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1a. AINll,ut ,u ... 11: 200 _,..., Recent laboratory and field research into the heal th and safety issues of 
work w.ith video display terminals (VDT) by HIOSH was reviewed. Studies have been conducted 
to determine possible occulomotor and visual function patterns inherent in VDT viewing which 
may be related to eye strain or visual fatigue and to isolate workstation design, 
environmental and work regimen factors whir:h are related to VDT operator health complaints and 
performance. 'While the studies thus far have not resulted in clear findings. certain areas 
of greater uncertainty have arisen. Using a variety of indicators of vlsual acuity, eye 
movement patterns, and pupillary response for VDT tasks lasting from 1.5 to 3 hours in the 
laboratory and over a normal work day in field testing, attempts to objectively quantify 
visual fatigue and strain have not been successful. These same studies have indicated a wide 
variety of subjective visual complaints including eye fatigue, eye irritation, and blurred 
vision as well as significant muscular strain. Both laboratory and field studies indicated 
that VDT operators hav~ more subjective muscular strain than nonoperators and that 
ergonomically suboptimal workstation features produced increased muscular strain. Studies to 
date offered mixed results concerning the relative stressfulness of VDT and non VDT work. 
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r~cent laboratory and field research of the National Institute for 

Occupational Safety and Health (NIOSRJ that addresses some of these issues 

where erqonomic factors are especially important. 

LABOM'l'OIIT STODIES 

N'IOSR supported laboratory research on VDT work has been aimed at: (1) 

defininq occulomotor and visual function patterns inherent ln VDT viewing that 

may be related to eye strain or visual fatiaue. and (2) isolating workstation 

design, environmental and work reqimen factors related to VDT operator health 

complaints and performance. This research program has primarily been 

collaborative activities and funded research projects, with some inhouse 

activities. ·or~ F~lmut Zwahlen at Ohio University (1982: I983J is conducting 

c:oIIabocative resea~ch with N'IOSIF staff ht which the visual behavior of 

experienced typists is cha:acterized as they work at a VDT workstation in a 

laboratory~ K Gulf and tfestem Applied Science- Laboratory 1998 computer 

controlled eye matitor system is used to collect and evaluate eye movements 

and pupillary response. Subjects perform data entry and file maintenance 

tasks on a DEC VDTlOO VDT fitted with a Polaroid CP70 circular polarized glare 

filter. Adjustable furniture allows subjects to have cpmfortable screen 

height .. keyboard he,iqht and chair height. Aft Armstrong Tascon 1 iqhting fbtun 

is used to il1U111inate the work area according- to NIOSR SPf'Cificatiol'ls (NIOSR, 

1981)~ 

A first study used 3 subjects who carried-out data tmtry and file 

maintenance tasks for 3 continuous hours. 'ff\e purpose was to examine eye · 

scanning behavior, amount of time looking at specific features of the work 
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environment (e.9~, the VDT screen) and the changes in pupil diameter. The 

results of the study are reported in Table 1. They show a varying eye 

scanning pattern between tasks but st~~le pupillary response. 

A seccnd set of laboratory studies is being conducted by Dr. Larry Stark 

at Berkeley On:iversity under funding frOlll RIOSR~ In these studies, Dr. Stark 

is evaluatinq the effects of VD'J" viewinff on •readinff eye movements•. In a 

first study, six r~searchers served as subjects and read material on a VDT 

continuously foi: 1 1/2 to 2 hours. Before and after each reading session 

subjects• eye movements when read inq standard te~ :,: .. , .. 1 materials were recorded 

with an eye tracker. The eye movements were analyzed for progression and 

regression as well as the duration of fixations. Subjects were asked to 

report any visual discomfort. 

In a follow-up study. Dr~ Stark examined 12 employees of the university 

library who worked en VD'l"s. The participants had varied jobs consisting of 

reading, data entry, and t.:ranscribinq, and used VDTs varying amounts of time 

durincr a wor~ day~ Participants came to the visual testin~ laboratory ~fore 

and after work on a typical day. As with the previous study, readin~ eye 

move•e1ts were assessed. In both studies, reading rate, regressions/ 

pr~essicna of eye fixations~ rec:oqrrition span and fixaticn duration 'tl?~?· &11 

unc:huged front before work to after work'~ Neither study demonstrated changes 

in eye movement patterns fronr before to after work. 

Laboratory work is also underway at the NIOSR Ruman Performance Laboratory 

and.has the aim of defining relationships between environmental and 
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wortstat:icn.•••:fiatures -.• _that influence VDT .. _.c,perator .. comfort. __ arid-.-_per:formance. A 

;;~:~J of e~uiin incr best case er9CSlCHni~ic:crt!i~iOlt:> ·ce:::; wor;t case< has 

been employed: '!'his research has been under the direction of Dr. Marvin 

Dainoff of llfiami aniversity of Ohio (Da·inoff et aL. 1982) in collaboration 

with RtOSit scientists~ 

A series of 3 studies have be.a completed where objective and subjective 

-•sure• of visual and muscular effects of VDT work have been obtained. In 

the first study, 13 typists performed data entry and file maintenance tasks 

continuously for 3 hours for five days~ On the first day baseline measures 

were taken of task performance, visual function and subjective health 

c:omplaints: This served to familiarize the subjects with the testinq 

procedures and the task to be performed; and to set baseline performance 

••sur~• for ca-lculatincr a bcnus inc:m_tive pay for performance improvement. A 

battery of objective visual tests .;.r@ qiven before and after the daily three 

hour work period.:_ 'l'hes• inc:1-;Jded •uures of risual acuity~ phorias. near 

point of acc:omodation~ flicker threshold and spatial frequency. Titmus eye 

testin~ equipment~ a ruler an4 an Optroni:,r 200 vision tester were used to make 

these tests: rn addition, subjective- measures of visual and muscular 

complaints were obtained before and after each day of work using a scaled ten 

itenr checlrlist displayed. an the VD'r screen-. 

subjects conducted data entry and file maintenance tasks under best and 

worst ease ecnditicns an two days for each ccnditicn, with counterbalaneinq of 

the conditions to control order effects. tJllder the best case conditions, 

subjects worked at fully adjustable workstations in whieh the heights of the 

VDT screen, keyboard, seat pan and back rest were appropriately set for each 
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subject~ In addition, lighting was optimized using a Armstrong TaRcon 

lighting fixture, and glare was controlled by fitting a DEC VDTlOO VDT with a 

Pobroid CP70 ci,:cular polarized qlare filter. In tt~ worst case condition 

VDT height, keyboard height, chair height and back, .... , height were fixed for 

all subjects at settings approximatinc.r conditions observed and reported in 

office studies (s~ D•inoffp 1982). 

The results of this study indicat~ better subject performance under the 

best case conditiat in terms of increased incentive pay (approximately 24t 

higher) which is indicative of improvement over baseline, and in t~rms of 

total keystroke rate {approximately SI high~r). None of the objective 

measures of visual functiort dematstrated differences betwet!!t the best case and 

worst case conditions. 

Irt terms of the subjective checklist responses there were hi9her levels of 

' visual and muscular c.:mplaints under the worst case conditions~ However, for 

visua.1 effects, the differences between best and worst case conditions were 

not consistent~ For erample, higher levels for blurred vision, eye irritation 

and eye fatigue, were noted for the worst condition on the first two days but 

not on the last tWCJ days of testing. This was not true of headache which had 

a. consistently higher Ieve-1 for the worst case condition on all days of 

testincr~ 

Contradictory musculoskeletal ~ffects were also noted in that the 

influences of the worst case condition were greatest on the postural muscles, 

but not a, the manipulative muscles of the hands, wrists, and finqers for 
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I . .. .. . <.· . ·•· • which lower levels of strain were reported under the worst case•ccndition. 

The difference in the level of postural muscle complaints between the best md 

worst case c:cnditicns decreased over the days of testing. 

Itta follow-up study focusinq on the musculoslteletal effects, 15 typists 

perforaecl the same data entry mci file maintenance- tasks under the same best 

and worst ca- ccnditicns for 5 days, with cne- excepticn. The visual 

enTircnment (liqhting and qlare c:cntrol) were equated for both best md worst 

ccnditions, such that cnly the adjustable versus fixed workstaticn md chair 

features were exaained~ The results for the muscular ccmplaints differed from 

the first experiment in cne major way. Both the mmipulative md the postural 

museu.Iar c::caplaints were higher under the- worst case ccndition based on 

subjectiTe checklist measures: As with the postural coaplaints in 

Kxperiment 1,. this effect -• ~test art the first two days of testing md 

decreaaecl in the last two days of testinq. In additicn, the results for 

'Visual factors were more c:cnsistent than in the first experiment. P'or eye 

fatique aid eye irritation the worst case c:cndition showed higher levels over 

all days~ although the effect decreased OTer days. For blurred vision the 

effect was similar to th~ first study with the worst case shoving higher 

levels art the first two days of testing and lower levels on the last two days. 

'l'h• perforaanc:. effects in this study were similar to those observed in 

the first study with the- incentive rate about 161 hiqher under the best case 

condition and the total keystroke rate about,, higher. 
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In yet another laboratory study. Dainoff and his associates examined the 

effect of rest breaks on the level of VD'I' oper~tor subjective complaints and 

performance as well as objective measures of visual function as described in 

Experiment 1~ In this study, 11 typists performed the same data entry and 

file maintenance taaks for 3 hours on five days as in the first two studies, 

and MJain received incentive ~y for performance over the baseline determined 

an the first day~ '!'h. workst:ntion c:cnditions were set to the worst case 

adjustments of the prier P-,rpt!Liments. under the rest break condition subjects 

were given 15 minutes of r,st after each 60 minutes of work. tJnder ~he no 

brealt condition the subjects had to worl!: contin.uously for three hours. 

'!'he results indicated no differences between the break and no br~ak 

conditions in terms of objective measures of visual function. Rowevei:, as 

with Experiments l arid 2 there were difference• irt subjective health 

c:omplaints~ For visual complaints there were hi~her leve!s of eye irritation 

and eye, fatigue- fo.:: t:fle no break condition~ with the irr-itation effect 

decreasincr over time and the fatigue effect: remaininq stable. Blurred vision 

showed lower levels for the no break condition on the first two days of 

testin~ and higher levels on the last two days of testing. P.eadache showed 

the opposite effect~ 

Tf!e muscular C011Plaints showed higher levels over all clays fo~ the no 

break ccndition for both manipulative and postural muscles. ll'or the 

manipulative muscles there was 6 decrease over the days of testir1q, wl'!ile for 

the postural muscles there was an increase o~er testing days. 
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'l'h~ perfot"Jl!Aftce data indicated that the rest break ca1dition provided 

better performance in terms of higher incentive pay i71) and a greater rate of 

keystrokes per minu~e {31). 

FIELD STODllS 

1'IOS1! baa c:cnducted field investig:itions of VDT operations using 

questionnaire and erga,.omie observations of workplaces to define health 

concerns. A first effort was the NIOSH San Pran~isco eval~ation (NIOSR, 1981; 
' 

Smith et al, l981J the results of which have served as a m.iajor impetus for 

Ml:OSH effo~ts .in the VDT area. The questionnaire data provided indicators 

that VD'l"operators were reporting high levels of visual, muscular and 

emotional complaints~ and thAt tl~e levels of these complaints varied by the 

type ~ VD'!"' usk activities~ Th~ ergatoriic findings indicated 

workstation/environmental factors such as too much illuminatiort and ir,,proper 

keyboard hei~ht th•t e.>uld have contributed to the reported discomfort. Mlile 

this evaluatiort h-1 methodolOCJical and procedural shortccmings, it suqgest~d 

the direction that VDT" research could take in addressing worker concerns. 

A tnOSJr cattrac:t study by Sauter and associates (1983) was formulated fro~ 

the theoretical,. met.'iodol()CJic:al a,d procedural •Fproachtais of the San Francisco 

study (see Smith et al~ 1980}. In the Sauter study, 248 VD'I" users and 85 

non-users were compared on subjective eatings of streas and strain using a 

compr~hensive questionnaire. In .Addition, photogr.iaphie analyses were 

conducted on each workstation to define relationr~ips between ergonomic 

conditions and subjective complaints. The questia1naire findings of this 
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study (see Table 21 were notable in tt.a{ the difftttencea ;between VDT operators 

and nC111-operators wre not u strildnq as in: other research studies (see 

Dainoff 1982 for a rn-iev of VDT heal th studiea) • Riqh levels of heal th 

c:aaplainta were reported by both VDT operators and nan-operators and indicates 

that. both qroaps were under stress and strain~ This sUCJqests similarities in. 

the job atreuoca for the two qroups. 

'l'llis ... c:cnfi~ in that few of the jcb stress factors shoved 

differences betlle-m the VD!' opera.~ors and the nan-operators. One notable 

e:xcepticn was tha.t the VDT operators reported fever job demands than the 

nan-operators~ However. the ViJ'.t operators did report ~reater work pressure. 

aore role c:infiict; qreater underutilizatiat oz abilities. less job autonomy. 

and le- social supp,rt frmr supe~isors than the nm-operators. They also 

report.eel aor• superrisory ccntrol ~ 

The pbotoqraphic: and erqa1aaic: evaluation da.ta. when correlated with the 

health caaplaints data for the VDT operators; indicated that the VD'!' 

operator•s •~le of ,riewinq vas positively associated with arnr and hand 

discmrfort au! neck~ back and shoulder strain. Also, nm-detachable keyboa-rds 

were associated vith increased arm and hmd discomfort and arm and hand 

stram:.. Piftall.y~ the hi!fler the illmrinetian level of the VDT sc~een and the 

surroandinq M¥tr area. the qreater the reported visual. strain. 

A seca1d field study was a RrOSR e,raluatiCll'I of proqraaners usinq VD'l's at a 

qovernment facility (Smith et al. 1992)~ The evaluation ca,sisted of a 

questionnaire survey c;aicerninq psychosoc:lal stress. workplace delii~ and 



; ~!tll' ~iii!~/ ~a 'in •t .. ~1~.Miuaf:lcin\ of •vti-anNntai .-d 

·•-••~~,.6t:t::lcil pardet11rs~·-. In ~i'.t:itn • ifit:iiu~ visicn Tester was used to 

vt•ually sc:reen a sample of employees to deteraine the level of uncorrected 

visul deficits~ A total of 191 eaployees ccapleted the questicnnaire (HI 

respcn- rate)~ 33 worlrstatic:as ... re qiven m erqcncaic usesaaent, aid 32 

'!he r•alts indicated that the er«!(llloaic c:cnditicns were suboptimal vh• 

coapared to various ree:i1m111datic:as cited in the literature (see Catir et al, 

1979: llIOSlr~ 1981; AIISZ, 1~731 DXR, 1910). In ~rticular, illuainaticn levels 

at the- keyboard md t:he docaaent areas ... re eith~r too hi9h (exceeded 700 lux) 

or too low (less ~ 300 lm:} at Ht of the 110rlrstaticns. In additicn, 30t 

or the wlrstatims bad keyboard hei!hts that: •re ei the.t' too hi9h or too low, 

•d mlr ZM ~ the VD'r lreyboarda wre detachable. Character to screen 

cattrast was less t;,.at 3 to 1 for s",t or the '9D'l's. and lOOt of the VDT screens 

'lhe results of the qaesticnnaire survey indicated health c:oaplaint levels 

that •r• ccmsistent with other field studies (see Dainoff, 1912). In terms 

of risic:n probl-~ flt reported headaches, 771 tearinq or itchinq eyes, 71t 

bum~ eyes~ a4I &M eye stram: Por aascalar CC111Plaints-~ so• reported neck' 

paift md SM bac:lr paur: Reported left-ls of payc:holoqical distress included 

7U irritability; &2t. sleepin9' prob!-~ '1t depr••icn~ 59t tension aid 57' 

fatigue~ 

'l'tle visicn exaainaticns indicated that 391 of the 32.employees evaluated 

bad a deficit~ the aajority of which •re acuity probleas. 



DISCUSSION 

Bather than clarifying health issues regardinq VDT work, NIOSR VDT 

re ... rc:!l to date appears to have added n,re uncertainty. Attempts to 

objecti"l'ely quantify visual fatigue and strain due to VDT work have not been 

succeaful wsinq a variety of indicators of visual acuity, eye movement 

patterns, and pupillary response for VDT tasks lastina frcm 1 1/2 to 3 hours 

in the laboratory, and over a normal work day in field test in CJ. Sti 11, in 

these same studies larqe percentages of the VDT operators report a wide 

variety of !Subjective visual coaplaints froar eye fatigue to eye irritation to 

blurred visicn u well as siqnificant 1111scular strain. Row can such findings 

be rec:mciled? Does t~ absence- of objective measures of" what subjectively 

nems to be- risual.ly tarinCJ' worlr meaa that ~ ccaplaints of VD'!' operators 

should be written off as merely disc:caf'ort7 or~ are the objective measures 

used thus far tao insensitive to depict real effects? Assessment of visual 

fatiC!Qe reaains a ccmpler md often difficult problea (NAS,, 1983) ~ Indeed, 

atteapts to define eyestrain in objective terms remains an eniCJllla, su~sting 

to some that the tera should be dropped. One of the deficiencies of current 

efforts to aeasure VDT operator visual functicn changes may reflect a more 

basic methodol041ical sllortc:omfnq. n-ly~ inadequate quantitative indicators 

of visual fatigue: 

A major missinCJ in9redient in evaluatinCJ VDT visicn issues is the absence 

of a lcnqitudinal study that can assess the potential for chrcnically induced 

changes in visual functicn. tJntil such work is acne, there will ccntinue to 

be cattroversy over whether VDT work is hasardous to visicn (or more hasardous 

than other visually demanding jobs). 
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In terms of the 11Usculoskeletal effects of VDT work, both laboratory ad 

field research by NIOSR have shown that VDT operators have more subjective 

11111sc:ular strain than ncn-operators, and that ergcnomieally suboptimal VDT 

workstaticn features produce increased muscular strain. This findinCJ is 

ecnsistent with the literature (Dainoff, 1982) and impli~..ates workstation. 

desiqar, tuk require!lleftts and. job design as prilllary c:ulprits rather than the 

VDT. It most be- reccgn.i:ed that VDT technology dictates the need for new 

workstaticn design. and. when VDTs are put into tcaditicnal workstaticn 

ccnfiCJUraticns musculoskeletal strain is bound to occur. Thus. the VDT plays 

a role, even though it is an interactive one. Purther work is underway •t 

IIIOSR" to characterize 111USC\1loskeletal effects of VDT work en a more objective 

basis usinqeleetromyoqraphy. 

tiith reqarcl to stress issues; current lttOSlr supported studies show mixed. 

results about the relative stre•sfulness of VDT and. ncn-VDT work. In one 

... 
study, the VD'1" operators reported varied sources of stress as previously 

identified. by Slli.th et al (1911). These include greater work pressure. more 

supervisory ccntrol and less job autcnc:imy~ However, ccntrary to other NIOSH 

studies, in terms of overall job demands, the ncn-VDT operators reported 

higher levels with associated higher levels of psycholoqical disturbances such 

as an:det.y,. depressicn and irritability:. This does not mean that the VDT 

operators were not stresseds indeed,. the percentacJe reporting- an:iriety, 

deprnsicn md irritability for the VDT' 9roup was very hi9h. In fact, the 

office worker control subjects may be a poor eompariscn group due to high 

stress levels. A seccnd study of prcgra11aers usin9 V'D'l'S indicated relatively 

low levels of self report job demands and job stressors, but a high percent•'?• 
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(over 50 percmt) reported •uriety, depression, irritability and fatigue. 

Proa tbeH two studi• it appears that while the VDT operators reported only 

aaderate J...,.ls of job demands and stress, hiqh percentaqes reported ftlOtional 

distren, u did other office vorlters that were control qroups. Purther 

reHarch into the VDT/office vorlr as related to stress proble .. is ccmtinuin~ 

at lfIOSB~ 

OYerall, the results froa current RIOSR laboratory and field research on 

VDT health issues demcnstrates the laelr of consistency between objeet:ive and 

subjec:ti'f'e indieatic:ns of health problems. This dictates renewal efforts to 

overccme .. thodoloqical defieieneies. Such work is uru:J:'.!rvay at lfIOSR on a 

broad rangtt of vorlrplace issues where ergmu•ic factors are conver9ent with 

probl- of job stress md strain. 
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'fable 1. Visual Beh&vi.or When Performing 
'fvo VD'f 'la.ska* 

ViewiDg_ Dat:e Entry File Main.-
SOUECe Task teuance 'faak 

SCUIII 
%. V:l.anDg time 14 34-
JFhct.ou per ~- 14 23 
Pupil dimeter 

c-> 4.26 4.12. 
XEDOUD 

%. Viev:J.Dg time 28 22 
~uat:um per 

mtnut:e 29 23 
Pupil d 1a-eter 

c-> 4..2.2. 4-.l& 
OOCUMKNt: 

:, 11:le'lliDg t:lae 
•ilr.aC:taa ~ 

almaCe 3& ll. 
.!lipil. di--.e:.r 

<-> 4.1.5, ... 4.05 
ODIElt 

: ¥1.WtDg t:iaa sa. 44. 
JFf:UC :I.Ga per 

afaut:e & 6 
Pupil cliam:er 

c-> 4...17 4-.0~ 

*See Zvahleu- and. Escantrela (1982) 



'labl.e 2.. Coaparisou of Health Complaints 
of VD'? Operators and Hou-Operators* 

Kye ache& 
Eye aa:~aia 
BUJ:lliag eyu. 
'tearing/ itchlDg eyea 
Blure4 ViJWm 
Backache 
Back. pain 
Keck/sboulder ache 
Sore sboul.d.era 
Heck. pa:m 
Ara/leg pa1a 
I.eg craapa 
SvollelL vmacles/ joim:s 
Soza 1ldat 
8-tlJ f:lDger c:aapa. 

*See ~e:c ec al. (J.983) 

Percentage Report~ vm: Noo.-VD 

75-
75 
n 
68-
39' 
81 
79 
79 
59 
52 
56 
46 
41. 
2& 
26 

64 
7S 
56 
60 
41. 
72 
72. 
79 
51 
53 
52 
39-
42 
16 
2.0 




