterns described. -

Although nonsignificant, the effect associated with computer response delays
(required to wait variable) in the second model is worthy of comment. It
also tends to approach significance in the musculo-skeletal postural strain
regression where the job control variable is included as a regressor, and is
in fact significant in predicting manipulative strain when the job control
variable is included, While prior work (Johansson and Aronsson, 1980) has
linked this condition to psychophysiological strain, the negative
associations in the current regressions provide a limited indication that if
anything, the effect may be to provide relief from stresses to the visual and
musculo-skeletal systems. .

Prediction of Neck/Back/Shoulder Musculo-skeletal Strain--

The outcomes of these regression analyses are shown in Table 38. As with the
prediction of the visuo-ocular strain index, the job classification variables
were of no significance in predicting back/meck/shoulder strain. However,
again the addition of the job control variable resulted in changes in the
model which increased the explained variance from about 18 percent to nearly
23 percent,

Regression diagnostics indicate that the models are stable. In the model
excluding the job control variable, just six cases have Studentized residuals
greater than 2.0, and only two greater than 3.0. Corresponding values for
the model including the job control variable are [2 and zero. The model
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Table 38. Results of the Musculo-gskeletal Postural Strain regressions,

Job Control variable not included in the model:

Variables remaining Standardized Partial Sig.
in final model Reg. coef. reg. coef. correl, coef. level
Job Demands .179 . 190 .206 .009
VDT/Workstation Physical

Configuration Bother .358 173 .188 .017
Chair Comfort -.942 -.259 -.274 .000
Corrective Eyewear Use .797 .167 177 024
Variables stepping
out of the model
Age - - -.018 .817
Time Sitting/Day - - -.073 .359
Required to Wait for

Computer Response - - -.050 .532
Discretionary Breaks

Allowed - - -.090 . 258
% Interactive Time

With VDT - - -.094 . 236
Extent of VDT

Display Viewing - - -.020 . 801
Adjustability of VDT/

Workstation Physical

Characteristics - - -.112 .158
Hours VDT Use/Day - - -.062 (433

R = .446

R2 (adjusted) = .179

Job=-Task Activity variables. included in the:

model:

NO CHANGE.
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Table 38 continued.

Job Control Variable included in the model:
Variables remaining Standardized Partial Sig.
in final model Reg. coef. reg. coef. correl. coef. level
Job Control -.251 ~-.259 .258 .001
Job Demands . 180 .190 . 209 .008
VDT/Workstation Physical

Configuration Bother 326 .157 .176 .026
Hours VDT Use/Day -.128 -.154 .158 L046
Chair Comfort -, 761 -.209 .225 .004
Corrective Eyewear Use .831 174 .191 .016
Variables stepping
out of the model
Age - - 075 - 344
% Time Sitting/Day - - .062 . 440
Required to Wait for

Computer Response - - -.132 .098
Discreticnary Breaks

Allowed - - -.047 .553
% Time Interactiwve

With VDT - - -.048 .549
Extent of VDT Display

Viewing - - .008 .921
Adjustability of VDT/ - - .021  .793

Workstation Physical

Configuration

R = .505

R2

(adjusted) = .227

Job Control and Job-Task Activity variables included in the model: NO CHANGE
FROM THE MODEL WITH THE JOB CONTROL VARIABLE INCLUDED. -
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excluding job control has only seven observations with hat/leverage values in
excess of the criterion, while the model including job contrel has none. No
more than seven observations in either model have covariance estimates less
than 0.9. Cerrelations among the estimates for the significant predictors
did not exceed 0.16 in the model without job control, but in the model
including the job control variable the estimates for the VDT hours/day
variable were fairly strongly correlated with the job control estimates (r =
.35). Other associations among estimates in this model were at about the
same level as in the model excluding the job control variable.

Several interesting effects are common to both models shown in Table 38.

Just as the ambient lighting and .display problems scales were influential. in
predicting the eye strain index, the VDT/workstation physical configuration
problems scale contributes significantly to the prediction of
neck/back/shoulder strain. An increase in perceived problems with the
distance, height, and tilt of the keyboard and screen is associated with
increased reporting of strain. Stammerjchn et al. (1981) report very similar
simple asscciations between ratings of the VDT physical configuration and
musculo-skeletal complaints.

More negative ratings of the chair are also significantly associated with
increased reporting of strain. As the regression statistics indicate, the
chair comfort variable is the strongest determinant of postural strain
scores, accounting for about eight percent of the variance in both models.
This effect compliments findings in two recent large scale studies
investigating the relationship between design aspects of office environments
and worker comfort, performance, and satisfaction. In a cross-sectiocnal
survey of over 1000 office workers by the Harris organization (Steelcase,
1980), one of eight major findings highlighted was the importance of adequate
chairs for the comfort of workers. In atctributing the causes of back
disorders experienced by 559 workers, an uncomfortable cffice chair was cited
by nearly 30 percent of these individuals. Similarly, chair characteristics
stood out among all office environment attributes as a correlate of worker
satisfaction and productivity inm yet a larger study by The Boston
Organization for Office and Technological Innovation (Brill, 1982).

Table 39 shows how the chair comfort effect translates into the actual pro-
portion of users reporting neck/back/shoulder strains in relation to chair
ratings. The values shown in Table 39 are means of the proportions of VDT
users reporting the seven different symptoms in the musculo-skeletal strain
scale, Note that a substantially larger proportion of the users with lower,
chair comfort ratings than with higher comfort ratings report the experience
of strain on a frequent or constant basis. As shown further on, the effect
is much the same for the non-user sample (two-way ANOVA showed no interaction
of VDT use/non-use with high/low chair comfort ratings in predicting the
musculo-skeletal postural strain sccres). ‘

It is of interest that the univariate comparisons of VDT users with noun-users
showed that the VDT users rated their chairs significantly less comfortable
than did the non-users. The fact that this difference does not result in a
significant difference between users and non-users in terms of
musculo-skeletal strain is probably due to the faet that although the chair
comfort effect.is highly significant, it alone accounts for a relatively
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Table 39. Incidence of musculo-skeletal strains in VDT users reporting lower
chair comfort (n=106) and users reporting higher chair comfort

(n=142).%*

Symptoms experienced Symptoms experienced
at least occasionally frequently/constantly
" Lower Higher Lower Higher
Comfort Comfort Comfort Comfore

Musculo-skeletal 70% 64% 29% 174

Postural Strain

Musculo=-skeletal 37% 327 I - ¥4 5%

Manipulative Strain

*Each tabled value is the mean of the propertions of individuals reporting
the different symptom items in the respective scale. Lower chair

comfort = chair rated just adequate/somewhat uncomfortable/very uncomfortable.
Higher chair comfort = chair rated somewhat comfortable/very comfortable.
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small proportion of the variance in the measure denoting neck/back/shoulder
strain.

As in the prediction of eye strain, the use of corrective eyewear is also
seen to have a significant associaticn with the reporting of
neck/back/shoulder discomfort. The effect, illustrated in Table 36, is
consistent with conventional wisdom. Table 36 shows that almost twice as
many of the VDT users with corrective eyewear than without report these
problems on a frequent or constant basis. There is a somewhat reduced
tendency toward increased reporting of neck/back/shoulder strain with
corrective eyewear use in the non-user control group. In a two-way ANGVA
(VDT use/non-use by corrective eyewear use/non-use), there existed a trend
toward an interaction, although the effect was not statistically significant
(p = .06).

When the reporting of these musuclo-skeletal strains is examined relative to
the type of eyewear used, the effects are contrary to expectations based upon
 casual observation of VDT users, but consistent with an earlier report by
Cakir et al. (1978). Although bifocal users are frequently seen to adopt
awkward postures in VDT viewing (e.g. head tilted back), the present data
show that the proportions of individuals with monofocal or contact lenses
reporting musculo-skeletal strain exceed the proportion of individuals with
bifocal/trifocal lenses reporting these strains. However, the proportion of
bifocal/trifocal wearers reporting strains is also in excess of the
proportion of individuals without corrective eyewear reporting strains. This
is illustrated in the data presented below which show proportions of VDT
users and non-users reporting neck/back/shoulder strains in relacion to type’
of corrective eyewear. Sample sizes are the same as given in Table 37
showing a similar breakdown, but for the repeorting of eye strain.

moncfocal bifocals/ contact no
lenses trifocals lenses eye wear
VDT users 71% 65% 77% 59%
non-user 847 627 67% 607

These data also illustrate the attenuation of the general eyewear effect as
well as of the difference between monofocal/contact lens use and
bifocal/trifocal use in the reporting of strain for the control group.

Both models indicate that increasing job demands are strongly associated with
increasing neck/back/shoulder discomfort. The model including job control as
a regressor also shows that the variable denoting extent of daily VDT use
significantly predicts strain, but marginally so. Curiocusly, the relationship
is negative. A literal interpretation of this effect may be inappropriate.
Table 33 (showing the correlations among predictor variables) indicates a
fairly strong connection between classification as a data entry user and the
number of hours of VDT use per data. Both variables are in turn associated
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with the neck/back/shoulder strain index at about the same level. There is
some likelihood, then, that the daily VDT use effect may be reflecting an
effect related to data entry work. Supporting this possibility is the
finding, presented further on, that the data entry classification is a
significant predictor of the musculo-skeletal strain index denoting mainly
arm/wrist/hand discomfort.

Again, both models show that several factors which are generally regarded as
instrumental in either promoting or abating musculo-skeletal disorders in VDT
use fail to achieve significance. Some of these null effects seem surprising
and merit discussion. In particular, the VDT/workstation physical adjustabil-
ity variable is seen to have a very modest simple association with
musculo-skeletal strain (r = -.l4, Table 33). Yet, after adjusting for
effects of other variables in both models the influence is diminished. Note
that the influence is almost nil in the model including job control as a
regressor. This is most likely due to the relationship between the job
control and adjustability variable (r = .43, Table 33). Factors contributing
further to the modest effect of this variable might be its relatively low
reliability (KR-20 = .66), or the possibility that adjustability is not
effectively utilized. The variable denoting opportunities for discretionary
breaks also has a low association (but in an expected direction) with
musculo-skeletal strain that is further diminished in the presence of the job
control variable. As in the association with eye strain, temporal delays in
VDT system use seem to provide relief from musculo-skeletal strain, although
again the effect is not statistically significant.

Thus, while the magnitude of effect for many of the variables which might be
considered key determinants of musculo-skeletal strain are not meaningful in a
statistical sense, they tend for the most part to behave in patterns which are
consistent with general expectations. One main exception is the variable
denoting the amount of time spent sitting. The expectation was that increases
in this measure would connote increases in static loads and hence promete
strain. Yet, in both models an increase in subjectively assessed sitting time
is negatively associated with strain, although the effect does not approach
significance. Sitting time also has the same type of relationship with the
variable denoting problems with the VDT/workstation physical cenfiguration
(Table 33).

Prediction of Musculo-skeletal Strains Associated with Mainly the
Arms/Wrists/Hands—— -

The outcomes of these regression analyses are shown in Table 40. Precisely
the same set of regressors examined in the prediction of the
neck/back/shoulder strain scale were evaluated in the predictiecn of this
musculo-skeletal strain scale. Table 40 provides first a model without the
job control or job classification variables. Next, a model including job
classification variables but excluding the job control variable is shown.
Finally, a model including the job control variable but excluding the job
classification variables is presented.

There are two particularly notable features in the outcome of these analyses.
The first is that unlike the models for prediction of eye or
neck/back/shoulder strain, one of the job classification variables attains
significance as a predictor of strain. The second notable feature is that the
adequacy of all of the models in terms of explained variance is comnsiderably
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Table 40. Results of the Musculo-skeletal Manipulative Strain regressions.

Job Control variable mot included in the model:.

Variables remaining Standardized Partial Sig.
in final model Reg. coef. reg. coef. correl. coef. level,
VDT/Workstation Physical

Configuration Bother . 336 . 206 .210 . 007
Chair Comfort ~,535 -,186 -.190 .015
Variables stepping
out of the mocdel
Required to Wait for:

Computer Response - - =.085 .283
Use of Corrective Eyewear - - 147 .061
Job Demands - - .055 . 488
Age - - -.085 .282
Hours VDT Use/Day - - .022 .782
Time Sitting/Day - - .103 .189
Discretionary Breaks

Allowed - - -.145 .064
# Time Interactive

with.VDT - - -.068 .385
Extent of VDT Display

Viewing - - -.032 .688
Adjustability of VDT/

Workstation Physical

Characteristics - - .118 134
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Table 40 continued.

Job=-Task Activity variables included in the model:

Variables remaining Standardized Partial Sig.
in final model Reg. coef. reg. coef, correl. coef. level

VDT/Workstation Physical ,
Configuration Bother .283 .170 .179 .022

Use of Corrective
Eyewear .717 .190 .195 .013
Data Entry Worker : .668 .195 .205 - .009

Variables stepping
out of the model

Required to Wait for

Computer Response - - -.148 .056
Chair Comfort - - -.149 .059
Job Demands - - .079 317
Age - - -.136 .085
Hours VDT Use/Day - - -.063 L4623
% Time Sitting/Day - - .064 L4617

Discretionary Breaks
Allowed - - -.101 .200

% Time Interactive
With VDT - - .020 .796

Extent of VDT
Display Viewing - - .076 - .335

Adjustability of VDT/
Workstation Physical

Characteristics - - -.051 .518
File Maintenance Worker - - .030 .709
Clerical Secretarial Worker - | - -.073 .359
Lead Worker - - 024 . 760

R2 {adjusted
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Table 40 continued.

Job Contreol Variable included in the model:

Variables remaining : Standardized Partial Sig.
in final model Reg. coef, reg, coef, correl. coef, level
Job Control ’ -.167 -.218 -.218 .005

VDT/Workstation Physical
Configuration Bother . 297 .182 .189 .016

Required to Wait for
Computer Response -.588 -.157 -.158 L 044

' Use of Corrective
Eyewear .661 .175 .182 .020

Variables stepping
out of the model

Chair Comfort ‘ - - -.115 147
Job Demands - - 062 436
Age | -- - -.148 .061
Hours VDT Use/Day - - -.055 . 486
% Time Sitting/Day - - .034 . 665

Discretionary Breaks
Allowed - - : -.084 . 289

% Time Interactive
with VDT - - -.020 .801

Extent of VDT Display
Viewing - ' - - -.013 .867

Adjustability of VDT/
" Workstation Physical -
Characteristics - - ’ -.067 .3%6

2 R = .356
R™ (adjusted) = .105

Job Control and Job-Task Activity variables included in the model: NG CHANGE
FROM THE MODEL WITH THE JCB CONTROL VARIABLE EXCLUDED, BUT WITH THE JOB-TASK
ACTIVITY VARIABLES INCLUDED. i .
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less than models for the prediction of gye or ‘neck/back/shoulder strain.
Takle 40 shows that the fit (adjusted R”} for these models ranges between
only .07 and .11,

Regression diagnostics provide little evidence of instability in any of the
three models presented in Table 40. Studentized residuals for predicted scale
scores were in excess of two standard deviations in no mere than seven cases
for any model. No more than four observations had covariance ratios less than
.90 in any model. The first model (jcb control and classification variables
excluded) actually had 13 observations with hat/leverage values in excess of
the criterion. However, because there were only two significant regressors in
this model, the criterion was quite stringent (.032). The second model had
only six observations in excess of the criterion (.048), and the third model
just one (.065). 1In only one instance in all of the models did the corre-
lations among estimates for significant predictors exceed .17, and in most
cases they were much lower. The correlation between estimates for the job
control variable and the variable denoting delays in VDT-computer system
response was .28 in the third model (job control variable included, but job
classification variables excluded).

In looking at all three models presented in Table 40 together, it can be
cbserved that most of the variables that tended toward significance in the
prediction of neck/back/shoulder strain also tend to be influential here. It
is of interest, however, that the magnitudes of the effects are adjusted in a
fashion that would be expected for the prediction of mainly arm/hand
disturbances in contrast to the prediction of neck/back/shoulder strain. For
example, chair comfort is significant only in the first model, and the effect
is less pronounced than in the prediction of neck/back/shculder strain. This
seems consistent with the expectation that chair quality might have a greater
impact on strains resulting from the posture of the back than from strainms
resulting from the postural and dynamic demands in the use of the arms and
hands. Note, too, that temporal delays in VDT-computer system response
significantly predict less strain in the third model, and the effect
approaches significance in the second model. Again, it seems clear that such
events could be associated with relief-providing periods cf arm/hand inactivi-
ty, but a mechanism for providing relief from strains related to spinal
support is less obvious. Even the eyewear variable fails to attain
significance in the first model, although the effect is so strong it can
hardly be ignored, and is in fact significant in the other two models. Again,
a stronger linkage to problems associated with positioning of the neck and
back would seem reasonable. Only the variable demoting problems with the
physical configuration of the VDT and workstation is consistently asscciated
with strain in all three models. The effect is about the same magnitude as in
the prediction of neck/back/shoulder discomfort. This is to be expected since
this variable is comprised of items suggesting interface problems that would
affect both keyboarding and the overall posture of the VDT user at the
workstation. ‘ '

Perhaps most interesting in these analyses, however, is that the data entry
job classification attains significance as a strong predicter of strain in
both models which include job classification variables. This finding is
consistent with expectations based upon the fact that the dynamic, keyboard
intensive aspects of data entry work place greater demands on the neuro-motor
systems of the arms and hands than would likely be encountered in the more
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conversational use of VDTs., Note that Table 33 indicates that the data entry
job classification is fairly strongly associated in a negative way with the
variable dencting the extent of interactive use of VDTs. The finding is also
consistent with data presented by Hunting et al. (198l) showing increased hand
discomfort among data entry VDT users in comparison to conversational users
and conventional office workers and typists. Referring back to Figure 2, it
can be seen that data entry workers (both VDT users and non-ussrs) seenm. tc
have the worst of it not only in terms of arm/hand discomfort, but for
neck/back/shoulder problems and eye strain as well. Yet it is only in the
prédiction of the arm/hand problems that this job classification is
significant. Again, this finding is consistent with results reported by
Hunting et al. (198l) showing increased "body" and '"head' posture discomfort
among data entry users in comparison to more conversational users, but the
effect was less pronounced than for hand discomfort.

While it is reasonable to conclude, as we have done here, that the data entry
job classification effect stems in large part from the fairly narrow and
intensive demands of the task specific to data entry work, an expanded
interpretation is alsc plausible. Recall that the current data entry workers
also have a high incidence of eye strain relative to other workers (Figure 2).
Laubli et al. (198l) showed little difference between data entry VDT users and
conversational users in terms of the incidence of eye/vision complaints. But
in terms of the persistence of eye-vision problems, the effect was actually
significantly stronger for data entry VDT users than for conversational users
or conventional office workers or typists. Yet, data entry work is usually
less display intensive than other types of VDT work. Data presented in Table
33 indicates, for example, a strong tendency in the present sample toward
diminished screen viewing among data entry VDT users in comparison to users in
other job classifications. Looking back at Figure 2, it can also be seen that
data entry workers in the present sample also tend to report less staff
support, future certainty, and job control, and more boredom and environmental
problems than workers in other job classifications (although only the boredom
and job contrcl effects are significant). Several of these factors have been
shown in prior analyses to be important determinants of strain. These dara
might suggest that it is the overall quality of data entry work in addition to
specific task demands which are responsible for complaints registered by data
entry VDT users.

Again, several of the effects which fail to attain significance in these
models merit discussion. It is notable. that in contrast to the.prediction of
eye or neck/back/shoulder strain, the job control variable is eliminated from
the model when the job classification variables are included. This is most
likely due ‘to the strong negative association between the data entry
classification and the job control variable, and the fact that both are
associated with the present strain index at about the same level, although the
data entry association is somewhat stronger. As mentioned above, data entry
VDT users report less job control than individuals in any other job
classification (Figure 2).

Certain trends that were cbserved in the prediction of eye and
neck/back/shoulder strain are also observed here. Both the opportunities for
discretionary breaks and adjustability of the VDT/workstation physical
configuration are associated with decreased strain, but only the discretionary
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breaks variable approaches significance in any of the models. The effect of
age alsc approaches significance in the second and third models.

The most perplexing of all nonsignificant effects is the lack of influence of
the job demands variable. Seemingly, increased job demands would represent a
direct source of stress to the motor system. The models for prediction of
neck/back/shoulder strain support this hypothesis. The job demands variable
is also a significant determinant of eye strain. Yet Table 33 shows that the
‘simple correlation of the job demands variable with the strain index denoting
arm/wrist/hand discomfort is almost negligible, and there is no correlation
between the job demands variable and any other predictor variable which is
strong enough to suggest a colinearity problem in the present set of
regressions. Although data entry workers tend to report fewer job demands
than other VDT users, the significance of the job demands variable is actually
greater in the model including the data entry job classification variable.
Examination of residual plots and scatterplots also provide no indication of a
curvilinear effeet which would result in a low linear association. Since this
null effect seems contrary to both conventional wisdom and results observed
thus far, further investigation will be needed to clarify this result.

Examination for Differential Prediction of Musculo-skeletal and Eye Strain in
VDT Users and Non-users——

Following are the results of efforts to investigate whether the effects wit-
nessed in the prediction of eye and musculo-skeletal strains for VDT users are
maintained in the non-user sample. To make this determination, a series of
two-way ANOVA tests were conducted in which interactions of VDT use/non-use
with select predictor variables from the preceding analyses were examined for
their influence on the visuo-ocular and two musculo-skeletal strain indices.
As mentioned, a more desirable and systematic analytical strategy would have
been to either conduct a series of regression analyses for the non-user sample
parallel to those conducted for the users, or to interact VDT use/non-use with
each predictor variable in a multiple regression as in the preceding general
work environment analyses. Both approaches were precluded, however, by the
fact that several of the variables used to predict eye and musculo-skeletal
strain for the users were specific to VDT use (e.g extent of VDT display
viewing, temporal delays in VDI-ccomputer system response, etc.) and hence
these variables or close analogs pertinent to conventional office work could
not be formulated for the non-user control group.

Table 41 summarizes the results of 10 separate sets of ANOVAs examining the
effects of specific worker and job attributes for VDT users relative to
non-users. The VDT user group for these analyses consisted of the same sample
from the pricr regression analyses without missing data on the independent
variables. The non-user sample consisted of the 65 control subjects from the
preceding general work environment analyses.

Each row in Table 41 shows significance levels for the main effects of VDT
use/non-use, the main effect of the predictor variable identified in that row,
and the interaction effect of the two terms in the prediction of the
visuo-ocular or two musculo-skeletal strain indices. The variables labeled
job demands, job centrol, age, corrective eyewear, chair comfort and
proportion of time sitting per day are the same variables examined in the
preceding regressions for prediction of eye and musculo-skeletal strains in
VDT users only. The machine time variable represents the number of hours of
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Table 41. Results summary of 2-way ANOVAs for effects of select variables
examined in the specific work environment analyses (Tabled values
show significance levels).

ANOVA model

Job Control*
VDT use

Interaction

Job Demands#*
VDT use

Interaction

Age*
VDT. use:

Interaction.

Corrective eyewear use
VDT use

Interaction

Hours daily machine use*
VDT 'use

Interaction

Chair comfort
VDT use

Interaction

Lighting quality (WES 20)
VDT use

Interaction

Visuo-ocular
Strain

p=.04
p=.59

p=.73

p=.37
p=.41
p=.29

183

Musculo-skeletal Strain

Postural

p=.00
p=.92

p=.51

p=.00
p=.32

p=.06

p=.95
=.47
p=123

Manipulative
p=.07
p=.59
p=.23
p=.27
p=:.34
p=.9%6
p=.41
p=.32
p=.69
p=.03
p=.26
p=..09
p=.29
p=.45
p=.04
p=.07
p=.78
p=.60



Table 41 continued.

Visuo-ocular Musculo-skeletal Strain
ANOVA model Strain Posutral Manipulative
Lighting quantity ’ p=.07 - -
(part 3, item 2b)§
VDT use p=.41 - -
Interaction p=.23 - -
Lighting comfort p=.00 - -
(part 3, item 34d)
VDT use p=.46 - -
Interaction p=.13 - -
Proportion of time sitting* - - p=.92 p=.20
VDT use - p=.46 p=.47
Interaction - p=.11 p=.33

(=) indicates variable not used as a predictor in the regression analyses

* ANOVA subgroups were formed by categorizing individuals above and below the
median score for continuous variables.

§ Lighting level was reclassified correct, somewhat high/low, much too
high/low.
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office machine use per day for VDT users (essentially equivalent to number of
hours of daily VDT operation) and non-users. This is the same variable used
in the prediction of moods, illness symptoms, and dissatisfaction in the
preceding general work environment analyses. The three '"lighting'" variables
represent specific questionnaire items (questionnaire source identified in
parentheses following each term) comprising the environmental lighting
problems scale on which data were obtained for both VDT users and non-users.
The results of analyses involving these terms can therefore provide a limited
projection as to how ambient lighting problems affect strain in non-users
vig-a-vis VDT users. For none of the remaining variables from the preceding
regression prediction of eye and musculo-skeletal strain in VDT users were
analogous variables formulated for the non-user sample. Neither do any of the
remaining variables contain questiomnaire items which were also pertinent and
hence administered to non-users. Thus the specific working conditions denoted
by those variables could not be included in the present analyses. For .each
predictor variable, an ANOVA is conducted for only the strain measure(s) the
term was used to predict in the preceding regression analyses.

There are three notable features in the results of these analyses. First,
inspection of Table 41 shows a uniform absence of main effects of VDT
use/non-use in the prediction of eye and musculo-skeletal strain. This result
is consistent with the univariate comparison of VDT users and non-users for
these types of strain which show no significant group differences (Table 20),
although the incidence is greater in the VDT group. The results are also
consistent with the outcomes of the general work enviromment analyses
indicating no meaningful impact of classification as a VDT user or non-user in
the prediction of illness symptoms.

Table 41 also shows the pattern of main effects demonstrated in the previous
regression analyses for VDT users only. The jcb control, job demands, correc-
tive eye wear, chair comfort, and ambient lighting variables all tend to be
significant predictors of straim.

The main focus of the present analyses, however, is on the effects of inter-
action terms. Table 41 shows that with only one exception (corrective eyewear
use), the variables examined fail to interact with VDT use/non-use in a
meaningful way in the prediction of eye or musculo-skeletal strain. It is of
particular interest that the effects. of the chair and ambient lighting ratings
are not statistically different for VDT users than non-users. In the present
sample, VDT users spend more time sitting than do non-users, and the effect.
approaches statistical significance (F = 3.18, p = .08). It might be
speculated that by the nature of VDT work, this would be a common distinction
between VDT users and non-users that may potentiate strain associated with
poor chair design. Yet the effect of perceived chair comfort is much the same
for VDT users and non-users. Although not unambiguously demonstrated in terms
of visuo-ocular manifestations or by any other measure, it also does not seem
unreasonable to postulate that VDT use may be more visually demanding than
-more conventional office work considering the nature of tasks, dynamic
displays, and opportunities for glare provided by the display. Under these
circumstances, one might suspect that VDT users may be more sensitive to
perturbations in ambient lighting than non-users, but this postulate is not
sustained by the present -analyses. Associations of ratings  of ambient
lighting and reported eye strain are much the same for VDT users and non-users
alike, For twc of the ambient lighting items (lighting quality and lighting
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quantity) strain scores did in fact increase at a higher rate for the VDT
users as ratings became meore negative. However, the differential effect is
not significant, and for the third lighting item, the trend was reversed.
Strain scores increased faster for the non-users as lighting ratings became
more negative,

These results do not necessarily mean that equivalent lighting and chair
design would result in no more or less strain for VDT users than non-users.
The possibility exists that similar subjective appraisals of chair and ambient
lighting by VDT users and non-users do not reflect equivalent objective
conditions. Arndt (1982) found the same chairs were rated as less comfortable
by VDT users. In the present study, chair comfort was alsoc rated lower for
the VDT users, although we could not ascertain whether in fact the chairs were
objectively of lower quality (there is no reason to suspect so). If improved
chair design and lighting in VDT use is required for the same degree of
comfort perceived with lesser quality chairs and lighting in non-VDT work,
strain would be increased for the VDT users with chair and lighting quality
that is objectively similar to the quality for non-users since the predictive
effects of perceived quality is the- same for both users and non-users.

Although there is no clear indication of an interaction of VDT use/non-use
with perceived chair or lighting quality, Table 41 shows that VDT use/non-use
dces interact with the use of corrective eyewear in the prediction of the eye
strain index. The effect also approaches significance in the prediction of
the two musculo-skeletal strain indices. The bottom of Table 37 shows that in
the entire study sample, the proportion of VDT users reporting eye strain
symptoms is considerably higher for the subgroup of users with corrective
eyewear. Proportions of non-users reporting eye strain is about the same in
the subgroups with and without corrective eyewear. In the present ANOVA
sample, the same pattern is observed in scores on the visuo-ocular strain
index. TFor the VDT users only, visuo=ocular strain scores are worse (lower)
in the subgroup with corrective eyewear. Similarly, corrective eyewear use is
associated with an increase in neck/back/shoulder strain scores and an
increase in arm/hand strain scores for the VDT users. But, musculo-skeletal
strain scores are about the same for the subgroups of non-users with and
without corrective eyewear. The differential effect (between users and
non-users) approaches significance. ‘

The general eyewear effects evidenced in VDT users, the multifocal-monofocal
eyewear effects evidenced most strongly in VDT users, and the differential VDT
user/non-user general eyewear effect described here all require further
investigation to establish a rationale for their basis. Before too much is
made of the differential (user/non-user) effect, it should be pointed out that
the non-user subgroup without corrective eyewear is quite small (Table 37),
possibly compromising the ability to draw reliable inferences. This effect,
manifest in the interaction described here, requires replication. Data pre-
sented by Laubli et al. (198l) do not correspond to the present findings.

They reported (but do not present the data), that the general eyewear effect
described here is less apparent in VDT users than in non-users. The general
eyewear effect and the multifocal-moncfocal eyewear effect witnessed in the
VDT group, however, is unlikely to be influenced by a sample size proeblem.

At minimum, future methodologies for explicating these effects should involve
optometric measures of visual status and visual correction, and measures of
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visual distances and working postures in VDT operation as independent

. variables. The monofocal eyewear effect could be due to over=-correction of
lenses for normal VDT viewing distances if reading glasses were abundant in
this group.

One possible explanation for the monofocal~multifocal effect witnessed here
and by Cakir et al. (1978) is that it may be contaminated somewhat by age.
Remember, from Table 37, that the eyewear effect is most strong for
individuals with monofocal lenses. It is likely that individuals who wear
monofocal lenses are younger than those who wear multifocal lenses. The data
also show that younger workers report more strain. There is some possibility,
then, that the monofocal-multifocal difference in reported strain is due in
part to age differences separating individuals with monofocal lenses and those
with multifocal lenses. On the other hand, it would seem reasomnable tc
conjecture that individuals with multifocal lenses may also be older than
individuals without corrective eyewear since accommodative function is
progressively impaired with age. Yet there is no differential in strain
between individuals with multifocal lenses and without corrective eyewear.

Finally an interaction between the VDT use/non~use and hours of daily machine
use variables in the prediction of arm/wrist/hand strain is observed in Table
41. The effect 1is toward increaséed strain with increasing machine use among
non-users, with only a negligible change for the VDT users. We cannot
confidently offer an explanation for this effect. One speculation is that
work activities such as keyboarding provide less chronic stress to arm-hand
neuro-motor systems in VDT work than incurred in the cperation of more
traditional office machines. However, a literal interpretation of this inter~
action effect may be inappropriate in the absence of analyses which control
for other potential causal variables.

Summary and Conclusions--

The types of operational and physical workplace/workstation aspects of VDT
jobs investigated in these analyses span a range from the fairly narrow or
specific (e.g. temporal delays in computer response) to the fairly broad (e.g.
job control). A surprising and somewhat disappointing aspect of these results
was that many of the more narrow job eor workplace attributes which would be
expected on the basis of prior VDT stress research or general ergonomic
principles to influence eye and musculo-skeletal strains failed to achieve
significance as predictors of these strains. This would include factors such
as the. amount of time spent in VDT operation, extent of display viewing,
.extent of information input (reflecting keyboard intensive work) versus
conversational use of VDTs, opportunities for discretionary breaks,
adjustability of lighting and workstation configuration, etc. In most cases
these factors leveled an influence in an expected direction and sometimes
approached significance, but in few cases could their effects be considered
meaningful, Along the same line, although all regression models were
statistically significant, 1t was discouraging to find that even the best-fit
medels accounted for only a small proportion of the variance in the
visuo—-ocular and musculo-skeletal strain indices. We are quite certain that
aside from the potential existence of interaction effects, the modest fit of
these models is not a product of the analytical procedure. The different
regression approaches identified yielded about the same results and extensive
evaluation of scatterplots and residuals plots indicated simply a poor
association between many predictors and the strain measures.
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There exist several likely explanations for these weak associations. One is
that the conditions assessed simply dc not have the degree of influence that
might be expected. The VDT stress research has yet to demonstrate dramatic
effects of many of the conditions investigated. For the factors that did tend
to rise to prominence in these analyses (e.g. chair quality, eyewear use),
their importance has been fairly well substantiated in prior research.
Another basis for the weak associations might be that reliable assessment of
certain of the conditions investigated may be difficult with subjective survey
methodologies. A third is that VDT users may not utilize, or effectively
utilize available resources denoted by some of the variables examined (e.g.
discretionary rest breaks, equipment and lighting adjustability) that would
impact the stress process. It is also possible that in reality it is the
broader work system, including psychosocial aspects, which is more important
in defining the potential for the strains of VDT operators than specific task
characteristics, The present analyses show, for example, that classification
as a data entry user is a far better predictor of arm/hand musculo-skeletal
strain than is knowledge of keyboarding demands. Likewise, the job control
variable levels a strong influence throughout most of these analyses.
Finally, it is possible the present analyses may have neglected important
stressors in VDT work such a specific physical attributes of
workstation/workplace design that are difficult to assess using survey
methods.

On the other hand, the present analyses deo strongly suggest that display and
ambient lighting perturbations, and a poor physical interface with the chair
and workstation, as well as production demands constitute sources of strain
for VDT users. These findings are consistent with prior VDT research and
conventional wisdom in ergonomics (Cakir et al., 1980; Grandjean, 1981;
Stammerjohn et al., 1981), although in absolute terms the effects cannot be
regarded as dramatic.

Three other findings in these analyses are worthy of special emphasis. One
is, again, that the number of hours of VDT use per day by itself is a poor,
almost meaningless, predictor of eye or musculo-skeletal strain. If this
effect is generalizable beyond the current sample, it would seem to have
important implications in terms of current efforts in many quarters toward
effective control measures for stress and strain in VDT work. Secondly, the
data reinforce prior indicatioms (Cakir et al., 1981; Laubli et al., 1981)
that the use of eyewear seems to be an important stress factor in VDT use.
Importantly, the magnitude of the effect is on par with or exceeds the
influence of many job-task and physical workplace attributes in the predigtion
of eye strain. More work 1s needed to define the basis and control measures
for the general eyewear and monofocal-multifocal effects for the VDT users.
More work is also needed to determine the reliability and basis of the
differential eyewear effect which suggests that VDT users with corrective eye
wear are at greater risk for somatic strains than non-users with corrective
eye wear,

Third, the present data suggest that eye and musculo-skeletal effects of
variation in certain specific attributes of the VDT workplace (e.g. ambient
lighting and chair quality), as well as more genmeral features of the job
design may be much the same for VDT users and non-users alike. However, the
present analyses are based upon the perceived enviromment. There is some
indication that for the chair in particular, similar perceptions of adequacy
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by VDT users and non-users may require objectively improved conditions for the
VDT users. The result would be increased strain for VDT users under
conditions objectively similar to those for non-users.

Somatic Strains and the Objective Environment

Aim of the Analyses--~,

These analyses focus on the relationships of objectively assessed VDT user and
VDT workplace characteristics with reported eye and musculo-skeletal strains.
The primary purpose was to extend the previous regression analyses by inves-
tigating the association of somatic strains with specific characteristics of
VDT users and their workplaces that are not amenable to subjective assessment. .
A lesser purpose was to address the reliability of associations established in
prior analyses on the basis of subjective evaluations of workplaces. As
indicated, these analyses examine correlates of strain for VDT users only.
While a comparable analysis of these relationships among non-users would also
be of interest, such an effort was beyond the scope of the current project.

While the main thrust of these analyses was to investigate the relationships
of worker and workplace attributes with strain, we were also interested in
examining associations among VDT user/workplace conditions which might reflect
potentially important causal connmections {(e.g. VDT user posture and
workstation configuration).

The strain measures in these analyses are the visuo-ocular, manipulative
(mainly arm/hand discomfort) and postural (back/neck/shoulder discomfort)
strain indices predicted in the preceding regression analyses.

Worker and Workplace Measures--

The factors evaluated for their relationships with eye and musculo-skeletal
strains are listed below along with the acronym used to denote the variables
in tabled results. A more detailed description of these variables and their
method of measurement is provided in the data collection section of the
report.

Factors examined in relation to musculo-skeletal strain
Quality of the frontal plame of the trunk (BACK PLANE)
Quality of the frontal plane of the neck (NECK PLANE)
Use of the back support of the chair (BACK SPPT)

Use  of ‘an’ adjusted keyboard (KYBD ADJ)

Eye-to-screen angle {GAZE ANGLE)

Forearm angle (FOREARM ANG)

Factors examined in relation to eye strain
Screen background luminance (SCRN LUM)

Screen standard luminance (SCRN STD)

Keyboard luminance (KYBD LUM)

Keyboard standard luminance (KYBD STD)
Background luminance left, right, center (BKGD LUM L, R, Q)
Average background luminance (ABKGD LUM)
Screen illuminance (SCRN ILL)

Work surface illuminance (WRK SURF ILL)
Keyboard illuminance (KYBD ILL)

Screen to background luminance ratioc (SB LUMR)
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Screen reflectance (SCRN REF) |
Number of screen quadrants with glare {(GLA QUAD)

Many of the VDT user and workplace factors targeted for investigation here
have been touted as significant for the visual comfort of VDT users (Cakir et
al., 1980). While several prior studies investigating eye strain among VDT
users have objectively assessed many of the specified ambient and task
lighting conditions (e.g. Cakir et al., 1978; Hultgren and Knave, 1973; Laubli
et al., 1981l; Mourant et al., 198l; Seppala, 1974; Stammerjohn et al., 1981),
it is surprising that only a few appear to have systematically evaluated their
relationships with measures of eye discomfort as did Laubli et al. 1981.

Similarly, objective measures of workstation configuration and worker posture
at the VDT/workstation have not been systematically evaluated in relaticn to
reports or signs of musculo-skeletal strains in much of the prior research.
Recent work by Dainoff, Fraser, and Taylor (1982) Grandjean, Hunting, and
Nishiyama (1982), and Hunting et al. (1981) have made important advances in
this directien.

While the ambient and task lighting factors investigated are quite comprehen-
sive, the conditions examined in relation to musculo-skeletal discomfort
center mainly on user posture. Clearly additional measures of anthropometric
and workstation distances and angles would be of interest in terms of their
assoclation with musculo-skeletal discomfort. However, the effort required
for a more comprehensive assessment of worker and workstation physical
parameters was beyond the scope of the resources of the current project. The
postural and detachable keyboard data were obtained from photographic records.
This not only improved economy in measurement by minimizing on-site
activities, but unobtrusively taken photographs also interfere only minimally
with the process or variable measured, thereby reducing the pctential for
reactive effects of measurement,

A critical issue related to the present methodology is the representativeness
of these simple time-slice and static photographic measures of worker and
workplace conditions., On the one hand, this may present an important
limitation in the present work, possibly accounting for some of the relatively
low associations reported below. On the other hand, Arndt (1982) and
Grandjean et al. (1982) report data on VDT user posture and VDT/workstaticn
configuration in which multiple samples within and acress days suggest
remarkable stability of these parameters. In addition, many of the
relationships described here are in fact guite strong considering the
relatively low sample.size. This would be unlikely with excessive instability
in the parameters assessed.

Descriptive statistics for all of the specified worker and workplace
conditions are present in Table 42.

Sample--

The sample for these analyses consisted of all 62 VDT users/workstations from
which objective data were obtained in this investigation. A primary limiting
factor for objective measurement of each user/workstation was the ability to
obtain the necessary photographs of the workstation. For the VDT
users/workstations not included in these analyses, photographs were prohibited
due to either failure of the user to provide informed consent to be
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Table 42. Descriptive statistics for all variables used in the objective
ergonomic analyses.

Mean SD Minimum Maximum
SCRN LUM 3.02 3.39 0.38 26,00
SCRN" STD 29.99 15.59 7.40 81.70
KYBD LUM 15.09 10.17 1.90 47,70
KYBD STD 48,64 23.78 4,80 115.10
BKGD LUML 14,75 ' 11.82 0.74 55.60
BKGD LUMC 17.64 16.79 1.33 99,80
BKGD LUMR 14.78 15.72 1.00 89.20
SCRN ILL 30.53 15.87 9.90 93.60
KYBD ILL 57.38 23.49 16,00 134,00
WRK SURF ILL 55.98 26.06 11.40 171.30
SB LUMR 0.30 0.30 0.03 1.53
SCRN REF 0.10 0.06 0.02 0.36
GLA QUAD 1.42 1.05 0.00 4.00
BACK PLANE 0.78 D.42 0.00 1.00
NECK .PLANE 0.73 0.45 0.00 1.00
BACK SPPT 0.76 0.43 0.00 1.00
KYBD ADJ 0.48 0.50 0.00 1.00
GAZE ANG 27.19 9.87 5.00 51.00
FOREARM ANG 79.41 9.05 60.00 105.00
VISOC STRN -1.86 1.89 -5.01 3.72
MANIP STRN -4.68 1.49 ~6.56 -1.09
POST STRN -2.14 1.96 =5.27 3.16
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pheotographed, or to a workstation configuration which prevented an adequate
photograph (e.g. a side-angle photograph prevented by the alignment of VDTs in
rows on tables). As described in the methods section of this report, the
objective data were obtained at the time of survey administration. Nearly
every worksite surveyed 1s represented in the present sample. Thirty-eight of
the 62 users/workstations from which objective data were obtained are among
the VDT users from the preceding regression sample. Twelve are among the
users who were excluded from those regressions for lack of complete data on
the regressors. An additional 12 are from the VDT users in the secondary
sample. :

For a few of these 62 VDT users/workstations, data were missing on some of the
objective variables. This was due mainly to the inability to make reliable
measures from the slide photographs when they were evaluated subsequent to
worksite assessment. For 12 worksites, data on screen and and keybcard
illuminance were not obtained due to an oversight. However, because the
present analyses are univariate in nature as explained below, cases with
missing data are not omitted. Rather tests of associations are simply based
upon the number of cases with complete data for the variables in
consideration.

Analytical Procedure——

Our original intention was to systematically assess the asscciations of the
specified worker and workplace variables with the eye and musculo-skeletal
strain indices using multiple regression techniques. This approach, however,
proved unsatisfactory due to a combination of reasons involving mainly a
relatively low sample size and strong correlations among certain of the
predictor variables. For these reasoms, the present analyses are limited to
the evaluation of simple relationships only.

Analysis of variance, focussing on eta coefficients, was used to evaluate the
association of categorical variables with strain measures. Associations
between continuous worker/workplace variables and strain indices were examined
through the inspection of bivariate scatterplots and Pearson product moment
correlations.

In the results presented below, we describe first the associations of the
postural and keyboard adjustability variables with the musculo-skeletal strain
indices. Next the associations ¢f task and ambient lighting variables with
the visuo=ogcular strain index are described. In presenting these results, we
provide not only the assotiations between VDT user/workplace and strain
variables, but associations among the user/workplace variables themselves,
Inspection of these associations enables some inferences regarding potential
causal linkages among VDT user and workplace environmental correlates of
strain (e.g. user posture in relation to use of a detachable keyboard; VDT
screen glare in relation to ambient lighting). Associations among
user/workplace variables that are categorical in nature are evaluated through
inspection of contingency tables and reference to phi coefficients.
Associations between categorical and continuous user/workplace variables are
evaluated through analysis of variance and attention to eta coefficients.
Assoclations among continucus user/workplace variables are evaluated via
Pearson product wmoment correlations.
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Correlates of Musculo-skeletal Strain--

Table 43 summarizes associations among VDT user postural measures and the
detachable keyboard variable, and associations of these varizbles with the
musculo-skeletal strain index denoting neck/back/shoulder discomfort (postural
strain: POST STRN} and the index denoting predominantly arm/hand discomfort
(manipulative strain: MANIP STRN).

At first glance, Table K 43 seems to suggest little association of the VDT user
postural Indices with musculco-skeletal strain. Relationships of ratings of
back and neck posture, and of use of the back support of the chair with both
strain measures do not even approach significance. Similarly, the forearm
angle 1s not significantly associated with either strain measure. These
findings are contrary to expectations based upon widely cited ergonomic pre-
scriptions for VDT work (e.g. Cakir et al., 1980).

On the other hand, the gaze angle and detachable keyboard measures are in fact
significantly associated with the strain measure denoting mainly arm/hand
discomfert. The gaze angle relationship which is quite strong indicates
greater strain with increased depression of the line of sight below the hori-
zon. A similar trend is seen with the neck/back/shoulder strain index, with
increased strain at greater gaze angles, although the effect is not signifi-
cant. For the keyboard measure, arm/hand strain scores of individuals who
used keyboards in a detachable mode were significantly lower than the scores
of those who did not use separated keyboards. Remember that the. keyboard
measure indicated not simply whether the keyboard could be separated from the
VDT main chassis, but rather, whether in fact 1t was adjusted in relation to
the main chassis in a way which would be impossible with a keyboard affixed to
the chassis.

Looking mare closely at the associations summarized in this table, it can be
seen that the keyboard measure is also significantly associated in a very
strong manner (r = .72) with the gaze angle measure. In this case, the use of
a keyboard in a detached mode is related to a reduced depression of line of
sight. For the individuals using a detached keyboard (n = 28), the mean gaze
angle was 20 degrees. The gaze angle for individuals with keyboards which
were not used in a detached mode (n = 31) was 34 degrees,

The table also shows a modest but nonsignificant association (eta = ,20)
between the forearm angle and the keyboard measure. Here, the forearm angle
is greater (i.e. hands. lower in relation to the elbow} with a keyboard used in
a detached mode. The mean forearm angle for individuals using the keyboard in
this fashien was 81 degrees, and 78 degrees for keyboards which were not used
in a detached fashion (angles measured from the vertical axis extending upward
at the elbew). ‘

The table also shows a strong significant association of the neck posture with
the back posture (phi = .50), and a near significant association of neck
posture with use of a chair back support. The actual data indicate that when
neck/cervical postures are poor (inclined or thrust forward), back postures
are likewise poor (excessive forward inclination of the back of hunching of
the shoulders), and the back tends not to be contiguous with the chair back
support.
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Table 43. Relationships among anthropometric measures and musculo-skeletal
strain indices.

. FORE-
BACK NECK BACK KYED GAZE ARM POST
PLANE PLANE SPPT ADJ ANG ANG STRN
=Phi values-
NECK .50
PLANE (59)
p=.00
BACK .18 .29
SPPT (59) (59)
p=.30 p=.06
KYBD ‘ .18 .20 .03
ADJ (59) . (59) (59)
p= .29 p = .22 p = .93
-Eta values-
GAZE .10 W11 .22 72
ANG (59) (59) (59) (59)
p=.45 p=.14 p=.10 p=.00
‘ - -Pearson t-
FORE ARM .00 21 .05 .20 .04
ANG (59) (59) (59) (59) (59)
p=.98 p=.11 =.71 p=.1l4 p=.38
POST .06 .09 .05 .11 .14 .01
STRN (59) (59) (59) (59) (59) (59)
p=.64 p=.49 p=.73 p=.39 p=.15 p=.48
MANIP .16 A2 .07 .28 . 39 15 .30
STRN (58) (58) (58) (58) (58) (58) (61)
p=.24 p=.39 =,63 _p=.03 =_00 p=.13 p=.00
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Modest but statistically nonsignificant associations are also seen between the
gaze angle and back support and neck pesture measures. The data indicate a
trend toward poor neck posture and lack of back support with increased gaze
angle.

Although it is somewhat hazardous to infer patterns of causation from the
matrix of simple associations shown in Table 43, collectively they would seem
to suggest that keyboard adjustment or configuration vis-a-vis the display may
be an important determinant of musculo-skeletal strain in VDT use which is
likely mediated by postural adaptations stimulated by the keyboard position.
With a separable keyboard, the display and keybocard can be adjusted indepen-
dently of one another to optimize angles in display viewing and keyboard
operation. Table 43 shows significant variation in gaze angle and a slight
trend toward variation in forearm angle with a separated keyboard which are
consistent with ergonomic prescriptions for minimizing stress in VDT viewing
and keyboarding. That is, the gaze angle is reduced and the forearm angle
increased (hands lowered). With reduced gaze angle, neck posture tends to
improve and strain is significantly reduced in the arm/hands, and tends toward
a reduction in the neck/back/shoulders.

It is of interest that the forearm angle is not significantly associated with
either strain index. With a detachable. keyboard, forearm angle tends to be
somewhat greater (i.e. hands lowered), but the greater angle also tends to be
associated with somewhat greater arm/hand strain, although neither trend is
statistically significant. The latter effect is contrary to conventional
wisdom in VDT ergonomics, but not to data presented by Hunting et al. (1981)
showing reduced strain with more elevated keyboards, and recent data by
Grandjean et al. (1982) indicating user preference for a forearm position with
the hands elevated relative to the elbow, although the mean elbow interior
angle exceeded 90 degrees. Similar preference data have been reported by
Arndc (1982). Thus, the present data suggest that the primary benefit te be
obtained from a separable keyboard may be increased opportunity for improved
neck/back/head posture in VDT viewing brought about by a reduced viewing
angle. Arm angle effects associated with a detached keyboard seem
counterproductive in light of the relationships with strain seen here and
witnessed in the studies cited. It would seem that similar positive effects
toward strain reduction might be obtained by elevating worksurfaces for VDTs
with affixed keyboards so long as precautions are taken to avoid excessive
arm~hand angles or static loading of the arms, This is somewhat consistent
with the conclusion of Hunting-et al. (1981) that the reduced musculo-skeletal
strain they observed among VDT users with more elevated keyboards may be the
result of improved posture in document viewing brought about by the raised
work surface. It is unclear, however, why the present effects related to the
adjusted keyboard and gaze angle are stronger for the index denoting mainly
arm/hand strain than for the neck/back/shoulder strain index, although the two
indices are strongly correlated (r = .50), and similar trends are noted in
each. It would be of interest to know the effects of increased elevation of
the hands in terms of arm/hand strain for the VDT users investigated by
Hunting et al. (1981). Only neck/back/shoulder strains were reported in that
study.

Despite the fact that the keyboard and gaze angle effects observed here are

quite strong, a precautionary note is in order. The analyses described in
this section of the report are limited in that they do not preclude the
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possibility of confounding effects. We feel further investigation and
substantiation of the present findings and conclusions, as well as effects
observed by Hunting et al. (1981) is warranted. This work should be carried
out under more controlled circumstances with additional anthropometric and
workstation measures, Grandjean et al. (1982) have made an important advance
in this regard.

Finally, we must mention that when we went back and looked at musculo-skeletal
strain scores in relation to survey self-reports of whether VDTs used were
equipped with detachable keyboards, the effects were not as strong. Arm/hand
strain was greater for users reporting non-detachable keyboards, but not
significantly so. A likely explanation for this discrepancy may be the way
keyboard detachment was assessed in the present objective analyses. Keyboards
which were detachable but not used in this mode (i.e. contiguous with the VDT
main chassis so that for all practical purposes detachability was meaningless)
were not regarded as detached in the assessment process, Under these
circumstances they would offer no advantage over VDTs with keyboards affixed.

Correlates of Visuo=-ocular Strain--

Table 44 summarizes associations among workplace/workstation/VDT display
lighting measures and the visuo-ocular strain index (VISOC). Perhaps the most
important observation in this matrix is the assocciation of visuo=-ccular strain
scores with illumination measures at VDT work surfaces/visual targets. Strain

is significantly correlated with illumination at’' the keyboard (r = .31l), at
the workplace location with where the scurce document 'is neormally positioned
(r = .21), and the asscociation with illumination at the screen approaches

significance (p = .07).

Although the background luminance measures are not significantly associated
with the eye strain measure in a direct way, the measures tend to be strongly
correlated with work surface luminance and illumination measures which are in
turn significantly correlated with the eye strain measure. Average background
luminance measures are significantly correlated with luminance of the screen
standard (r = .46) and of the keyboard standard (r = .53), and with
illuminance at the screen (r = .44), at the keyboard (r = .46), and at the
workplace document site (r = .42).

Thus, these data are highly consistent with general ergoncmic principles of
lighting for VDT work which stipulate that increases in illuminaticn are
liable to lead to increases in visual/eye discomfort, although clear empirical
demonstrations of a linkage between VDT workplace lighting characteristics and
eye related strain are almost non-existent in the literature. The present
data are quite strong in suggesting that increases in workplace ambient
lighting (as indicated roughly by the background luminance measures) are
linked to increased workstation and task lighting (illuminance), which is in
turn associated with an increased incidence of eye strain. These findings are
also consistent with, and therefore reinforce, the results of the previous
regression predictions of eye discomfert in which the environmental lighting
preblems index to be a significant determinant of visuo-ocular strain scores.

Qf interest is that certain of the lighting related parameters reflecting
conditions generally thought to represent stress factors fail to achieve
significant correlations with the eye strain index. No meaningful trends were
observed between visuo-ocular strain scores and the screen to background
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Table 44. Relationships among lighting-related parameters and the Visuo-ocular
Strain index. ‘
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luminance ratio, the screen reflectance measure (this is actually a ratio of
screen background luminance to screen standard luminance), or the screen glare
measure. However, these measures do vary significantly with task/ambient
lighting. Screen reflectance varies with illumination at the screen (r =
-.31), glare varies with background illumination (r = -.48), and the screen to
background luminance ratioc varies with background luminance (r = -.43) and
with workstation illumination (r = .2] with illumination at the work surface}.

A particularly curious finding was that the screen glare measure (indicating
number of screen quadrants in which reflected glare of any type could be
detected) is associated with the background luminance levels in a manner which
might seem counter-intuitive. While it might be predicted that decreases in
ambient lighting would reduce the potential for glare, the relationship shown
in Table 44 is actually negative. Reduced background luminance is strongly
associated with increased presence of glare (r = -.48 for the asscciaticn with
average background luminance). This seemingly anomalous finding might be
explained by the fact that simply reducing the illumination of the workplace
does not necessarily remove luminaires or other point sources of light as
sources of glare. In such environments, the contrast between these sources
and the background may increase and improve chances for their deteccion on the
display. This effect is sometimes witnessed in VDT installations where simple
solutions to reducing ambient illumination by removing alternate luminaires
have been attempted, or with other techniques resulting in non-uniform
background lighting.

In terms of associating glare with eye discomfort, an alternate and possibly
moTe appropriate measure might be the brightness of reflections. Laubli et
al. (1981l) reported a correlation of glare luminance with VDT user annovance,
but not with eye strain. Along this line, the present data show a low
positive {(r = .13} but nonsignificant correlation between visuo-ocular strain
scores and screen background luminance, which is in turn significantly
associated with the glare measure {r = .31). Further investigation relating
glare with eye discomfort is needed, but it is not immediately obvious what
the critical parameter would be considering the complexities of re-
flections/glare possible from video displays and the many potential impacts on
display quality.

Laubli et al. (1981) also concluded that excessive contrasts in the visual
field may promote eye strain, and this is consistent with conventional beliefs
in VDT ergonomics. The present data, however, show no meaningful association
of the ratio of screen background luminance to visual field background
luminance (the average background luminance ratio is designed to approximate
an integrated measure of background luminance) with the visuo-ocular strain
index. Since many of the VDT operators in the present sample utilized a:
variety of source documents, we were unable to obtain a reliable measure of
source document luminance and hence compute a contrast ratio involving this
measure. However, to the extent that white paper was utilized for source
documents, the screen reflectance measure (ratioc of screen background
luminance to screen standard luminance) might tend to approximate the screen
to decument luminance ratio. Still, the screen reflectance measure is not
correlated with the eye strain index (r = .04). However, the data do show
that with increased illumination of the work surfaces the reflectance ratio
decreases (increased contrast between screen background and screen standard),
"and work surface illumination is in fact associated with increased eye strain.
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Thus, while the present data are fairly compelling in suggesting that there is
scmething about increased lighting at VDT workplaces which promotes eye strain
among users, they do not allow direct and simple attribution of the effect to
conditions such as glare, screen reflectance, or contrast ratios which vary
with workplace lighting. The present data point to the need for further work
to determine and prioritize the specific mechanisms of lighting related eye
strain in VDT use. ‘

Summary and Conclusions-- ‘

These data clearly show that expressions of strain in VDT users can be linked
to objective attributes of VDT workplaces. Most distinctively, use of a
keyboard separated from the terminal display and the associated reduction in
gaze angle are related to a lower incidence of musculo-skeletal discomfort,
and reduced workstation illumination to a lower incidence of eve complaints.
While these findings may ccme as no great surprise considering existing
ergonomic prescriptions for hygienic use of VDTs, such relationships have not
been amply or unambiguously demonstrated in prior empirical research.

Aspects of the present data also add to growing uncertainties regarding some
of the conventional wisdom in VDT ergonomics (e.g. Grandjean et al., 1982).
For example, hand elevation in keyboard operation was not significantly
associated with reported strain. If anything, consistent with results by
Hunting et al. (198l), a trend toward reduced musculo-skeletal strain with
increased hand elevation was observed.

While the present data link objective aspects of VDT workplaces to somatic
strains, further research is needed to tease out and prioritize causal
pathways or mechanisms in a more precise and controlled fashion than could be
accomplished in the present study or has been possible in much of the work to
date. The present methods and data do not enable a complete or conclusive
explanation of the mechanisms linking keyboard adjustment with reduced
musculo-skeletal strain, nor the process by which decreased illumination is
associated with reduced eye strain.

Uncertainties in the present work and questions regarding the importance of
many of the cenventional beliefs in VDT ergonomics are likely to be resolved
only through systematic research in which conditions thought to be important
determinants of strain are manipulated and effects assessed in a controlled
fashion. The breadth and stringency of ergonomic guidelines is somewhat
surprising considering the limitations of the existing data base and the
dearth og research of this type.
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Appendix A. Agency/department solicitation.

u N |V E Hs lTY 0 F «DEPARTMENT QF PREVENTIVE MEDIGINE
w|sc0Ns‘N Jahn Rankin, M.C., Chairman
CENTER FOR HEALTH SCIENCES Qccupational-Environmental Medicine
and Toxicalogy Section

Vernon N. Dodsen. M.D., Diregtor
504 Wainut St.

Madison, W] 53708

(608) 263-1905

Dear ’

We intend co respond to an RFP from che National Institute of
Occupational Safety and Health related to stress in video display
(computer) terminal (VDT) operactors. The RFP requires that a self-
administered questionnaire be completed voluncarily by 150 VDT operactors
and 150 non-terminal user clerical office staff. We hope to use State
Exployees  as subjects. We are therefore seeking your support for this
study. The questionnaire will take 60-73 minutes. Unfortunately we
will not be able to reimburse your agency for this time. We have
written to all the major state agencies that use VDT's and would there-
fore not expect that more ghan 30-70 employees from any single agency would
be involved. '

If you are willing to participate with us in this effort we would
appreciate receiving from you by March 5th a lecter indicacing thar we
will have access to your employees and the names(s) of the individual(s)
whom we could contact for information about your agency's terminal
usage. I apoleogilze for the urgency of this requesc. Unfortunacely we
are facing a March 12 deadline for the submission of the proposal. 1If
you have any questions regarding this requesc.please call Dr. Steve
Sauter, the principal investigator, at 263-6706. Alsc for furcher
information. see actachment.

It i3 conceivable that the information generated by our research
may be of ultimate benefirt to your employees.

Sincerely,

John Rankin, M.D.
Chairman, Preventive MYMedicine

JR/dd

Attachment
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Appendix B. Suggested memo for agency/department administrators to
inform employees of the study,

This is to inform you that the (Department or Agency)
has agreed to allow researchers from the Universicy of
Wisconsin-Department of Preventive Medicine to apprcach employees of

{Department or Agency) in order to request your voluntary
participation in a study of job demands and office work. I would like
to stress that the choice as to whether you participate in this study is
entirely your decision. The (Department or Agency) will permit
you to participate in this study during working hours should you chcose
to volunteer to participate.

In the near future you may be contacted by the University
researchers who will explain the study to you and request your voluntary
participation. I understand that participation in this study would
involve your completion of a questionnaire which the University has
designed. The (Department or Agency) has been told by the
researchers that no individual information from these questionnaires
will be provided, and that only summarized data will be made available
in order to protect the anonymity of those who participate.

Again I should stress that your participation is totally voluntary,
and that if you choose to participate, you will be able to withdraw from
participation in the study at any time, should you so desire, without
incurring any penalty.
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Appendix C. Consent form.

U N lv E Rs 'TY 0 F «DEPAATMENT OF PREVENTIVE MEDICINE
W‘SCONSIN John Rankin.M.D., Chairman
CENTER FOR HEALTH SCIENCES Qccupational-Environmental Medicine
and Toxicology Section

Vernon N. Dodson, M.D., Director
504 Walnut St.

Magison, Wi S3706

(608) 263-1905

As you may be aware, having received a recent memo from your
employer, you are being asked to volunteer to-particilpate in a study of
the demands or stresses of office work and their Impacts. This study
will {nvolve your completion of a quastiomnnaire which your employer has
agreed co allow you to fill out on-the-job. Your participation is
completely voluntary, and should you choogse not to participate, you will
suffer no penalty. :

Please read over the.attached Consent Form which describes the
study. Sign ic and return it to us in the envelope provided whether or
not you choose rto participate in the study., We would appreciate 1ic if
you could mail* us your Consent Form immediately. Please feel free to
contact us 1f you have any questions (608)263-6708.

Your help in this project will be greatly appreciaced. Thank you
for your consideration in this matter.

Sincerely,

Steven L. Sautzer, Ph.D.
Co=Principal. Investigacor

Mark S. Goectlieb
Project Coordinacor

MG:1lv

* Forms were actually rerrieved on site for most participants.

Cl



CONSENT FORM

I have been asked to participate in a study to evaluate the demands
of office work as it may relate to varicus aspects of health and
well-being. 1 am being asked to participate in this study because of
the type of office work I do. This study will be ccnducted by the
University of Wisconsin Department of Preventive Medicine and will be
supported by the National Institute for Occupational Safety and Health.
I understand that my participation in this study is completely
voluntary, and that if I refuse to take part in the study or withdraw
from the study at any time, this will not be held against me in any way.

I understand that the purpose of this study is to evaluate the
nature of the job demands or job stresses which I and other office
workers experience, and to determine whether any pattern or relationship
exists between these aspects of my job and other elements of my life
such as my health, health-related habits, my social life, my family
life, etc. It has been explainéd to me that this evaluation will be
accomplished by a questionnaire which I will complete on my own while at
work. I further understand that although the items on the questicnnaire
are not considered to be highly sensitive, I may refuse to answer any
questions I feel are too sensitive, without having my refusal to answer
held against me in any way. I understand that my employer has agreed to
allow me time on my job to complete the questionnaire. In addition to
completing the evaluation questionnaire, which is expected to take 60 to
90 minutes, I understand that certain participants in this study will
have still photographs taken of their work stations as part of the data
for this study. I further understand that one of these photographs will
require that a profile of the participant appear in the picture. 1
understand that I may refuse to participate in this part of the study
and still participate in the remainder of this study. My refusal to be
photographed will not be held against me in any way. If I agree to be
photographed, I understand that no public use of any photograph which
can identify me can be used without my permission.

It has been made clear to me that although the data and information
collected in this study may be made public in the form of reports, my
name will not be used in reporting group responses or my individual
response. All materials containing my respomses and other data in this
study will be identified by a code known only to myself and to the
researchers. Therefore, only the study researchers will be able tao
determine how I as an individual performed in this study, and this
information cannot be released tc anyone else without my written
permission. I understand that it is the opinion of the researchers that
these procedures should avoid any individual identification, which is
the only known risk to me in this study.

I have read the fcllowing statement which I understand is a

necessary part of all consent forms used by researchers at the
University of Wisconsin Center for Health Sciences.

c2



The United States Ggvernment Department of Health, Education, and
Welfare requires us to state that in the event physical injury cccurs as
the result of this study, which we believe is unlikely, The University
does not automatically provide reimbursement for medical care or other
compensation, If physical injury is suffered in the course of this
research, or for more information, please notify the investigator in
charge.

I realize that my participation in this study is not likely to
provide me with any direct personal benefit. However, the results of
this study may be used to improve certain aspects of the type of cffice
work I do.

I have a good understanding of the goals and procedures of this
study. I understand that before signing this form, I am free to ask
questions I may have about the study either by talking to the
researchers in person or by contacting: Steven L. Sauter, Co-Principal
Investigator, or Mark Gottlieb, Project Coordinator, at (608) 263-6706.

(If you agree to participate, complete the following)

I, s have read the above and decide
Lo participate in the research study described above. My signature also
indicates that I have received a copy of this consent form.

(your signature) ‘ (date)

(signature of Principal Investigator (telephone)
or person obtaining consent)

(If you do not wish to participate, complete the following)

I, ., have read the above and decide
that I do not wish to participate in the research study described above.

(your signature) . (dace)

C3



Appendix D.

Survey instruments,

Coda 1§

PART 1 O.M_B, Claaranca 158-a1048
Expiration Dats 12-05-80

JOB DEMANDS AND OFTICE WOmX QUESTIDWMAIRE

tmplover Agency, Bivisfon

I. JO8 DESCRIPTION

The following dusstions stre dasigned (0 pravids us vith & pilcrure of what your jub
and worh tasks lawbive,

B

3.

What Ly your prasent Job fifla and/or claseificaciocal

friefly list your sala work tasks and the approzimate parcentage of your
wock (imw you spend oo sach task (e.g. meroxzing forms - 20I, ryping - 351,
stiaring decs - 20X, writing veaparts - 10%). The percantage of tima you
work oo sll job taska shoulda't sdd wp €0 mora thaa 100X,

Work Task I Time

Ate you: (circle the sust appropriate number)
a. A full-time parmanant <sployee . . ., , . . 1
b. 4 part~tisa permanen: smployss ce e e e 2

co A ftull-cine non~permacent smployew . , . . )

" de A parr-tims non-parmansne smployes . . . . &

{Aoswer the (cllowing quanlo-(-vl by giving tha appropriacs nusber of yaars
and suaths, o.§.. 5 _ysars 2 wontha; ar 0  yaasrs, 8 manthe.)

6. YHow laag Nave you worked fof youf presenc esplayer!? yre. aos.

b. llow long have you worked Lo your Cuffsnl )Job (posi=
tian)t yru. 08,
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Appendix E. Data form for on=-site lighting measurements.

Code no.
Date
Location:
Comments:
Luminance: @ FL(Screen) FL{Screen Std)
FL(Keyboard) FL(Keyboard Std)
FL FL FL
left ' center- right
(Background)
Illumination: @ FC{Screen} FC {Work surface - 1)
FC(Keyboard) FC (Work surface - 2)
f-stop shutter speed
Photo Date: #1 (profile)
#2 {screen)
#3 (work station)
VDT Type:

nig. model no.

£



Appendix F. Content and computation of questionnaire scales (P =
questionnaire part, Q = question number in each part).

Caplan et al. (1975)

Role ambiguity: -P2Q7A - P2Q7B - P2Q7C - P2Q7D + 24

Quantitative workload: P2Q7E + P2Q7F + P2Q7G + P2Q7H - P2Q94 - P2Q9B + P2Q9C
+ P2Q9D - P2QIE + P2Q9F - P2Q9G + 24

Role conflict: P2QLl5SA + P2Ql5B + P2Ql5C

Workload variance: P2Ql6A + P2Ql6B + P2QleC

Job future ambiguity: -~P2Q23A - P2Q23B - P2Q23C - P2Q23D + 24
Underutilization of abilities: <~P2Q8A - P2Q8B -~ P2Q8C + 18
Participation: P2Ql0A + P2Ql0OB + P2Ql0OC

Sccial support from supervisors: P5QlA + P5Q2A + P5Q3A + P5Q4A - 4
Social support from others at work: P5QlB + P5Q2B + P5Q3B + P5Q4B - 4
Social support from spouse/family: P5QlC + P5Q2C + P5Q3C + P5Q4C - 4
Sacial support from friends: P5QlD + P5Q2D + P5Q3D + P5Q4D

Job dissatisfaction: [(P2Ql - 1.4894 )/.59477 + (P2Q2 - 1.6869)/.6504 T
* *
+ (P2Q3 - 1.5366 )/.5945T + (P2Q4 - 1.8610 )/.769971/4

Workload dissatisfaction: P2Q5B + P2Q5D + P2Q5F

* Mean score for each question.

't Standard deviation each question.
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Boredom: P2Q5A + P2Q5C + P2QSE + 6

Work Environment Scale

-Job involvement: -WES1 + WES1l + WES2l - WES3] + 2

Peer cohesion: ~WES2 + WES12 - WES22 + WES32 + 2

Staff support: WES3 - WESL3 + WES23 - WES33 + 2

Job autonomy: WES4 - WES14 -~ ﬁESZ& - WES34 + 5

Task orientation: -WES5 + WES15 - WES25 - WES35 + 5

Work pressure: -~WES6 - WES16 - WES26 + WES36 + 5

Clarity of-expectations: WES7 - WES17 + WESZ27 - WES37 + 2
Control: ;WESB + WES18 - WES28 - WES38 + 5

Innovation: WESY - WES19 - WESZQ + WES39 + 5

Physical comfort: WES10 - WES20 + WES30 - WES40 + 2

Profile of Mood States-

Tension-anxiety: POMS2 + POMS1O + PCMS16 + POMS20 - POMS22 + POMS26 + POMS27
+ POMS34 + POMS4L + 4 '

Depression: POMS5 + POMS9 + POMS14 + POMS18 + POMS21 + POMS23 + POMS32 +
POMS35 + POMS36 + POMS44 + POMS45 + POMS48 + POMS58 + POMSé6l + POMS62
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+ (,1806)POMS7 + (.2353)POMS8

(.2477)POMS11
(.2867)POMS16
(.3041) POMS20
(.3045)POMS 24
(.2060) POMS 29
(.2492)POMS 34
(.2060) POMS 38
(.2560) POMS42
(.2504)POMS47
(.1731)POMSS51
(.1442)POMS56
(.0631) POMS60
(.2126) POMS64

Illness symptoms:

(.4933)P2Q12D
(.2930)P2Ql21I

+ {.2230)POMS12
+ (.3004)POMS17
+ (.3133)POMS21
+ (.2828)POMS26
+ (.2858)POMS31
+ (.1885)POMS35
+ {.3188)POMS39
+ (.3207)POMS44
+ (.3364)POMS48
+ (., 2865)POMSS52
+ {.2844)POMSS7
+ (.3422)POMS61

+ {.2210)POMS65

(.4202)P2QL2A +
+ (.2847)P2Q12F
+ (.4942)P2Q12]

(.2938)P4Q5A + (.2191)P4Q5C +
+ (.3340)P4Q5M + (.3238)P4Q5N
(.2875)P4Q5SR + (.3090)P4Q58 +
+ (,4167)P4Q5X + (.3230)P4Q5Y

(.4198)P4Q5FF
(.3555)P4Q5JJ
(.3073)P4Q5QQ
(.3937)P4QSWW

(.2654)P4QS5SBBB + (.,3242)P4Q5CCC + (.3297)P4Q5D?D + (.4397)P4QSEEE +

+

(.2959)P4Q5GG
(.2925)P4Q5KK
{.2954)P4Q588
+ (.3421)P4Q5YY

+

+

Mood disturbance: (.2534)POMS2 + (.2676)POMS3 + (.19@7)POMS& + (,2664)POMS5

+ (.1999)POMS9 + (.3099)POMS10 +

+ (.2704)POMS14
+ {(.2701)POMS18
+ (,2035)POMS22
+ (.2176)POMS27
+ (.2540)POMS32
+ (.3177)POMS36
+ (.2095)POMS40
+ (,3417)POMS45
+ (.2544)POMS4S
+ (,2583)POMSS3
+ (.2883)POMSS8
+ (.2660)POMS62
+ 20

(.3554)P2Q12B +
+ (.3462)P2Q126G
+ (.2596)P2Ql2L

(.2180)P4Q5J + (.2431)P4Q3K + (.

-

+

-+

+

+

-+

L]

(.

(.1162)POMSL5 +
(.1523)POMS19 +
(.2562)POMS23 +
(.2293)POMS528 +
(.2615)POMS33 +
(.3348)POMS37 +
(.1900)POMS4L +
(.2741)POMS46 +
(.3304)POMS50 +
(.0691)POMS54 +
(.1857)POMS59 +
(.0621)POMS63 +

2913)P2Ql2C +

+.(.3266)P2Q12H +

+ (.3342)P2Ql2M

+

3054)P4Q5SL

+ (.2797)P4Q5P + (.2770)P4Q5Q +

(.2534)P4Q5T + (.3130)P4Q5U + (.3081)P4Q5W

+ (.3213)P4Q5Z + (.3134)P4QSEE +

+ (.3283)P4Q5HH
+ (.3761)P4Q5LL
+ (.3979)P4QSTT
+ (.1873)P4Q52Z

(.3084)P4QSFFF + (.3246)P4Q5GGG + 20

Behavicral-autonomic strain:

+

-+

+

+

(.2941)P4Q5IT +
(.2259)P4Q5SNN +
(.2997)P4QSUU +
(.3189) P4Q5AAA +

(.5121)P2Q12H + (.5241)P4Q5S5 + (.4761)P4Q5T +

(.5579)P4QSU + (,5708)P4Q5Y + (.7533)P4QSFF + (.5594)P4Q5HH +
(.4728)P4QSII + (.6485)P4Q5SLL + (.3968)P4QSNN + (.6272)P4Q5SSS +
(.6771)P4QSTT + (.6467)P4Q5WW + (.6423)P4Q5YY
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Anger: POMS3 + POMS12 + POMS17 + POMS24 + POMS31l + POMS33 + POMS39 + POMS42
+ POMS47 + POMS52 + POMS53 + POMS57

Vigor: POMS7 + POMS15 + POMS19 + POMS38 + POMSS51 + POMS56 + POMS60 + POMS63
Fatigue: POMS4 + POMSIL + POMS29 + POMS40 "+ POMS46 + POMS49 + POMSAS
Confusion: POMS8 + POMS28 + POMS37 + POMS50 - POMS54 + POMS59 + POMS64 + 4

Total Mood Disturbance: TENSION + ANGER + DEPRESSION + FATIGUE + CONFUSION -
VIGOR

Derived Scales*

Job control: (.3972)P1Ql3A + (.1659)P2Q7I + (.3360)P2Q7K + (.3385)P2Q8A +
(.4589)P2Q8B + (.3004)P2Q8C + (.4314)P2Ql0A + (.4728)P2QlOB +
(.5008)P2Ql0C + (.3560)P2Q13C + (.4449)WES4 + (.2020)WES8 + (.4588)WESl4
+ (.4457)WES24 + (.3737)WES28 + (.3594)WES38 + 20

Futureicertainty: (.5112)P2Q7M + (.6528)P2Q23A + (.5336)P2Q23B +
(.6562)P2Q23C + (.6551)P2Q23D + (.5368)P2Q24 + 20

Social support: (.3453)WES2 + (,.3877)WES3 + (.3793)WESI1 + (.3514)WES12Z +
(.3831)WES1I + (.3297)WES22 + (,2749)WES23 + (,4157)P5Qia% +
(.4402)P5QLB® + (.3771)P5Q2A% + (.4841)P5Q2B% + (.4084)P5Q3A% +
(.4838)P5Q3B% + (.3656)P5Q4a® + (.4201)P5Q4B® + (.4618)P5Q6 +
(.5201)P5Q7 + (.1200)P5Q1c® + (.2009)P5QIDP + (.1511)P5Q2CE +
(.2871)P502DP + (.1484)P503C° + (.2104)P5Q3D B + (.1606)P5Q4cE +

(.2561)P5QadP + 20

* Where appropriate, items were reverse scored so that increasing magnitude
was consistent with increases In the construct denoted by the scale label.
Weights were based upon normal score transformations of item values (Li,

1957).

& Coding note: Parts a and b of question P5Ql - Q4 recoded such that if a ’
and b equal 1 then a and b equal 2; if a=1 then a=b; if b=1 then b=a.

8 Coding note: 1's recoded as missing data.

F4



Job demands: (.4642)P2Q7E + (.4834)P2Q7F + (.4028)P2Q7G + (.5711)P2Q7H +
(,4573)P2Q7L + (.2544)P2Q9B + (.6652)P2Q9C + (.6763)P2Q9D + (.4129)P2Q9F
+ (.3222)P2Q9G + (.3205)P2Q9H + (.1749)P2Q11B + (3575)P2Qi6A +
(.3876)P2QL6B + (.3694)P2Q16C + (.2309)WESL + (.3152)WES6 + (.3625)WES16
+ (L3494)WES26 + (,3934)WES36 + 20

Environmental problems: (.3196)WESI0 + (.4043)WES20 + (.5540)WES30 +
(.5176)WES40 + (.5576)P3QL + (.4506)P3Q2A" + (.4575)P3Q28" +
(.3884)P3Q2E" + (.4587)P3Q3D + (.2289)P3Q4 + (,4192)P3Q6A +
(.4423)P3Q6B + (.2712)P3Q6C + (.4328)P3Q6D + (.3176)P3Q6E + 20

Job distress/dissatisfactiom: (.4153)P2Q1 + (.4265)P2Q3 + (,4332)P2Q4 +
(.3113)P2Q5A + (.1836)P2Q5C + (.2406)P2Q5D + (.2969)P2Q5E + (.2382)P2Q5F
+ (.3292)P2Q9L + (.3653)P2QL3A + (.4066)P2Q13B + (.3143)P2Ql4A +
(.3822)P2Ql4B + (.3608)P2Ql4aC + (.3438)P2QL4D + (.3704)P2QI4E +
(.4439)P2QL4F + (.2459)P2Ql4G + (.4797)P2QLlaH + (.2908)P2Ql4l +
(.3959)P2Ql4d + (.3722)P2QL4K + (,2758)P4Q24A + 20

Visuo-ocular strain: (.7857)P2Ql2I + (.7653)P2QL2L + (.7982)P4Q5P +
(.8372)P4Q5R + (.8563)P4Q5UU + (.8244)P4QSFFF

Musculo~skeletal postural straim: (.7424)}P2QLl2C + (.6798)P2Q12F +
(.7053)P4Q5L + (.7952)P4QSN + (.6848)P4Q5QQ + (.7612)P4Q5AAA +
~ (.7509)P4Q5cCC

Musculo-skeletal manipulative strain: (.6900)P4Q5K + (.9195)P4Q5M +

(.8325)P4Q5Q + (.9026)P4Q5GG + (1.0077)P4Q5SBBB + (.9879)P4Q5DDD +
(1.0285)P4Q5GGEG

VDT /workstation physical adjustability: (.6889)P1AQ5 + (.8309)P1AQ6G+ +
(.9066)P1aQeHT + (1.2622)P1aQ6IT + (1.1733)P1aQeJT + (.6218)PlaQek T +
(.7503)P1aQeL’

* Coding note: 4's recoded tec 2's and 5's recoded to 1's.
+ Coding note: 3's have been recoded as missing data,
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% *
VDT/workstation lighting adjustability; (1,0695)PlaQ6a + (1.2602)PlAQ6B +
*x % ES
(.5057)PLlAQ6C + {.6344)PLAQED + (.8472)P1AQ6E* + (-.9468)PlAQE0 +
(~1.0612)P1AQ6R™

VDT display luminance bother: (.796)P1AQ8A + (.840)PlAQ8B ; (.717)PLlAQEC +
(.346)P1AQBD + (.388)PlAQBE + (.160)PlAQ8F + (,.260)P1lAQ8G + (.124)P1lAQ8H
+ (.037)PlAQ8T + (.432)PlAQ8J + (.248)PLlAQ8K + (-.029)PlAQ8L +
(.327)P1AQBM + (-,013)WES1O + (,095)WES20 + (.152)WES30 + (-.005}WES40 +-
(.053)P3Ql1 + (.069)P3Q2A+ + (.O97)P3Q25f + (-.136)P3Q2E+ + (,222)P3Q3D +
(.043)P3Q4 + (.083)P3Q6A + (.199)P3Q6B + (-.078)P3Q6C + (.157)P3Q6D +
(.101)P3Q6E

Environmental lighting bother: (.839)WES20 + (.231)P3Ql + (.853)P3Q2B+ +
(.567)P3Q3D + (.157)WES1O + (.1l43)WES30 + (.084)WES40 + (.Ol3)P3Q2A% +
’ (.058)P3Q2ET + (.187)P3Q4 + (.049)P3Q6A + (.078)P3Q6B + (.080)P3Q6C +
! (.132)P3Q6D + (-.002)P3Q6E + (.203)P1AQBE + (.075)PLAQ8F + (-.028)P1AQ8G
T + (.092)PLAQSE + (.187)PLAQSI + (.246)PLAQBJ + (-.028)P1AQSK +
(.132)P1AQBL + (.224)P1AQ8M

VDT physical configuration bother: (.724)P1AQ8D + (.546)P1AQBE + (.812)PlAQS8F
+ (.552)P1AQ8G + (.833)PLAQS8H + (.779)PLAQ8I + (.360)PLlAQ8J +
(.133)P1AQ8K + (.274)PLlAQSL + (.241)P1AQ8M + (.l0L)WESIO + (.08L)WES20 +
(.150)WES30 + (.199)WES40 + (.090)P3QL + (-.099)P3Q2a” + (.061)P3q2BT +
(.061)P3Q2E T+ (.260)P3Q3D + (.035)P3Q4 + (-.062)P3Q6A + (.082)P3Q6B +
(.025)P3Q6C + (.231)P3Q6D + (-.0l6)P3Q6E + (.183)P1AQ8A + (.177)PLAQEB +
(.225)P1AQ8C

* Coding note: '3's have been recoded as missing data.

T Coding note: 4's recoded to 2's and 5's recoded to 1's.
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