i

EVALUATION of computer workstation standards
by
Midhun Vasan
A thesis submitted to the graduate faculty
in partial fulfilment of the requirements for the degree of
MASTER OF SCIENCE
Major: Industrial Engineering
Program of Study Committee:
Richard T Stone, Major Professor
Michael Dorneich
Stephen Vardeman

Iowa State University
Ames, Iowa
2016
Copyright © Midhun Vasan, 2016. All rights reserved.

ii

DEDICATION
I dedicate this to my father, Mr. M. Gokula Vasan, who taught me the value of earning
your place in life. The day I become half the man you are, I will consider myself the luckiest
person alive. Proud to be your son.

iii

TABLE OF CONTENTS

Page
LIST OF FIGURES…………………………………………………………………………….....v
LIST OF TABLES………………………………………………………………………………..vi
ACKNOWLEDGEMENTS……………………………………………………………………vii
ABSTRACT…………………………………………………………………………………….viii
CHAPTER 1: INTRODUCTION…………………………………………………………………1
CHAPTER 2: LITERATURE REVIEW………………………………………………………….4
Computer Use……………………………………………………………………………..4
Musculoskeletal Disorders…………………………………………………………...……9
Visual Fatigue……………………………………………………………………………13
Switch from CRT to LCD……………………………………………………………….14
CHAPTER 3: Evaluation of Latest Computer Workstation Standards………………………….15
ABSTRACT……………………………………………………………………………...15
INTRODUCTION……………………………………………………………………….16
METHODOLOGY………………………………………………………………………22
Participant Selection……………………………………………………………..22
Materials…………………………………………………………………………23
Task………………………………………………………………………………24
Experimental Procedure………………………………………………………….25

iv

Variables…………………………………………………………………………28
Data Collection…………………………………………………………………..28
RESULTS………………………………………………………………………………..29
DISCUSSION……………………………………………………………………………35
LIMITATIONS………………...…………………………………………………...……37
CONCLUSIONS………………………………………………………………………...37
FUTURE WORK………………………………………………………………………...38
APPENDIX A: IRB FIRST APPROVAL……………………………………………………….49
APPENDIX B: IRB FINAL APPROVAL AFTER MODIFICATION…………………………50
APPENDIX C: INFORMED CONSENT FORM FOR IE 271 STUDENTS……….…………..51
APPENDIX D: INFORMED CONSENT FORM FOR NON-IE 271 STUDENTS…………….55
APPENDIC E: EXPERIMENTAL SCRIPT…………………………………………………….59
APPENDIX F: FLYERS FOR PARICIPANTS…………………………………………………62
APPENDIX G: SCRIPT FOR ANNOUNCEMENT IN 1E 271 CLASS……………………….63
APPENDIX H: FIRST INTERVIEW QUESTIONS……………………………………………64
APPENDIX I: POST EXPERIMENTAL QUESTIONNAIRE………………………………….65
APPENDIX J: POST EXPERIMENTAL INTERVIEW QUESTIONS………………………...66
APPENDIX K: ANSI/HFES 100-2007 SPEFICICATIONS FOLLOWED FOR THE STUDY.67

v

LIST OF FIGURES

Page
Figure 1: Workstation set up for experiment………………………………….…………………24
Figure 2: Randot Stereoacuity Test Kit………………………………………………………….24
Figure 3: Interaction plots for postural variables
a. Viewing distance…………………………………………………………………………32
b. Neck deviation from vertical…………………………………………………………….32
c. Angle between torso & legs……………………………………………………………...32
d. Shoulder flexion angle…………………………………………………………………...32
e. Deviation of elbow from horizontal ……………………………………………………..33
Figure 4: Interaction plots:
a. Disparity difference………………………………………………………………...……33
b. Pupil diameter difference……………………………………………………………..…33
Figure 5: Bar graph of mean reported pain in decreasing order………………………………...36
Figure 6: Bar graph of reasons of posture change vs counts……………………………………37

vi

LIST OF TABLES
Page
Table 1: Dependent and Independent Variables………………………………………………....29
Table 2: Summary of ANOVA results for postural variables at starting position……………….31
Table 3: Summary of ANOVA results for measured variables………………………………….31
Table 4: Summary of ANOVA results for pain scale rating……………………………………..35

vii

ACKNOWLEDGEMENTS
First and foremost, I thank my parents, my father Mr. M. Gokula Vasan and my mother
Mrs. Vasantha Vasan and would like to tell them how grateful I am for providing me with the
opportunity to pursue my Master’s degree. Always encouraging me to learn as much as I can from
all the resources available to me. I would like to thank my partner, Akshita Pillai for mentally
supporting me through all the troubled times and being there for me when I needed someone to
calm me down.
I would thank my advisor Dr. Richard Stone, who has always encouraged me through both
my coursework and my thesis. He has always put a spin on anything that went wrong or any
moment of trouble and made it seem like an opportunity to learn and make the best out of the bad
situation. It is always great to have someone appreciating you even when you feel you have not
done enough work. It was a great experience working with him.
I would like to thank my committee members, Dr. Michael Dorneich and Dr. Stephen
Vardeman for all their inputs and help with my thesis. Dr. Dorneich’s door has always been open
for pop-in quick questions, which were never turned down. His detail oriented nature and
organized work structure which I got to know through IE 572, has helped me understand the need
for a crisp and clear plan when it comes to getting work done. Dr. Vardeman’s input on my data
analysis helped me a long way in the tedious task of presenting my data.

viii

ABSTRACT

This thesis aims at studying and evaluating the relevancy of the latest existing standards
that have been established for setting up a computer workstation. The standards referred to in this
study is the ANSI/HFES 100 (2007). Over the past two decades, standards have been updated to
get along with new technology. However, by human nature, we does not always use these standards
in the best way. Also, even if someone does set up their workstation in a way that are in accordance
with standards, chances are that the user did not even know they were setting it in those ‘standard
recognized’ way. It is more through their natural instinct and comfort that they do end up setting
the workstation in that way. During computer tasks, people tend to shift their posture well outside
of ‘standard advised’ posture ranges. If that is the case, then why enforce standards at all? That is
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 according to their comfort) the experimenter is able to
compare and show that the postural behavior between the two groups are not significantly different
and hence, the data gathered fails to show that standards could make any difference in the way a
user sets up his/her workstation and also it does not affect the postural behavior or shifts in posture
during the two-hour task. The study also tries to find out the effect of a two-hour computer task on
stereoacuity and pupil diameter changes in participants. From the results and conclusion arrived
in this study, companies can decide whether or not to spend valuable money and time in hiring an
ergonomic expert in setting up workstations. Maybe the best thing they could do is provide the
ergonomic office furniture and trust the judgement of the users to put it to best use.
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CHAPTER I
INTRODUCTION
International Standards Organization (ISO) defines a standard as “a document that
provides requirements, specifications, guidelines or characteristics that can be used consistently
to ensure that materials, products, processes and services are fit for their purpose” as per
mentioned in the ISO website ("ISO 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 as a
method for sharing specific details or knowledge across the population without requiring one to
be an expert in the topic. 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 standards has reached broader areas
such as management techniques in running a good business, measurement of environmental health
(Brown, Pyke and Steenhof, 2010).
A major part of this study is regarding the relevancy of one such standard established for
setting up computer workstation. Normal human behavior does not always go with healthy
behavior. Humans tend to take bad postures to get work done. Take 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 people actually think about these facts? Ever
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 about good ergonomic habits. When
is the last time you ever actually checked if the distance at which you are seated from the monitor
while using a computer is within the advised standards? Ever thought whether the posture which
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you “feel” comfortable in while sitting there is actually safe or ergonomic? Have you ever 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 posture or the
effect it has on your performance. If you stop to think about the long term negative repercussions
of the posture assumed every time 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 whole area of the
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 workstation. Standards have evolved over the
past two decades. This study aims at evaluating a particular set of standards (ANSI/HFES 1002007) that have been established to guide in setting up a computer workstation. Through the study,
the experimenter tries to see if these standards do make a difference when compared to people who
just set up their workstation according to their free will or in a way that comforts them. Within this
set up the experimenter introduces two different chairs with different backrest features to
understand the effect of chairs on postural behavior.
The study also aims to find out the effect of short term computer tasks on pupil dilation and
stereoacuity of computer users. These will be stated in the hypotheses section.
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Hypotheses
1. The postural behavior variables measured among the participants are not different for the
two different arrangements of workstation (Standard and Non-Standard).
2. The postural behavior variables measured among participants are not different for the two
different type of chairs used.
3. Stereoacuity or ability to identify disparity measured are not different for two different
arrangements of workstation (Standard and Non-Standard).
4. Pupil diameter measured are not different for the two different types of chairs used.
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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 reported to be used 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 adults in 2001 (DeBell and Chapman 2006).
Since computers help in accessing information faster and easier, it may also be considered to
represent, in a way, the users’ standard of living (National Research Council 1999). A study
conducted by National Center for Education Statistics in 2005 concluded that 67% of kids going
to nursery school used computers and 23% of them using internet (DeBel, M. 2005). It would 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 and the number of users will keep increasing.

Musculoskeletal Disorders
Musculoskeletal disorders have been described as conditions or injuries which involve the
nerves, tendons, muscles and other support-providing-structures of our body (Bernard 1997).
Previous studies have used terminologies which included cumulative trauma disorders and/or
repetitive strain injuries to describe Work-related Musculoskeletal Disorders (WMSDs). PutzAnderson (1988) described cumulative trauma disorders as discomfort and/or problems that
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develop due 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, musculoskeletal discomfort 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 issues/discomforts among Visual Display Terminal (VDT)
users (Bergqvist 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 musculoskeletal issues (Waersted et al., 2010). These 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 computer-use related
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 complaints arising out of computer use can still
prevail even under properly adjusted workstations (Arndt, 1983). This 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
postures. Some studies done before have concluded that awkward or wrong postures at a computer
workstation could raise your chances of developing MSDs (Ortiz-Hernandez et al., 2003; Carter
& Banister; 1994; Bergqvist et al.,1995; Yu & Wong,1996). Ortiz-Hernandez 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 muscle pain. A similar conclusion was arrived at by Ariens et al.
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(2002) with regard to forward extension of the neck and working in that position for prolonged
period of time. A longitudinal study on work-related physical and psychosocial characteristics of
complaints of neck, shoulder, forearm and hand pain conducted by Eltayeb, Staal, Hassan and de
Bie (2009) on computer users observed four main predictors for shoulder and neck pain, 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 demand from job 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 (Bongers et al., 2006; Smedley et. al., 2003). 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 each other should be considered.
Several studies have been conducted to study the effect of monitor height on neck flexion
and discomfort which in turn leads to Work-related 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
according to two studies (Hamilton, 1996; Villanueva et al., 1997). Lowering the monitor and thus
changing the viewing angle from 15º to 40º was found to increase muscle activity in the cervical
erector spinae 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 of 35º below the horizontal there
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 the muscle activity for an
89-minute VDT study, where the baseline height was fixed at a point where the top of the screen
was at exact level of the participant’s eyes and then increased to the highest at 15 cm above the
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baseline (Seghers, Jochem & Spaepen, 2003). It was also found in the same study that when the
screen was lowered to a 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 neck. From that study it may be concluded that laptop users face more
discomforts and/or pain to their body as compared to desktop monitor users from the obvious
height at which laptops are usually mounted. With the portability and convenience of using laptops
the risk of MSDs is on the rise.
Not a lot of literature 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 the arm rests of
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 forearms were provided. 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 have been studied by previous studies
(Andersson & Ortengren, 1974; Baumgartner et al., 2012; Bendix et al., 1985). A study was
conducted on chair designs and its redesign to analyze, among other effects, the effect of redesign
on the seat pan’s peak pressure (Groenesteijn et al., 2009). The redesign introduced a denser seat
pan and the shape was made more basin-like. No significant difference was observed between the
two chair designs as far as the peak pressure was concerned. Another study (Carcone & Keir, 2007)
reported that by adding a supplementary backrest to a chair, there was a reduction 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
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understand the effect of chair design 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 that the pressure
distribution values were higher for males than females. This 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 cross-sectional 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 favorable psychological 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 participants with 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 computer workstation 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., 1994). Not all studies on psychological factors
have consistent results. A study involving 218 newspaper workers who were computer users
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showed no association between job demand or control and musculoskeletal discomforts/pain
(Ortiz-Hernandez et al.,2003).

Visual Fatigue
Another issue, the increasing computer usage has brought about is visual fatigue. Eye strain
was described as “vague discomfort which may be localized in the head or eyes”, by Tyrrell and
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 Lees (1991) reported this to be high
as 85%. A study conducted on visual display terminal (VDT) users in Poland revealed that the
greatest discomfort reported by the users was visual fatigue followed by mental load and
musculoskeletal pain. The number of women reporting these discomforts were found to be higher
than that of men (Kamieńska-Zyła, 1993). On another study conducted on VDT tasks involving
data entry by office workers concluded that increased keyboard work resulted in increased reports
of eye strain (Bergqvist, 1995). This may be because of increased entry work which causes an
increases attention to keyboard. Another conclusion that would come very easy to one’s mind
would be that increased data entry means more attention to VDT screens which could also cause
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 discomforts (Berqvist and Knave,
1994).
Viewing angle has been considered to have some effect on the visual strain or fatigue
among computer users. Human eyes’ resting point is considered to be between 0º to 15º downward
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 is in an upright position. The optimum viewing angle is
recommended to be 0 degrees but since a computer screen cannot be looked at with just one
viewing angle, the above mentioned range can be explained. A study (Sotoyama et al., 1997) on
visual comfort with 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 angles of 0º to 30º below the
horizontal. This was explained by the fact that ocular surface increases with increases in the
viewing angle which in turn causes the tears to evaporate and lead to dry eyes. Another 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 evident correlation 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 monitor and increase the neck angle which in turn leads to increase in discomfort of the neck.
The same conclusion was reported by more than one study (Saito & SOTOYAMA et al. 1997;
Sotoyama et al. 1997; Burges-Limerick et al. 1998; Psihogios et al. 2001).
Jaschinski-Kruza (1988) conducted a study on the effect of viewing distance on visual
fatigue. The ciliary muscles’ mechanism, 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 increase in visual strain for viewing distance of 50 cm as compared to 100 cm. A study
conducted by Chi and Lin (1988) on 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 strain and 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 eyes’ accommodative response system. Saito et al. (1993) observed 10%
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smaller 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 caused less strain on 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 discomfort among VDT 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 eye movements. Extraocular muscle forces are dependent
on fixation position and angle of eye movement (saccadic amplitude) (Hallett, 1986). Torsion
could stress the optic nerve and cause discomfort and pain to the eye.
Stereoacuity (also known as visual acuity) is defined as the smallest amount of disparity in the
retinal image in the horizontal direction that lets us identify or perceive a sense of depth of an
object ( Lovasik & Szymkiw, 1985; Schmidt, 1994 ). It lets us judge the details of an object while
viewing with both 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 causes only a small
change in visual acuity (Brown et al. 1993; Yekta et al. 1989). Other studies have contradicting
conclusions stating that there is a strong correlation between age and visual acuity (Bell et al.,
1972; Haegerstrom-Portnoy et al., 1999; Wright and Wormald,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. 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, the above scenario
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 has not been conducted on short term or long term effects of computer or
VDT tasks on visual acuity or stereoacuity among VDT users. A three yearlong research study
(Yoshikawa et 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 comparatively less VDT tasks. The third group were
workers from 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 task. The comparison
of visual acuity of workers at the beginning of the study and at the end of 3 years showed 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 reduction. However,
since not much more research has been done in this field, 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 measure this. Randot stereo
tests are used commonly to measure stereoacuity.. Currently there are different Randot Stereo Test
booklets available to test for children and also for adults. One example is the Randot® Preschool
Stereoacuity Test (Birch 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 comprehension and
different levels of disparity.

Switch from CRT to LCD Monitors
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 up less space compared to CRTs. This 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 accommodate the users’ needs. LCDs also utilize less power compared to CRTs which in
turn means reduced emission of heat which reduces the load air conditioning and reduced
electromagnetic radiation and its associated problems (Menozzi, Näpflin & Krueger ,1999).
LCDs offer better viewability, higher response time, 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 100-1988, American National Standards for Human 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 option while setting up a computer workstation for operations
in seated posture. The standard was formed in consideration of specific computer tasks which
included data entry, text processing and data inquiry as well as served purpose as guidelines for
other tasks 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 100-2002 Human Factors Engineering of Computer Workstations (Draft
standard for trial use) was published later in 2002 as a revision to the ANSI/HFES 100-1988. BSR
stands for Board of Standards Review. In the 1988 version, the standard focused only on the
upright posture as a reference. This led to a misunderstanding and conclusion that this was the only
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correct posture (Ergoweb, 2002). In the revised version, the standard considered a total of four
different primary working postures. These were upright, reclined, declined and standing postures.
The reclined posture occurs while leaning back 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 straight 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 parts. Also, more input devices are given consideration in the revised standards.
After 5 years after the 2002 version of the standard, American National Standards Institute
(ANSI) approved the latest standard ANSI/HFES 100-2007, Human Factors Engineering of
Computer Workstations, which includes some of the parts of the 2002 version (Anderson, 2002).
The 2007 standard has taken flat panel displays also into consideration compared to CRT monitors
of the 1988 version. For 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 Scale (NRS) is a very common scale used nowadays to judge pain
especially in primary care at hospitals. A study of NRS on adults reported it to be effective in
clinical care (Bijur, Latimer, & Gallagher, 2003). Similar conclusions have been reached by other
studies (von Baeyer et al., 2009, Hollen et al., 2005, Jensen, Karoly, & Braver, 1986, Williamson
& 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, Iowa State University, Ames, IA, U.S.A.
Richard T. Stone, Iowa 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
even if we know it’s 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 perform a 2-hour
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 does not cause 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 standard as “a document that
provides requirements, specifications, guidelines or characteristics that can be used consistently
to ensure that materials, products, processes and services are fit for their purpose” as per
mentioned in the ISO website ("ISO 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 knowledge across 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 standards has 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 workstation. The standard used for the purpose of this study is ANSI/HFES
100-2007. Normal human behavior does not always go with healthy behavior. Humans tend to
take bad postures to get work done. In a workplace, this causes workers to assume 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 discomforts. Even 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 distance that 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 to do and ends up bending over
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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. With the evolution 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 of MSDs, there 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 scale. A study in 2003 reported there are 190 million
computer users (Gerr, F., Marcus & Monteilh, 2004). Computer use has spread across wide range
of age groups, adolescents and school children more frequent than adults according to a 2001 study
(DeBell and Chapman, 2006).
MSDs have been described as discomforts, injuries or conditions in which the nerves,
tendons or muscles of one’s body (Bernard 1997). Work related MSDs or WMSDs can be
described with words such as cumulative trauma disorders, repetitive stress or strain injuries which
are caused due to repetition of a movement or task which in the long run leads to damage of muscle
tissue or joints (Putz-Anderson, 1988). In many industrial countries, among computer users and
the general population, musculoskeletal discomfort involving neck, shoulder and arms are
common according to two studies (Gerr et al., 2004). When one study reported increase in the
number of cases of wrist and eye discomforts among VDT users (Bergqvist, Knave, Voss, &
Wibom, 1992), another study could not prove correlation between computer use and upper limb
musculoskeletal issues (Waersted, Hanvold & 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 on students using computers have shown computer related
musculoskeletal symptoms (MSS) prevalence rates of 52.8% (Dockrell, Bennett & CulletonQuinn, 2015), 53.4% (Katz, Amick, Carroll, Hollis, Fossel & Coley, 2000), 54.0% (Jenkins,
Menéndez, Amick Iii, Tullar, Hupert, Robertson & Katz, 2007), 67% (Hupert, Amick, Fossel,
Coley, Robertson & Katz, 2004) and 80.6% (Hamilton, Jacobs & Orsmond, 2005).
Posture is another factor that is of interest when it comes to seated computer work for long
duration which is the typical case in white collar jobs. Previous studies have observed that
inappropriate postures at VDT workstation is a factor for increasing the chances for MSDs (OrtizHernández, Tamez-González, Martı́nez-Alcántara, & Méndez-Ramı́rez, 2003; Carter & Banister,
1994, Bergqvist, Wolgast, Nilsson & Voss, 1995; Yu & Wong, 1996). Ortiz-Hernandez 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 muscle pain. A similar conclusion was arrived by another
study (Ariëns, Bongers, Hoogendoorn, Van Der Wal & Van Mechelen, 2002) with regard to
forward extension of the neck and working in that position for prolonged period of time. Several
studies have been performed to understand the 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 according to two
studies (Hamilton, 1996; Villanueva, Jonai, Sotoyama, HISANAGA, TAKEUCHI & SAITO,
1997). Lowering the monitor and thus changing the viewing angle from 15º to 40º was found to
significant effect and increase muscle activity in the cervical erector spinae muscle (Turville,
Psihogios, Ulmer & Mirka, 1998).
Not a lot of literature exists which shows relation between VDT use and muscle activity of
the shoulder. Low activity of deltoid muscles was reported in a study (Seghers, Jochem & Spaepen,
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2003) where the 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 have been studied by previous
studies (Andersson and Ortengren, 1974; Baumgartner, Zemp, List, Stoop, Naxera, Elsig &
Lorenzetti, 2012; Bendix, Winkel & Jessen, 1985). One study (Carcone and Keir, 2007) reported
that by adding an additional backrest to a chair, there was a reduction of 35% and 20% in peak and
mean 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 the design features of a chair on posture of the participants and the pressure
distribution on the seat pan (Vos, Congleton, Moore, Amendola & Ringer, 2006). The study
concluded that the chair design had more effect on the pressure distribution and followed by the
posture. Although not considered for this study, it is interesting to note the effect psychological
factors have on reported discomforts/pain symptoms. A cross-sectional study of 3475 computer
users, conducted to study the relation between stress and self-reported 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 discomfort/pain (Vos 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 favorable psychological work environments (Linton & Kamwendo, 1989).
Another issue, the increasing computer usage has brought about is visual fatigue. Eye strain
was described as “vague discomfort which may be localized in the head or eyes”, by Tyrrell and
Leibowitz (1990) and put it under a category of visual fatigue. Jaschinski-Kruza (1988) conducted
a study on the impact of viewing distance on visual fatigue. The ciliary muscles’ mechanism,

20

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 increase in visual strain for viewing
distance of 50 cm as compared to 100 cm. Pupil size is one indicator for visual discomfort. Its
increase negatively affects the required focus and precision of the eyes’ accommodative response
system. Saito, Taptagaporn and Salvendy (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 in
the retinal image in the horizontal direction that lets us identify or perceive a sense of depth of an
object (Lovasik & Szymkiw, 1985; Schmidt, 1994). There are studies which have reported that
age causes only a small change in visual acuity (Brown, Yap & Fan, 1993; Yekta, Pickwell &
Jenkins, 1989). Other studies have contradicting conclusions stating that there is a strong
correlation between age and visual acuity (Bell, Wolf & Bernholz, 1972; Haegerstrom-Portnoy,
Schneck & Brabyn, 1999 and Wright and Wormald,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 100-1988, American National Standards for Human 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. BSR/HFES 100-2002
Human Factors Engineering of Computer Workstations (Draft standard for trial use) was published
later in 2002 as a revision to the ANSI/HFES 100-1988. BSR stands for Board of Standards
Review. In the 1988 version, the standard focused only on the upright posture as a reference. This
led to a misunderstanding and conclusion that this was the only correct posture. 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 back 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 straight while working
at the computer. After 5 years after the 2002 version of the standard, American National Standards
Institute (ANSI) approved the latest standard ANSI/HFES 100-2007, 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 consideration compared to CRT monitors
of the 1988 version. For 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. The postural behavior variables measured among the participants are not different for the
two different arrangements of workstation (Standard and Non-Standard).
2. The postural behavior variables measured among participants are not different for the two
different type of chairs used.
3. Stereoacuity and pupil diameter measured are not different for two different arrangements
of workstation (Standard and Non-Standard).
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), included in the study were students enrolled at Iowa State University
(ISU). Participants were called for using three methods. Flyers (APPENDIX F) containing brief
of the study details were put on different locations at ISU campus. Second method involved
announcement about the study to IE 271 class 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 class. If the 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 template was obtained from Iowa State
University website and filled out with all the details as required by the Internal Review Board
(IRB). The consent form (APPENDIX C & APPENDIX D) was provided to each participant prior
to taking part in the study which explained 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 eligibility of participants. 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 through this 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 needed to be
18 years of age or above.

Materials
An office computer workstation was
simulated using an adjustable desk, with a 17inch LCD screen monitor, a standard
keyboard and mouse and an adjustable office
chair. Arrangement A involved using an
office chair with back rest unlocked and kept
unlocked. This chair will be referred as C1 for
the remainder of the study. Arrangement B
involved using an office chair with a backrest
that could be locked or unlocked as the user

Figure 1. Workstation set up for experiment.

pleases. This will be referred as C2 for the
remainder

of

the

study.

workstation is shown in the

The

entire

Figure 1. The

17-inch screen was decided for the study after
looking at another study (Seghers, Jochem &
Spaepen, 2003), where a 17-inch Cathode
Ray Tube (CRT) screen was used to study
posture during computer use.

Figure 2. Randot Stereoacuity Test Kit
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As part of the study a Randot Stereo Test is used Figure 2. It 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 possible to measure 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 online at http://www.addictinggames.com/ for a
duration of 2 hours. Turville et al., (1998) showed significant increase in postural shifts in a 2 hour
computer task. Also in another study (Waongenngarm, Rajaratnam & Janwantanakul, 2016) it was
shown that one hour of sitting in three seated postures (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 of the 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 mentioned study (Seghers,
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 was used as a justification for the design of
the current study. Participants were allowed to play as many different games as they please during
the two-hour time period. This ensured that the use of keyboard and mouse was balanced as the
controls were different for different games. Where some games used keyboard’s arrow keys alone
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
collar work experience.

Experimental procedure
The initial parts of the study included an initial interview (APPENDIX H) which was aimed
at finding out computer usage habits and patterns of the participant, self-reported discomforts,
suggestions for eliminating discomforts and posture changes. This was followed by a Randot
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 for the Randot Stereo 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 test was scored 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 to identify 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 type of chair used
for the study. For first group or Group A, the workstation was set up after making the participant
sit at the workstation and observing whether the following were in line with the latest standards
(“Human Factors Engineering for Computer Workstations”, 2007):
1) The angle between the torso and the thighs were close almost equal to 90º,
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2) When the participant sat with the feet flat on the ground, the lower legs were vertical
to the ground,
3) Participant was asked to look straight ahead while sitting upright and the monitor was
lowered till the top of the monitor was below the eyes’ horizontal level,
4) The angle between the monitor’s center and the horizontal at the eye is called the
viewing angle. The design angular viewing envelope is the allowed maximum range of
the viewing angle. The span of this measure was checked to be within +40º to -40º and
from + 30º to -20º. This was checked after seating the participant at the workstation
and taking one second video which was put in Kinoveo software (explained 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 of the display 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 0º.
5) When the participant reaches for the mouse or keyboard, the shoulder flexion (angle
between the upper arm and the torso) should not be more than 25º,
6) When the participant reaches for the mouse or keyboard, the elbows are either almost
parallel to the ground or the elbow should not deviate more than 20º above the
horizontal or 45º below the horizontal,
7) 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 can deviate between 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 criterion for the upright position was not taken in the case of the experiment where the
chair with unlockable backrest (C2 was used where only the 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 reclines position 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 long as 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. All movements were
limited to seated movements.
For Group B, 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 allowable height and tilted 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 study 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 experimental pain scale rating questionnaire (APPENDIX I). 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 care for 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 discomfort. The questionnaire covered
discomfort/pain rating as reported by self for different body parts. This was followed by another
interview (APPENDIX J) which covered questions regarding different discomforts faced by the
participants which may have been missed out in the pain scale rating questionnaire. The interview
questions also covered questions regarding participants’ opinion on frequency of breaks, their
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 end of the study helps identify the discomforts as perceived
by the participants.
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Table 1. Dependent and Independent Variables
Independent Variables

Dependent variables

Units

Arrangement (A&B)

Viewing distance

centimeters

Chair (C1 & C2)

Neck deviation 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 the participants 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 Randot Stereoacuity 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 end of 2 hours giving 25 frames. The postures were marked and the angles and
viewing distance measured using the tools available in Kinovea. The starting position of the
participants or the 0th time point or first frame was also analyzed to understand if the way there
was any difference in the way the participants in Group B arrangement arranged the workstation
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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 up arranging the workstation in a way that
was within the standards recommendation. In this 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 did not allow shooting the whole two hours of the study, 2) File got
erased while restarting the laptop which was rented from Iowa State University which was
programmed to wipe out the hard drive during every restart, 3) Participant was too short to be
accommodated 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 participant’s side.

Analysis of Variance (ANOVA): One way ANOVA was performed to compare the mean starting
posture between the two arrangements keeping the chair design constant. Two way ANOVA was
used to study the variances between the groups in each factor. It was also used to study the separate
and combined interaction effect of each factor (arrangement and the chair) on the measured
dependent variables

RESULTS
One-way 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 in Table 2. Twoway ANOVA on all measured postural variables, pupil diameter and stereoacuity are given in
given in Table 3. The 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.
Table 2. Summary of ANOVA results for postural variables at starting position. Main effects and
interactions are given. 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

Table 3. Summary of ANOVA results for the measured variables. Main effects and interactions are
given. Asterisk (*) denotes p<0.05
Measured Variables

Arrangement

Chair

Arrangement*Chair

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 elbow from 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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Figure 3. Interaction plots for postural variables (a) Viewing distance, (b) Neck deviation from
vertical, (c) Angle between torso & legs, (d) Shoulder flexion angle, (e) Deviation of elbow from
horizontal. Red dashed line indicates C1 and green dotted line denotes C2.
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Figure 4. Interaction plots: (a) Disparity difference, (b) Pupil diamter difference

Table 2. analysis shows the keeping C1 constant the mean starting 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 starting position) is different from how the workstation was arranged for
Group A participants.
The two-way ANOVA in Table 3 shows that there is not enough evidence to suggest that
the arrangement has significant effect on the postural variables, pupil diameter and stereoacuity.
By taking a look at the interaction plots in Figure 2 and 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 be not enough evidence to show significant effecct on the measured
variables. Therefore, the study fails to reject Hypothesis 1, Hypothesis 3. However, when
considering the chair design or type used, the ANOVA table shows that it has a significant impact
on the postural behavior 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 a significant effect
by chair design on stereoacuity and pupil diameter. Therefore, the study fails to reject Hypothesis
4 that the stereoacuity and pupil diameter measured are not different for the two different types of
chairs.
The ANOVA analysis of the pain scale rating questionnaire after the experimental task is
given in Table 4.
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Table 4. Summary of ANOVA results for pain scale rating. Main effects and interactions are given.
Asterisk (*) denotes p<0.05

Pain/discomfort
symptoms
Eye strain
Neck ache
Rotator cuff
Lower back
Elbow
Wrist
Hips
Knee
Head ache
Mid back
Shoulder tension

Arrangement
F-value
4.39*
0.06
0.79
0.91
0.17
<0.0001
0.62
0.83
0.54
<0.0001
0.049

Chair
Interaction
F-value F-value
0.47
0.47
12.85*
0.06
0.98
4.35*
0.16
0.73
5.60*
0.022
9.00*
0.79
1.50
0.047
1.57
1.87
0.24
0.089
0.72
0.096
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. There is not enough 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 to be 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 these reasons 1) 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 interested 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.
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Figure 6. Bar graph of reasons for posture change vs counts

DISCUSSION
From the results, we could come to the conclusion of failing to reject the hypothesis that
the postural behavior across two arrangements are same. Since 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 participants’ postural behavior. This could again question whether corporate companies
should hire ergonomic consultants, spend money and time to get the office workstations arranged
according to the standards. The responses from the final interview indicates that computer users
do change their posture a lot, due to 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 posture due to 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 the wrong 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 either prevent awkward
shifts in posture or a workstation that adjusts according to the shift in the users’ postures. Similar
to present-day cameras which can identify your face and change focus as and when you move
towards or away from the camera, it might help if the 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 user 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 us understand 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 and also provide them
with a chance to use it wisely but treating these standards as a ‘must’ will not do any significant
good or make it worth the investment.
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LIMITATIONS
A higher sample size (compared to 32 sample size of this study) might have resulted in
more promising results. The posture measurements would be more accurate if motion tracking
sensors were attached to the participants’ body during the whole study. Since motion tracking was
not used, the data was extracted completely from the video. The limitation 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 length of 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
participants’ sagittal plane on which the viewing distance is to be measured, some error arises in
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
workstation, one participant’s data had to be removed as the participant was too short.

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 that the behavior is not significantly different from 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 especially viewing distance has any impact on
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stereoacuity. Even 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 long viewing distances (Brown et al. 1993; Yekta et al. 1989; Bell et
al., 1972; Haegerstrom-Portnoy 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 forward, 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 can be done where 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. Using a higher 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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APPENDIX K
ANSI/HFES 100-2007 SPEFICICATIONS FOLLOWED FOR THE STUDY

Measure

Range

Remarks/Definition

1

Angle of neck deviation
from vertical

0º

Neck should be almost vertical

2

Shoulder flexion angle

0º to 25º

3

Angle between forearm
and horizontal

-45º to 20º

-45º below to 20º above the
horizontal

4

Thigh to torso

90º

On sitting upright posture

5

Thigh to torso

105º to 120º

On reclining or leaning back
posture

6

Designer viewing
envelope angle in vertical

-20º to 30º

Span of angle between nasal
bridge and a normal at the center
of the display screen

7

Designer viewing
envelope angle in
horizontal

-80º to 80º

Span of angle between nasal
bridge and a normal at the center
of the display screen

8

Angle between eye’s
horizontal and line from
eyes to center of the
display screen

15º to 20 º

Upper arm deviation from
neutral position towards the front

