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ABSTRACT
The aim of this research was to conduct an ergonomic assessment of working postures and the
design of computer workstations of the employees in Louisiana State University. The purpose of the
study was threefold‐ (1) to determine the major ergonomic issues in university employees while
working on computer workstations, (2) to compare the two ergonomic assessment tools (RULA and
REBA) to see how similarly or differently they assess the risks present in the same working condition
and (3) to develop a model that correlates between working condition, work posture and computer
workstation design with their effects on musculoskeletal system.
This research was constituted of a comprehensive survey (5 minutes) and a quantitative risk
assessment session (20 minutes) conducted over 72 participants and their workstations in the
university workplace. Along with the pre‐assessment questionnaire; the Cornell Musculoskeletal
Discomfort Questionnaire (CMDQ) and two ergonomic assessment tools REBA (Rapid Entire Body
Assessment) and RULA (Rapid Upper Limb Assessment) were used to quantify the ergonomic risk
factors. To evaluate the computer work stations “OSHA Computer Workstations eTool ‐ Evaluation
Checklist” was used.
The most number of participants (75.71%) reported to suffer from upper and lower back pain.
Next to it was shoulder and upper arm (45.71%) and then forearm and wrist (42.85%) discomfort.
Average RULA score (5) was more than that of REBA (4) making RULA an assessment tool with better
consistency while evaluating activities of upper limb, as working on computer workstation. In 85.48%
of cases RULA score was the same or more than that of REBA which indicates the strenuous work of
office employees cause a disorder more in the upper limbs than that of the lower limbs. Proportional
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odds ordinal regression model was used to identify the most significant factors contributing towards
the WMSD symptoms which are, (1) inappropriate positioning of computer monitor and exposure to
prolonged awkward posture of the (2) trunk or torso, (3) shoulder‐upper arm, (4) forearm‐elbows and
(5) wrist and hand. Three equations were developed for predicting the probabilities of a user having
slightly, moderately or very uncomfortable pain when the postural and design factors are given.
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CHAPTER 1: INTRODUCTION
The personal computer revolution has drastically altered work system in offices and
universities. This multi‐computing device has now become an inevitable part of any VDT workstation.
The ever growing use of computer workstations in universities is fourfold ‐ (1) instructional (2)
administrative (3) research and (4) study purpose.
In universities, computers are being used for preparing lectures, presenting to the class,
accessing and analyzing numerous data available online, maintaining database of students, employees
and professors, making communication in the form of e‐mails or chat, browsing the Internet for
necessary information and to introduce oneself with the reality and veracity of the global job market to
have the competitive edge over others.
For administrative works where going paperless is a positive trend, all the data storage and
processing is solely dependent on physical and virtual/cloud memories making computer a compulsory
part of the workstation.
Computers are indispensable part throughout the research process with the aid of internet
offering the ocean of data of previous and current studies accessible anytime and from anywhere.
From conceptual design phase to experimental data storage to analytical analysis to research
dissemination, use of a computer is inevitable.
This is the era of cloud storage and the process from applying to a university to submitting
home works, exams, publishing results, dissertation; journals have all gone online with many more to
join them.
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While the ever‐increasing usage of computers in workplace has blessed us with speed and
accuracy, its impact on our health due to over‐usage cannot be denied too. Major health problems like
Work Related Musculoskeletal Disorder (WMSD) and Repetitive Stress Injuries (RSI) have become
common phenomenon. Since, in universities today, most of the activities are done with the aid of
computers, the students, employees and professors are exposed to the risks associated with the usage
of computers over large span of time on a daily basis. While the working hours vary from professors to
administrative employees, from freshmen to masters to PhD students, the time spent on computer
workstations is significant for any of them. A study by Robertson (2008) reveals that two out of every
three Americans sit for all or most part of their work day at a computer station resulting in an upsurge
on acute and chronic musculoskeletal disorder cases (Robertson et al., 2008). Robertson claimed that
lack of proper intervention or training on appropriate posture is an unavoidable reason. This exposes
workers to repetitive motions of the upper extremities as well as sustained awkward lower back
postures. Carpal Tunnel Syndrome, trigger finger, golfer’s or tennis elbow, along with cervical and
lumbar disorders are examples of WMSDs that can be alleviated through appropriate ergonomics and
proper training (Robertson et al., 2008).
Work related Musculoskeletal Disorders (WMSDs) are a common health concern and a major
source of occupational illness throughout the world. At present, MSDs are one of the most obvious
problems ergonomists come across in the workplace all over the world (Choobineh et al., 2007).
According to the United States Department of Labor (2014) musculoskeletal disorder cases per 10,000
fulltime workers were 45.3, 52.7 and 33.5 cases for state government, local government and private
sectors, respectively. In 2013, 35.8 days‐away‐from‐work cases were reported per 10,000 full‐time
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workers owing to Musculoskeletal Disorders (MSDs) which was one‐third of all the reported cases of
days‐away‐from‐work (Bureau of Labor Statistics, 2014).
Along with the health risks associated, the monetary loss due to such disorders affects not only
the individual but also the organization and the society as a whole (Lee and Park, 2007).
Musculoskeletal disorders come along with high costs to employers for instance absenteeism, lost
productivity due to increased health issues, disability, and workers’ recompense costs. Annual report
on WMSD by United States Department of Labor in 2014 revealed that WMSD incidents cost about $20
billion in the year 2013 as direct cost and five times to that amount as indirect cost (OSHA, 2014). All
these statistics are alarming and signifies the necessity of assessment of design of computer
workstations and the work postures of users to draw out the root‐causes of growing number of cases
of WMSDs. It has become a priority to prevent work‐related musculoskeletal disorders (WMSDs) in
many countries (da Costa and Vieira, 2010).
Creating a more ergonomic design addressing all postural and environmental needs would
increase overall productivity of users by decreasing the frequency and severity of WMSDs. That’s why
this research aimed to find out the underlying ergonomic needs of university staffs. In this research the
“User Observation” method was used to analyze the workstation arrangement and the user’s posture
while working on their computer workstation. Both subjective and quantitative ratings were used in
the analysis. For subjective rating the Cornell Musculoskeletal Discomfort Questionnaire (CMDQ) and
for numerical rating two ergonomic assessment tools namely Rapid Upper Limb Assessment (RULA)
and Rapid Entire Body Assessment (REBA) are used. Important information about the working postures
of university staffs on their computer workstation and associated risk factors have been drawn out
from the research.
3

CHAPTER 2: LITERATURE REVIEW
Work‐related Musculoskeletal Disorders (WMSDs) among office workers are receiving growing
attention with time. Over the past few years, extensive research has been undertaken regarding the
most suitable postures to adopt while using a computer. Studies have revealed a variety of
contributing factors to musculoskeletal discomfort including increased job demands and longed
working hours at a computer (Gerr et al., 2002), increased levels of psychological stress (Carayon and
Smith, 2000), lack of specific ergonomic features in the workstations and office buildings and awkward
postures (Aghilinejad et al., 2012). Along with the lower back discomfort, musculoskeletal disorder of
the upper extremities are also prone due to the repetitive usage of keyboard, mouse, tracking balls,
touch screens etc. RSI (Repetitive Stress Injury), Cumulative Trauma Disorder (CTD), Carpal tunnel
syndrome (CTS), and Upper limb disorder (ULD) causes serious pain and if not treated early may cause
even permanent disability (Hayes et al., 2009).

2.1 Risks associated with prolonged work at computer workstation
Computer workstations are widely in use in universities today and the studies below show what
risk factors are associated with the routine work in VDT station for prolonged period of time.
2.1.1 Effects of posture
The ability to position a computer keyboard and corresponding author screen is thought to be
important in encouraging suitable shoulder and neck postures. For example, Villanueva et al. (1996)
found that screen height strongly influenced neck flexion, with lower screens resulting in greater neck
flexion. Similarly, Life and Pheasant (1984) showed that increasing keyboard height resulted in an
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increase in torque at the shoulder joint, presumably due to an increase in shoulder flexion. Although
consensus on the trunk postures to be utilized has not been reached, there are more consensuses on
the need for minimal shoulder flexion and neck flexion (Straker et al., 1997). The biomechanical load
increases with an increase in neck and shoulder flexion on surrounding structures, leading to
discomfort and probably the development of MSDs (Fujiwara et al., 2009). A similar report by Straker
et al. (1997) established that an increase in shoulder flexion from 0⁰ to 45⁰ resulted in an increase in
shoulder discomfort. A study by Lee (2005) shows there is 2.5% increase in the load on intervertebral
disc (from 280N to 350N) due to an increase in neck flexion from around 11⁰‐16⁰ degrees to around
34⁰‐41⁰ degrees while in both the cases the subjects were looking straight ahead at the desk monitor
(Lee, 2005).
Discomforts like neck pain can largely be attributed to extended neck flexion for long hours.
Gerr et al. (2004) observed a greater downward tilt to be associated with increased risk of neck or
shoulder symptoms and disorders. Another prospective study by Hlobil et al. (2005) shows the same
(positive) relationship between prolonged sitting at VDT workstation and neck pain. A similar study
also observed for a positive relation between extended neck flexion and neck pain (Wahlstorm J.,
2005).
While most of the ergonomic assessment studies till date have been conducted on industrial
workers; very fewer studies have considered evaluating the working postures of students or professors
in universities who are exposed to prolonged sitting working on computer workstation. A study by
Yaghobee et al. (2013) was conducted to assess and correct the posture of 69 dental students using
REBA before and after the intervention through the “Ergonomic principles in dentistry” course. Results
show that the postures of 94.2% of students were in moderate and high risk level which needed to be
5

corrected. The worst working positions were during surgery, endodontic and pediatric dentistry
procedures. Although the REBA scores before and after training course were statistically different
(P<0.05), the training did not improve the posture of students remarkably (Yaghobee et al., 2013).
Another study was undertaken by Gandavadi and Burke (2007) at the University Of Birmingham School
Of Dentistry. Posture of the students was assessed using RULA while they were using an adjustable
chair and a conventional chair. The results indicated that the students using the conventional chair
have significantly higher risk scores (p <0.05) when compared with the other suggesting a need of
adjustability. There have been several other studies concerning how ergonomic training and awareness
program can help dental students get more competent with the risks associated (Thornton et al.,
2004).
A study by Retsas and Pinikahana (2000) conducted on nurses in an Australian hospital reveals
that 40.1% of total participants (retrospectively) reported an injury associated with manual handling
activity, of which 75.9% was back injuries. About 67.6% of all manual handling injuries were associated
with direct patient care activities and the rest with non‐direct patient care activities. The consequences
of injuries were found significant (Retsas and Pinikahana, 2000).
Darragh et al. (2009) determined factors that increased the risk for WMSDs in physical
therapists which included manual handling of patients like patient transfer or repositioning in bent or
twisted postures, awkward joint movements and job stress. So it is evident from the study of all above
research that human posture is a significant factor in the development of WMSD.
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2.1.2 Effects of workstation design, environment and organization
The surrounding environment and organization of the VDT workstation helps us determine
what our working postures would be. The results from the experiment of Karwowski et al. (1994) show
that requirements of human‐computer interface design significantly affected the operators' postural
dynamics. Parameters like Seat height, Seat depth, Keyboard‐to user distance, Monitor height,
Monitor‐to‐user distance, thigh clearance, task lighting etc. largely contribute to the work postures and
thus consequentially to WMSDs. It was concluded that not only the physical, organizational, or
psychosocial work environment characteristics, but also the cognitive task characteristics are
important for assessment of postural effects in the VDT work (Karwowski et al., 1994).
A study by Vergaraet al. (2002) shows that great changes of posture are good indicators of
discomfort. He shows that lordosis postures with forward leaned pelvis and low mobility are the
principal causes of the increase in discomfort. That’s why it is important to have adjustability of
components of computer workstation so that users can be provided with greater mobility and better
postures while working. To concur that, Verbeek (1991) claimed that with the anthropometric
variability of humans, good posture could not be achieved without workplace equipment with good
adjustability. To encourage a good posture, the independency of adjustment of screen and keyboard is
important allowing users to position the tactile and visual interaction components. He also shows that
subjects with more severe postural abnormalities had a significantly increased incidence of pain
(Verbeek, 1991). The relationship between interface design and postural dynamics should therefore be
carefully considered in future studies aimed at optimizing the human‐computer data entry tasks.
Extreme positions of the wrist have been considered to be a risk factor for musculoskeletal
symptoms of the hand and wrist (Wahlstrom J., 2005). A study by Serina et al. (1999) shows that more
7

than 70% of participants type with their wrist in greater than 15 degrees extension and more than 20%
type with their wrist in greater than 20 degrees ulnar deviation. Though a prospective study concluded
that VDU work does not impose an occupational hazard for CTS (Brandt et al., 2004) but repetitive
work of the wrist and forearm has been associated with an increased risk of musculoskeletal symptoms
(Buckle and Devereux, 2002). With exposure to both extreme postures and repetitive tasks it has been
suggested that the risk increases, compared with exposure to only one risk factor (Wahlstrom J., 2005).
Research studies show that many cases of shoulder and neck pain were caused by inappropriate design
or use of furniture (Shikdar and Mahmoud, 2007). The same study suggests that users should position
their heads so that minimum stress is put on the neck muscles.
A study by Sauter et al. (1991) shows that leg discomfort increased with low, soft seat pans,
suggesting that postural constraint is more important than thigh compression as a risk factor for leg
discomfort in VDT work. In addition, arm discomfort increased with increases in keyboard height above
elbow level, supporting arguments for low placement of the keyboard. High levels of neck and
shoulder discomfort observed in the study by Sauter SL (1991) suggest the need for further attention
to the control of cervicobrachial pain syndromes in VDT work.
2.1.3 Effects of visual demand
The three main parameters of VDT position are the viewing distance from the eyes to the
screen, the height of the visual target relative to the eyes and the viewing angle (Jaschinski et al.,
1998). The position of a video display terminal (VDT) with respect to eyes can influence visual strain.
The recommended viewing angle is 15°–30° (Harris and Starker, 2000). Proper lighting is an important
visual‐environmental factor for a computer workstation. Lin et al. (2009) recommends several methods
for minimizing the effect of reflected glare on the screen. In the study he suggest that we should
8

position our computer screen perpendicular to the light source and use equipment like light focusing
diffuser or antiglare screen.
The notebooks or laptops are extensively in use now, but one demerit is that the monitor and
key board are not adjustable individually. Dragging the keyboard forward or pushing backward
automatically moves the display too. In a study by Saito et al. (1997) the average viewing distance was
found to be markedly shorter with notebook PC than with desktop PC. Subjects tend to incline their
head further forward when using the Notebook (Saito, 1997). Visual disorders like visual fatigue,
myopia and changes of accommodative response increase with short viewing distance (Rosenfield,
2011). Less head movement makes operators sustain static muscle causing an increase in
intramuscular tissue pressure. The forward inclination of the head and neck may increase the
mechanical load of at the seventh cervical vertebra, which may generate musculoskeletal disorders of
the neck and shoulder muscles (Saito et al., 1997).
2.1.4 Effects of working system
Both in experimental studies and in field studies the working technique on a computer
workstation was found to be different for different individuals (Lindegard et al., 2012). By assessing
work with an observational checklist Jensen et al. (1998) found that individuals with a poor working
technique while working on VDT station result in extended wrist flexion and higher muscle activity in
the upper extremities. Attributes like wrist postures, finger movements, frequency of movements and
force applied while pressing keyboard keys or mouse are directly associated with upper extremity
disorders (Pransky et al., 1997).
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2.1.5 Effects of gender
In almost all scientific studies of work‐related musculoskeletal disorders, women are found to
be at higher risk than men, regardless of the kind of work or occupation involved. The same
discrepancy exists between women and men regarding computer usage (Treaster and Burr, 2004). In
the study by Ekman et al. (2000), in which the objective was to investigate possible disparities between
women and men in the reporting of musculoskeletal symptoms among VDT users in the Swedish
workforce, the estimated odds ratio for sex (women/men) was 11.9 (95% confidence interval). In the
same study, women reported to have more symptoms in all body regions than men and were more
often exposed to physical and psychosocial conditions that have been considered harmful. Several
reasons for this increased risk for women were conferred by the authors. Firstly, women might have
more non‐work‐related stresses than men. Secondly, that there could be a difference in the
occupational exposure among men and women which mean women are more exposed to longer hours
of computer use in office. Computer works are generally found to be more suitable for female since it
doesn’t demand as much physical strength as in other male oriented works. In a review of
epidemiological findings on VDT work and musculoskeletal symptoms, Punnett and Bergqvist (1999)
affirmed that women report more neck and upper extremity symptoms than men. No definite
explanations were found in the reviewed studies, but differences in household work and childcare,
work situation differences and physical differences were mentioned as possibilities. In another review
by Tittiranonda et al. (1998) it was suggested that differences in anthropometrics may cause women to
work in more extreme postures or using higher relative muscle forces than men.
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2.1.6 Effects of training
Ergonomics training programs have shown positive effects in reducing computer workstation
WMSD symptoms. VDT operators need proper training on how to maintain a correct posture and
adjust their workstations (Chung and Choi, 1997). Merely providing adjustable furniture alone may not
prevent the onset of MSDs. Yeow and Sen (2003) illustrated in a study that a training program was
effective in producing positive changes in workstation configuration and posture, and reducing the
severity of symptoms. There was also an improvement in productivity (Yeow and Sen, 2003).Office
ergonomics training helps employees to understand proper workstation set‐up and postures (Lewis et
al., 2002). Decrease in WMSDs has been observed when workers were given an adjustable/flexible
work environment, coupled with ergonomics training (Robertson and O’Neill, 2003). The provision of
control over the work environment through adjustability and knowledge may enhance worker
effectiveness as well as health (Robertson et al., 2008).
Lincoln and colleagues (2000) in a study examined ergonomic training programs as the primary
prevention of work‐related disorders of upper limbs. This systematic review included 24 total studies
with workers that involved engineering controls (i.e., keyboard/mouse redesign), administrative
controls (i.e., training, exercise), or multiple component control (i.e., redesign, training, and task
rotation, etc.). The most promising indication was that the multi‐component interventions resulted in a
decrease in the incidence of WMSD symptoms, including carpal tunnel syndrome, tendonitis,
epicondylitis, and other conditions (Lincoln et al., 2000).
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2.2 Comparison between different tools for ergonomic assessment
REBA (Rapid Entire Body Assessment) and RULA (Rapid Upper Limb Assessment) are two quick
postural targeting methods for assessing workers postures and determining the risk factor index. There
are several studies which compare REBA and/or RULA with other postural assessment methods.
In a study by Dockrell (2012) Rapid Upper Limb Assessment (RULA) was used to assess postural
risk factors on pediatric population of two age groups where the purpose was to investigate the inter‐
rater and intra‐rater reliability of RULA. The results indicated that RULA was more reliable while
assessing the older age group of children, but its level of reliability necessitates caution for its lone use
while assessing younger children (Dockrell et al., 2012).
A cross‐sectional questionnaire based study by Sen and Richardson (2007) of 136 computer
users from a sample population of university students and office staff investigated users’ awareness of
ergonomic design of computer workstation. The study sought to see the prevalence of WMSD
symptoms due to overuse of computer. Rapid Upper Limb Assessment (RULA) was used for postural
assessment. It was found that around 50% of those who reported low back pain did not have an
adjustable backrest. Many users had higher RULA scores for wrist and neck suggesting overuse
syndromes from overuse of computer. It was concluded that further onsite studies are needed, to
follow up this survey to decrease the risks of amongst young computer users (Sen and Richardson,
2007).
Another study by Kee and Karwowski (2007) aimed to compare RULA and REBA based on the
evaluation results generated using 301 working postures. All postures were sampled from the iron and
steel, electronics, and chemical industries, and a general hospital. While only about 21% of the 301
postures were classified at the action category level 3 or 4 by REBA, about 56% of the postures were
12

classified into action level 3 or 4 by RULA. The inter‐method reliability for postural load category
between RULA and REBA was 48.2%. These results show that compared to RULA, REBA generally
underestimated postural loads for the analyzed postures, irrespective of industry and type of work
(Kee and Karwowski, 2007).
A similar study was conducted by Jones and Kumar (2010) to examine the agreement between
5 ergonomic risk assessment methods to examine the ability of the methods to correctly classify 4 at‐
risk jobs. Surface electromyography and electro‐goniometry were used to record the physical
exposures of 87 sawmill workers performing 4 repetitive jobs. Both RULA and REBA scores resulted in
high agreement between methods (Jones and Kumar, 2010).
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CHAPTER 3: RATIONALE AND OBJECTIVE
3.1 Rationale
A review of the literature concerning the ergonomic assessment of computer
workstation shows several researches have been conducted to assess the ergonomic deficiencies and
analyze the effect of an ergonomics awareness program on dental professors and students. Since
dental faculty and students are required to have dental training in real time clinical environment and
are exposed to the extreme postures of examining and handling patients, they are very susceptible to
WMSDs (Yaghobee et al., 2013). Also, a number of research concentrate on the ergonomic deficiencies
among staffs in nursing home (Retsas and Pinikahana, 2000). Some research have been undertaken to
identify the cause, incidence, and response to occupational musculoskeletal injuries reported by
physical therapists, physical therapist assistants and athletic trainer, in view of the fact that their work
is labor intensive and these participants are susceptible to occupational musculoskeletal injuries
(Darragh et al. 2009). Even though the kind of work university stuffs carry out on computers is not
labor intensive but is believed to be more mentally engaging and hence resulting in more mental stress
while working.
Also, some research have been carried out to assess the key ergonomic factors in call center
employees who are exposed to repetitive hand movements due to extensive use of phone and video
display unit simultaneously. Few other researches on ergonomic evaluation of office employees have
been conducted in Finland and Switzerland to figure out the effect of office space or lighting in office
room but exclusively based on user survey through email questionnaire.
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Although a lot of research has been conducted on how the design of VDT workstation and the
postural, environmental and psychosocial factors affect the musculoskeletal system of the user in the
office environment, there has not been any research that solely addresses the ergonomic concern of
professors and employees of a university who are exposed to prolonged hours of computer works in
their VDT workstations for education and research purpose. Since no past research concentrated on
the ergonomic requirements of university staffs, there is a need to conduct the ergonomic evaluation
of university staffs. An ergonomic study of the design of a computer workstation and user’s work
posture in an office environment in the University was therefore of interest in this study.

3.2 Objective
This research intended to study and identify ergonomic deficiencies in the design of computer
workstations and their effects on the musculoskeletal system of the user and suggest strategies to
reduce or eliminate these deficiencies to improve occupational health and safety, employee
performance, productivity and satisfaction. The aim was to look for a correlation between the causes
and effects of WMSDs of computer workstation users in universities exposed to sedentary posture for
prolonged period time.
Below are the objectives for the study listed‐
1. Identifying the key ergonomic issues in university staffs.
2. Comparing two ergonomic assessment tools RULA and REBA to check their inter‐variability.
3. Assessing how postural factors affect the musculoskeletal system of a VDT user in university
workspace.
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4. Assessing how workstation design factors affect the musculoskeletal system of a user exposed
to prolonged work at computer workstation.
5. Providing necessary suggestions to correct poor postures and inappropriate workstation setup.
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CHAPTER 4: METHODS AND PROCEDURES
This study evaluated the postures of university staffs while they were working on their
computer workstation. An evaluation of the design of the computer workstation was also of interest.
Since the employees of a university are exposed to prolonged sitting in their computer workstation
they might be exposed to the risk of WMSD (Work Related Musculoskeletal Disorder) symptoms. That
is why there was a need of the assessment of their postures and workstation design to find any
deficiencies which may lead to work related musculoskeletal disorders. In order to do this assessment
the following steps were followed‐
 Subject selection
 Emailing the subjects for their consent and appointment to do the observation
 Collecting data on the observation day through survey questionnaires and direct observation
 Providing necessary suggestions for improving the poor postures and workstation design
 Analyzing the data to derive important information from the study
The design of the experiment is described in details in the sections below.

4.1 Subject selection
Seventy two participants of the school of business and the college of arts and design in
Louisiana State University participated in the study. Participants were selected on volunteer basis.
Subjects all regularly used desktop or laptop computers and worked at least an average of 4 hours a
day on their computer workstation.
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4.2 Observation procedure:
Each observation session with the participants consisted of three sections namely, (1) the
survey session, (2) participants’ posture observation session and (3) workstation observation session.
The participants were randomly selected and were emailed for their appointment. On the appointed
day, participants were first handed the survey questionnaire and CMDQ questionnaire to fill out. After
that they were asked to work on their computer with the regular setup. While they were working on
their computer workstation, they were taken pictures of from lateral angles on the 5th, 10th, 15th, 16th,
17th, 18th and 20th minutes of observation. This was done with the view to having the worst posture
captured over the period of 20 minutes. We analyzed the picture with worst posture for each
participant for determining the RULA and REBA risk index. After the postural observation, “OSHA eTool
evaluation checklist” was used to evaluate the computer workstation for identifying any flaws in the
design and setup. At the end, participants were provided with any suggestion for changes in their
posture, or modification in their workstation setup that can help to reduce the WMSD symptoms if
they had any.
4.2.1 Survey session:
For survey purpose we had the participants fill out a pre‐assessment questionnaire (Appendix
A) that helped us gather general information on employee demographics i.e. employee weight, height,
age, gender, information about employee work environment and their perceptions of comfort, work
habits, work hours etc.
For identifying the perceived musculoskeletal discomfort we used Cornell Musculoskeletal
Discomfort Questionnaire (CMDQ) developed by Dalen Hedge (1999). CMDQ is a subjective rating scale
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for user’s perceived discomfort from work. The intensity of discomfort for each of the 12 body parts
mentioned in the CMDQ questionnaires (Appendix B) for male and female was rated on three
subscales (1) Frequency of pain, (2) Discomfort level and (3) Interference level. The frequency score
was rated from “never” to “several times a day”. Discomfort levels range from “slightly uncomfortable”
to “moderately uncomfortable” to “very uncomfortable” and the Interference levels range from “not
at all interfered” to “slightly interfere” to “substantially interfere”.
4.2.2 Postural observation session:
In the second phase of the assessment the participants were observed for 20 minutes while
they were working on their workstation. For quantifying the observation of employee posture we used
Rapid Entire Body Assessment (REBA) (Hignett and McAtamney, 2000) and Rapid Upper Limb
Assessment (RULA) (McAtamney and Corlett, 1993) tools. These ergonomic assessment tools evaluate
participants’ exposures to different postures for prolonged period of time, forces and muscle activities
that have been proven to contribute to Repetitive Strain Injuries (RSIs).
Rapid Entire Body Assessment (REBA)
REBA is a postural targeting method for estimating the risks of work‐related entire body
disorders by swift and methodical assessment of the postural risks of workers. REBA was developed by
Hignett and McAtamney for assessing workers’ postures for determining risk index of work‐related
musculoskeletal disorders (WRMSDs). Important tasks for each job are selected first. For each task,
postural factors are assessed by assigning a score to each associated body region. The following
worksheet (Figure 1) provides layout for the assessment.
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Figure 1: REBA score sheet
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We Scored the Group A (trunk, neck and legs) postures and the Group B (upper arms, lower
arms and wrists) postures for left and right side of the body. For each region, there is a posture scoring
scale plus adjustment notes for additional considerations. Then we scored the load / force and
coupling factors. Finally, we scored the activity.
We found the scores from Table A for the Group A posture scores and from Table B for the
Group B posture scores. Score A is the sum of the Table A score and the Load / Force score. Score B is
the sum of the Table B score and the Coupling score for each hand. Score A gives the row and score B
gives the column in table C. Score C is read from Table C where this row and column coincides. The
REBA score is the sum of the Score C and the Activity score. The degree of risk is found in the REBA
Decision table from Table 1.
REBA Decision
Table 1: REBA decision table
Score
1

Level of WMSD risk
Negligible risk, no action required

2‐3
4‐7

Low risk, change may be needed
Medium risk, further investigation, change soon

8‐10
11+

High risk, investigate and implement change
Very high risk, implement change

As seen from Table 1, the score 1 represents the user to be at a negligible risk and does not
require any corrective action to be taken. Scores ranging from 2‐3 and 4‐7 mean the user is at low and
medium risk, respectively, and that further investigation is required to see if any changes are needed
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to be made. If the score is more than 8 it would mean the user is at high risk and needs to implement
necessary changes instantly to correct the incorrect posture.
Rapid Upper Limb Assessment (RULA)
RULA is a postural targeting method for estimating the risks of work‐related upper limb
disorders. RULA worksheet (Figure 2) is used to assess body posture, force, and repetition. Based on
the evaluations, scores are entered for each body region in section A (arm and wrist) and section B
(neck and trunk). After the data for each region is collected and scored, tables on the worksheet are
then used to compile the risk factor variables, generating a single score that represents the level of
MSD risk.
As seen from Figure 2 the RULA score sheet takes into account the scores of muscle use score,
muscle load/ force score for both arm and wrist score and that of neck, leg and trunk score. These
scores allowed us to see if any of the participants had any physical force being applied on their body
parts. Apart from the combined score, the RULA score sheet also can be used for looking at different
scores for individual parts.
The RULA assessment can be carried out swiftly, so several postures and tasks within one work
cycle can be evaluated without any noteworthy time and endeavor. While assessing with RULA, only
one side (right or left) is evaluated at a time. After observing the worker, the evaluator can decide if
the evaluation is required for both sides.
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Figure 2: RULA score sheet
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Both the RULA and REBA assessment tools were designed for easy use without the need for
advanced training in ergonomics or expensive equipment.
RULA Decision:
After the data for each region were collected and scored, tables on the form were then used to
compile the risk factor variables, generating a single score that represents the level of MSD risk as
outlined below in Table 2:
Table 2: RULA decision table
Score

Level of WMSD risk

1‐2

Negligible risk, no action required

3‐4

Low risk, change may be needed

5‐6

Medium risk, further investigation, change
soon
Very high risk, implement change now

6+

A score ranging from 1‐2 depicts the user to be at a negligible risk indicating no action is
required. If the score ranges from 3‐4 or 5‐6 it interprets the person to be at low or medium risk
consecutively, and further investigation is advised for any changes that is needed to be made. Any
score more than 6 means the user is at very high risk and necessary changes should be implemented
instantly.
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4.2.3 Independent variableUser posture
To assess the subjects’ postures a Canon EOS rebel T3 camera was set to the left, front and right
side of the subject, at about subject head height. Lateral photographs were taken at the beginning of
the task and following 5th, 10th, 15th, 16th, 17th, 18th and 20th minutes. If preliminary analysis did not
recommend a systematic trend for a change of posture over the task time than any arbitrary posture
was used for the REBA and RULA analysis. But if there were a trend in change in postures then the
steadiest posture was used for analysis.
From the photographs, measurements were taken of trunk extension/flexion, neck flexion,
shoulder flexion, elbow flexion, wrist flexion/extension, as well as head tilt, neck flexion/extension etc.
Workstation setupDuring the observation session, participants used the regular computer or laptop they use for work.
Types of computer and workstation setup therefore varied for different participants.
4.2.4 Dependent variablesLevel of Discomfort
As already mentioned Cornell Musculoskeletal Discomfort Questionnaire (CMDQ) was used for
identifying the perceived musculoskeletal discomfort. CMDQ is a subjective rating scale for user’s
perceived discomfort from work. The intensity of discomfort was measured in three levels‐ slightly
uncomfortable, moderately uncomfortable and very uncomfortable.
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RULA and REBA scores
RULA and REBA scores are dependent variables that we obtain from the analysis of participants’
posture.
4.2.5 Assessing workstation design:
Adjustability of computer workstation is very important for VDT users since every person is of a
different stature. This study sought to find the key ergonomic issues the employees have in their
workstation that may lead to WMSD symptoms. For the evaluation of computer workstation OSHA
Computer Workstations eTool ‐ Evaluation Checklist (appendix D) was used. The variables to be
evaluated are listed in Table 3.
Table 3: Parameters to be assessed while evaluating computer workstation design
Attributes
Seat
Keyboard
Mouse
Monitor

Clearance at workstation

Parameters
Height, back, depth, pan tilt, armrest position,
lumber support cushion
Height and alignment of the keyboard with
respect to the user
Size of the mouse, Mouse to user distance,
Wrist rest pad
Monitor height and alignment with respect to
the user, Monitor riser and bridge, Anti‐glare
screen or screen hood
Thigh clearance, Knee clearance, Footrest

.
Based on the checklist above the participants were provided with necessary improvement
suggestions. An example of proper ergonomic workstation setup is shown in Figure 3.
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Figure 3:
3 Proper ergonomic workstation setup

4.3 Tools and equipment
All the equipments used in the capture and analysis of the experimental data are shown in
Figure 4. Measuring tape was used to measure different variables like viewing distance, thigh
clearance, seat height, seat pan width, table height, screen height, keyboard
keyboard height, knee clearance
etc. A regular “protractor” has been used to measure angles from the pictures of postures captured in
the observation phase. Canon EOS rebel T3 camera was used to capture the photographs of the
participants while doing the postural
ural observation.
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Figure 4: Tools and equipment

4.4 Research hypothesis
1. Hypothesis for variability RULA and REBA scores
Null hypothesis, Ho:
The risk assessment results will be the same for Both RULA and REBA.
Alternate, H1:
There would be discrepancies in the scores from two risk assessment scales.
2. Hypothesis for the relation between workers’ posture and its effect of their musculoskeletal
system
Null hypothesis, Ho:
Participants’ posture, if inappropriate, will have no adverse effect on user’s musculoskeletal system.
Alternate hypothesis, H2:
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User’s posture will have adverse effects on the musculoskeletal system.
3. Hypothesis for the relation between VDT workstation design and its effect on the user’s
musculoskeletal system
Null hypothesis, Ho:
The inappropriate design of workstation will have no undesirable effect on the user’s musculoskeletal
system.
Alternate hypothesis, H3:
Ergonomic deficiency in the design and organization of workstation will cause WMSDs in the users
working for long hours.

4.5 Statistical analysis:
The data collected from observation and survey, was analyzed using Proportional‐odds
cumulative logit model (Appendix D) which is the most popular model for ordinal data. The users’
response in this study was ordinal data varying from “slightly uncomfortable” to “moderately
uncomfortable” to “very uncomfortable”. A cumulative logit model measures how likely the response
is going to be in the given criteria. The purpose of the analysis is to see how well that response can be
predicted by the responses to other questions, i.e. for the current study the purpose of the analysis
was to predict the probability of a user having different levels of RSI or WMSD symptoms (slight,
moderate or very uncomfortable pain) by figuring out the deficiencies of user’s work posture and
workstation design.
We ran a one way ANOVA to study the variability of the RULA and RULA scores for the same
subjects under the same working condition.
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We also calculated the odds ratio for studying how one significant factor may affect the
responses holding all other factors constant. The significance level (α) was set at 5% for all cases.
Statistical significance was based on calculated p‐values.
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CHAPTER 5: RESULTS
This study evaluated participants’ posture and computer workstation setup in a university to
calculate their risk factors and determine the factors contributing towards WMSDs. Seventy two
participants were evaluated as described in the previous chapter. The average age for males is 35 years
and the average age for females is 37 years. Mean work hour on computer workstation per day was
calculated to be 7 hours for both male and female. The mean height and weight for both males and
females are also listed in Table 4.
Table 4: Demographic data for participants
Demographic data
No. of Male participants
No. of Female participants
mean age of male (years)

29
43
35

mean age of female (years)

37

Average working hour/day for
male

7

Average working hour/day for
female

7

Average height of males

173.9
cm
161.7
cm
152
lbs
182
lbs

Average height of females
Average weight of males
Average weight of females
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5.1 Results from postural observation:
Table 5 shows the percentage of participants reporting moderate and/or very uncomfortable
pain in listed body parts. An alarming number of 75.71% of participants suffer from the upper and
lower back pain. Almost half the participants (42.85%) reported considerable and frequent pain in their
forearm and wrist. The percentage of participants suffering from shoulder and upper arm pain, neck
pain and knee and thigh pain is 45.71%, 37.09% and 21.42%, respectively.
Table 5: Percentage of population reporting pain in different body parts
Body Parts

Percentage of participants
having moderately or very
uncomfortable pain

Upper back
and lower
back
Shoulder and
upper arm
Forearm and
wrist
Neck
Knee and
thigh

75.71%

45.71%
42.85%
37.09%
21.42%

A frequency graph is shown in Figure 5 which indicates the frequency of pain participants
suffered in lower back the previous week of the survey. While 30.64% of participants didn’t suffer any
pain at all, a large number of 35.48% suffered the lower back pain 3 to 4 times a week, 14.51% of
participants suffered 1 to 2 times a week, 8.06% suffered the pain once every day and 11.29% of
participants suffered the lower back pain several times a day.
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Frequency (%) of pain suffered in Lower back

Figure 5: Frequency (%) of pain suffered in Lower back
A similar graph (Figure 6)) below shows the frequency distribution of shoulder and upper arm
pain suffered by the participants in the previous week. As we can see, 43.56% of participants did not
suffer from any pain in shoulder and upper arm, while 17.74%, 14.51%, 11.29% and 12.90% of
participants suffered from shoulder and upper arm pain 1 to 2 times a week, 3 to 4 times a week, once
every day and several times a week,, respectively.

Frequency (%) of pain suffered in Shoulder and Upper arm

Figure 6: Frequency of pain suffered in Shoulder and Upper arm
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Figure 7 is a similar graph that shows the frequency of pain participants suffered over the
previous
us week of experiment in their forearm and wrist.
w

Frequency (%) of pain suffered in Forearm and Wrist

Figure 7: Frequency (%) of pain suffered
s
in Forearm and Wrist
Table 6 shows 64% of participants
articipants who had incorrect trunk posture and had improper seating
arrangement in their computer workstation, reported to have moderately or very uncomfortable pain
in their lower back. Similarly, a combination
combination of awkward posture of wrists and hands and design
deficiencies of input devices is attributed to 80.95% of participants reporting in wrist pain. As much as
69.23% of participants who had poor forearm and elbow posture and also had incorrect seating
arrangement, reported to have moderate or heavy pain in their forearm. Similarly, 78.94% and 84.21%
of participants who had wrong head and neck posture and had incorrect arrangement of VDT monitor,
reported to have neck and shoulder pain,
pain respectively. A large number of participants (88.76%) having
a combination of incorrect monitor arrangement and incorrect posture of shoulder and upper arm,
reported to have shoulder pain.
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Table 6: Most recurring factors attributed to the symptoms of MSDs in different body region
Body parts
Part of
with incorrect workstation with
posture
inappropriate
setup
Torso
Seating
Wrist and
Input devices
hands

Percentage
of
participants
suffering
64%
80.95%

Body part
affected

Lower back
wrist (left
right)

Forearm and
elbow

Seating

69.23%

Forearm

Head and
neck

Monitor

78.94%

neck and
upper back

Head and
neck

Monitor

84.21%

right and
left shoulder

Shoulder and
upper arm

Monitor

88.76%

right and
left shoulder

Table 7 shows the percentage of females and males of total population who suffer from
moderate or very uncomfortable pain in different body regions. While the male population reported
more pain in their head and trunk, the female population reported to have more pain than the male
participants in their upper and lower back, shoulder and upper arm, forearm and elbows and wrists
and hands.
Table 7: Percentage of males and females reporting MSD symptoms in different body regions

Head and Neck

male
female

42.10 %
37.2%

Body region affected
Trunk
Shoulder
Forearm
and Upper
and
arm
elbows
47.36%
21.05%
15.78%
58.13%
32.55%
18.6%

35

Wrist and
hands
15.7%
30.23%

The frequency of micro breaks in male and female population is illustrated in Table 8 where
more percentage of the females is seen to take frequent breaks than that of male population. This
phenomenon can be explained from the fact that, since females have reported to have more pain than
males, they tend to take more breaks.
Table 8: Frequency of micro breaks

Once every

Once every

Once every

hour

two hours

four hours

Male

36.80%

42.10%

21.05%

Female

44.18%

32.55%

23.25%

5.2 Results from the analysis of RULA and REBA scores:
Table 9 gives the average RULA and REBA score for male and female. It was observed that the
average score for male was 5 for RULA and 4 for REBA. The scores were same for the female
participants. Both the scores interpret as the average population to be at medium risk and need
further investigation for any changes that need to be made.
Table 9: Average RULA and REBA scores
Average RULA score

Average REBA score

Male

5

4

Female

5

4
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For each participant, the RULA scores were plotted against the REBA scores. It can be seen from
the graph in Figure 8 that for participants which yielded REBA score 1, they had the same score from
RULA too, i.e. 1. But for REBA score 2; the RULA score was within the range of 2 to 4. Similarly for REBA
scores 3, 4 and 5, the RULA scores were within the range of 3 to 5, 4 to 6 and 5 to 7, respectively. For
all REBA scores of 6, the RULA assessment tool yielded the same score. But for REBA score 7, the RULA
score varied within the range of 5 to 7. And for REBA score 8, the RULA score was 7.

RULA scores vs REBA scores
8
7

RULA scores

6
5
4
3
2
1
0
0

1

2

3

4

5

6

7

8

9

REBA scores

Figure 8: RULA score vs. REBA score
A similar graph in Figure 9 shows the REBA scores plotted against each RULA score. As we can
see, for REBA score 1, the RULA scores were 1 as well. For REBA score 2 the RULA scores were between
2 to 3. For REBA score 3 the RULA scores were in between 2 to 5. For REBA score 4, 5, 6 and the RULA
scores were in between 2 to 4, 3 to 7, 4 to 7 and 5 to 8, respectively.
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REBA score vs RULA score
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REBA scores

6
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0
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5
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7
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RULA scores

Figure 9 : REBA vs. RULA score
Both these graphs were redrawn in Figure 10 and 11 with the normalized RULA and REBA
scores to see how they compare if normalized to the same scale (% of the highest score).
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REBA score vs RULA score (normalized %)
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REBA scores (Normalized %)

140
120
100
80
60
40
20
0
0

20

40

60

80

100

RULA scores (normalized %)
Figure 10: REBA score RULA score (Normalized %)
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RULA scores vs REBA scores (normalized %)
RULA scores (normalized %)
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Figure 11: RULA score vs REBA score (Normalized %)
The RULA and REBA scores were plotted against age in Figure 12 to see how the risk indexes
vary from younger to older age. As it is seen from the graph, for the younger age, REBA scores were
higher than RULA. Whilst for the older ages, RULA scores were higher than that of REBA. The average
score lies between 3 and 6. Since the tools measure the risk factors on separate scales, the scores were
normalized as a percentage of the highest score to be compared.
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RULA and REBA scores (Normalized %)
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RULA scores vs AGE
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Figure 12: RULA and REBA scores vs. Age
Figure 13 demonstrates the frequency distribution of the RULA scores obtained for the female
participants.
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Figure 13: Frequency distribution
distribution of RULA scores for female participants
Figure 14 demonstrates the frequency distribution for the REBA scores for the female
participants.

Figure 14: Frequency distribution of REBA scores for female participants
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Figure 15 demonstrates the frequency distribution for RULA
R
scores calculated or the male
participants.

Figure 15:: Frequency distribution of RULA scores for male participants
Figure 16 demonstrates the frequency distribution for the REBA
R
scores
cores for the male
participants.

43

Figure 16: Frequency distribution of REBA scores for male participants

5.3 Results from workstation observation:
Approximately 27.42% of users were found to have no back support. The diagram below (Figure
17) shows a user without any back support and thigh clearance. Since there is not enough thigh and
knee clearance the user tends to move forward to give some room to her leg which consequently
leaves her back with no support. Also, the viewing
viewing angle is more than the recommended (30
(30⁰) causing
her a neck flexion.
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Figure 17: Participants with inappropriate workstation design
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While most of the users in Louisiana State University have double monitor workstation, the
placement of one monitor was often observed to be more than 35⁰ away left or right. Several other
participants with single monitor computer were also found to have incorrect viewing angle.
Figure 18 and 19 shows two of many participants who were using the double monitor in
incorrect setup, i.e. one of the monitors are deviated from the straight line of head by more than 35
degrees.

Figure 18: Monitor angled more than 35⁰ on the right
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Figure 19: Viewing angle more than 30⁰ while working on a laptop
As shown in Figure 20, some of the participants were observed to be working with glare on their
computer screen.

Figure 20: Glare on VDT monitor of a participant
47

Approximately 58.06% of participants didn’t have wrist support and 45.16% of participants did
not have any forearm support (Figure 21).

Figure 21: Participant with no wrist or arm support

5.4 Results from statistical analysis:
For the analysis of the data, the Proportional odds cumulative logit model (appendix D) was
used. The experimental data set has a three level variable called severity of pain (coded 1, 2 and 3),
that we used as our response (i.e., outcome, dependent) variable. We also have nine variables that we
used as predictors : seating, input device , monitor, work area, head and neck, trunk , shoulder and
upper arm ,forearm and elbows ,wrist and hands each of which is a 0/1 variable indicating whether
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there is any problems concerning the design of the workstation or the posture of mentioned body
parts.
The Response Profile in Table 10 shows the value that SAS used when conducting the analysis
(given in the Ordered Value column), the value of the original variable, and the number of cases in
each level of the outcome variable. Probabilities modeled are cumulated over the lower Ordered
Values. Ordinal logistic regression assumes that the coefficients that describe the relationship
between, i.e., the lowest versus all higher categories of the response variable are the same as those
that describe the relationship between the next lowest category and all higher categories, etc. The
total frequency column is the observed frequency distribution of subjects in the dependent variable. Of
our 1260 responses, 976 were responded as “slightly uncomfortable”, 250 responses were reported to
be “moderately uncomfortable” and 43 reported “very uncomfortable”. The three levels of pain were
numbered as 1 (slightly uncomfortable), 2 (moderately uncomfortable) and 3(very uncomfortable) for
the ease of the analysis.
Table 10: Response profile

Ordered
Value
1

Response Profile
Level of pain

Total
Frequency

1

967

2

2

250

3

3

43

From Table 11, we see that 5 variables were selected as statistically significant variables which
are forearm and elbows, trunks, shoulder and upper arm, monitors and wrist and hand.
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Table 11: Selection of most significant independent variables
Selection of most significant independent variables
Effect
Step Entered

Number
DF
In

Score
Chi‐Square

Pr > ChiSq

1 Forearm and elbows

1

1

10.3450

0.0013

2 Trunks

1

2

5.6621

0.0173

3 Shoulder‐upper arm

1

3

7.9232

0.0049

4 monitors

1

4

7.2550

0.0071

5 Wrist and hand

1

5

3.1831

0.0744

In Table 12, analysis of maximum likelihood estimates, we see the degrees of freedom,
coefficients, their standard errors, the Wald chi‐square test and associated p‐values.
Table 12: Analysis of Maximum Likelihood Estimates
Analysis of Maximum Likelihood Estimates
Parameter

DF

Estimate Standard
Error

Wald

Pr > ChiSq

<.0001

Intercept

1

1

1.9783

0.1616

Chi‐
Square
149.8304

Intercept

2

1

4.2635

0.248

295.66

<.0001

Monitors

1

‐0.4109

0.1619

6.4435

0.0111

Trunks

1

0.5768

0.18

10.2725

0.0014

Shoulder‐upper arm

1

‐0.5587

0.1674

11.136

0.0008

Forearm and elbows

1

‐0.4327

0.193

5.0242

0.025

Wrist and hand

1

‐0.3228

0.1812

3.1762

0.0747
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The first four variables which are forearm and elbows, trunks, shoulder and upper arm and
monitors are statistically significant. The last variable wrist and hand is marginally significant. So for
monitor, we would say that for a one unit change in monitor (i.e., going from 0 to 1), we expect a ‐
0.4109 decrease in the log odds of being in a lower level of pain, given all of the other variables in the
model are held constant. Or we can say for monitors, as we go from 0 to 1 i.e., from no monitor
problems to having monitor problems, we expect a (1/.4109=) 2.43 increase in the odds of having a
higher level of pain. For trunk, we would say that for a one unit increase in trunk, we would expect
(1/.5768=) 1.73 increase in the log odds of being in a higher level of apply, given that all of the other
variables in the model are held constant. Similarly for shoulder and upper arm, fore arm and elbows
and wrist and hand we expect 1.78, 2.31and 3.09 increases respectively in the log odds of being in a
higher level of pain, given all of the other variables in the model are held constant.
In Table 13, we see the results presented as proportional odds ratios (the coefficient
exponentiated) and the 95% confidence intervals for the proportional odds ratios. The interpretation
of the proportional odds ratios are pretty much the same as that from a binary logistic regression. For
monitor, we would say that for a one unit increase in monitor, i.e., going from 0 to 1, the odds of lower
pain versus the higher pain are 0.66 greater, given that all of the other variables in the model are held
constant. Or we can say for one unit increase in monitor the odds of having higher pain versus the
lower pain increases by (1/.66=) 1.50, given that all of the other variables in the model are held
constant. For a one unit increase in trunk, the odds of having higher pain versus the lower pain
increases by (1/1.78=) .56, given that the other variables in the model are held constant. Because of
the proportional odds assumption the same increase is found between all higher and lower categories
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of pain. Likewise, the odds of having higher pain versus lower pain is 1.74, 1.54 and 1.38 for one unit
change of the variables shoulder and upper arm, fore arm and elbows and wrist and hand, respectively.
Table 13: Odds ratio estimates

Effect

Odds Ratio Estimates
Point Estimate

monitors
trunks
Shoulder and upper arm
Forearm and elbows
Wrist and hand

0.663
1.78
0.572
0.649
0.724

95% Wald
Confidence Limits
0.483
0.911
1.251
2.533
0.412
0.794
0.444
0.947
0.508
1.033

We ran the cumulative logit model for the three levels of pain from the same body parts, i.e.
the model was run for individual body parts. Table 14 listed the p values and odds ratios obtained for
the individual body parts. P values are highlighted for significant parameters.
For example, for any pain in neck no parameter was selected by the ordinal regressions model.
For the three levels of pain in right and left shoulder the parameters that were selected are head and
neck and wrist and hand, respectively. The p values show that head and neck is statistically significant
whilst for that of wrist and hand is marginally significant. The odds ratio for right shoulder is 0.338 and
that of left shoulder is 0.15.
The parameter head and neck was selected for both the pain of upper arm and upper back. The
p values indicate that for upper back the variable selected was statistically significant but for upper arm
it was marginally significant.
The variable that was selected for lower back pain is seating adjustability and the associated p
value is 0.0707.
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The variable that was selected for forearm pain was the wrong posturing of forearm and
elbows with a p value of 0.0535, which makes the effect statistically significant.
For the three levels of pain in wrist two variables were selected, wrong posturing of head and
neck and deficiencies in input device. While the effect of head and neck posture is not significant
indicated by the p value, that of input device is very significant (p value= .0347).
Table 14: Odds ratio estimates from individual body part
Body part

Parameter

Neck
Right Shoulder
left shoulder
Upper back
Upper arm
Lower back
Forearm

−
Head and neck
Wrist and hand
Head and neck
Head and neck
Seating
Forearm and
elbows
input device
Head and neck

Wrist

p‐
value
−
0.0551
0.0927
0.0511
0.0927
0.0707
0.0535

Odds ratio

0.0347
0.0998

2.782
0.31

−
0.338
0.15
0.331
0.15
2.352
0.266

The odds ratio of individual body parts are also presented in Table 14. The log odds of being in a
higher level of pain in the lower back are 2.352 if the design problems of seating arrangement increase
by one unit. Similarly, as the design problem of input devices increase by one unit, the odds of being in
a higher level of pain increases by 2.782 units.
We calculated the correlation coefficients for all the significant independent variables and the
responses of the participants in terms of 3 levels of pain (slightly, moderately or very uncomfortable)
which they reported to suffer as presented in Table 15. The positive correlations are highlighted in
yellow.
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Table 15: Correlation coefficient

Body parts

Neck
Shoulder (right)
Shoulder (left)
Upper back
Upper arm (right)
Upper arm (left)
Lower back
Forearm (right)
Forearm (left)
Wrist (right)
Wrist (left)

Most significant parameters (Independent variables)
Shoulder
Forearm
Input
and
Monitor
Trunk
and
Wrist
device
upper
elbows
arm
0.04
‐0.02
0.01
‐0.24
‐0.08
‐0.08
0.05
0.07
‐0.05
0.12
0.05

‐0.04
0.23
0.11
‐0.09
‐0.06
‐0.09
0.10
0.10
‐0.22
0.16
‐0.04

0.34
‐0.12
0.19
0.00
‐0.03
‐0.10
0.28
0.04
0.03
‐0.11
‐0.14

‐0.05
‐0.07
0.02
0.07
‐0.06
0.11
‐0.09
0.09
0.25
0.20
0.06

‐0.10
‐0.01
0.21
0.07
‐0.14
‐0.01
0.06
0.03
0.02
0.12
0.02

0.14
0.06
0.19
0.14
0.11
0.07
‐0.19
0.04
0.12
0.15
0.03

Weight

Height

0.11
0.23
‐0.21
0.14
0.14
0.05
0.35
0.06
‐0.19
‐0.29
‐0.13

0.33
0.28
0.21
0.07
‐0.14
‐0.01
‐0.22
0.03
0.02
0.34
0.02

As seen from Table 15, incorrect setup of a monitor has a positive correlation with neck, left
shoulder, upper back, lower back, right forearm and right wrist, which means with the worse the
alignment of the computer monitor, the more the chances of a user to suffer from the higher level of
pain in positively correlated body parts.
Improper arrangement of input devices like keyboard or mouse is seen to be positively
correlated to right shoulder, left shoulder, lower back, forearm (right)and wrist (right). Awkward
posture of trunk shows a positive correlation with neck, shoulder (left), lower back and forearm. The
awkward postures of shoulder and forearm show similar correlation; both of which are positively
correlated with shoulder, upper back, forearm and wrist. Prolonged exposure to incorrect posture of
wrist showed a positive correlation with all parts of upper limbs, but is mostly correlated with forearm,
wrist and neck.
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The correlation between the pain in body parts and height and weight was also determined.
But it was observed that there is no high correlation between any of these independent variables to
the response variables.

5.5 Predictive probabilities
We can obtain predicted probabilities from the definition of cumulative odds regression model
(Appendix D). To calculate the predictive probabilities we first develop the predictor functions using
the estimate statement.η1and η2in equation 1 and 2 are the linear predictor functions each of which is
defined as the linear functions of a set of coefficients and independent variables whose value is used to
predict the outcome of a dependent variable.
Equation 1
Linear predictor function, η1= 1.9783‐ .4109 monitor + 0.5678 trunk ‐ 0.5587 shoulder and upper arm ‐
0.4327 forearm and elbows ‐ 0.3228 wrist and hand
Equation 2
Linear predictor function, η2= 4.2635‐ .4109 monitor + 0.5678 trunk ‐ 0.5587 shoulder and upper arm ‐
0.4327 forearm and elbows ‐ 0.3228 wrist and hand
Using these function we can predict the probability of any user having slightly uncomfortable
pain i.e. P (pain=1) or probability of having moderately uncomfortable pain i.e. P(pain=2) or probability
of having very uncomfortable pain i.e. P (pain=3) in any or all of the associated body parts.
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The values of the parameters in equation 1 and 2 can either be 0 or 1 depending on their
absence or presence in the workstation or user posture being analyzed. As mentioned earlier Linear
prediction is a mathematical operation using which future values of a discrete‐time signal can be
projected as a linear function of previous samples.
Now using the linear predictor functions η1 and η2 we find three equations below which give us
the probability of a user having any of the three levels of output response‐ “slightly uncomfortable
pain”, “moderately uncomfortable pain” or “very uncomfortable pain”.
Equation 3
Probability of having slightly uncomfortable pain= P (Pain ≤ 1)

= P (Pain = 1)
=
Equation 4
Probability of having moderately uncomfortable pain= P (Pain=2)

= P (Pain ≤ 2) ‐ P (Pain ≤ 1)
=
Equation 5
Probability of having very uncomfortable pain= P (Pain ≤ 3)
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‐

= 1‐ P (Pain ≤ 2)
=1‐
Illustration:
We assume a user has incorrect posture of trunk, shoulder and upper arm, forearm and elbows,
wrist and hand and design problem of VDT monitor then from equation (1) and (2) we may replace the
parameters with 1 (presence) to calculate,
η1 = 1.9783‐ .4109 + 0.5678 ‐ 0. 5587 ‐0.4327 ‐ 0.3228 = 0.82
η2 = 4.2635 ‐ 0.4109 + 0.5678 ‐ 0.5587 ‐0.4327 ‐ 0.3228 = 3.10
From equation (3) we can predict the probability of having slightly uncomfortable pain in any or all of
the associated body parts = 0.694
From equation (4) we can predict the probability of having moderately uncomfortable pain in any or all
of the associated body parts = 0.263
From equation (5) we can predict the probability of having very uncomfortable pain in any or all of the
associated body parts = 0.043
So we can interpret the results as if the user has postural problem trunk, shoulder and upper
arm, forearm and elbows, wrist and hand and design problem of VDT monitor then the user has 69.4%
probability of having slightly uncomfortable pain, 26.3% probability of having moderately
uncomfortable pain and 4.3% probability of having very uncomfortable pain in any or all of the
associated body parts.
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5.6 Testing hypothesis
Null hypothesis 1
H0: The risk assessment result will come out the same for Both RULA and REBA.
Alternate hypothesis 1
H1: There will be discrepancies in the scores of two risk assessment scales.
As seen from the analysis of variance (ANOVA) of scores from two risk assessment tools in Table
16, the P value (0.3279) indicates that there is no significant difference between the two groups of
scores.
Table 16: ANOVA results for the risk factors obtained from RULA and REBA
Source

Df

SS

MS

F

P‐value

Treatments
Error
Total

1
142
143

9
344.306
353.306

9
2.425

3.7118

0.3279

So we can say that we cannot reject the null hypothesis in the favor of the alternative. The level
of significance was set at 0.05. A box‐plot has been drawn below in Figure 22 which provides a
graphical summary of the distribution of scores from both the tools. The box‐plot shows that scores
are normally distributed with no outliers and the variability of the scores is not significant.
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Figure 22: Box plot for ANOVA of RULA and REBA scores
Null hypothesis 2
Ho: Worker’s posture will have no adverse effect on workers musculoskeletal system.
Alternate hypothesis
H2: Workers posture will have adverse effects on the musculoskeletal system of the user.
From the cumulative logit regression model, we find that three posture (Forearm and Elbows,
Trunk or Torso, Shoulder and Upper arm) factors were significant and one (Wrist and hand) marginally
significant as indicated by the respective P values listed in Table 17.. So we can say that we can re
reject
the null hypothesis in favor of the alternate, which means, workers posture, if inappropriate, might
have adverse effects on the user’s musculoskeletal system. The P values for significant factors are
highlighted in the table below. The level of significance
signi
was set at 0.05.
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Table 17: P values for significant postural factors
Effect

DF

ChiSquare

Pr > ChiSq

Forearm
and Elbows

1

10.345

0.0013

Trunk

1

5.6621

0.0173

1

7.9232

0.0049

1

3.1831

0.0744

Shoulder
and Upper
arm
Wrist and
Hand

Null hypothesis 3
Ho: The inappropriate design of computer workstation will have no undesirable effect on the user’s
musculoskeletal system.
Alternate hypothesis
H3: Ergonomic deficiency in the design and organization of workstation will cause WMSDs in the users
working for long hours.
From the cumulative logit regression model, we find that two design factors (monitor and input
device) were significant and one (seating adjustability) marginally significant as indicated by the
respective P values listed in Table 18. So we can say that we can reject the null hypothesis in favor of
the alternate, which means, the workstation design, if inappropriate, might have adverse effects on
the user’s musculoskeletal system. The P values for significant factors are highlighted in Table 18. The
level of significance was set at 0.05.
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Table 18: P values for significant design factors
Effect

Odds
ratio

DF

Pr > ChiSq

Monitors

1

7.255

0.0071

input
device

1

2.782

0.0347

Seating

1

3.352

0.0707
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CHAPTER 6: DISCUSSION
This study was conducted using seventy two participants at Louisiana State University with a
view to understanding the major ergonomic issues in their computer workstation. Out of seventy two
participants twenty nine male participants age an average of 35 and forty three female participants age
an average of 37. Both male and female participants worked seven hours each day on their computer
workstation on an average.
As seen from the table 5 and 6 an alarming number of 75.71% participants suffer from
moderately or very uncomfortable upper and lower back pain. 64% of this pain in upper and lower
back can be attributed to awkward posture of torso and poor adjustability of seating arrangement of
computer workstation.
This result can be compared to the results obtained by Holder et al. (1999) while evaluating the
WMSD symptoms of physical therapist (PT) and their assistants (PTA). Thirty‐two percent of the PTs
and 35% of the PTAs reported sustaining a musculoskeletal injury. The highest prevalence of injury was
to the low back (62% of injured PTs and 56% of injured PTAs). The PTs reported the upper back and the
wrist and hand as having the second highest prevalence (23%). The PTAs reported the upper back as
having the second highest prevalence (28%). In the similar study by Sen and Richardson (2007) it was
found that 50% of those with low back pain did not have an adjustable backrest resulting in poor
posture.
Out of 45.71% of participants’ studied suffer from shoulder and upper arm pain, 88.76% of
which can be attributed to awkward posture of shoulder and upper arm and disarrangement of
computer monitor. Similarly, approximately 80% of neck and shoulder pain can be attributed to the
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incorrect posture of head and neck and the disarrangement of VDT monitor. A user survey by Psihogios
(2001) indicates that monitor positioning was a prime factor in assuring a computer operator’s
comfort.
Out of 42.85% of participants who reported to have wrist pain, 80.95% had been observed to
have wrong postures of wrist and hand and inappropriate input devices like keyboard and mouse.
Participants have exposed blood vessels near the skin at the wrist, which is where the pulse is often
taken. Any pressure in this region will disrupt circulation into the hand and this will increase the risks of
injury. From our study majority of the participants were seen to place their forearm and wrist on the
sharp edge of the working table without any support. It can thus be concluded that the pain of
individual body parts can be attributed to the awkward postures of those parts.
A gender wise comparison has been drawn in Table 7, where it is seen that except for head and
neck, for the same body parts women tend to have more pain suffered compared to that of men. This
result complies with the results from the study by Ekman et al. (2000) .It is also seen that in Table 8
that women tend to take more micro breaks than men. This occurrence can be explained as a
consequence of more pain that they reported to suffer in compared to men.
As explained in Table 19 we can see that for the same person RULA and REBA scored the same
for 33.87% of time. And RULA scored more than REBA approximately 51.61% of time. Only 12.92% of
time REBA scored more than RULA. Even though the average RULA and REBA score from table 5.6
interpret into the same decision, the RULA method has presented a better sensibility to detect prompt
and critical action levels, because, during the analysis using both methods, RULA has detected a bigger
proportion of postures in the risky categories than the proportion detected by the REBA. It can be
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explained by the fact that the university employees working on VDT station, during a larger part of the
time, using the upper limb of their body which exactly is the evaluation focus of the method RULA.
Table 19: Variability of RULA and REBA score
Cases

% of participants

RULA scores = REBA score

33.87%

RULA score > REBA score

51.61%

REBA score > RULA score

12.92%

The same comparison was drawn with the scores normalized as a percentage of the highest
score in Table 20.
Table 20: Variability of RULA and REBA (normalized %)
Cases

% of participants

RULA scores = REBA score

35.48%

RULA score > REBA score

52.61%

REBA score > RULA score

11.91%

This result supports the results obtained from the study of comparison of RULA and REBA for
evaluation of postural stress in odonatological services by Diniz et al. (2006). Also, from Figure 10 and
11 we see that, for one score of RULA, the REBA scores vary widely, while for each REBA score the
RULA score varies moderately. Especially for larger values of REBA, RULA tends to give out the same
score, but for larger values of RULA, REBA tends to give out a wide range of scores, which again, means
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to make RULA a tool with better reliability while evaluating activities of upper limb, as working on
computer workstation.
The average RULA score was obtained 5 and the average REBA score was obtained 4, both of
which mean the average user in the university are at medium risk of WMSDs and prompt action needs
to be taken to investigate further and bring about necessary changes. This is an alarming situation and
from this study we tried to figure out the most recurring factors that contribute to these increasing
symptoms of WMSDs.
Of all the responses 3.41% of the responses were very uncomfortable, 19.84% of the responses
for all body parts were moderately uncomfortable and the rest of the responses were slightly
uncomfortable.
The cumulative logit model was run for all the responses as well as the responses for individual
body part to see if any specific factors contribute towards the WMSD symptom of that part. The most
significant factors that are associated with the moderate and very uncomfortable pain for all the
responses are the arrangement of computer monitors and/or awkward postures of torso, shoulder
upper arm, forearm, elbows, wrist and hand. The significant factors that were found for individual
body part are listed in Table 14. It is observed that the independent variable awkward posture of head
and neck is the most significant parameter for both shoulder and upper back pain. Inadequacy of wrist
support for the input devices has significant effects on wrist pain. The lack of adjustability in seating
arrangements is marginally significant for lower back pain. Since the average population is found to be
at medium risk, due changes are necessary to be brought about regarding these significant factors.
From the correlation between the independent and dependent variables it was observed that
the awkward postures of trunk (torso) and wrist is positively correlated to almost all the parts of upper
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body, which indicates that the VDT users in the university need ergonomic intervention of correct
postures of wrist and torso. Extensive usage of mouse and keyboard and prolonged sitting on VDT
station is accountable for this correlation. Also, inappropriate postures of forearm and upper arm are
correlated to the WMSD symptoms of shoulder, upper back and wrist. This is to notice that none of the
correlations were very strong.
Predictive probabilities for having slightly, moderately or very uncomfortable pain in any of the
associated body parts can be obtained from equation 3, 4 and 5. Using these equations we can predict
for the probability of user responses at various levels of the independent variables.
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CHAPTER 7: LIMITATIONS AND FUTURE RESEARCH
Several limitations were recognized before and during the performance of this research. The
limitations of the current study and the future research possibilities are listed below‐

 The WMSD symptoms were recorded subjectively thru CMDQ questionnaire. More accurate
results can be obtained by quantitatively measuring the WMSD symptoms. Data would be more
accurate and consistent if they were taken directly using Goniometers, Electrogoniometers or
Electromyography (EMGs).

 Also, the WMSD symptoms were recorded if it occurred the previous week of the week the
participant was being experimented. The results might be more reliable with the data taken
over longer period of time.

 The cumulative logit model assumes that for the responses, the difference between the lower
categories with the immediate higher category is same for all the categories. But to the
participants, the differences between slightly uncomfortable pain and moderately
uncomfortable pain might not be the same as moderately uncomfortable pain to very
uncomfortable pain.

 The three levels of responses for any injury or pain suffered the previous week were‐ Slightly
uncomfortable, moderately uncomfortable and very uncomfortable. Whereas the responses for
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the interruption of work due to this pain were, not at all, slightly interfered and substantially
interfered. So the participants had to choose slightly uncomfortable even if they didn’t suffer
any pain the previous week. The option of answering no pain at all should be incorporated in
any future study with the same questionnaire. However, in the current study only moderately
uncomfortable and very uncomfortable pain were taken into account for the analysis.

 Both RULA and REBA scores were measured from photographs taken. Errors might be there due
to unintended mistakes from angles which were calculated from these pictures.

 The study was conducted using 72 participants out of which 29 were males and the rest
females. The risk factors for female were higher than that of male. Results might have altered if
the study had more male participants. Number of female participants being more than the male
can be one factor to contribute to the result showing women in a higher risk level of falling to
WMSD.

 RULA and REBA tools assess postural loading at a specific moment in the work cycle. It is
important to assess the highest risk posture being adopted. The highest risk posture for analysis
may be chosen based on the duration of the posture (e.g. longest held) or the degree of
postural deviation (e.g. worst posture).Selecting the appropriate stage of the work cycle for
assessment requires long observation. For the current study the participants were observed for
15 minutes to be photographed for their worst posture. Chances lie that the postures analyzed
for RULA and REBA might not be the worst posture adopted by the individual.
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APPENDIX A
A1. Survey Questionnaire
Gender: ☐ female ☐ male
Vision
1)Indicate the type of eye wear you use at work:
1 ☐ None
2 ☐ Contact lenses
3 ☐ Regular glasses
4 ☐ Bifocals glasses
5 ☐ Trifocal glasses
3) If you use any type of eye wear at work, is it prescribed
specifically for computer use?

Age:

1 ☐ Yes
2 ☐ No
Work experience/Tasks
5)Job title:

1 ☐ Less than a year ago
2 ☐ Over a year ago

2) How often do you have your eyes examined?
1 ☐ No periodic eye examination
2 ☐ Every 3 or 6 months
3 ☐ Annually
4 ☐ Every two years
5 ☐ every three years or more
4) When was the last time you had your eyes examined?

6)Length of time on present job:
______ (yrs)________ (mths)
Computer work history:
______ (yrs)________ (mths)
Working hrs/day( at workstation):
Total working hrs/week:
8) Do you use a mouse? ☐ No
☐ Yes
If YES, how often?
1 ☐≤ 25% of time
2 ☐ 25‐50% of time
3 ☐ 50‐75% of time
4 ☐ 75‐100% of time
11) How often do you use a keyboard?
1 ☐≤ 25% of time
2 ☐ 25‐50% of time
3 ☐ 50‐75% of time
4 ☐ 75‐100% of time

7) What is your typing style?
1 ☐ Two‐finger typing
2 ☐ Touch typing

9)Please indicate the major task you perform with
computer:
1 ☐ Entering numerical data
2 ☐ Typing e‐mails/ browsing
3☐ programming
4☐ Drawing/Design/CAD

Habits/Exercises
1) When performing typing tasks, where do you usually
place the hard copy?

2)When typing you usually have your wrists supported
by:

1 ☐ Clip it on a copy stand
2 ☐ Place it flat on the desk
3 ☐ Hold it by one hand
4☐ Do not use
3) When you need more than 1 hour to do a job with a
computer, how do you take breaks?

1 ☐ The desk surface
2 ☐a wrist rest
3 ☐ Desk edge
3 ☐ no support
6) Do you do some simple exercises (Wrists/Shoulders
exercises) during the breaks?

1 ☐ No breaks till I finish the work

1 ☐Never
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2 ☐ Some short breaks to alternate the work

2 ☐Sometimes
3 ☐ frequently

4) How often do you take breaks?
1 ☐Once every hour
2 ☐Once in every 2 hours
3 ☐ Once in every 4 hours or greater than 4 hour time
interval
5) How long are the breaks?
1 ☐ 5 to 10 minutes
2 ☐ 10 to 15 minutes
3 ☐ 15 to 20 minutes
4 ☐ 30 minutes or greater than 30 minutes
5 ☐> than 30 minutes
7) Do you have the following habits while sitting?

8) Do you do any type of exercise which lasts 20 min or
longer (walk, run, aerobics, etc.)?
1☐Several days a week
2☐ Daily

1 ☐ Crossing the legs
2 ☐ Putting the feet on wheels/ supports of the chair
3 ☐ Sitting at the front edge of the chair
4☐Using footrest
5☐ None of above
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APPENDIX B
B1. Cornell Musculoskeletal Discomfort Questionnaire (CMDQ(CMDQ Male)
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B2. Musculoskeletal Discomfort Questionnaire (CMDQ(CMDQ Female)
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B3. Rapid Upper Limb Assessment (RULA) Worksheet
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B4. Rapid Entire Body Assessment (REBA) Worksheet
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APPENDIX C
C1. OSHA Computer Workstations eTool - Evaluation Checklist
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APPENDIX D
D1. Proportional Odds Regression Model
Proportional odds model is a regression model for analyzing the dependence of ordinal
response variables on discrete or continuous independent variables.
The ordered logit model is established on the concept of the cumulative probability. Cumulative
th

th

probability Cij is the probability that the i entity is in the j or higher category:

Cij= Pr (Yi ≤ j) = ∑

Pr(

= )

Hence, ordinal logit model basically represents the cumulative logit as a linear function of
independent covariates: logit (Cij) = αj ‐ βxi, where intercept αj is the log‐odds of falling into or below
category j when all independent variables are zero. These intercepts are also referred to as cut points.
The β describes the effect of Xk on Y that is how the log‐odds of being in a higher than category
increases when there is a one‐unit increase in the independent variable. The assumptions for the
cumulative logit model are‐
 Perfect prediction: Perfect prediction means that only one value of a predictor variable or
independent variable is associated with only one value of the response variable.
 Sample size: Both ordinal logistic and ordinal probit, using maximum likelihood estimates,
require sufficient sample size. How big is big is a topic of some debate, but they almost always
require more cases than OLS regression.
 Ordinal regression model holds the assumption that all the response variables are equally
distanced from each other, i.e. the difference between slightly uncomfortable and moderately
uncomfortable is equal to that of moderately uncomfortable and very uncomfortable.
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