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ABSTRACT

This thesisaims at studying and evaluating the relevancy of the latest existing standards
that have been established for setting up a computer workstation. The standards refethésl to in
study is the ANSI/HFES 100 (200Qver the past twdecadesstandards havieeen updated to
get along with new technology. Howeviey,human naturevedoes not always use these standards
in the best wayAlso, even if someone does set up their workstation in a way that are in accordance
with standards, chances are thatthedserd not even know they were s
recogni zedd way. I't i s more through their nat
the workstation in that way. During computer tasks, people tend to shift their posture well outside
of O6standard advisedb6b posture ranges. I f that
exactly the intention of this thesis. By having two groups (one workstation set up according to
standards and the other is set up by the user accoodingit comfort) the experimenter is able to
compare and show that the postural behavior between the two groups are not significantly different
and hencethe data gathered fails to show that standards coakk any difference in the way a
user sets up blher workstation and also it does affectthe postural behavior ghifts in posture
during the twehour task. The study also tries to find out the effecttafoahourcomputer task on
stereoacuity and pupil diameter changeparticipants From theresults and aaclusion arrived
in this study, companies can decide whether or not to spend valuable money and time in hiring an
ergonomic experin setting up workstations. Mag the best thing they could do is provide the

ergonomic office furniture andust the judgement ahe users to put it to best use.



CHAPTER |
INTRODUCTION

International Standards Organization (ISO) defines a standafileas d o c u me nt
provides requirements, specifications, guidelines or characteristics that can beamsgstently
to ensure that materials, products, processes and services are fit forptimpios® as per
mentioned in the ISO websiteISO Standards ISO", 2016) Standardsserve the purpose of
ensuring that a system is used or followed across a lamdaiion in the same walt actsasa
method for sharing specific details or knowledge across the popwhetioout requiring one to
be an expert in the topidhroughout history, standards helped contribute to society in terms of
health, safety, infrasucture design and many related fields. With the advancement of time and
emerging technologies of the present world, application of standards has reached broader areas
such as management techniques in running a good business, measuremérdrahentahealth

(Brown, Pyke and Steenhof, 2010).

A major part of this study is regardjrthe relevancy of one such standard established for
setting upcomputer workstationNormal human behavior does not always go with healthy
behavior Humans ¢nd to take bagdostures to get work don€ake for example that most people
bend over their hips to pick up a box or any object from the ground rather than squatting down just
because squatting consumes more energy. Do peoplelladhink about these fact€2ver
slouched while you are sitting on a chair? It takes less effort than having to make yourself sit
upright. Human nature kicks in and people go about their lives. You could argue the point that
maybe it is because people are not given enough awareness aboutggooené habitsWhen
is the last time you ever actually checked if the distance at which you are seated from the monitor

while using a cmputer is within the advisestandards? Ever thought whether the posture which



you Afeel 0 c¢omf othdreaidakcteallyisaie omengdnomsic? slave you evey sat at
the edge of your seat or leaned in forwards towards the monitor after reclining on the backrest for
a while? Ever slouched while typing out some assignment or email? When you think about it, you
know that you have taken up bad postures while sitting at a computer workstation. You were too
busy with the work at hand that you forgot to think about the efficiency of your posttine o
effect it has on your performandéyou stop to think about th@hg term negative repercussions

of the posture assumed eyéme you change your posture, then you get distracted from the work

at hand and may lead to reduced work performance.

With the evolution of technology from the CRT screens taking up the whedecdrthe
workspace to the latest LCD/LED monitors and also with the many lawsuits faced by companies
from the employees due to many cases of Musculoskeletal Disorders (MSDs) there is increasing
research in finding a suitable way to arrange your workstaBtandards have evolved over the
past two decadedhis stuly aims at evaluating a particulset of standardANSI/HFES 100
2007)that have been established to guide in setting up a computer workstation. Through the study,
the experimenter tries to sé¢hese standards do make a difference when compared to people who
just set up their workstation according to their free arilin a way that comforts them. Within this
set up the experimenter introduces two different chairs with different backrestefedd

understand the effect of chairs on postural behavior.

The study also aims to find out the effect of short term ceenpasks on pupil dilation and

stereoacuity of computer users. These will be stated in the hypotheses section.



Hypotheses

1. Thepostural behavior variables measured among the participants are not different for the
two different arrangements of workstation (Standard and $tandard).

2. The postiral behavior variables measurathong participants aret differentfor the two
differenttype of chairs used.

3. Stereoacuity pability to identify dispaty measured are not differefdr two different
arrangements of workstation (Standard and-Standard).

4. Pupil diameter measured are not diffefemtthe two different types of chairs used



CHAPTER 2

LITERATURE REVIEW

Computer Use

Computers have become an integrated part of our everyday lives. From personal to
professional levels, it is being used on a major scale. In 2003, approximately 190 million personal
computers have been reportetéoused according to a study (Gerr, F., Marcus & Monteilh, 2004).
Computer use has spread across wide range of age groups. School children and adolescents were
found to be more frequent users of computers than adu®801 (DeBell and Chapman 2006
Since computers help in accessing information faster and easier, it may also be considered to
represent, i n a way, the usersdé standard of
conducted by National Center for Education Statistics in 2005 conctbde@7% of kids going
to nursery school used computers and 23% of them using internet (DeBel, M.120@kj)d be
safe to assume that the extent to which humans would rely on computers in the coming years for

the simplest of day to day activities ahe number of users will keep increasing.

Musculoskeletal Disorders

Musculoskeletal disorders have been described as conditions or injuries which involve the
nerves, tendons, muscles aotther supporprovidingstructuresof our body (Bernard 1997).
Prevous studiehave used terminologies which includedmulative trauma disorders dad
repetitive strain injuries to descridork-related Musculoskeletal Disorders (WMSDBuUtz

Anderson (1988) described cumulative trauma disorderdiss®omfort and/or pitdems that



developdue to cumulative, repeated exposure to stressors which affect specific body parts and
eventually leads to trauma or damage of tissue and joints. In many industrial countries, among
computer users and the general population, musculegkdlscomfort involving neck, shoulder

and arms are common according to two studies (Gerr, F., Marcus & Monteilh, 2004).

A study conducted in 1992 by the National Institute of Occupational Health in Sweden
showed increased case of eye and wrist isssesftiforts among Visual Display Terminal (VDT)
users (Bergquist et al., 1992). A correlation between computer use and musculoskeletal issues was
concluded by another study, although it could not prove any correlation between computer use and
upper limb musaloskeletal issues (Waersted et al., 20T@gse contradictions may be explained
by the difference in methodology or other compounding factors that could have affected the
studies. Previous studies on students using computers have shown comgelteiaed
musculoskeletal symptoms (MSS) prevalence rates of 52.8% (Dockrell et al.,2015), 53.4%(Katz
et al.,2000), 54.0% (Jenkins et al., 2007), 67% (Hupert et al., 2004) and 80.6% (Hamilton et al.,
2005). It is interesting to note that discomfort and complairiging out of computer use can still
prevail even under properly adjusted workstations (Arndt, 1988.may be due to psychological

factors which will be explained at a later part of this section.

While working at a VDT workstation, users do not always take a posture that is best for
their health. Most of the time they do not even notice this as they keep switching between their
posturesSome studies done before have concluded that awkward or poshges at a computer
workstation couldaise your chancesf developing MSDgOrtiz-Hernandez et al2003; Carter
& Banister; 1994; Bergqvist et al.,1995Yu & Wong,1996). Otiz-Hernandez etl. (2003),
concluded that long term seating with a slouchgithe, leads to increased stress on the discs of

the vertebrae and in turn causes muscle pain. A similar conclusion was arrivedrensyetal.



(2002) with regard to forward extension of the neck and working in that position for prolonged
period of time. A longitudinal study on workelated physical and psychosocial characteristics of
complaints of neck, shoulder, forearm and hand pain conducted glElBtaal, Hassan and de

Bie (2009 on computer users observed four main predictors for shouldanemkdpain, one of

them being irregular head and body posture, rest of the three predictors being hours of work per
day, difficulty level of the task and previous history of complaints. It also observed two predictors
for forearm and hand pain as demanahrfrjob and previous history of complaints. Several other
studies also confirmed that previous history of complaints to be a strong predictor for indication
of pain/discomfort/complaints (Bongersat., 2006;Smedley et. al2003).The study by Eltayeb,

Staal, Hassan and de Bie (2009) suggests that while implementing or planning out a strategy which
works at reducing incidents of neck, shoulder and forearm complaints/discomforts, both the

ergonomic and psychological aspects and their relation with eaahsbthédd be considered.

Several studies have been conducted to study the effect of monitor height on neck flexion
and discomfort which in turn leads\dork-relatedMSDs in the long run. Level of tension felt on
the neck was found to be proportionatehe flexion or deviation of the neck or head position
according to two studies (Hamilton, 1996; Villanueva et al., 1997). Lowering the monitor and thus
changing the viewing angle from 15° to 40° was found to increase muscle activity in the cervical
erectorspinae muscle (Turville et al., 1998). Another study (Sommerich et al., 2001) arrived at a
similar conclusion when it was found that for a viewing angle ofb@idw the horizontathere
was an increase in muscle activity for different muscles with the most influence on the cervical
erector spinae muscles. Raising the screen was also observed to increase thectivitycler an
89-minuteVDT study, where the baseline height was#l at a point where the top of the screen

was at exact | evel of the participantdés eyes



baseline (Seghers, Jochem & Spaepen, 2003). It was also found in the same study that when the
screen was lowered t height of a laptop, to simulate how users would gaze down to a laptop
screen, the highest level of neck extensor muscle (Splenius capitus) activity was observed due to
the extreme flexion in the neckrom that study it may be concluded that laptopsitsre more
discomforts and/or pain to their body as compared to desktop monitor users from the obvious
height at which laptops are usually mount&fith the portability and convenience of using laptops

the risk of MSDs is on the rise.

Not a lot of literdure exists which shows relation between VDT use and muscle activity of
the shoulder. In the study mentioned previously (Seghers, Jochem & Spaepen, 2003), low activity
levels were measured for deltoid muscles which has been explained to be due to #stsaoi r
the chair and the height of the table used in the study which provided proper support for the
forearms. Similar observations were made by Aaras et al., (1997), where significantly lower
trapezius muscle activity was observed when support for fosearere provided. Hence the
design of office chairplayssome role in discomforts and pain developments of the users. Using
different methods, office chairs and seated positions have been studigeviyus studies
(Andersson &Ortengren, 1974; Baumgaenet al., 2012; Bendix et all985. A stuly was
conducted orhairdesigrs and its redesign tanalyze among other effects, the effect of redesign
on the seat panb6s peak pressure ( Grdemsaseast ei j n
pan awnl the shape was made more bdiie. No significant difference was observed between the
two chair designs as far as the peak pressure wasrnedcéAnother study (Carconekeir, 2007)
reported that by adding a supplementary backrest to a chair, treegera@duction of 35% and 20%
in peak and average pressure respectively exerted on the back in the upright posture. A study was

conducted on 24 participants using 12 different office chairs differing in design with each other to



understand the effect of ahdesign on posture of the participants and the pressure distribution on
the seat pan (Vos et. al., 2006). The study concluded that the chair design had more effect on the
pressure distribution and followed by the posture. The study also found thatetssurpr
distribution values were higher for males than femdlbs may be explained using the difference

in the physique between males and females.

Psychological factors have also been reported to have some associations with body
discomfort or pain. A @asssectional study of 3475 computer users, conducted to study the
association between stress and neck and shoulder discomfort/pain symptoms concluded that odds
for symptoms involving neck was doubled for users with high job demands while no association
was observed for shoulder discomfort/pain (Jensen, et al., 2002). Another study in Sweden
involving 420 medical secretaries observed that poor psychological environment was associated
with neck and shoulder symptoms compared to those who have more fapssaiblelogical work
environments (Linton & Kamwendo, 1989). 973 computer users working on a deadline in a
metropolitan newspaper in the United States were observed for association with neck and hand
musculoskeletal discomforts. It was observed that paatitgowith shoulder musculoskeletal
discomfort/pain were more likely to report high job pressure and those with neck musculoskeletal
discomfort/pain reported less job variance (Bernard et al., 1994). A study on 533
telecommunications workers working a cortguworkstation showed that workers exhibiting
neck or shoulder discomfort/pain reported high work pressure and routine work which lacked in
decision making opportunities. Those with arm or hand discomforts reported their work to involve
high information processing needs (Hales et al., )98t all studies on psychological factors

have consistent results. A study involving 218 newspaper workers who were computer users



showed no association between job demand or control and musculoskedetahfdrts/pain

(Ortiz-Hernandez et al.,2003).

Visual Fatigue

Another issue, the increasing computer usage has brought about is visual Eategsieain
was described awague discomfort whichmayb | ocal i zed i,y Tyrrekanhhead o
Leibowitz (1990) and put it under a category of visual fatigue. Tyrrell and Leibowitz also described
visual fatigue to be a subjective visual distress/symptom. Leavitt (1995) reported 75% of VDT
users to be exhibiting eye strain symptom while Pickett and L&&4 ) teported this to be high
as 85%. A study conducted on visual display terminal (VDT) users in Poland revealed that the
greatest discomfort reporteoly the users was visual fatigue followed by mental load and
musculoskeletal pain. The number of womeporéng these discomforts were found to be higher
than that of -2Zneda93).Rraamother@sidy aonducted on VDT tasks involving
data entry by office workers concluded that increased keyboard work resulted in increased reports
of eye strain(Bergqgvist, 1995) This may be because of increased entry work which causes an
increases attention to keyboard. Anot her conc
would be that increased data entry means more attention to VDT screens which cocadisdso
eye strain. However, another study on eye discomforts and VDT tasks showed weak correlation
between increased attention to VDT screens and the risk of eye discqBévggist and Knave,

1994).

Viewing angle has been considered to have some effetihe visual strain or fatigue
among computer users. Human eye s0%tolsdosvtward g p o I

gaze from the horizontal assuming that the head having deviation from the length of spine or more
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clearly assuming that the head in an upright position. The optimuwmiewing angleis
recommended to be O degrees but since a computer screen cannot be looked at with just one
viewing angle, the above mentioned range can be explanstidy (Sotoyama et al., 1990n

visual comfort wih regard to viewing angle and its effect on tearing of the eyes reported that there
was an increase in amount of tearing of the eyes for viewing aofjlésto 3@ below tre
horizontal. This was explained by the fact that ocular surface increases gvhases in the
viewing angle which in turn causes the tears to evaporate and lead to diretbsr factor that

effects eye comfort is the height at which the monitor screen is placed. According to a study by
Villanueva et al. (1996), there is an evitlearrelation between the angle to which humans adjusts
their neck to accommodate a comfortable viewing angle. This is dependent on the height of the
monitor placement. The higher a monitor is placed the more you tend to tilt your head back to view
the morntor and increase the neck angle which in turn leads to increase in discomfort of the neck.
The same conclusion wasported by more than orstudy Gaito & SOTOYAMA et al.1997;

Sotoyameet al 1997 BurgesLimerick et al.1998; Psihogiost al. 2001).

JaschinskKruza (1988) conducted a study on the effecviefving distanceon visual
fatigue. The <ciliary musclesd mechanism, whi
to form an image on the retina, is strained more as the viewing distance shortens. The study
reported increase in visual strain for viewing distancB0o€m as compared to 100 cm. A study
conducted byChi and Lin (1988pn accommodation mechanism of the human eyes reported a
correlation between visual acuity and different work duration on VDT tasks. Other studies also

proved correlation between eye strand duration of daily VDT work (Nakazawa et al., 2002).

Pupil size is one indicator for visual discomfort. Its increase negatively affects the required

focus and precision of the eyesd accommodat.

c

V €
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smalker pupil size in case of positive CRT displays compared to negative CRT displays and hence
concluded that a positive CRT display is better. Taptagaporn and Saito (1990) also arrived at a
similar conclusion from observing that positive display causedtiess sn the eyes compared to

a negative CRT display. However, there is no confirmed report between the relationship of pupil

diameter and visual discomfort (Taptagaporn & Saito, 1990).

Another factor to be considered as a cause for visual discomforgaviidh users is eye
movements. Saito et al. (1993) found out that VDT work included a relatively high amplitude and
frequency of eye movements. Compared to workers who did not VDTS, those using VDTs for their
jobs/tasks were found to have 2.5 faster eyeammnts. Extraocular muscle forces are dependent
on fixation position and angle of eye movement (saccadic ampli{ltidlett, 1986).Torsion

could stress the optic nerve and cause discomfort and pain to the eye.

Stereoacuity (also known as visual acuity)defired as the smallest amount of disparity in the
retinal image in the horizontal direction that lets us idertdifyperceive a sense dépth of an
object ( Lovasik & Szymkiw, 1985 chmidt, 1994 )it lets us judge the details of an object while
viewing with bdh eyes. So far the study on factors affecting visual acuity has been more in the
area of age related changes. There are studies which have reported that age causesatinly a
change in visual acuityBfown et al. 1993; Yektaet al. 1989). Other studies have contradicting
conclusions stating that there is a strong correlatetmveen age and visual acuige(l et al,

1972 HaegerstronrPortnoyet al, 1999;Wright and Wormald,1992Y he difference may be due

to difference in methodogy or other factors which might have affected the study which may have
been missed out. Hence a general relation cannot be concluded from these studies. Even though
the current study does not test for any correlation between age and stereoacuity gbeedzmio

might give us an idea that research in this field is rather hard due to possible unknown factors.
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A lot of research hasotbeen conducted on short term or long term effects of computer or
VDT tasks on visual acuity or stereoacuity among VD@&rsiA threeyearlongresearch study
(Yoshikawaet al, 1991 was conducted on 4 different groups of workers at a printing company.
The study commenced once VDT tasks were introduced to two groups where first group had
routine VDT tasks and second group had comparatiesly VDT tasks. The third group were
workersfrom the printing company who had typesetting work which did not involve any VDT
tasks. The last group involved workers from a chemical plant with no VDT taskcomparison
of visual acuity of workers at the beginning of the study and at the end afSsf@wed that the
first group with regular or routine VDT tasks showed most reduction in stereoacuity followed by
the second group. The other two group were showing relatively very little redudbarever,
since not much more research has been dotiediriield, it is hard to generalize this effect. The
current study will be attempting to observe any change in visual acuity during the relatively short
time period of two hours. A Randot Stereo Test is used in this study to measRarlist stereo
tests are used commonly to measstereoacuity.Currently there are different Randot Stereo Test
booklets available to test for children and also for adults. One exampleRsutlde® Preschool
Stereoacuity TegBirch et al, 2008)which is used in particular for children as young as 3 years
old to make it easier for them to respond to the test. In the current study a different Randot Stereo
Test is used which facilitates testing of different individuals with different comprehesastn

different levels of disparity.

Switch fromCRT to LCDMonitors

Liquid crystal displays (LCDs) have become popular over the past few decades and the

number of Cathode Ray Tube (CRT) displays have become less due to a number of reasons. LCDs
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take upess space compared to CRThis gives more flexibility in regard to how you can arrange

the computer workstation, how easy it is to move a monitor around and adjust its height and tilt
easily to accommddbstls utiize kess posveomsaiied to @RF siwdich in

turn means reduced emission of heat which reduces the load air conditioning and reduced
electromagnetic radiation and its associated problévienozzi, Napflin & Krueger ,1999).

LCDs offer betterviewability, higher responséme, color and brightness (Lessin, 1992). The
reduced weight and relatively small size puts them at an advantage when it comes to desk

workspace (Ahlstro'm et al., 1992).

Computer Workstation Standards

ANSI/HFES 1001988, American National Standards fdaman Factors Engineering of
Visual Display Terminal Workstations, was the first set of standards for computer workstations
established by Human Factors and Ergonomic Society (HFES) in 1988. This standard set up the
specifications to be followed as an aptiwhile setting up a computer workstation for operations
in seated posturdhe standard was formed in consideration of specific computer tasks which
includeddata entry, texprocessing and data inquiry as well as served purpose as guidelines for
other asks which involve working at a computer workstation or a Visual Display Terminal (VDT)
(American national standard for human factors engineering of visual display terminal

workstations 1988)

BSR/HFES 102002 Human Factors Engineering of Computer Workstations (Draft
standard for trial use) was published later in 2002 as a revision to the ANSI/HFESSRMBSR
stands for Board of Standar&eview.In the 1988 version, the standdmtused on} on the

upright posture as a reference. This led to a misunderstanding and conclusion that this was the only



14

correct posturéErgoweb, 2002)In the revised version, the standard considered a total of four
different primary working postures. These weregin, reclined, declined and standing postures.

The reclined psture occurs while leaninigack on the backrest so that the chair tilts back, the
declined posture occurs when the user leans forward and the standing posture is when the user
stands up straig while working at the computer. The addition of the new postures gave attention

to posture of the trunk and the legs and gave guidelines taking into consideration postures of

different body partsAlso, more input devices are given consideration in¢hesed standards.

After 5 years after the 2002 version of the standard, American National Stancitdsel
(ANSI) approved the latest standard ANSI/HFES -2007, Human Factors Engineering of
Computer Workstations, which includes some of the partseo2002 versioAnderson, 2002).
The 2007 standard has taken flat panel displays also into consideration compared to CRT monitors
of the 1988 versionk-or the purpose of this study, not all the specifications mentioned in this
standard has been used. The standards that have been followed in this study are provided in

APPENDIX K.

Numerical Rating Scale

Numerical Rating ScaléNRS) is a very common scalesed nowadays to judge pain
especially in primary care at hospitafs.study of NRS on adults reported it be effective in
clinical care(Bijur, Latimer, & Gallagher, 20035imilar conclusions have been reached by other
studies yon Baeyeet al.,2009,Hollen et al., 2005, Jensen, Karoly, & Braver, 198@Jiamson
& Hoggart, 2005). This method has been adopted in the study for a pain scale questionnaire to

understand the perceived pain or discomfort from the participants.
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CHAPTER 3
EVALUATION OF COMPUTER WORKSTATION STANDARDS

Midhun Vasan, lowa State University, Ames, IA, U.S.A.
Richard T. Stone, lowa State University, Ames, IA, U.S.A.

ABSTRACT
Objective
The study reflects on relevance of existing standards for setting up computer workstations.
Background
Normal human behavior does not always make us assume the best postures as we tend to shift
posture to make ourselves comfortable. This often results in inappropriate and awkward postures
evenifwe know itdéds not best for our body
Method
A 2 x 2 factorial design which included two different arrangements of a computer workstation
and two different chair differing in its features were used to make participants perfenoua 2
computer task during which the postures were measured.
Results
There is no significant difference in postural behavior for different arrangements of workstation
and also for interaction effect. Two posture variables showed difference across the two chairs
used.
Conclusion
Arranging workstations based on standards doesase significant effect on postural behavior
of subjects. Chair features or design seems to have affect the way they assume their postures.

Keywords: Standards, workstation, posture
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INTRODUCTION

International Standards Organization (ISO) defines a stangsfiila d o c ument
provides requirements, specifications, guidelines or characteristics that can be used consistently
to ensure that materials, products, processes and services are fit for thpiu r @sopsre 0
mentioned in the ISO websi(BISO Standards ISO", 2016) Standards serve the purpose of
ensuring that a system is used or followed across a large population in the same way. It acts a
method for sharing specific details or knowledgeoss the population. Throughout history,
standards helped contribute to society in terms of health, safety, infrastructure design and many
related fields. With the advancement of time and emerging technologies of the present world,

application of standardsas reached broader areas such as management techniques in running a

good business, measurement of environmental health and so on (Brown, Pyke and Steenhof, 2010).

A major part of this study is regarding the relevancy of one such standard established for
setting up computer workstatiohhe standard used for the purpose of this study is ANSI/HFES
100-2007.Normal human behavior does not always go with healthy behd¥onans tend to
take bad postures to get work dohea workplace, this causes workepsassume postures that
might not be safe and unproductive or which might have negative effects in the long run. Improper
posture at workplace is a major cause for Musculoskeletal Disorders (MSDs) such as lower back
pain, visual fatigue and other discom#rEven if people know the long term effects of bad
postures, while getting caught up with work people do not think about it often. Leaning forward
while having to read something or inputting some important data, computer users do not consider
the distancehat they place themselves from the screen or how much they bend around their hips
while leaning forward. While picking up a heavy object from the ground, a worker might feel lazy

to squat down and pick it even though he knows it is the right way toddenais up bending over

t
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the hips which could cause lower back injury. One simple slip while bending down and lifting an
object is enough for pulling a muscle or causing a permanent injury on your lower back which
results in absenteeism of the worker. Witle Eevolution of technology from the CRT screens
taking up the whole area of the workspace to the latest Liquid Crystal Display (LCD)/Light
Emitting Diode(LED) screens and also with the many lawsuits faced by companies from
employees due to many cases ofD4Sthere is increasing research in finding a suitable way to

arrange workstations.

Computers have become an integrated part of our everyday lives. From personal to
professional levels, it is being used on a major sgadeudy in 2003 reported theage 190 million
computer userfGerr, F., Marcus & Monteilh, 2004). Computer use has spreadsawide range
of age groups, adolescents and school children more frequent than adults according to a 2001 study

(DeBell and Chapman, 20D6

MSDs have been desbed as discomforts, injuries or conditions in which the nerves,
tendons or muscl es of oneds body (Bernard 109
described with words such as cumulative trauma disorders, repetitive stress or strain injuries which
are @used due to repetition of a movement or task which in the long run leads to damage of muscle
tissue or joints (PutAnderson 1988).In many industrial countries, among computer users and
the general population, musculoskeletal discomfort involving nebkulder and arms are
commonaccording to two studies (Gerr et &0Q04).When one study reported increase in the
number of cases of wrist and eye discomforts among VDT ({Bergqvist, Knave, Voss%

Wibom, 1992), another study could not prove corraedatibetween computer use and upper limb
musculoskeletal issug®VaerstedHanvold & Veiersted,2010) These contradictions may be

explained by the difference in methodology or other compounding factors that could have affected
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the studies. Previous studies students using computers have shown computer related
musculoskeletal symptoms (MSS) prevalence rates of 52088¢k(ell, Bennett & Culleton
Quinn, 2015), 53.4%(Katz, Amick, Carroll Hollis, Fossel& Coley, 2000, 54.0% {enkins,
Menéndez, Amick lii, Tliar, Hupert, Robertso& Katz, 2007), 67% Kupert, Amick, Fossel,

Coley, Robertsoi Katz, 2004) and 80.6%Hamilton, Jacob& Orsmond, 200h

Posture is another factor that is of interest when it comes to seated computer work for long
duration which isthe typcal case in white collar jobPrevious studies havebservedthat
inappropriate postures at VDT workstation is a factor for increasing the chances for ™M8Ds (
HernandezTamezGonzakz, MargezAlcantara,& MéndezRamggz,2003;Carter & Banister,

1994 Bergqvist,Wolgast Nilsson& Voss, 1995; Yu& Wong, 1996). OrtizHernandez et al.
(2003), concluded that long term seating with a slouched spine, leads to increased stress on the
discs of the vertebrae and in turn causes musite A simlar conclusion was arrived by another
study (Ariéns, Bongers, Hoogendoorian Der Wal& Van Mechelen 2002) with regard to
forward extension of the neck and working in that position for prolonged period ofSaweral
studies have beeperformed to understandhe effect of monitor height on neck flexion and
discomfort which in turn leads to MSDs in the long run. Level of tension felt on the neck was
found to be proportionate to the flexion or deviation of the neck or head position accotsiog to
studies (Hamilton, 1996Villanueva, Jonai, Sotoyama, HISANAGAAKEUCHI & SAITO,

1997). Lowering the monitor and thus changing the viewing angle from 15° to 40° was found to
significant effect and increase muscle activity in the cervical erectoaespiuscle Turville,

Psihogios,Ulmer & Mirka, 1998).

Not a lot of literature exists which shows relation between VDT use and muscle activity of

the shoulderow activity of deltoid muscles was reported in a st(ffgghers, Jochem & Spaepen,
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2003 wherethe forearms were supported by the table and also the arm rests of the chair used.
Hence the design of office chairs plays some role in discomforts and pain developments of the
users. Using different methods, office chairs and seated positions haveusked By previous
studies (Andersson and Ortengren, 19B4umgartner, Zemp, ListStoop, NaxeraElsig &
Lorenzetti, 2012Bendix, Winkel & Jesseri,985).0One sudy (Carcone and Keir, 2007) reported

that by adding madditionalbackrest to a chair, theneas a reduction &5% and 20% in peak and
meanpressure respectively exerted on the back in the upright posture. A study was conducted on
24 participants using 12 different office chairs differing in design with each other to understand
the effect ofthe design features of a chaim posture of the participants and the pressure
distribution on the seat paWds, Congleton, MooreAmendola & Ringer,2006). The study
concluded that the chair design had more effect on the pressure distribution and follaived by
posture Although not considered for this study, it is interesting to note the effect psychological
factors have on reported discomforts/pain symptanstosssectional study of 3475 computer
users, conducted to study thmelation between stress anseltreported neck and shoulder
discomfort/pain,concluded that odds for symptoms involving neck was doubled for users with
high job demands while no association was observed for shoulder discomfot/paiet(al.,

2002). Another study in Sweden invohgn 420 medical secretaries observed that poor
psychological environment was associated with neck and shoulder symptoms compared to those

who have more favorable psychological work environments (Linton & Kamwendo, 1989).

Another issue, the increasing computeage has brought about is visual fatigtye strain
was described awague discomfort whichmayb | ocal i zed i,y Tyrrekanhhead o
Leibowitz (1990) and put it under a category of visual fatigaechinskKruza (1988) conducted

a studyon theimpactof viewing distance on visual fatigue The ci |l i ary muscl e
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which accommodates the power of the lens of the eyes to form an image on the retina, is strained
more as the viewing distance shortens. The study reported increaseahstain for viewing

distance of 50 cm as compared to 100 Puwpil size is one indicator for visual discomfort. Its
increase negatively affects the required focu
system.Saito, Taptagaporn anflalvendy(1993) observed 10% smaller pupil size in case of
positive CRT displays compared to negative CRT displays and hence concluded that a positive

CRT display is better.

Stereoacuity (also known as visual acuity) is defind as the smallest amount of disparity i
the retinal image in the horizontal direction that lets us identify or peraesease of depth of an
object (ovasik & Szymkiw, 1985;Schmidt, 1994)There are studies which have reported that
age causes only a small change in visual act@itpwn, Yap& Fan, 1993; Yekta, Pickwell &

Jenking 1989). Other studies have contradicting conclusions stating that there is a strong
correlation between age and visual acugl(, Wolf & Bernholz, 1972; HaegerstrorPortnoy,
Schneck& Brabyn, 1999 and Wright an@/ormald,1992). The difference may be due to difference

in methodology or other factors which might have affected the study which may have been missed

out.

ANSI/HFES 1001988, American National Standards for Human Factors Engineering of
Visual Display Ternmal Workstations, was the first set of standards for computer workstations
established by Human Factors and Ergonomic Society (HFES) in 1988. BSR/HF250R00
Human Factors Engineering of Computer Workstations (Draft standard for trial use) was published
later in 2002 as a revision to the ANSI/HFES 1®88. BSR stands for Board of Standards
Review In the 1988 versiorihe standard focused only on the upright posture as a reference. This

led to a misunderstanding and conclusion that this was the onBct@asture. In the revised
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version, the standard considered a total of four different primary working postures (Ergoweb,
2002). These were upright, reclined, declined and standing postures. The reclined posture occurs
while leaning baclon the backrest sihat the chair tilts back, the declined posture occurs when

the user leans forward and the standing posture is when the user stands up straight while working
at the computeAfter 5 years after the 2002 version of the standard, American National Standard
Institute (ANSI) approved the latest standard ANSI/HFES2@W7, Human Factors Engineering

of Computer Workstations, which includes some of the parts of the 2002 version (Anderson, 2008).
The 2007 standard has taken flat panel displays also into catgddecompared to CRT monitors

of the 1988 versiorf-or the purpose of this study, not all the specifications in this standard have

been used. The ones followed have been mentioned in APPENDIX K.
Hypotheses

1. Thepostural behavior variables measured amthiegparticipants are not different for the
two different arrangements of workstation (Standard and $tandard).

2. The postural behavior variables measured among participants are not different for the two
different type of chairs used.

3. Stereoacuity and puagliameter measured are not different for two different arrangements
of workstation (Standard and N@&@tandard).

4. Stereoacuity and pupil diameter measured are not different for the two different types of

chairs used.
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METHODOLOGY

Participant selection

There were a total of 36 participants selected for the study out of which the data for 4 were
not included due to specific reasons explained in the data collection section. The 32 participants
(20 Males and 12 Females)cluded in the study were studemtwolled at lowa State University
(ISV). Participants were called for using three methods. Fyd?®ENDIX F) containing brief
of the study details were put on different locations at ISU campus. Second method involved
announcement about the study to IE ZTass taken by Dr. Stone (Co PI). Students in his class
were given the option of taking part in the study to obtain extra credits. Taking part in the study,
whether the students finished the study or not, would earn them extra credits which accounted to
3% of their final grade in the cladéthe students from IE 271 chose not to take part in the study,
they were provided with an alternative homework assignment which will provide them with the
same credits upon submission. An informed consent form téenpées obtained from lowa State
University website and filled out with all the details as required by the Internal Review Board
(IRB). The consent forflAPPENDIX C & APPENDIX D)was provided to each participant prior
to taking part in the study which expiad in details about the tasks to be performed as part of the
study. The participants were asked to read and understand the consent form and sign upon

agreement of conditions of the study.

Certain restrictions or criteria was attached to the eligilmhfyarticipants. Since the study
mainly focused on desktop computer use and the standards of the workstation, the participants
needed for the study were required to be frequent desktop computer users. People who used laptops
alone were filtered out througihis criterion. With regard to health issues, people who have

migraines, sty or any form of infection on the eye were asked not to participate in the study in
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order to avoid any chance of worsening their condition/conditions. Participants also neegled to b

18 years of age or above.

Materials
An office computer workstation wat
simulated using an adjustable desk, witha :

inch LCD screen monitor, a standal

keyboard and mousad an adjustable office

chair. Arrangement Ainvolved using an
office chair with back rest unlockeahd kept
unlocked. This chair will be referred as @t f

the remainder of the study. Arrangement

involved using an office chair with a backre
that could be lockedraunlocked as the use g 1o 1 \Workstation set up for experiment
pleasesThis will be referred as C2 for th
remainder of the a&tly. The entire

workstation is shown ithe Figure 1. The

17-inch screen was decided for the study af | =
| RANDOT® RANDOT®

STEREOTESTS STEREOTEST

looking at another study (Seghers, Jochen
Spaepen, 2003), where a-ihtch Cathode

Ray Tube (CRT) screen was used to stL

posture during computesse.
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As part of the study a Randot Stereo Testsed Figure 2.1t includes a special pair of
glasses used for this test, a booklet and an answer key which will be used to understand and
measure the results of the test. From the test it is possibkssune stereoacuity from 500 seconds

of arc using different shapes/forms to as high as 20 seconds of arc using circles.

Task

All subjects were asked to play games onlinehé://www.addictinggames.cornfér a

duration of 2 hours. Turville et al1998) showed significant increase in postural shifts in a 2 hour
computer task. Also in another study (Waongenngarm, Rajaratnam & Janakarit2016) it was

shown that onéour of sitting in three seated poss (upright, slouched and forward leaning)
without a backrest or back support induced discomfort in the neck, shoulder, upper and lower back
and the buttocks. Since a chair with a back support was used in the current study, after careful
consideration othe abovementioned two studies, it was determined that two hours of testing
would give a significant result. All participants were asked not to perform any other task on the
computer such as checking emails or doing any work. In a previously mentiongd&tgtiers,
Jochem & Spaepen, 2003), as part of the experimental task, participants were made to play
computer games where they were required to use arrow keys on the keyboard using their right
hand while the left hand remained at rest. This study wasassadustification for the design of

the current study. Participants were allowed to play as many different games as they please during
the twahour time period. This ensured that the use of keyboard and mouse was balanced as the
controls were differenofr di f f er ent games. Where some games

for playing, some other games used both keyboard and the mouse at the same time, therefore
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engaging the use of both hands which would bring the simulated environment closer to a white

cadlar work experience.

Experimental procedure

The initial parts of the study included an initiaierview(APPENDIXH) whichwas aimed
at finding out computer usage habits and patterns of the participante@aifed discomforts,
suggestions for elimating discomforts and posture changes. This was followed Bandot

Stereo Test

Randot Stereo test was performed to gauge the visual acuity of the participants prior to the
main experimental task. The test involved wearing special glasses used fantta Rtereo test
and observing the images on the Randot Stereo Test booklet. Participants were asked to identify
and point out or name the image which seemed to be projecting from the plane of the booklet or
which showed some amount of depth. The testsgased based on the last image the participant
was able to identify. The test is designed in a way that the images with high visual disparity appear
first and as the test proceeds, the images decrease in the visual disparity or depth and becomes

harder tadentify which one appears to be projecting out of the plane of the book.

After the Randot Stereo Test, the experimenter adjusted the workstation according to which
group the participant was to be put into. There are primarily two groups for each tyyaér afsed
for thestudy. For first group or Group,Ahe workstation was set up after making the participant
sit at the workstation and observing whether the following were énviith the latest standards

(AHuman Factors EnWonkstanhgoheodo, Campi) er

1) The angle between the torso and the thighs were close almast@§Q°,



2)

3)

4)

5)
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When the participant sat with the feet flat on the ground, the lower legs were vertical
to the ground,

Participant was asked to look straight ahead whitmgitpright and the monitor was

| owered till the top of the monitor was
The angle between the monitorigesaledtent er
viewing angle. The design angular viewing envelope is the alloveadmum range of

the viewing angle. The span of this measure was checked to be within +40° &md

from + 30° t0-20°. This was checked after seating the participant at the workstation
and taking one second video which was put in Kinoveo softwaréa{egd later) and

the angle was measured. This ensured the vertical limits of the envelope was within the
standard specified range. By keeping the length of the screen parallel to the length of
the desk, we could ensure that a normal from the center digpky surface would

go through the sagittal plane of the participant. Hence, the design angular envelope at
the beginning of the study would be approximately close to 0°.

When the participant reaches for the mouse or keyboard, the shoulder {xgba

between the upper arm and the tors@usth not be more than 25°

6) When the participant reaches for the mouse or keyboard, the elbows are either almost

7)

parallel to the ground or the elbow skbwot deviate more than 2@tbove the
horizontal or 45below the horizontal,

The participant should be able to sit in at least two of the sitting postures which in the
case of this study was decided to be the upright position (both the torso and neck should

be almost perpendicular to the horizontal and caratkebetween 90 to 105 degrees to
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the horizontal) and the reclining position (torso and neck can recline between 105 and

120 degrees to the horizontal).

The criteron for the upright position wasot taken in the case of the experiment where the

chair with unlockable backre$¢C2was used where dnthe reclining position would be possible.

Once the workstation is set according to the standards, the participant would be seated. The
participant was asked to feel free to switch between upright or reptisésn of seating, to move
the chair closer to the monitor or farther away from it, to take a posture as they wish (they could
fold their legs and sit, rotate their chair as they work, slide down on the chair to a lower position
and any posture) as lorag they do not adjust and/or move the monitor or move the desk as the
desk is not an adjustable one. The participants were allowed to relax and stretch during the task if
they feel any discomfort as long as they do not stand up in order to stretch. Alneats were

limited to seated movements.

For GroupB, the workstation is arranged in a random way that would be relatively hard or
uncomfortable for the participants to normally use. This is achieved by setting the chair to the
lowest height and putting the monitor was raised to the highest allowabledmigiited upwards.

Then the participant was asked to set the workstation to their preference. The only constraint on
setting the workstation themselves was that the desk was not allowed to be moved as the desk was

not an adjustable one.

After this, the aidy proceeded with the main experimental task for two hours. At the end

of two hours the participants were asked to stop the task.

Once the task was done, the participants were made to perform the Randot Stereo Test
again, followed by a post experimengain scale rating questionnaif@PPENDIX ). The pain

scale rating also known as Numerical Scale Rating (NRS) used here is a 0 to 10 scale rating where
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0 represent almost no pain to 10 meaning extreme pain. Since NRS is very commonly used in
clinical carefor judging pain, participants might be familiar with this rating and hence it would be
easier for them to judge and report their perceived pain or discofi@iguestionnaire covered
discomfort/pain rating as reported by self for different body pahs was followed by another

interview (APPENDIXJ) which covered questions regarding different discomforts faced by the
participants which may have been missed out in the pain scale rating questionnaire. The interview
guestions also covered questionsregai ng parti ci pantsdé6 opinion o

posture change during the study and the reasons.

Variables

Table 1 shows the dependent and independent variables measured in this study. Also, from the
pain scale rating questionnaire at the ehthe study helps identify the discomforts as perceived

by the participants.
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Table 1. Dependent and Independent Variables

Independent Variable{ Dependent variables Units

Arrangement (A&B) | Viewing distance centimeters

Chair (C1 & C2) Neckdeviation from horizontal Degrees
Angle between torso and thighs Degrees
Shoulder flexion angle Degrees

Deviation of elbow (forearm) from horizontal Degrees

Stereoacuity Seconds of arc

Pupil diameter millimeters

Data Collection

This section will describe the methods used for measuring each of the above mentioned
dependent variables. Diameter of the pupil was measured using a diagnostic penlight which was
placed at level with the pupil about 1 to 2 inches off the face of theiparits without making
contact with their face. Once placed in position, the pupil was compared to the pupil gauge which
are marked with measurements in millimeter (mm) to denote the diameter of the pupil. The
stereoacuity was measured using the Randoe&euity test as explained before. All angles and
distance measurements were done through a software called Kinovea. The recorded videos were
uploaded in the software and the video frame was captured every 5 minutes from the starting
position till the endbf 2 hours giving 25 frames. The postures were marked and the angles and
viewing distance measured using the tools available in Kinoleea.starting position of the
participants or the'Otime point or first frame was also analyzed to understand iivenethere

was any difference in the way the participants in Group B arrangement arranged the workstation



30

when compared to Group A where the workstation was arranged for them. By comparing these
two, the data would show if Group B participants ended upgirrg the workstation in a way that

was within the standards recommendationthis study, data collected from 4 participants were

not included and/or collected for the following 4 reasons, one for each participant: 1) Memory
space issue in the camera diot allow shooting the whole two hours of the study, 2) File got
erased while restarting the laptop which was rented from lowa State University which was
programmed to wipe out the hard drive during every restart, 3) Participant was too short to be
accomnodated properly to the workstation as the desk used was not adjustable to reduce the height,
4) Participant failed to complete the study in the required way due to interruption during the study

from the participantods side.

Analysis of VariancéANOVA): One way ANOVAwas performedo compare the mean starting

posture between the two arrangements keeping the chair design canstaniay ANOVA was

used to study the variances between the groups in each factor. It was also used to study the separate
and comhmed interaction effect of each factor (arrangement and the chair) on the measured

dependent variables

RESULTS

Oneway ANOVA was performed to compare the means of starting position between the
two groups of arrangement while keeping the chair constant. The results are given th Table
way ANOVA on all measured postural variables, pupil diameter and stergoaceigiven in

given in Table 3The interaction plots for all postural variables measured, disparity difference and
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pupil diameter difference are shown in Figure 3.a. to Figure 3.e., Figure 4.a. and Figure 4.b.
respectively.

Table2. Summary of ANOVA rdssifor postural variables at starting positioMain effects and

interactions are gign. Asterisk (*) denotes p<0.05

Measured Variables C1 constant | C2 constant
F-value F-value

Viewing distance 0.18 0.26
Neck deviation from vertical 3.26 3.263
Angle between torso & legs 0.01 2.34
Shoulder flexion angle 0.51 1.69
Deviation of elbow from horizontal 0.73 0.19

Table3. Summary of ANOVA resulfisr the measured variableBlain effects and interactions are

given. Asterisk (*) denotes p<0.05

Measuredvariables Arrangement Chair Arrangement*Chail
F-value F-value F-value

Viewing distance 1.63 27.16* 0.39
Neck deviation from vertical 1.34 4.26* 1.43
Angle between torso & legs 0.54 3.77 0.23
Shoulder flexion angle 0.99 3.60 0.49
Deviation of elbowfrom horizontal 1.15 2.52 0.33
Disparity difference 0.20 2.26 0.20
Pupil diameter difference 3.23 0.05 1.76
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Table 2. analysis shows the keeping C1 constant the stegding position of Group A and
B are not significantly different. Similar effect in shown while keeping C2 constant. There is not

enough to data or evidence to show that the way Group B arranged the workstation themselves
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(which in turn in the startingosition) is different from how the workstation was arranged for

Group A participants.

The twoway ANOVA in Table 3 shows that there is not enough evidence to suggest that
the arrangement has significant effect on the postural variables, pupil diamesteraoadcuity.
By taking a look at th interaction plots in Figure@hd Figure 3, it is evident that for both the red
and green lines which represent C1 and C2 chair types, the lines are almost parallel to the
horizontal. There seem to @t enough evidee to show significangéffeact on the measured
variables Therefore, the study fails to reject HypothesisHlypothesis 3 However, when
considering the chair design or type used, the ANOVA table shows that it has a significant impact
on the postural bekior of the user in terms of viewing distance and neck deviation from the
vertical. Therefore the study rejects the Hypothesis 2 that there mean of postural variables
measured is same. There is not enough data or evidence to show that there is ansigfifdfica
by chair design on stereoacuity and pupil diameter. Therefore, the study fails to reject Hypothesis
4 thatthe stereoacuity and pupil diameter measured are not different for the two different types of

chairs.

The ANOVA analysis of the pain scalating questionnaire after the eximeental task is

given in Tablet.



Table4. Summary of ANOVA resulsr pain scale ratingMain effects and interactions are giv.

Asterisk (*) denotes p<0.05
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Pain/discomfort
symptoms Arrangement Chair | Interaction
F-value F-value | F-value

Eye strain 4.39* 0.47 0.47
Neck ache 0.06| 12.85 0.06
Rotator cuff 0.79 4.35* 0.98
Lower back 0.91 0.16 0.73
Elbow 0.17 5.60* 0.022
Wrist <0.0001 9.00¢ 0.79
Hips 0.62 150 0.047
Knee 0.83 157 187
Head ache 054 0.24 0.089
Mid back <0.0001 0.72 0.096
Shoulder tension 0.049 3.83 0.16

The arrangement of the workstation is shown to have a significant effect on the reported
eye strain pain/discomfort. Also, the chair type is shown to have significant effect on the reported
wrist, neck, elbow and rotator cuff pain/discomfort. Thereasenogh evidence of significant
interaction effecct on any of the reported pain symptoms. Figure 3. represents a bar graph showing
the mean value of the pain reported by the participants shown in the decreasing order. The highest

value of discomfort is shown tme eye strain followed by lower back pain.
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Pain/discomfort symptoms

Figure 5 Bar graph of mean reported pain.

During the interview after the experimental study, participants reported the reasons as
justified by them for shifting their posture (if at all they did). The various reasons have been
categorized in three for the purpose of getting an idea about thesasda Habitual: No apparent
reason or generally restless, 2) Discomfort: General discomfort from sitting for long time, 3) Back
related pain or discomfort, and 4) Concentration: Whether the change in posture was due to
participants being bored or inteted in a particular game during the task. The highest counts was
noted for Discomfort (16), followed by Back pain (14), Habitual (12) and Concentration (4). It

should be noted that each participant gave one or more reasons. This is shown in the Figure 5.



37

18
16
14
12
10

Counts

SO N A O ©

Habit/instinct ~ General discomfort Back painand  Concentration or
discomfort focus

Reasons for posture change

Figure 6 Bar graph of reasons for posture change vs counts

DISCUSSION

From the resultsye could come to the conclusion of failing to reject the hypothesis that
the postural behavior across two arrangements are samee the results shows that the
arrangement does not have a significant effect on the postural behavior, we could question the
necessity of these standards. Chair design has been shown to have some significant impact or effect
on how partici pa Mhisscéuld pgais queshoaiethen efp@atei companies
should hire ergonomic consultants, spend money and time to get the office workstations arranged
according to the standards. Tiesponses from the final interview indicates that computer users
do change their posture a lot,edio the main reason of discomfort to the body. This discomfort as
reported by each participant varied from eye strain to back pain. The number of back related pain
and discomfort in particular tells us that computer users might encounter a good amount of
discomfort to the back which forces them to shift their posture quite often. Another interesting

observation is that change in posture due to habit is closely following the major top two reasons.
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This could mean that some computer users change their gasterto being restless or natural
tendency in addition to discomforts. Further analysis of the data might reveal if the type of
arrangement of workstation or the chair has significant effect on the degree to which users change
their posture and assume thieong or bad postures. The standards under review in this study has
one major limitation. It does not account for the shift in posture that occurs. Since users tend to
move a lot, it is advisable that the workstation be built in such a way as to egbentpawkward
shifts in posture or a workstation that adjus
to presentday cameras which can identify your face and change focus as and when you move
towards or away from the camera, it might helih& display screen could identify the distance of

the user from the screen and alter the brightness. Also, with the advancement of technology, it will
help reduce eye strain if the screen could tilt to accommodate to the viewing angle of the user as

the wser moves or turns in his/her chair.

The results from the NRS analysis shows that eye strain is affected significantly by
arrangement of workstation and wrist pain is significantly affected by the chair type. There is not
enough data collected to make uslerstand why these factors in particular are affected in this

particular manner.

In the end we could say that it is advisable and makes sense to invest in an ergonomic
workstation as it would give the users the option to use it to their preference@prbalde them
with a chance to use it wisely but treating t

good or make it worth the investment.
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LIMITATIONS

A higher sample sizecompared to 32 sample size of this stushyyht have resulted in
more promising results. The posture measurements would be more accurate if motion tracking
sensors were attached to the participantsodo bo
not used, the data was extracted completely from the video. Thatiom with this technique is
the error from not being able to measure angles at awkward postures, such as if a participant rotates
the chair by some angle which would not give the most accurate side profile of the participant. The
measure of the lengthf the desk along the edge was used to calibrate the viewing distance
measurement in Kinovea software. Since the edge of the desk is not in the same plane as the
participantsdé sagittal pl ane on which 1inhe vi e
its measurement. If the desk used in the study was adjustable, Group B users would have had the
option of changing the height of the workstation to their preference. Due to this limitation on the

wor kstation, one parti cthepartcipantswasdta@tshmrt.t had t o be

CONCLUSION

The main purpose of this study was to see if the ANSI/HFES standards established for
computer workstations impacts the way in which computer users assume work postures at the
workstation. The results show thiie behaviolis not significantly differenfrom the scenario
when users just set up workstations according to their personal preference. Chair design however
has been seen to have significant effect viewing distance and deviation of the neck from the
vertical. Both chair type or workstation arrangement does not seem to have any significant effect
on ability to identify disparity (stereoacuity) or the pupil diameter. There is not enough previous

work done to give any idea as to whether posture especiallyng distance has any impact on
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stereoacuityEven though there are very few studies done on change in stereoacuity from long
term computer use, these studies did not focus on the posture or the stress that the users caused
themselves through short or priewing distance@rown et al.1993;Yekta et al. 1989Bell et

al., 1972 HaegerstronPortnoy et al.1999;Wright and Wormald,1992).

FUTURE WORK

In this study, even though it was observed during the experimental task that participants
tend to lean fovard, slouch or assume wrong postures at times, there is not enough analysis done
to study if the duration for which those postures were assumed might have had some effect on the
pain scale rating as received from the participants. Further study camé&avtiere instances
where participants assume wrong posture are counted and the duration is noted which could be
compared to pain scale rating. This may give an idea about if there is correlation between postures
assumed and discomforts developed. Usingghen sample size would give more reliable data.

Use of better technology such as motion sensors to track dynamic movement and shift in postures

will help identify duration of static posture and also to measure postures with more accuracy.
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1138 Pearson Hall
Ames. fowa jo0ni- 2207
315 204-4500
FAX 515 2943207

Date: 5/6/2016
To: Midhun Vasan CC: Dr. Richard T Stone
4112 Westbrook Dr Unit 17 3004 Black Engineering
Ames, |IA 50014
From: Office for Responsible Research
Title: Evaluation of Latest Computer Workstation Standard:
IRB ID: 16-010
Approval Date: 5/6/2016 Date for Continuing Review: 3/17/2018
Submission Type: Modification Review Type: Expedited

The project referenced above has received approval from the Institutional Review Board (IRB) at lowa State University according
to the dates shown above. Please refer to the IRB ID number shown above in all correspondence regarding this study.

To ensure compliance with federal regulations (45 CFR 46 & 21 CFR 56), please be sure to:

Use only the approved study materials in your research, including the recruitment materials and informed consent
documents that have the IRB approval stamp.

Retain signed inf d t d ts for 3 years after the close of the study, when documented consent is
required.
Obtain IRB app | prior to impl ing any changes to the study by submitting a Modification Form for Non-Exempt
Research or Amendment for Personnel Changes form, as necessary.
Immediately inform the IRB of (1) all serlous andlor pected ad experi involving risks to subjects or
others; and (2) any other p ing risks to subjects or others.
Stop all h activity if IRB app | lapses, unless continuation is necessary to prevent harm to research
participants. Research activity can resume once IRB approval is reestablished
Ci lete a new inuing review form at least three to four weeks prior to the date for continuing review as noted
above to provide sufficient time for the IRB to review and approve continuation of the study. We will send a courtesy
reminder as this date approaches.

Please be aware that IRB approval means that you have met the requi its of federal lations and ISU p go'

human subjects research. Approval from other entities may also be needed. For example, access to data from pnvate records
(e.g. student, medical, or employment records, etc.) that are protected by FERPA, HIPAA, or other confidentiality policies requires
permission from the holders of those records. Similarly, for research conducted in institutions other than ISU (e.g., schools, other
colleges or universities, medical facilities, panies, etc.), i igators must obtain permission from the institution(s) as required
by their policies. IRB app! | in no way implies or g thatp ission from these other entities will be granted.

Upon completion of the project, please submit a Project Closure Form to the Office for Responsible Research, 1138 Pearson Hall,
to officially close the project.

Please don't hesitate to contact us if you have questions or concerns at 515-294-4566 or IRB@iastate.edu.
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APPENDIX C

INFORMED CONSENT FORM-OR IE 271 STUDENTS



