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ABSTRACT 

 

Previous studies have shown that musculoskeletal discomfort can result from long 

duration of computer use with the following conditions: improper location of the keyboard and 

mouse, monitor too high, and a lack of forearm support from either the worksurface or chair 

armrests. The office workstation is best configured with the keyboard and mouse at or below 

elbow level, the monitor at or below horizontal eye level, and the forearms supported. An 

adjustable chair and workstation can also help achieve these layouts. Previous assessment 

methods have resulted in long checklists often including questions or assessments of 

characteristics that are not supported by scientific evidence. This research developed an 

evidence-based computer workstation checklist to assess both configuration and forearm 

support issues related to the keyboard, mouse, monitor, and chair. The goal of this research 

was to test this checklist’s repeatability among different raters. A pilot study was performed 

with results that indicated a high percent of agreement (≥ 66%) among most of the raters and 

overall kappa coefficients ranging from 0.44 (moderate) to 1.00 (almost perfect agreement). 

Modifications to the checklist were made based on feedback from the raters. The main study 

had results with a high percent of agreement (≥ 70%) among many of the raters and kappa 

coefficients from 0.09 (slight) to 1.00 (almost perfect agreement). These kappa scores can likely 

be attributed to the rater’s lack of ergonomic experience and training on the checklist. Even 

with these kappa coefficients there is still evidence of this checklist being a repeatable tool 

based on the high percent of agreement. This could suggest that this checklist can be used by 

multiple raters for assessing office workstation configuration and forearms support issues.     
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CHAPTER 1 

INTRODUCTION 
 
 

One issue faced by those who work in office settings is discomfort and disorders 

associated with sitting at a desk or workstation and using a computer throughout the workday. 

When it comes to computers, it becomes almost hard to find a job that does not involve at least 

some interaction with a computer. This interaction could range from a few minutes a day to 

include many hours. As is well supported by the research, computers have become an 

important part, if not a requirement, in many office environments. In Sweden, 69% of 

employed people in 2005 used computers (Arvidsson, Axmon, and Skerfving, 2008). According 

to the U.S. Census Bureau (2006), 56% of U.S. working adults used a computer at work in 2003. 

Work involving office or administrative support and sales were listed as jobs that had the 

highest percentage of computer use at work.  

Since it is well documented that a growing number of the population is using computers 

on a daily basis at work, there is also evidence to suggest that the number of musculoskeletal 

(MS) symptoms associated with such use is also growing. These symptoms are normally related 

to the upper extremity, primarily the neck, shoulders, elbows, forearms, and wrist/hands. 

These problems could include discomfort, disorders, or pain. While these terms are many times 

used synonymously there are differences. Discomfort is most typically a physical irritation 

caused -by some outside source on the body. For example, if someone were to lift boxes all day 

and then have sore back muscles that would be back discomfort. Disorders occur when some 

part of the body is hurt or injured to the point where it does not work properly. For example if 

someone were to lift boxes all day for an extended period of time and experience a herniated 
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disc from the wear and tear on the spine that would be a spinal disorder. Pain is normally the 

physical aches that can range from minor to very severe and can be experienced with both 

discomfort and disorders. To clarify, just because a person has discomfort and pain does not 

necessarily mean they have a disorder. 

There are also many different components of office workstations that can help to 

exacerbate these problems. Such include keyboards, computer mice, and computer monitors. 

Implementing appropriate office ergonomic techniques to support the forearms while using the 

keyboard and mouse and adjusting the monitor to reduce such problems can prove to be a 

challenging task, especially given all the different ways computer workstations can be arranged 

and the variety of keyboards, mice, and monitors available on the market. These workstation 

arrangements might include cubical designs or other non-cubical based designs that simply 

have a regular desk and chair.  

Studying how people work at computer workstations, or more commonly referred to as 

office ergonomics, has developed and been researched more heavily over the last several years 

primarily because of the interest it creates for large companies that are comprised of large 

office settings. It is becoming more evident that people do not only experience discomfort 

doing construction or manual material handling type tasks but also can experience discomfort 

working at their workstation all day looking at a monitor and using a keyboard and mouse. An 

evidenced based approach exploring the epidemiology and biomechanics of such issues, along 

with harmful workstation designs that have been associated with the development of these 

issues can be used as a basis for better understanding how such problems can be measured and 

reduced. The purpose of this research is twofold. First, MS issues associated with computer 
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work and office components in workstations (i.e. keyboards, mice, monitors, and chairs) that 

might be contributing to work-related discomfort and disorders will be examined through an 

extensive review of the literature. The main purpose of doing this was to gain a better 

understanding of what the main work-related MS issues are and what workstation components 

those issues might be associated with. Secondly, an approach based off the evidence from the 

research will be developed to specifically address those MS issues and office components that 

will allow users to assess and make self-directed changes to their workstation. These changes 

will be assessed using a computer workstation checklist designed from voids presented in past 

research that used checklists to assess office workstations. This checklist will be designed to be 

straightforward and simple to use to highlight where workstation ergonomic problems might 

exist and suggest ways to make changes. This checklist will also be tested to determine its 

reliability at measuring office ergonomic problems.  
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CHAPTER 2 

LITERATURE REVIEW 
 
 

2.0 Evidence for Discomfort or Disorders   

2.1 Keyboards 

 As one office component, keyboards come in all types of different shapes and sizes and 

are one method by which a worker tells the computer what actions to perform. All keyboards 

discussed in the research assume the standard QWERTY layout. Gerr, Marcus, and Monteilh 

(2004) found that when considering keyboards there are many differences in terms of the 

research being consistent about the benefits or harms of posture and duration while typing. 

Many of these differences will be discussed below.    

2.1.1 Discomfort/Disorders Associated with Keyboard Use 

When using keyboards Gerr, Marcus, Ortiz, White, Jones, et al. (2000) found that many 

issues tend to focus on the wrist. The keyboard is likely one computer component that could 

lead to MS symptoms developing.  

Marcus, Gerr, Monteilh, Ortiz, Gentry, et al. (2002) conducted a prospective study of 

new hires located throughout several large companies in Atlanta. Participants were able to be 

included in the study if they believed they would be using a computer for more than 15 

hours/week and had not experienced any type of MS symptoms prior to starting their new job 

or entry into the study. Participants tracked the number of hours they spent typing per week 

and recorded if they experienced any MS symptoms in a diary. Measurements pertaining to the 

workstation and workers’ posture while typing were collected as part of the study. Analyses 

were conducted on the incidence of neck/shoulder symptoms and disorders, and hand/arm 
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symptoms and disorders in order to observe what posture related risk factors led to the 

incidence of these symptoms or disorders developing. Measurements to determine this were 

taken at various follow-up periods throughout the study. Participants were followed for up to 

three years given they did not develop any MS disorders. Questionnaires were filled out by the 

participants throughout the study pertaining to their job characteristics. There was a decreased 

risk, as determined by the calculated hazard ratios (HR), of developing hand/arm symptoms and 

disorders if the “J” key was greater than 12cm away from the table’s edge (HRsymptoms = 0.64, 

CI.95 = 0.42-0.98; HRdisorders 0.52, CI.95= 0.29-0.93). A protective effect was found for developing 

neck/shoulder symptoms and disorders if the inner elbow angle was greater than 121° 

(HRsymptoms = 0.16 CI.95 = 0.04-0.60; HRdisorders 0.42, CI.95= 0.18-0.98) when using the keyboard. A 

decrease in neck/shoulder disorders was also observed if there was an armrest on the chair 

(unadjusted HR= 0.60, CI.95 = 0.36-0.97). This research supported that hand/arm symptoms and 

disorders and neck/shoulder disorders can likely be reduced by providing the forearms with 

support either from the desk’s surface (by moving the keyboard further from the desk’s edge) 

or the armrest of the chair.  

Gerr, Marcus, Ensor, Kleinbaum, Cohen, Edwards, et al. (2002) conducted an 

epidemiological prospective study on the incidence of musculoskeletal symptoms and disorders 

among those who thought they would be using a computer more than 15 hours/week. See 

above Marcus et al. (2002) for details about the study population and study duration. Areas of 

the body specifically focused on were the neck/shoulders and arms/hands. From baseline to a 

follow-up period 12 months after the start of the study the number of cases of neck/shoulder 

symptoms (58 cases/100 persons/yr) and disorders (35 cases/100 persons/yr) increased in 
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incidence over this time period. The confirmed neck/shoulder disorders were somatic pain 

syndrome (cumulative incidence 34 cases/100 persons/yr), rotator cuff tendonitis (cumulative 

incidence 3 cases/100 persons/yr), radicular pain syndrome (cumulative incidence 2 cases/100 

persons/yr), and bicipital tendonitis (cumulative incidence 1 case/100 persons/yr). There was a 

larger magnitude, determined by relative risk (RR) values, for developing a neck/shoulder 

disorder over symptoms, especially for the female gender, those over the age of 30, and those 

with a history of previous pain. Incidence of hand/arm symptoms (39 cases/100 persons/yr) 

and disorders (22 cases/100 persons/yr) also increased from baseline to a follow-up period 12 

months into the study. The major hand/arm disorders confirmed were extensor tendonitis in 

the 1st (cumulative incidence 15 cases/100 persons/yr), 2nd (cumulative incidence 6 cases/100 

persons/yr), 4th (cumulative incidence 5 cases/100 persons/yr), 5th (cumulative incidence 3 

cases/100 persons/yr), and 6th (cumulative incidence 4 cases/100 persons/yr) dorsal 

compartments, digital flexor tendonitis (cumulative incidence 9 cases/100 persons/yr), and 

carpal tunnel syndrome (cumulative incidence 1 case/100 persons/yr). The female gender had a 

higher risk of developing hand/arm disorders (RR = 2.4, CI.95 = 1.3-4.7) as did those with greater 

than two years of computer experience (RR = 2.7, CI.95 = 1.3-5.5). Hand/arm symptoms had a 

higher risk for those with greater than two years of computer experience (RR = 2.0, CI.95 = 1.2-

3.2) and those with a previous history of pain (RR = 2.7, CI.95 = 1.5-4.8). This study suggests that 

computer use may lead to more neck/shoulder incident symptoms and disorders developing 

over that of hand/arm symptoms or disorders based on the higher cumulative incidence rates 

of neck/shoulder symptoms and disorders over hand/arm symptom and disorders.   
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Lassen, Mikkelsen, Kryger, Brandt, Overgaard, Thomsen, et al. (2004) conducted a 

prospective study over a one year time span studying different aspects of computer work and 

pain or disorders in the wrists, hands, and elbow among 9,480 engineering technical assistants 

and machine technicians. A questionnaire regarding pain in the upper extremity was filled out 

at baseline and at the time of follow-up. Significant main effects were found for the keyboard, 

mouse, and female gender. The following odds ratios represent results of a logistic regression 

model at baseline and the incidence of pain and severe pain at 12 months. The keyboard was 

associated with severe elbow pain for work between 10-20 hours/week (OR10hrs-<15hrs = 2.49, 

CI.95 = 1.08-6.53; OR15hrs-<20hrs = 2.86, CI.95 = 1.08-8.12). Repetition and duration associated with 

keyboard use appeared to have an impact on the elbow and wrist/hand regions. The female 

gender was associated with an increase in the occurrence of pain in the elbows (OR = 1.59, CI.95 

= 1.26-2.02) and wrist/hand (OR = 1.70, CI.95 = 1.17-2.51). The most common disorders, which 

developed at the time of follow-up, were lateral and medial epicondylitis, and De Quervain’s 

syndrome, although the incidence of these developing was low.  

Cook and Burgess-Limmerick (2004), in a randomized controlled field trial lasting a total 

of 12 weeks (6 weeks for the study and 6 weeks with control group included), explored whether 

supporting the forearms on the desk surface decreased the amount of discomfort experienced 

in the neck, shoulders, or wrists/hands among workers in a call center. Over the course of 12-

weeks, there was a significant drop in the level of discomfort experienced by the participants 

(n=57) with 75% of the participants experiencing discomfort in any body area in week 1 to 45% 

experiencing discomfort in week 12.  Significant decreases were noted in the neck, forearms, 
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and wrists among those who had supported forearms all or some of the time. A large portion of 

the participants (61%) found having a forearm support to be comfortable.  

 In a follow-up to the previously discussed study by Cook and Burgess Limerick (2004), 

Cook, Downes, and Bowman (2008), tested the benefits of forearm supports over the course of 

a 21-month post-intervention follow-up study. This study consisted of an intervention period 

(12-weeks long) and a 21-month follow-up post-intervention period. The keyboard moved 

further from the desk’s edge as the study progressed. Participants reported using the forearm 

support some or all of the time. There was found to be a decrease in discomfort in the neck 

with an increase in shoulder discomfort. No changes were noted for the hands or wrists. The 

largest reductions in discomfort were found immediately following the 12-week long 

intervention. There was not a continued decrease in discomfort at the 21-month follow-up 

period as speculated by the authors because it was possible that over this time period 

participants naturally changed their posture as it was originally set up for them and the 

participants no longer were able to receive help from the researchers. 

 Rempel, Krause, Goldberg, Benner, Hudes, and Goldner (2006), in a randomized 

controlled intervention trial lasting one year studied if the use of a forearm support board 

would help to decrease the amount of pain and occurrence of MS disorders among computer 

users who used a computer more than 20 hours per week. Ergonomics training was also 

offered. Participants (n=182) worked for a healthcare company dealing with customer service 

issues. Questionnaires were filled out at baseline and every week throughout the study. This 

support board was attached to the front edge of the desk and extended out beyond the desk to 

bridge the gap between the person’s chair and the desk giving the forearms a place to rest. 
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Participants filled out a questionnaire asking about pain in the upper extremity each week for a 

year. Results indicated that the forearm support board reduced the incidence of neck/shoulder 

disorders from developing by 49% (Hazard Rate = 0.49, CI.95 = 0.24-0.97). Based on a regression 

analysis performed, there were decreases in neck/shoulder and right upper extremity pain 

using the forearm support board. The most common disorders, representing 35% of the 

participants after 12 months, were shoulder tendonitis, somatic pain syndrome, De Quervain’s 

syndrome, extensor and flexor tendonitis, and lateral and medial epicondylitis. It was, however, 

still more common for pain/discomfort to be reported by the participants than disorders.     

While forearm supports have proven to be beneficial, Cook and Burgess-Limmerick 

(2004) found that forearm supports are not always used. Workers will frequently still work 

without their forearms being supported or work with their arms hovering over the worksurface. 

Some barriers causing the workers to revert back to their hovering posture were reported to be 

from a lack of comfort having the forearms supported, the workers rotated workstations 

frequently and it was too hard to readjust the workstation each time, and the workers were 

paid more if they processed more calls meaning the longer it took them to get used to having 

their forearms supported the more money they lost. All of these factors made it easier to revert 

back to what they know best, the floating posture. These possible causes for discontinuing 

forearm support use are probably also applicable outside of this study too.   

 One other way forearm or wrist/hand discomfort has been studied is through examining 

muscle activation levels. Kotani, Barrero, Lee, and Dennerlein (2007) observed forearm muscle 

activity and ulnar deviation as the keyboard was moved further from the table’s edge.  As the 

distance from the table’s edge increased, more of the forearms and wrists were allowed to rest 
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on the table’s surface. As the keyboard moved further away from the table’s edge ulnar 

deviation significantly decreased and wrist extension significantly increased, except when a 

foam pad was added. Adding the foam pad wrist rest when the keyboard was further from the 

table’s edge helped decrease wrist extension angles and muscle activation levels of the forearm 

extensor muscles. On the contrary though, as the keyboard moved further away from the 

table’s edge there was increased shoulder flexion resulting in more shoulder muscle activation. 

The increase in shoulder muscle activation could largely have resulted from times when the 

shoulder was not supported when going between the keyboard and mouse. Inner elbow angle 

also increased, as could be expected, as the keyboard moved further from the table’s edge, 

however, the magnitude of this increase was much smaller than reported in other research, 

specifically Marcus et al. (2002).  

Nag, Pal, Nag, and Vyas (2009) studied muscle activity in the forearms, back, and 

shoulder muscles based on the use of forearm and wrist rests. The muscles examined were the 

right and left flexor digitorum superficialis, upper trapezius, extensor digitorum, and the erector 

spinae. The wrist supports were either filled with gel or beads. These supports were located 

close to the keyboard. As long as some type of wrist rest was used, the participant’s were able 

to type more characters than without any support. This was true even if both a forearm and 

wrist support were used together. Muscle loadings on the forearm muscles were lower with the 

gel filled wrist rest compared with the bead filled one possibly because gel is more supportive 

than loose beads. This muscle activation was lower in the flexor digitorum superficialis, 

extensor digitorum, and upper trapezius using the gel filled wrist rest.  
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 Delisle, Lariviere, Plamondon, and Imbeau (2006) studied if differences existed in muscle 

activity and posture between resting the forearms on a desk in front of the keyboard as 

compared with resting the forearms on the armrests of the chair. Studied were both 

keyboarding and mousing tasks. Three different office designs were examined: (1) corner desk 

design that could be adjusted in height and allowed the forearms to be supported on the desk, 

(2) height adjustable desk placed parallel to the wall but the forearms were supported using the 

chair’s armrests, and (3) desk placed parallel to the wall but could not be adjusted in height and 

the participants supported their forearms on the chair’s armrest while typing using a keyboard 

tray. There was more variability in EMG muscle activity in the trapezius and deltoid muscles 

based on the type of workstation used (higher for corner designs) while EMG muscle 

amplitudes for the extensor digitorum were higher depending on the workstation design 

(higher for corner designs). This was all particularly true for the deltoid and extensor digitorum 

muscles on the mousing side of the body. One possible explanation given by the authors as to 

why there was more muscle activity and higher amplitudes for the corner designed workstation 

is that when the keyboard and mouse are placed on a desk surface there is more of a chance 

for these input devices to get moved around either farther or nearer the person creating more 

muscle variability. Since there was a great deal of variability in muscle activation depending on 

the workstation layout and input device (i.e. keyboard or mouse) used, these authors suggest 

that allowing the forearms to alternate between the worksurface and armrests of the chair 

could be the most beneficial to reducing the development of MS disorders.  

 Lintula, Nevala-Puranen, and Louhevaara (2001) found that when forearm supports 

were used (in this case an Ergorest® arm support) for both arms there were reduced muscle 
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loadings on the left trapezius muscle during keying and mousing activities as well as a reduction 

in wrist extension for the right hand during mousing. This supports evidence that forearm 

supports help to raise up the arms almost level with the wrists to keep wrist angles more 

neutral and closer to 0°. This research adds that forearm supports for both arms are better than 

a forearm support for only the mousing hand. 

 From the review of keyboards it could be summarized that while the development of 

disorders occurred, the incidence for these was much less common compared with the 

frequency of discomfort or pain developing. Supporting the forearms was also shown to have 

added benefits for reducing muscle activation levels in the forearms and shoulders as well as 

discomfort in the neck, shoulders, and wrists. Forearm supports could range from the desk 

surface to the arms of a chair. A keyboard located lower than elbow height was also shown to 

reduce the likelihood of the elbows and shoulder working in an elevated posture. Overall, being 

able to locate the keyboard at elbow height either through an adjustable workstation or chair 

and having the forearms supported is one way to address this office ergonomic issue. Also, it 

was mentioned by Lassen et al. (2004) that duration and repetition of using the keyboard could 

contribute to pain in the elbows and wrists/hands. Table 1 shows a summary of the studies 

previously described on discomfort, pain, and disorders associated with keyboard use and Table 

2 provides a summary of the studies on muscle activity associated with keyboard use.    



 

Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
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Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Neck/Shoulder Symptoms & Disorders 

Marcus et al. 
(2002) 

 
 

 
 

Disorders 
 
 
 
 
 
 
 

Symptoms 

Keyboard inner 
elbow angle >121° 

HR= 0.42   
(0.18-0.98) 

 
Telephone shoulder 

rest 
HR= 2.54   

(1.32-4.92) 
 
 
 

Keyboard inner 
elbow angle >121° 

HR= 0.16   
(0.04-0.60) 

Not listed in 
study 

Not listed in 
study 

Keyboard 
use/elbow 

angle 
 
 

Telephone 
shoulder 

rest 
 
 
 
 

Keyboard 
use 

Keyboard 
 
 
 
 

Telephone 
shoulder 

rest 
 
 
 
 

Keyboard 
 

Increased time spent 
keyboarding (hrs 

keying/wk) decreased 
this protective effect 

for developing 
disorders/symptoms in 

relation to keyboard 
inner elbow angle 

 
 

 

 

 

 

 

TABLE 1 

 EVIDENCE FOR DISCOMFORT, PAIN, & DISORDERS AMONG KEYBOARD USE 

an 

1
3

 



 

Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence Rate (IR) 
or  

Cumulative 
incidence (CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Neck/Shoulder Symptoms & Disorders 

Gerr 
et al. 

(2002) 

All disorders 
 
 
 
 
 
 

Somatic pain 
syndrome 

 
Radicular pain 

syndrome 
 

Rotator cuff 
tendonitis 

 
Bicipital 

tendonitis 
 
 

Symptoms 

Females 
RR =1.9 (1.1-3.1) 

over 30 
RR = 1.8 (1.1-2.9) 

previous pain 
RR =3.6 (2.1-6.0) 

 
 
 
 
 
 
 
 
 
 
 
 

Females 
RR = 1.7 (1.2-2.6) 

over 30 
RR = 1.6 (1.1-2.4) 

previous pain 
RR = 3.3 (2.1-5.2) 

At entry all 
disorders 

5.9% 
 
 
 
 

At entry 
5.8% 

 
At entry  

0.2% 
 

At entry  
0.5% 

 
At entry  

0.2% 
 
 

At entry all 
symptoms 

10% 

CI all disorders 
12 mo. follow-up  

35 cases/100 
persons yr 

 
 
 

At 12 mo. 33.2% 
 
 

At 12 mo. 1.9% 
 
 

At 12 mo. 2.2% 
 
 

At 12 mo. 0.9% 
 
 
 

CI all symptoms 
12 mo. follow-up 58 
cases/100 persons 

yr 

Keyboard/computer  
use, gender, age > 
30, previous pain 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Keyboard/computer 
use, gender, age > 
30, previous pain 

Keyboard 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Keyboard 
 

Duration of 
computer use, 

specifically 
keyboard use 

 

TABLE 1 (continued) 

 EVIDENCE FOR DISCOMFORT, PAIN, & DISORDERS AMONG KEYBOARD USE 

an 

1
4 



 

Study Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence Rate (IR) 
or Cumulative 
incidence (CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Elbow  Pain 

Lassen 
et al. 

(2004) 

 
 
 
 

Pain  
 
 
 

 
 

Incident severe 
pain (keyboard) 

OR10hrs-<15hrs = 2.49 
(CI.95 = 1.08-6.53) 

OR15hrs-<20hrs = 2.86 
(CI.95 = 1.08-8.12) 

 
 

 
 
 
 
 
 

Not listed 
 
 
 

 
 
 
 
 
 

Not listed 
 

 
 
 
 
 
 

Keyboard Use 
 
 
 
 
 
 
 

 
 
 
 

Keyboard 
 
 
 
 
 

 
 

Duration >10 
hrs/wk 

keyboard 
 

Elbow Disorder 

Lassen 
et al. 

(2004) 

Lateral 
epicondylitis 

 
 
 

Medial 
epicondylitis 

 At entry 
0.5% 

 
 
 

At entry 
0.2% 

At 12 mo. 3.5% 
 
 
 
 

At 12 mo. 1.4% 

Keyboard use 
(computer use) 

 
 

 
Keyboard 

 

Duration of 
computer use, 

specifically 
keyboard use 
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 EVIDENCE FOR DISCOMFORT, PAIN, & DISORDERS AMONG KEYBOARD USE 

an 

1
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
incidence 

(CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Forearm Symptoms & Disorders 

Gerr et al. 
(2002) 

Symptoms 
 
 
 
 
 
 
 
 
 

Disorders 
 
 
 
 
 
 
 

Flexor carpi 
radialis 

tendonitis 
 

Flexor carpi 
ulnaris 

tendonitis 

Previous pain 
RR =2.7 (1.5-4.8) 

> 2 yrs of previous 
computer use 

RR = 2.0 (1.2-3.2) 
 
 
 
 
 

Females 
RR =2.4 (1.3-4.7) 

> 2 yrs of previous 
computer use 

RR = 2.7 (1.3-5.5) 
 
 

At entry 3.8% 
 
 
 
 
 
 
 
 
 

At entry 2.2% 
 
 
 
 
 
 
 

At entry 0.6% 
 
 
 

At entry 0.5% 
 
 

CI all 
symptoms 

12 mo. 
follow-up 

39 
cases/100 
persons yr 

 
 
 

CI all 
disorders 

12 mo. 
follow-up 

22 
cases/100 
persons yr 

 
At 12 mo. 

4.6% 
 
 

At 12 mo. 
2.9% 

Keyboard 
use 

(computer 
use), 

previous 
pain, yrs 
previous 

computer 
use 

 
Keyboard 

use 
(computer 

use), gender, 
yrs previous 

computer 
use 

 

Keyboard 
 
 
 
 
 
 
 
 
 

Keyboard Duration of 
computer use, 

specifically keyboard 
use 
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 EVIDENCE FOR DISCOMFORT, PAIN, & DISORDERS AMONG KEYBOARD USE 

an 

1
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
incidence 

(CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Wrist/Hand Symptoms & Disorders 

Gerr et al. 
(2002) 

Symptoms 
 
 
 
 
 
 
 

Disorders 
 
 
 
 
 
 

Digital flexor 
tendonitis 

 
Carpal tunnel 

syndrome 
 

Extensor 
tendonitis 

(dorsal comp 
1) 

Previous pain 
RR =2.7 (1.5-4.8) 

> 2 yrs of previous 
computer use 

RR = 2.0 (1.2-3.2) 
 
 
 

Females 
RR =2.4 (1.3-4.7) 

> 2 yrs of previous 
computer use 

RR = 2.7 (1.3-5.5) 
 
 

At entry 3.8% 
 
 
 
 
 
 
 

At entry 2.2% 
 
 
 
 
 
 

At entry 1.0% 
 
 

At entry 0.5% 
 
 

At entry 1.3% 
 

CI all 
symptoms 

12 mo. 
follow-up 39 

cases/100 
persons yr 

 
 

CI all 
disorders 12 
mo. follow-

up 22 
cases/100 
persons yr 

 
At 12 mo. 

8.7% 
 

At 12 mo. 
0.9% 

 
At 12 mo. 

14.7% 

Keyboard/computer 
use, previous pain, 

yrs previous 
computer use 

 
 
 
 

Keyboard/computer 
use, gender, yrs 

previous computer 
use 

 

Keyboard 
 
 
 
 
 
 
 

Keyboard 

Duration of 
computer use, 

specifically 
keyboard use 
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an 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
incidence 

(CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Wrist/Hand Disorders 

Gerr et al. 
(2002) 

Extensor 
tendonitis 

(dorsal comp 
2) 
 

Extensor 
tendonitis 

(dorsal comp 
4) 
 

Extensor 
tendonitis 

(dorsal comp 
5) 
 

Extensor 
tendonitis 

(dorsal comp 
6) 
 

Trigger 
finger 

 At entry 0.8% 
 
 
 

 
At entry 0.6% 

 
 

 
 

At entry 0.3% 
 
 
 
 

At entry 0.6% 
 
 
 
 

At entry 0% 

At 12 mo. 
5.8% 

 
 
 

At 12 mo. 
4.6%  

 
 
 

At 12 mo. 
2.6% 

 
 
 

At 12 mo. 
3.5% 

 
 
 

At 12 mo. 
1.2% 

 
 
 

Keyboard/computer 
use, gender, yrs 

previous computer 
use 

 

Keyboard 

 
 
 

Duration of 
computer use, 

specifically 
keyboard use 

 

- 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
incidence 

(CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Wrist/Hand Symptoms & Disorders 

Marcus et al. 
(2002) 

Disorders 
 
 
 
 
 

Symptoms 

Distance from table 
edge to “J” key (cm) 

>12 cm  
HR= 0.52 

(0.29-0.93) 
 

Distance from table 
edge to “J” key (cm) 

>12 cm  
HR= 0.64 

(0.42-0.98) 

Not listed in 
study 

Not listed in 
study 

Keyboard 
use/distance 

to “J” key 
 
 
 

Keyboard 
use/distance 

to “J” key 

Keyboard 
 
 
 
 
 

Keyboard 
 

Duration keying 
increased risk of 
symptoms and 
disorders risk 

 

Lassen et al. 
(2004) 

Pain or 
Discomfort 

Keyboard time 
(continuous 

10hr/wk) 
OR = 1.29 

(Ci.951.06-1.57) 

Severe 
pain/discomfort 

=8.1% 

Severe Pain 
at follow-up 

CI = 4.0% 
Keyboard Keyboard 

Duration of 
keyboard use 
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Study  Methods Findings  Workstation  
Variable(s)  
Addressed 

Proposed Solution(s) 

Neck/Shoulder Biomechanical Evidence 

Kotani et 
al. (2002) 

Keyboard moved 
further from table’s 

edge as study 
progressed. 

As the keyboard 
moved further from 

the table’s edge, 
shoulder muscle 

activation increased. 

Keyboard None 

Nag et al. 
(2009) 

Examined muscle 
activity of the 

shoulder muscles 
when using wrist 

rests filled with gel or 
beads for keying 

tasks. 

Muscle loadings on 
the upper trapezius 

were lower (less 
muscle activation) 
using the gel filled 

wrist rest 

Wrist rests, 
keyboard 

None 

Delisle et 
al. (2006) 

Examined differences 
in muscle activity and 

posture between 
resting the forearms 
on a desk compared 
with the armrests of 
a chair. Studied were 

keyboarding and 
mousing tasks. 

There was more 
muscle variability in 

the trapezius and 
deltoid muscles w/ 

corner desk 
placement. These 
muscle amplitudes 

were affected by the 
keyboard and mouse. 

Keyboard, 
mouse, 
forearm 
support 

Allowing the forearms 
to alternate between 
the worksurface and 
chair armrests and 

having a height 
adjustable 

workstation could 
vary muscle 

activation by allowing 
for rest between 

typing and mousing 
tasks. 

 

TABLE 2 

 MUCSLE ACTIVITY ASSOCIATED WITH KEYBOARD USE 

an 

2
0 



 

Study  Methods Findings  Workstation  
Variable(s)  
Addressed 

Proposed Solution(s) 

Neck/Shoulder Biomechanical Evidence 

Lintula et 
al. (2001) 

Examined the effects 
of a Ergorest® arm 
support on muscle 
activation of the 

upper trapezius & 
extensor digitorum & 

wrist position 

Using forearm 
supports for both 

arms reduced muscle 
loadings on the L 
trapezius muscle 
during keying & 

mousing activities & 
a reduction in wrist 
extension for the R 

hand when mousing 

Keyboard, 
mouse, wrist 

rests 

Forearm supports for 
both arms are better 

than a forearm 
support for only the 

mousing hand. 
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Study  Methods Findings  Workstation  
Variable(s)  
Addressed 

Proposed Solution(s) 

Forearm Biomechanical Evidence 

Kotani et 
al. (2007) 

Keyboard moved 
further from table’s 

edge as study 
progressed. 

Observed forearm 
muscle activity. 

Wrist rest helped 
reduce muscle 

activation of forearm 
extensor muscles as 
the keyboard moved 

further from the 
table’s edge 

Keyboard, 
wrist rests 

None 

Nag et al. 
(2009) 

Examined muscle 
activity of the 

forearm muscles 
when using wrist 

rests filled with gel or 
beads during keying 

tasks. 

Muscle loadings on 
the flexor digitorum 

superficialis & 
extensor digitorum 

were lower (less 
muscle activation) 
with using the gel 

filled wrist rest  

Wrist rests, 
keyboard 

None 

Delisle et 
al. (2006) 

Examined differences 
in muscle activity and 

posture between 
resting the forearms 
on a desk compared 
with the armrests of 

the chair. Studied 
keyboarding and 
mousing tasks. 

Muscle amplitudes 
for the extensor 
digitorum were 

higher, especially on 
mousing side and for 

corner desk 
placement  

Keyboard, 
mouse, 
forearm 
support 

Allowing the forearms 
to alternate between 
the worksurface and 
chair armrests and 

having a height 
adjustable 

workstation could 
vary muscle 

activation by allowing 
for rest between 

typing and mousing 
tasks. 
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an 

2
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Study  Methods Findings  Workstation  
Variable(s)  
Addressed 

Proposed Solution(s) 

Wrist/Hand Biomechanical Evidence 

Kotani et 
al. (2007) 

Keyboard moved 
further from table’s 

edge as study 
progressed.  

As the keyboard got 
further from the 

table’s edge, ulnar 
deviation decreased. 
A wrist rest helped 

reduce wrist 
extension and 

activation of the 
forearm extensor 

muscles. 

Keyboard, 
wrist rests 

None 
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2.2 Mouse 

The computer mouse is another way for the user to interact with the computer and 

execute certain actions through pointing and clicking tasks. Along with the keyboard, the mouse 

is another very important office component. It would be almost impossible to find a computer 

user who does not use a mouse on a daily basis. In fact, some programs even require that a 

computer mouse be used to manipulate the cursor on screen. Therefore, a substantial portion 

of the literature is devoted to the mouse, especially because of the musculoskeletal issues that 

have been associated with it.  

2.2.1 Discomfort/Disorders Associated with Mouse Use 

Ijmker, Huysmans, Blatter, van der Beek, van Mechelen, and Bongers (2007) conducted 

a review of the literature in order to determine if there might be some evidence for a link 

between the amount of time a person spends on a computer and the development of 

musculoskeletal symptoms and disorders particularly in the neck, shoulders, arms, and hands. 

They found more evidence in the research for the amount of time a person spends using a 

mouse and hand/arm symptoms than among any other computer input device or the 

development of neck/shoulder problems. A dose-response interaction was observed in that as 

the number of hours per week using a mouse increased, so too did the odds ratios increase 

indicating a stronger association of risk in developing hand/arm symptoms using a mouse 

throughout the week.  

In a study by Kryger, Andersen, Lassen, Brandt, Vilstrup, Overgaard, et al. (2003) they 

used data from the Neck and Upper extremity Disorders Among Technical Assistants (NUDATA) 

study, which was a one year study that looked to see if a relationship existed between using a 
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computer and developing upper limb and neck musculoskeletal disorders (MSD’s). These body 

regions included the neck, shoulders, forearms, wrists/hands, and elbows, however, for this 

review the authors focused on the forearms. Participants were drawn from a Danish population 

who had jobs that entailed intensive mouse and keyboard usage. The one year incidence of 

forearm symptoms and pain was 1.3%. Using a mouse greater than 30 hours per week (OR = 

8.4, CI.95 = 2.5-29) was associated with these symptoms and pain. Duration using a mouse was 

more of an issue related to right forearm pain developing than a disorder. The disorders 

reported at baseline were supinator and pronator teres syndrome, however, at follow-up no 

incident cases were reported.  

Lassen, Mikkelsen, Kryger, Brandt, Overgaard, Thomsen, et al. (2004) reported that 

severe incidence of elbow pain was associated with mouse use greater than 20 hrs/wk (OR20hrs-

<25hrs = 2.88, CI.95 = 1.18-7.54; OR25hrs-<30hrs = 4.16, CI.95 = 1.45-12.13; OR>30hrs = 6.19, CI.95 = 2.21-

22.53). Similarly, wrist/hand pain or discomfort was associated with mouse use greater than 20 

hours/week (OR20hrs-<25hrs = 4.21, CI.95 = 2.12-8.85; OR25hrs-<30hrs = 4.81, CI.95 = 2.18-10.99). 

Increasing the amount of time spent using a mouse also led to more severe pain developing in 

the elbow and wrist/hands. 

Brandt, Andersen, Lassen, Kryger, Overgaard, Vilstrup, et al. (2004) conducted a 

prospective study over the course of a year examining neck and shoulder symptoms and 

disorders among computer users who use a keyboard and mouse. At the study’s conclusion 

there were a total of 5658 participants who remained in the study. A questionnaire was given 

at the beginning and end of the study that examined neck and right shoulder discomfort and 

included eight levels of pain for the participants to check. For neck pain, 64% indicated no pain 
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and 78.5% indicated no right shoulder pain. Prevalence rate ratios (PRR) were calculate on 

several of the variables related to mouse duration, keyboard duration, screen height, and arm 

support. Only mouse duration had PRR’s that were significant at the 95% confidence level. Neck 

symptoms reached significance for mouse use over 25 hours per week (PRR= 1.7, CI.95 = 1.1-

2.6), the chair being not adjusted (PRR= 1.6, CI.95 = 1.1-2.3), and the female gender (PRR= 1.7, 

CI.95 = 1.4-2.1). Right shoulder symptoms reached significance for mouse use over 15 hours per 

week (PRR= 1.6, CI.95 = 1.1-2.4) and the female gender (PRR= 2.2, CI.95 = 1.7-2.8). In relation to 

disorders, tension neck disorder reached significance for mouse use over 30 hours per week 

(PRR= 4.7, CI.95 = 1.2-18) and the female gender (PRR= 2.7, CI.95 = 1.5-4.9), and right shoulder 

myalgia reached significance only for the female gender (PRR= 7.2, CI.95 = 1.7-30.3). The 

incidence of neck and right shoulder symptoms at one-year follow-up was less than 2%.  

Overall, the mouse was the only input device that led to neck and shoulder pain when used for 

an extended duration of time (more than 30 hours per week).  

Hansson, Balogh, Ohlsson, Granqvist, Nordander, Arvidsson, et al. (2009) studied 

workload characteristics pertaining to the wrists and forearms among many different types of 

work. Among those using a mouse there was virtually little muscle resting, especially among the 

extensor carpi radialis longus and brevis suggesting the mouse leads to the muscles exhibiting a 

substantial amount of sustained activity.  

Andersen, Harhoff, Grimstrup, Vilstrup, Lassen, Brandt, et al (2008) in a prospective 

study studied acute, prolonged, and chronic pain in the neck and right shoulder to see if 

neck/shoulder issues could be brought on by using a mouse and keyboard. They examined 2146 

computer users who were mainly comprised of technical assistants. Much of these users time 
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using a mouse was spent doing computer assisted design (CAD) projects. These participants had 

software installed on their computers that monitored the amount of time they spend using the 

keyboard and mouse. The data were collected for up to a year and weekly questionnaires were 

filled out as a part of this study to assess pain in the neck and right shoulder. The highest risk 

for both acute and prolonged neck pain was for women (ORacute = 1.21, CI.95 = 1.16-1.27 and 

ORprolonged = 1.80, CI.95 = 1.28-2.52). Acute shoulder pain increased as time using the mouse 

increased (OR = 1.10, CI.95 = 1.05-1.16) and both acute and prolonged shoulder pain increased 

only for women (ORacute = 1.22, CI.95 = 1.16-1.28 and ORprolonged = 1.81, CI.95 = 1.19-2.73). Chronic 

neck or right shoulder pain was not found to be a risk factor at the one-year follow up point. 

Compared to the time actually at risk, the percentage of clinical incident cases of developing 

prolonged or chronic pain was relatively low (<1%). The results show that chronic and 

prolonged neck and shoulder pain were not directly related to using a keyboard and mouse. It 

was more likely for a user to experience acute right shoulder pain related to mouse use, if any 

at all. It was also more likely for a computer and mouse user to experience little or no pain in 

the neck or shoulder associated with using a keyboard or mouse.    

Cook, Burgess-Limerick, and Chang (2000) in a cross-sectional study looked to see if 

there was any connection between developing MS symptoms in the upper extremity and 

mouse use. Participants (N=270) for the study were comprised of those performing clerical 

tasks, those working in a technical field (engineers and draftsmen), and those in telephone and 

newspaper call centers. Participants filled out a questionnaire asking questions about computer 

usage, work satisfaction, their workstation, and if they had experienced any past MS problems. 

From a logistic regression model, arm abduction (OR = 2.07, CI.95 = 1.11-3.84), screen height 
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above eye height (OR = 3.19, CI.95 = 1.50-6.78), a raised shoulder (OR = 2.01, CI.95 = 1.04-3.88), 

and stress (OR = 4.30, CI.95 = 1.43-12.95) were associated with neck symptoms.  Screen height 

above eye height (OR = 2.38, CI.95 = 1.20-4.71), a raised shoulder (OR = 2.69, CI.95 = 1.49-4.90), 

and stress (OR = 2.66, CI.95 = 1.08-6.58) were associated with shoulder symptoms. A raised 

shoulder (OR = 2.28, CI.95 = 1.30-4.00) was associated with wrist/hand symptoms. Lastly, a 

raised shoulder (OR = 2.26, CI.95 = 1.28-3.98) and the female gender (OR = 2.39, CI.95 = 1.33-

4.31) were associated with upper back symptoms. Symptoms could include discomfort, 

numbness, pain, or aches. Prevalence values were higher for the neck and shoulder based on 

screen position (too high above eye level) and for the neck based on the time with the hand on 

the mouse (>5min).   

Conlon, Krause, and Rempel (2008) conducted a one year randomized controlled trial to 

see if a forearm support board and mouse would keep the forearms in a neutral posture (like a 

joystick) to help reduce MS disorders and discomfort. The forearm support board was able to 

support the keyboard and mouse on it as well as the forearms. The population tested were 

engineers who used computers throughout the day (>20 hrs/week). Participants filled out a 

health questionnaire and every week filled out a discomfort questionnaire which focused on 

the neck/shoulders and right/left elbow, forearm, wrist, and hand. A total of 206 participants 

were a part of the study and participated in one of the four interventions: 1) conventional 

mouse, 2) alternate mouse, 3) conventional mouse with forearm board, and 4) alternate mouse 

with forearm board. Of these participants 56 required further examination by a doctor to check 

for a MS disorder as indicated on their weekly questionnaires. Fourty-two of these cases were 

incident MS disorder cases, the majority being reported in the right upper extremity followed 
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by the neck/shoulders. The most frequently diagnosed disorders were somatic neck disorder, 

right lateral epicondylitis, and right wrist flexor and extensor tendonitis. Those participants who 

got the forearm support board experienced reduced discomfort in the right upper extremity. All 

participants, however, experienced at least some pain in one body area when the study started. 

Based on all non-significant hazard ratios for the neck/shoulder and right/left upper extremities 

there was no indication the alternate mouse or forearm board had any effect on the incidence 

of MS disorders. Thus, it is more likely that pain/discomfort may occur more frequently and be 

reduced with this forearm support board as opposed to any disorder developing. One limitation 

to this study was the high dropout rate, especially early among those with the alternate mouse 

because they were unable to adapt to using it.      

Ackland and Hendrie (2005) explored if switching mousing hands (preferred versus non-

preferred hand) would be one possible solution for preventing injuries that occur in the 

workplace. After three weeks of training participants using various methods on a computer 

screen with their preferred and non-preferred hands there were few advances in both the 

control and experimental groups in relation to becoming better with the computer tasks given 

to them with their preferred hand. The greatest improvement was with the experimental group 

performing the scrolling task with their non-preferred hand. This research suggests that it is 

possible to train people to become more proficient with their non-dominant mousing hand as a 

result of training. The non-preferred hand can be trained to produce more controlled mousing 

movements with training and practice.       

Arvidsson, Hansson, Mathiassen, and Skerfving (2006) examined the effects of using two 

different information display systems for air traffic controllers. One information display system 
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(the older system) involved the workers looking at a circular screen, using a keyboard and 

mouse, and tracking all aircraft information using pieces of paper. The new information display 

system eliminated the circular screen and replaced it with two square monitors. This new 

system was mouse intensive. The new system kept the workers in more static postures 

characterized by less posture difference and velocities of the head, neck, and arms. This new 

system also did not allow the right forearms to experience the same level of rest as it did in the 

old system because of how mouse intensive the new system was. The right arm was constantly 

being dominated by mouse use. The trapezius, however, remained rested in both systems. 

Gender differences included women experiencing more neck extension and back flexion due to 

the women being shorter. In a continuance to this study Arvidsson, Axmon, and Skerfving 

(2008) had the same research objective with the addition that follow-up measures were 

collected roughly 2-5 years later with the new system. Workers had more elbow and hand 

complaints and a diagnosis made in the elbow/hands for older employees, and elbow/hands 

and neck/shoulder for younger employees at the time of follow-up, particularly on the right 

side of the body. These finding indicate two things. One is that there might be some type of 

survivor effect occurring since the older employees appeared to have protected themselves 

against shoulder problems. The second point is that since the major problems were occurring in 

the right side of the body to the shoulders, elbows, and hands this type of intensive mouse use 

duration for five hours a day may be excessive and lead to complaints and diagnoses in these 

body regions.  

Keir, Bach, and Rempel (1999) studied if carpal tunnel pressure and wrist posture is 

affected by the way the computer mouse is designed and if simply using a mouse increases 
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carpal tunnel pressure. Simply placing the hand on the mouse was met with almost a four times 

increase in carpal tunnel pressure (from 5.3mmHg to 18.7mmHg). From resting to dragging type 

tasks there was roughly a six times increase in carpal tunnel pressure. This increase was 

dependent on the design of the mouse. Dragging tasks increased this pressure more than 

pointing tasks. This increase in pressure could have resulted from the wrist extension created 

when the hand is on the mouse and must grip the mouse to apply slight pressure to depress the 

buttons. Although this study found increases in carpal tunnel pressure when using a mouse it 

presented no evidence that using a mouse or an increases in carpal tunnel pressure will lead to 

carpal tunnel syndrome developing. Rempel, Keir, and Bach (2008) reported that carpal tunnel 

pressure increased with wrist extension greater that 30° and radial deviation greater than 15° 

while typing on a keyboard, however, this study only reported on carpal tunnel pressure 

increasing and did not comment on how much time exposed to typing is harmful or necessary 

for carpal tunnel syndrome developing. Thompson, Gerr, and Atroshi (2008) conducted a 

review of the literature on carpal tunnel syndrome and computer work. They found conflicting 

evidence for an association to exist between computer work (using a keyboard and mouse) and 

developing carpal tunnel syndrome based off the eight epidemiology studies they reviewed.  

Karlqvist, Bernmark, Ekenvall, Hagberg, Isaksson, and Rosto (1999) conducted a study in 

which they investigated differences in loadings on the muscles and posture between using a 

regular computer mouse and a trackball. They found that the track ball resulted in more wrist 

extension and less muscle activity in the right trapezius while the regular mouse led to the 

shoulders being raised. Supporting the arms either on the table or armrests of the chair 

reduced the load on the neck and shoulder muscles. Trapezius and deltoid muscle activity was 
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also lower among those participants who worked below elbow height allowing for more arm 

and shoulder support. Women also had higher muscle activity than men in the right trapezius, 

deltoid, and extensor digitorum and in their use between both input devices. These findings 

suggest that supporting the arms and working below elbow height is important no matter what 

type of mouse is used. Whether the mouse used is a regular mouse or a trackball, there appear 

to be trade-offs between what body parts will be affected and the level of muscle activity 

experienced. Being able to work below elbow height with the arms supported has benefits of 

reducing neck and shoulder muscle loadings.  

Aaras and Ro (1997) tested two different mouse designs with and without forearm 

supports. Among their findings, it was shown that despite a few significant differences among 

the trapezius, extensor carpi ulnaris, and extensor digitorum communis muscles tested, it was 

not as important whether the forearms were supported as it was the type of mouse used. A 

conventional mouse was tested against one that resembled a joystick. The logic behind testing 

the joystick type mouse was that it would keep the wrist in a more neutral posture. Overall, the 

joystick type mouse was better for creating less forearm muscle loadings than the regular 

mouse.  

Karlqvist, Bernmark, Ekenvall, Hagberg, Isaksson, and Rosto (1998) conducted research 

on where a mouse should optimally be placed on the worksurface by measuring the loads 

placed on the muscles at differing postures. There were a total of six positions that ranged from 

the mouse being placed directly in front of the participant to the side of the participant at 

different distances. Having a supported forearm on the worksurface or chair armrest helped to 

reduce the muscle strain and loads placed on the neck and shoulders. The shoulders saw the 
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greatest amount of change in terms of posture and muscle loadings depending on where the 

mouse was placed, specifically the deltoid muscles and right trapezius. Placing the mouse in a 

location where the arms are supported either on the table or armrests of the chair showed the 

lowest muscle loadings. Muscle loadings for shorter participants were higher indicating they 

have more muscle activity than taller subjects due to anthropometric and workstation 

adjustment differences. Tall participants who had broad shoulders operated with a lot of 

inward rotation of the shoulder for mousing positions directly in front of them. Shorter, 

narrower shouldered participants worked with the shoulders rotated outward and more 

abducted in positions where the mouse was located to the side of the keyboard. Most subjects 

preferred a mouse position that was to the side of the keyboard about 20cm away from the 

table’s edge.  

Jensen, Borg, Finsen, Hansen, Juul-Kristensen, and Christensen (1998) found higher 

prevalence’s for MS symptoms in the neck, hand, wrists, shoulders, and elbows for the side that 

was using the mouse.  Prevalence over 12-months was higher for women than men for both the 

elbows (on average 21% higher) and wrist/hands (on average 26% higher). The wrist using the 

mouse experienced more wrist extension and ulnar deviation compared with the wrist not 

using the mouse. It was also found that the mousing arm trapezius and forearm extensor 

muscle activities were higher than the arm not using the mouse.  

Gerr, Marcus, Ortiz, White, Jones, et al. (2000) found that using a mouse created 

increases, as compared to the keyboard, in shoulder flexion by 5.7 degrees, abduction by 13 

degrees, and inner elbow angle by 23.8 degrees. Marcus, Gerr, Monteilh, Ortiz, Gentry, et al. 
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(2002) determined that hand/arm disorder risk increased if there was greater than 5° of radial 

deviation when using the mouse (HR 2.03, CI.95= 1.09-3.80) 

In reviewing the research on the computer mouse it can be summarized that there is 

more discomfort and pain associated with the duration of its use. Discomfort, aches, and pains 

are likely to occur in the forearm, neck/shoulders, and possibly the elbows and hands as a 

result of using a mouse. Additionally, hand/arm symptoms and forearm pain increased as the 

time spent using a mouse increased. The research indicated that the magnitude of symptoms 

and pain using a mouse is greater than when using a keyboard, possibly indicating the mouse is 

an office component that needs more attention devoted to it. Supporting the arms, working 

below elbow height, and a mouse placement to the side of the keyboard appears to help 

reduce muscle loadings on the neck and shoulder muscles and improve this office ergonomic 

issue. Table 3 provides a summary of the studies that previously described discomfort, pain, 

and disorders associated with mouse use while Table 4 shows a review of the previous studies 

on muscle activity associated with mouse use.    

 

 

 

 

 

 

 

 



 

Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
incidence 

(CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Neck/Shoulder Pain 

Andersen et 
al. (2008) 

 

 
Acute, 

prolonged, 
chronic 

pain 
 

Mouse usage 
time (Acute 

pain R 
Shoulder 
OR = 1.10 

(1.05-1.16) 
 

Female Gender 
Neck 

ORacute pain = 
1.21 

( 1.16-1.27) 
ORprolonged pain = 

1.80 
(1.28-2.52) 

 
Female Gender 

Shoulder 
ORacute pain = 

1.22 
(1.16-1.28) 

ORprolonged pain = 
1.81 

(1.19-2.73) 
 

Data not shown 
but reported by 

authors that 
weekly severe 
pain was low 

IR/wk/1-yr 
incidence 
Prolonged 
N/S pain 

<1% 
 

IR/wk/1-yr 
incidence 
Chronic 
N/S pain 
<2.33% 

 
Clinical 

Cases <1% 
 

Female 
gender, 

mouse use 
 

Mouse 
Duration 
of mouse 

use 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 

incidence (CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Neck/Shoulder Disorders 

Rempel et al. 
(2006) 

Shoulder 
tendonitis, 

somatic 
pain 

syndrome, 
thoracic 
outlet 

syndrome 

Armboard 
protective 
effect on 

incidence of 
disorders 
HR = 0.49  

(0.24-0.97) 

Not listed in 
study 

12-mo. CI for 
Disorders 

 
Ergo training 
19 cases/43 

persons 
 

Ergo training 
& trackball 6 

cases/35 
persons 

 
Ergo training 

& armboard 6 
cases/40 
persons 

 
Ergo training, 
armboard, & 

trackball 8 
cases/40 
persons 

Decrease in 
disorders 

associated 
with having 

forearms 
supported 

using 
forearm 
support 
board 

Forearm 
support 
board 

 
Trackball 

Duration 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
incidence 

(CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Neck/Shoulder Symptoms 

Brandt et 
al. 2004 

 

 
 
 
 
 
 

Symptoms 

Neck: 
Mouse use >25hrs/wk 

PRR= 1.7 
(1.1-2.6) 

High job demands 
PRR= 1.4 
(1.1-1.7) 

Female gender 
PRR= 1.7 
(1.4-2.1) 

Chair not adjusted 
PRR= 1.6 
(1.1-2.3) 

 
 

 
At baseline 
symptom 

cases 
10.6% 

 
 

 
CI at 1 year 
follow-up 
symptom 

cases 
1.5% 

 

Mouse use, 
high job 

demands, 
female 
gender, 

chair 
adjusted or 

not 
 

Mouse, 
chair 

adjustment 

 
Duration 
of mouse 
use, high 

job 
demands 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 

incidence (CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Neck/Shoulder Symptoms &Disorders 

Brandt et al. 
2004 

 

Symptoms 
 
 
 
 
 
 
 
 
 
 
 
 

Tension 
neck 

disorder 
 
 
 

 
 

Right 
shoulder 
myalgia 

Right Shoulder: 
Mouse use > 15 

hrs/wk 
PRR= 1.6 
(1.1-2.4) 
High job 
demands 
PRR= 1.5 
(1.1-1.9) 

Female gender 
PRR= 2.2 
(1.7-2.8) 

 
Mouse use > 30 

hrs/wk 
PRR= 4.7 
(1.2-18) 

Female gender 
PRR= 2.7 
(1.5-4.9) 

 
Female gender 

PRR= 7.2 
(1.7-30.3) 

At baseline 
symptom 

cases 
7.6% 

CI at 1 year 
follow-up 
symptom 

cases 1.9% 

 
 
 

Mouse use, 
high job 
demand, 
female 
gender 

 
 
 
 
 

Mouse use, 
female 
gender 

 
 
 
 
 

Female 
gender 

 
 
 

Mouse, 
chair 

adjustment 
 
 
 
 
 
 
 

Mouse 
 

 
 
 

Duration 
of mouse 
use, high 

job 
demands 

 
 
 
 
 

Duration 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence Rate 
(IR) or 

Cumulative 
incidence (CI)   

Factor(s) 
Associated  

Workstation 
Variable(s)  

Task 
Variable(s)  

Elbow Pain 

Lassen et al. 

(2004) 

 

 

 

Pain 

Incident 12-mo pain 

(Mouse) 

OR>5hrs/wk = 2.35  

(CI.95 = 1.51-3.70) 

 

High Job demands 

OR = 1.33  

(CI.95 = 1.02-1.74) 

 

Female gender 

OR = 1.59 

(CI.95 = 1.26-2.02) 

Any pain (past 12 

months) 

=27.5% 

 

 

Severe 

Pain = 5.5% 

 

Any pain (past 

12 months) at 

follow-up 

CI =14.1% 

 

Severe pain at 

follow-up 

CI = 2.7% 

 

Mouse use 

 

 

 

 

Job demand 

 

 

 

Female 

gender 

 

 

 

Mouse 

 

 

 

 

 

Duration 

(>5hrs/wk), 

job demand 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
incidence 

(CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Forearm Symptoms, Pain & Disorders 

Kryger et 
al. (2003) 

Symptoms/pain 
 
 
 
 
 
 

Supinator & pronator 
teres syndrome 

For P<.10 
Mouse (R hand) 

> 30 hrs/wk 
OR = 8.4 (2.5-29) 

 
 
 

Female gender 
OR = 2.2 (1.1-4.5) 

At baseline 
4.3% R forearm 
1% L forearm 

 
 
 
 

At baseline < 
1% 

1 yr CI 
1.3% R 

forearm 
0.4% L 

forearm 
 
 

At 1 yr 
follow-up 0 

cases 

Mouse use, 
female 
gender 

 
 
 
 

Mouse 
 
 

Duration of 
mouse use 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
incidence 

(CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Wrist/Hand Pain 

 
 
 

Lassen et al. 
(2004) 

 
 
 

Pain 
 
 
 

Incident severe 
pain (Mouse) 

OR20hrs-<25hrs = 2.88 
(CI.95 = 1.18-7.54) 

OR25hrs-<30hrs = 4.16 
(CI.95 = 1.45-12.13) 

OR>30hrs = 6.19 
(CI.95 = 2.21-22.53) 

Not listed in 
study 

Not listed in 
study 

 
 
 

Mouse use 
 
 

 
 
 

Mouse 
 
 
 

 
 
 

Duration >20 
hrs/wk mouse 

 
 

Wrist/Hand Disorders 

Marcus et 
al. (2002) 

Disorders 

Mouse wrist ulnar 
deviation angle 

(<.5°) 
HR = 2.03 

(1.09-3.80) 
 

 
 

Not listed in 
study 

 
 

Not listed in 
study 

 
 

Wrist angle 
using mouse 

 
 

Mouse 

 
 

Duration 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence 
Rate (IR) or  
Cumulative 
incidence 

(CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Wrist/Hand Pain, Discomfort, & Disorders 

 
 
 
 

Lassen et 
al. (2004) 

 
 
 
 

 
 
 
 
 
 
 

Pain or discomfort 
 
 
 
 
 
 
 
 

De Quervain’s 
syndrome 

Female gender 
OR = 1.70 

(CI.95 = 1.17-2.51) 
 

Incident severe 
pain (Mouse) 

OR20hrs-<25hrs = 4.21 
(CI.95 = 2.12-8.85) 

OR25hrs-<30hrs = 4.81 
(CI.95 = 2.18-10.99) 

 
Unsatisfied w/ 

workplace design 
OR = 1.67 

(CI.95 = 1.02-2.67) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Not listed in 
study 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

< 1% 

 
 
 
 

Mouse use, 
female 
gender, 

satisfaction 
w/ 

workplace 
design 

 
 
 
 
 

Mouse use 

 
 
 
 

Mouse 
 
 
 
 
 
 
 
 
 
 
 

Mouse 

 
 
 
 

Duration of 
mouse use, 
satisfaction 

w/ 
workplace 

design 
 
 
 
 
 
 

Not 
examined 
although 
found not 

to be 
duration 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence Rate 
(IR) or  

Cumulative 
incidence (CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Wrist/Hand Pain/Discomfort 

Lassen et 
al. (2004) 

Pain or 
discomfort 

Incident 12-mo 
pain 

 
(Mouse) 

OR>5hrs/wk = 2.16  
(CI.95 = 1.46-3.22) 

 
Arm/wrist support 

>50% of time 
(mouse) 

OR = 1.55  
(CI.95 = 1.14-2.13) 

 
 

 
 

Any 
pain/discomfort 

(past 12 
months) 
=46.2% 

 
 

 
 
 

Any 
pain/discomfort 

(past 12 
months) at 
follow-up 
CI =21.0% 

 
 

Mouse use, 
arm 

support,  

 
 
 
 
 
 

Mouse 
 

Duration of mouse 
use 
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Study  Methods Findings  Workstation  
Variable(s)  
Addressed 

Proposed 
Solution(s) 

Neck/Shoulder Biomechanical Evidence 

Karlqvist et al. 
(1998) 

Examined where a 
mouse should 

optimally be placed 
on a worksurface. 
Measured muscle 

loadings at different 
postures using the 

mouse. 

Having a forearm 
support helped 
reduce muscle 

strain/load on the 
N/S. The shoulders 

had the most 
change in posture 

and muscle loadings 
based on where the 
mouse was placed, 

specifically the 
deltoid and R 
trapezius. The 
lowest muscle 

loading were also 
found when the 

arms were 
supported either on 

the table or 
armrests of the 

chair. 

Mouse, 
forearm 
support 

Most subjects 
preferred a mouse 

position that was to 
the side of the 

keyboard about 
20cm away from the 

table’s edge 
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Study  Methods Findings  Workstation  
Variable(s)  
Addressed 

Proposed 
Solution(s) 

Neck/Shoulder Biomechanical Evidence 

Karlqvist et al. 
(1999) 

Investigated 
differences in 

muscle loadings and 
posture between 

using a regular 
computer mouse 

and a trackball 

The track ball 
resulted in less 

muscle activity in 
the R trapezius. The 
regular mouse had 

more shoulder 
flexion. Supporting 
the arms either on 

the table or 
armrests of the 

chair reduced N/S 
muscle loadings. 

Trapezius & deltoid 
muscle activity was 
lower for those who 

worked below 
elbow height  

Mouse, 
forearm 
support 

Supporting the arms 
and working below 

elbow height is 
important no matter 
what type of mouse 

is used 
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Study  Methods Findings  Workstation  
Variable(s)  
Addressed 

Proposed 
Solution(s) 

Wrist/Hand Biomechanical Evidence 

Karlqvist et al. 
(1999) 

Investigated 
differences in the 
trapezius, deltoid, 

and extensor 
digitorum muscles 

loadings and 
posture between 

using a regular 
computer mouse 

and a trackball 

Using the track ball 
resulted in more 
wrist extension, 

lower muscle 
activity in the R 
trapezius, and 

higher activity in the 
R extensor 

digitorum. The 
regular mouse had 

higher muscle 
activation in the R 

and L trapezius and 
R deltoid muscles.  

Mouse Supporting the arms 
and working below 

elbow height is 
important no matter 
what type of mouse 

is being used 

TABLE 4 (continued) 
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2.3 Monitor Height 

 The computer monitor allows the worker to see what actions they have performed by 

being able to view those changes on the screen. With computer monitors, the issue is primarily 

how high or low the monitor should be placed to allow for the proper viewing angle and to help 

prevent eye and neck symptoms from developing. As will be discussed, evidence suggests that 

monitors are best placed with the top of the monitor at or below eye height. A monitor placed 

above eye height has been shown to create more neck related discomfort and unnatural gaze 

angles.      

2.3.1 Discomfort/Disorders Associated with Monitor Height 

 Sommerich, Joines, and Psihogios (2001) studied what effect monitor placement would 

have on MS and visual strains related to vision and the MS system. The viewing angle had a 

significant impact on the activity of the muscles, specifically the cervical and upper thoracic 

regions, posture, viewing angle preference, and performance. Based on preferences of the 

participants they preferred a viewing angle of 17.5 degrees downward. This viewing angle was 

shown to have less muscle activity, better alignment of the body, and no decline in 

performance while using a mouse. This was also the top preferred viewing angle by the 

participants as compared with the other viewing angles studied (0° and 35° downward).  It was 

even suggested there could be some benefits to lower angles possibly to 35 degrees below eye 

height, especially when a larger monitor is used. Burgess-Limerick, Plooy, and Ankrum (1998) 

also found that participants preferred monitor heights that were lower than eye level. 

Kothiyal and Bjornerem (2009) conducted a study looking at the effect computer 

monitor placement would have on neck muscle activity, comfort of the user while sitting, and 
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acceptability of the monitors position. Ten people with average typing skills participated in the 

study. Along with using an adjustable chair, the monitor was mounted on a device that could 

raise and lower it. Muscle activity was recorded from the trapezius muscles. Three different 

monitor positions were tested, 15°, 30°, and 45° below horizontal eye level. While there was no 

significant difference between the three monitor positions in relation to EMG activity, right 

trapezius muscle activity was somewhat lower for the 15° test condition. In terms of comfort to 

the neck and back and acceptability, users preferred the monitor height 15° below horizontal 

eye level. One possible explanation for there being no significant difference in the EMG activity 

of the trapezius muscles could be that the participants were able to rest their arms on the desk 

surface, thus lessening the amount of shoulder muscle activity. 

Szeto and Sham (2008) studied if screen position had an effect on muscle activity of the 

neck and shoulder muscles. The screen positions studied were: centrally located on the desk, 

angled (35°) so the participant could see the screen located on the right side of the desk, and 

angled (35°) so the participant could see the screen located on the left side of the desk. 

Participants (n=20) included in the study had to at least use a computer for 1-2 hours per week 

for the last 2-3 years. Participants also filled out a questionnaire that asked questions about 

their workstation and working habits. EMG measurements were collected on the cervical 

erector spinae and upper trapezius muscles. Muscle activation levels were higher for both the 

right and left cervical erector spinae muscles than the upper trapezius muscles for all three 

positions, especially for left placement of the monitor. In comparing all three monitor positions, 

the lowest muscle activation occurred with central placement suggesting this may be the best 

location for the monitor to be placed for the lowest muscle loadings on the cervical erector 
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spinae and upper trapezius muscles. The authors speculate this might be the case since a left 

mouse placement would be more uncommon to users than any other placement. It was also 

found that as the left cervical erector spinae muscle activation increased, so too did the right 

upper trapezius muscles increase. The reverse was also true for the right cervical erector spinae 

and left trapezius muscles. As per the authors, this was probably the result because as the 

participants viewed the screen to either the right or the left this required slight forward/side 

flexion and rotation of the neck. The opposite trapezius muscle was being activated to counter 

the sustained neck posture by the cervical erector spinae muscle depending on which position 

the screen was in; right or left. 

Lapointe, Dionne, Brisson, and Montreuil (2009) conducted a prospective cohort study 

to see if any interactions existed between risk factors associated with posture and job strain on 

the development of MS symptoms to the neck/shoulder (n=1342), lower back (n=1294), and 

upper limbs (n=1466) through the use of a self-administered questionnaire on white collar men 

and women. Particularly of interest was six-month incidence of MS symptoms in one of the 

aforementioned body regions. Job demand included time constraints, quantity of work, and 

having the ability to take part in decision making processes. High job strain was defined as not 

having the ability to make many decisions and having high psychological job demands. High 

postural risk factors were defined as having an exposure level that was greater than or equal to 

the median value of the entire participating population. If the participant performed at least 

four hours of video display unit work they were considered eligible to be studied for postural 

risk. Postural risks included a static seated posture, ability to take rest breaks, neck rotation and 

alignment, use of armrests, and forearm angle. Data for the study were taken from another 
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larger study that was conducted over a five year time period between baseline and follow-up. 

Odds ratios were calculated for the effects of risk factors associated with posture and job strain 

on the incidence of MS symptoms at six months. Some of the risk factors making up a high 

posture included neck rotation caused by the monitor being placed to the side of the midline of 

sight and poor neck alignment resulting from the screen being placed anywhere besides the 

visual field being in line with the top of the monitor or higher than the top of the monitor when 

using bifocals.  For white collar men the only body region associated with an elevated risk was 

the upper limbs (i.e. forearm, wrist, hands) for low posture/high job strain (OR = 4.76, CI.95 = 

1.72-13.14). For white collar women, an elevated risk was associated with two of the three 

body regions. For the neck/shoulder a higher risk was associated with high posture/high job 

strain (OR = 3.38, CI.95 = 1.58-7.22) and for the lower back the highest risk was associated with 

high posture/high job strain (OR = 5.51, CI.95 = 2.33-13.03), low posture/high job strain (OR = 

2.53, CI.95 = 1.09-5.85), and high posture/low job strain (OR = 2.51, CI.95 = 1.23-5.09). The 

authors make note that it would be important for companies to be able to control at least one 

of these risk factors (i.e. posture or job strain) to help reduce the possibility of MS symptoms 

developing.   

2.3.2 Discomfort/Disorders Associated with Monitor Distance 

Rempel, Willms, Anshel, Jaschinski, and Sheedy (2007) studied if different computer 

monitor distances from the user’s eyes would have an effect on the musculoskeletal and visual 

systems. They found that no matter if the monitor was placed closer to the participants or 

further away, the participants still moved their bodies and heads closer to the monitor in all 

cases. This resulted in more torso flexion with very little change in head flexion angles. 
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Eyestrain or eye fatigue, blurred vision, dry or irritated eyes, neck ache, and headache 

symptoms were all greater as the monitor was placed further away from the participants. 

Significant differences, although, were found for blurred vision, dry or irritated eyes, and 

headaches’ suggesting the distance to the monitor makes a difference with regard to the 

development of these symptoms. Longer distances were associated with more visual fatigue, 

thus it was recommended that monitors be placed between 52cm and 73cm to help reduce any 

symptoms linked to the use of smaller fonts.   

Review of the computer monitor literature led to the conclusions that a monitor is best 

placed with the top of it below eye height and directly in front of the user. Lower monitor 

placement was also shown to have reduced muscle activity, especially in the trapezius muscles. 

Lower gaze angles were preferred over ones that caused the head and neck to look upward 

resulting from above eye height monitor placement. It was also shown that the computer 

monitor should be placed at a distance from the user that does not cause excessive torso 

flexion, eye strain, or headaches, typically 52cm-73cm away. None of the research reviewed 

suggested or discussed the development of any eye or MS disorders as a result of poor monitor 

placement. Table 5 shows a summary of the studies that previously described discomfort, pain, 

and disorders associated with monitor use while Table 6 provides a review of previous studies 

on muscle activity associated with monitor use.    

 

 

 



 

Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence Rate 
(IR) or  

Cumulative 
incidence (CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Neck/shoulder Symptoms 

Cook et al. 
(2000) 

Symptoms 

Neck Symptoms: 
Screen height above eye 

height 
OR = 3.19  (1.50-6.78) 

Screen height below eye 
height 

OR = 2.19  (1.16-4.14) 
Shoulder elevation 

OR = 2.01  (1.04-3.88) 
Stress 

OR = 4.30  (1.43-12.95) 
Arm abduction 

OR = 2.07  (1.11-3.84) 
 

Shoulder Symptoms: 
Screen height above eye 

height 
OR = 2.38 (1.20-4.71) 
Shoulder elevation 

OR = 2.69 (1.49-4.90) 
Stress 

OR = 2.66  (1.08-6.58) 
Age > 30 

OR = 2.49  (1.23-5.06) 

Last 12 
months 

Neck = 63.9% 
shoulder = 

47.4% 
 

Last 7 days 
Neck = 24.4% 

shoulder = 
17.8% 

 

Not listed in study 

Monitor 
height, 
raised 

shoulder, 
stress, arm 
abduction 

 
 
 
 
 
 
 
 

Raised 
shoulder, 
monitor 
height, 

stress, age 

Monitor 
 
 
 
 
 
 
 
 
 
 
 
 
 

Monitor 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Stress 
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Study  Outcome  OR/RR/HR/PRR  
(CI.95)  

Prevalence  Incidence Rate 
(IR) or  

Cumulative 
incidence (CI)   

Factor(s)  
Associated  

Workstation  
Variable(s)  

Task  
Variable(s)  

Neck/Shoulder Symptoms 

Lapointe 
et al. 

(2009) 
Symptoms 

Women: 
high posture/high job 

strain 
OR = 3.38 (1.58-7.22) 

Not listed in 
study 

Men 
7% 

 
Women 
11.1% 

High Posture 
(monitor)- 
High Job 

Strain 

Monitor Job strain 

Wrist/Hand Symptoms 

Lapointe 
et al. 

(2009) 
Symptoms 

Men: 
low posture/high job 

strain 
OR = 4.76 (1.72-13.14) 

Not listed in 
study 

Men 
5.6% 

 
Women 

7.6% 

Low Posture- 
High Job 

Strain 
Posture Job strain 
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Study  Methods Findings  Workstation  
Variable(s)  
Addressed 

Proposed Solution(s) 

Sommerich 
et al. 

(2001)  

Studied the effect of  
monitor placement 

on MS and visual 
strains  

Viewing angle had a 
significant impact on 

activity of the 
cervical and upper 
thoracic muscles.  

Monitor Participants preferred 
a viewing angle of 

17.5 degrees 
downward. This angle 
also had less muscle 

activity 

Kothiyal et 
al. (2007) 

Studied the effect 
computer monitor 
placement had on 

neck muscle activity 

The R trapezius 
muscle activity was 

lower for the 15° 
below horizontal eye 

level condition 

Monitor None 

Szeto et al. 
(2008) 

Studied if screen 
position (center, R, 

and L monitor 
placement) had an 
effect on muscle 

activity of the neck 
and shoulder muscles 

As L cervical erector 
spinae muscle 

activation increased, 
so too did the R 
upper trapezius 

muscle activation & 
vice versa. Muscle 

activation levels were 
higher for both the R 
and L cervical erector 
spinae muscles for all 

three monitor 
positions 

Monitor None 

TABLE 6  

MUSCLE ACTIVITY ASSOCIATED WITH MONITOR USE 

 an 

5
4 
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2.4 Workstation Characteristics that have been associated with Discomfort or Disorders 

 From this review of the literature, much of the discomfort or pain appears to be related 

to the keyboard, mouse, and monitor. The lack of adjustability of the worksurface, the absence 

of forearm support, and the misplacement of the keyboard, mouse, and monitor tend to lead to 

the development of MS discomfort and in very rare instances MS disorders. It is well supported 

in the literature that supporting the forearms is beneficial and could range from the table’s 

surface to the arms of a chair. Workstations that do not allow for any forearm support or an 

office chair that prevents the worker from adjusting their forearms to a height that is level with 

the desk’s surface could potentially contribute to discomfort in the shoulders, elbows, 

forearms, and hands/wrists. Likewise, not having a monitor that can be adjusted so the top of it 

is below eye height also can contribute to discomfort in the shoulder and neck region.  

2.5 Developed methodologies/interventions to assist users 

 Based on the review of the literature, a methodology on how to address keyboard, 

mouse, monitor, and chair adjustment and placement issues can be developed. One way is 

primarily through office ergonomics training. While the literat-ure is extensive on what some of 

the issues are related to the keyboard, mouse, and monitor, there is a gap in describing what 

should actually be done to address these issues. The problems and issues have been presented 

but interventions have yet to be investigated in any great depth. Taking what has been learned 

over the years from computer-related ergonomic research there has been some developed on 

assisting users to adjust their workstation to an ergonomic one using questionnaires and 

checklists. Training workers on how to adjust their workstation in a manner where they can 

evaluate themselves or evaluate others to make necessary changes, especially on how to 
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properly adjust their workstation to support their forearms through keyboard and mouse 

placement and how to adjust their monitor, appears to be the next logical step in the research. 

Toomingas and Gavhed (2008) credit many of the problems associated with workstations to 

how office furniture is used and adjusted to prevent awkward postures, specifically in the wrists 

and shoulders. This next step in the research must also step beyond what has been previously 

done. One method for doing this is through a checklist-based approach for training workers in 

ergonomic techniques that are well supported by evidence in the literature. The following 

describes training and checklist methods found in the literature.  

Nelson and Silverstein (1998) in a prospective study identified factors for changes in the 

office setting that might lead to a reduction in MS symptoms. Workers in this study were 

moved from different office buildings where they worked to a single office building. Some 

workers remained behind in the old buildings as part of the control group. The new cubical 

designed office setting was equipped with many adjustable features such as chairs and 

keyboard trays. Employees also received a one-hour ergonomic training session on chair and 

workstation adjustment. Workers were asked to fill out a questionnaire three to six months 

before they moved to the new building. A follow-up questionnaire was given to the participants 

7 months after their move to the new facility. The questionnaire was designed off of several 

other questionnaires and asked questions pertaining to job satisfaction, the work environment, 

and demographics. It was of interest to see if these changes (e.g. cubical with adjustable 

features) would lead to a decrease in MS symptoms, particularly in the neck/shoulders and 

hand/arms. The study population consisted of 1452 employees for the Washington State 

Department of Labor and Industries. Based off of data from the questionnaire for both the 
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control and intervention groups after the move to the new building, employees reported less 

MS problems and more comfort with their new office workstation particularly in the neck and 

shoulder region. These improvements were much less pronounced for those in the control 

group. Arm/hand symptoms improved based on happiness with the workstation. The new 

workstations were equipped with adjustable features like worksurface heights and keyboard 

heights.  Neck, shoulder, and back symptoms improved based on improved chair comfort. In 

general, over the one year period for those who switched office locations, 11.5% of hand/arm 

symptoms and 20% of neck/shoulder symptoms improved. One limitation to this study was that 

this questionnaire was based on self-report which may result in participants overestimating 

such factors as their time using a keyboard or otherwise working at their workstation.  

Amick, Robertson, DeRango, Bazzani, Moore, Rooney et al. (2003) studied if giving 

participants a fully adjustable chair with ergonomics training would be beneficial for reducing 

musculoskeletal symptoms. By fully adjustable this means the chair’s height and armrests could 

be adjusted among other features. The ergonomics training was only performed one time for 

90-minutes and included such topics as office ergonomics and how to make self-made 

adjustments based off evaluations of the user. Participants for this study worked for at least 

four-hours a day on an office computer and at least six-hours a day sitting in a chair. From a 

sample size of 192 those who received both a fully adjustable chair along with ergonomics 

training experienced a reduction in discomfort or pain after the intervention occurred in the 

neck and shoulders compared with those who received only training or the control group. 

These symptoms also were of a lower magnitude at the end of the day compared with the 

other groups. A fully adjustable chair and ergonomics training is important especially given 
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what previous research has stated about being able to keep the forearms supported and equal 

to or lower than the worksurface. A chair that is able to adjust to a wide range of settings could 

have the same added benefits if applied to all workstations.  

Ergonomics training may have its benefits to helping office workers understand some 

basic principles about ergonomics as well as how to evaluate their own workstation to make 

appropriate adjustments to reduce MS symptoms. Babski-Reeves, Stanfield, and Hughes (2005) 

found the chair and monitors location should be matched to the type of tasks the employee 

performs in their job, whether it be tasks that require more static back and neck postures or 

ones that require more back and neck movements, irrespective of the price of the chair.  

Hartvigsen, Leboeuf-Yde, Lings, and Corder (2000) conducted a review of the literature 

between the years 1985-1997 in order to determine if sitting at work led to the development of 

low back pain (LBP). Of the 35 cross-sectional and prospective studies reviewed, only one 

showed that sitting at work increased the association for the development of LBP. From this 

review, the research was consistent that sitting in a chair at work is not a strong predictor of 

LBP. Maria Lis, Black, Korn, and Nordin (2007) also conducted a review of the literature on 

newer studies to see if an increased association existed between sitting at work in a chair and 

the development of LBP. They also found that sitting in a chair does not necessarily increase the 

association of developing LBP. Sitting only had an increased association with LBP when other 

factors were considered like exposure to whole body vibration (WBV) and awkward postures. 

This association increased even more when these factors were considered along with duration. 

Thus, none of the studies reviewed showed that sitting in a chair led to the development of 

LBP.  
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 According to Splittstoesser, Korkmaz, Sommerich, and Lavender (2007) one of the major 

issues facing industry in relation to ergonomics is that companies do not normally employ many 

Ergonomists to handle such related issues. It falls on the individual employees to learn about 

ergonomics through workplace workshops and carry that training over to their workstation. 

These researchers wanted to determine if people would be able to learn from web-based 

training in order to make necessary adjustments to their workstations. Twelve participants from 

a university population of students and teachers made up the sample size. Participants were 

asked to make adjustments to two kinds of workstations: (1) keyboard and mouse located on a 

tray mounted below the desk and (2) keyboard and mouse located on the desk. Following them 

was an ergonomics expert who also made adjustments to the same workstations. Participants 

made adjustments to the workstations based on what they viewed on the web questionnaire. 

Both the participants and the Ergonomists followed the same instructions. The website giving 

the instruction showed both written instructions and an animation of how to make the 

necessary changes. Questions on the survey specifically focused on were chair height, armrest 

height, monitor height and depth, and keyboard height. For the keyboard and mouse on the 

tray there were moderate correlations between the experts adjustments and the participant 

adjustments for chair height (r=0.60), left and right armrest height (rleft=0.55; rright=0.56), 

keyboard tray height (r=0.53), and monitor depth (r=0.63). A moderate correlation for the 

keyboard and mouse placed on the desktop for the same group was found for monitor depth 

(r=0.69) and left armrest height (r=0.47). The participants were relatively accurate at making 

the particular adjustments to their workstations based on being able to follow web-based 

instructions. While not directly studied, there is some evidence of this method having some 
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construct validity and inter-rater reliability, but only in the context of this study that had a very 

small sample size.  

McGlothlin and Lee (2002) also conducted a study looking at an internet-based 

ergonomic software package that employees could use to make adjustments to their 

workstation. The software package worked by the participant’s first taking measurements of 

themselves and their workstations that were entered into the program. This self-measurement 

data was compared to data found in the literature with regard to anthropometry. A report was 

then generated that provided the worker with feedback so they could make any necessary 

corrections to their workstation. Also, this program had a discomfort survey which addressed 

several different body regions, which was completed by the employees. Of the 100 participants 

in the study 54 felt a reduction in MS symptoms as a result of making the changes suggested by 

the software package. A follow-up assessment was conducted on 28 cases that were identified 

as needing the most change. While there was a decrease in discomfort in all body regions, 

particularly the wrist/hands, elbows, neck, forearms, and shoulders, significant reductions in 

MS symptoms only occurred in the shoulders, neck, back, and wrist/hands. Typical pieces of 

office equipment purchased for the employees as part of the changes included keyboard trays 

and wrist rests. While this study resulted in participants reporting decreases in MS discomfort, 

there was no evidence to suggest that this method would be successful at preventing MS 

symptoms from developing. There was also no mention with regard to this methods construct 

validity or inter-rater/intra-rater reliability.  

Lewis, Fogleman, Deeb, Crandall, and Agopsowicz (2001) studied the usefulness of an 

ergonomics instruction program for those who use computers in office settings to evaluate and 
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make changes to their own workstation. Participants (N=170) participated in a computer 

workstation training program and completed a questionnaire at the beginning and end of the 1-

year study. The questionnaire asked questions pertaining to MS symptoms in the head, neck, 

shoulders, elbows, forearms, and wrists/hands. Also addressed were high vs. low postures 

associated of the head while viewing the monitor, the hands/wrists using the keyboard, and 

location of the mouse (adjacent to the keyboard or extended at a reach beyond the keyboard). 

Comparing pre-test and post-test questionnaires, the severity of symptoms improved in the 

neck, shoulders, and wrist/hands. Postures also improved after the training as what the authors 

considered “correct” postures were adopted for the mouse (i.e. adjacent to the keyboard) and 

head (i.e. slight downward viewing angle to see the monitor). Some limitations of the study 

included a lack of using a control group which makes it difficult to determine the effectiveness 

of the training program and the use of self-reporting by employees on the questionnaire which 

can be unreliable. These limitations make it difficult to determine this questionnaire’s construct 

validity and reliability. 

Joines and Sommerich (2001) conducted a study to determine the best way for 

instructions to be displayed on a questionnaire and the reliability between self-assessing a 

workstation and assessing the workstation with a partner. The questionnaire was designed to 

look at the workstations layout and dimensions, and anthropometry measurements. It was also 

meant to be short in length (only one piece of paper-front and back), yield accurate responses, 

could be completed in a short amount of time, and direct the users to what changes are 

necessary. After an initial pilot test which yielded inaccuracies between the employee and 

trained ergonomist, the length of the questionnaire was sacrificed so one question would be on 
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each page and would include more descriptions and directions. Thirty participants were divided 

into two groups. One group performed measurements on their own while the other group 

gathered their measurements with the assistance of a co-worker. Significant positive 

correlations for the two groups were found for keyboard height, height to the top of the 

monitor, the worksurface height of the mouse, distance from the bridge of the nose to the 

monitor, and armrest height. There were also very few significant differences between the 

researcher and employee measurement values indicating accurate measurements were taken 

that matched the experts within 5cm. Thus, these researchers demonstrated that correct 

measurements could be taken by office workers who had very little training in ergonomics. 

While not directly studied within this research article, there is evidence of inter-rater reliability 

and construct validity with this questionnaire.    

Janowitz, Stern, Morelli, Vollowitz, Hudes, and Rempel (2002) developed a checklist that 

looked at risk factors that might lead to MS problems developing, particularly worker behaviors 

and postures with regard to the upper extremity and visual factors. They wanted to focus on 

risk factors rather than office components (i.e. keyboards, chairs) like most checklists focused 

on. The questionnaire was designed to be simple to use by people with little training in 

ergonomics. Along with the questionnaire was a manual that had suggestions corresponding to 

each question. The study population largely consisted of people who had computer intensive 

jobs. Analyses were conducted between experts, co-workers, and self responses to the 

questions on the checklist.  The workstation environment improved much more when the 

expert conducted the measurements than when self-measurements or co-worker 
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measurements were taken. More analysis of this checklist would have to be carried out to 

better understand its validity and reliability.    

Another method that may be used to evaluate a computer workstation is the checklist 

designed by the Occupational Health and Safety Administration [OSHA] (2000). This checklist 

forces a dichotomous yes/no response from the user on questions relating to working postures, 

keyboards, mice, and monitors. A response of “no” only indicates that a problem might exist. 

Suggestions are also given to help the user improve the workstation. Unfortunately, there is no 

research or evidence to suggest this checklist is an effective tool for evaluating computer 

workstations.  

Ijmker, Mikkers, Blatter, van der Beek, van Mechelen, and Bongers (2008) conducted a 

study to examine the test-retest reliability and concurrent validity of a web-based 

questionnaire that examined exposure to awkward postures that occur when using a computer. 

These researchers wanted to establish how many participants were misclassified based on 

these postural classifications as compared with measurements collected using manual 

goniometers. The questionnaire was designed to be easy to fill out and included pictures for 

clarification with some questions. The questionnaire was given 16 days apart in which during 

that time participants filled out two questionnaires. Throughout this time period a manual 

goniometer was used to take measurements of different postural angles by the researchers 

trained in using these devices and observations were made by people using a checklist with 

questions that matched the web-based questionnaire. Measurements were collected on the 

wrist, elbow, shoulder, and head. There were a total of 84 participants in the study. In terms of 

the test-retest reliability the lowest amount of agreement (< 80%) between the 16 days when 



64 
 

both web-based questionnaires were filled out occurred with questions that pertained to 

keyboard height, elbow support during keyboard and mouse use, and neck rotation. There was 

less agreement for these questions with regard to identifying when a worker could be at a 

higher risk based on their posture. The agreement between the web-based questionnaire and 

the observer’s findings had the lowest agreement (<70%) for questions related to keyboard 

height, mouse location, moving the mouse using only the wrist, and neck rotation. Lastly, the 

agreement between the web-based questionnaire and the manual goniometer measurements 

had values that were all below 80%. Inter-rater reliability between the researchers using the 

manual goniometers had low agreement on some of the wrist and shoulder angle 

measurements. Overall, based on these results, there would be less than 20% misclassification 

in identifying a workers exposure to awkward postures. Since this study was conducted strictly 

on a web-based questionnaire, it is difficult to determine if the same inter-rater reliability and 

construct validity would occur using a pencil and paper questionnaire format. Some limitations 

of this study accounting for some of the low agreement could have occurred as a result of the 

participants changing their workstation or posture when the researchers were not present and 

the consistency of how the manual goniometric measurements were taken each time.  

Table 7 provides a summary of the literature on the checklists/questionnaires previously 

discussed 

 

 



 

Study Purpose  Results Ergonomics 
Training 

Body Part Computer 
Component 
Addressed 

Study 
Limitations 

Nelson et al. 
(1998) 

Identify factors 
for changes in 

the office 
setting that 

might lead to a 
reduction in 

MS symptoms 
in the N/S & 
H/A. Used 

cubical layout 
w/ many 

adjustable 
features 
(chairs, 

keyboard 
trays) 

After moving to 
the new office, 

employees 
reported less MS 

problems and 
more comfort in 
the N/S region. 
H/A symptoms 

improved based 
on desk comfort. 

N/S symptoms 
improved based 

on chair comfort. 

1-hr on chair 
& 

workstation 
adjustment 

Neck/Shoulder 
& Hand/Arm 

Keyboard & 
chair 

adjustability 

Self-report, 
hard to 

determine 
long-term 

benefits over 
just 1 yr, low 

response rates 

Amick et al. 
(2003) 

Studied if 
giving 

participants a 
fully adjustable 
chair (armrests 
& height) with 

ergonomics 
training would 

help reduce 
MS symptoms 

Those who 
received both a 
fully adjustable 
chair along with 

ergonomics 
training 

experienced a 
reduction in 

discomfort or 
pain in the N/S 

Given 1 time 
for 90mins 
on office 

ergonomics 
and on how 

to make self-
adjustments 

to the 
workstation 

Neck/Shoulder Chair Hawthorne 
effect, lack of 

group 
randomization, 

no follow-up 
on some 

participants 
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Study Purpose  Results Ergonomics 
Training 

Body Part Computer 
Component 
Addressed 

Study 
Limitations 

Splittstoesser 
et al. (2007) 

Studied if 
people could 

learn from 
web-based 

training 
(written 

instructions & 
animation) to 

make 
adjustments to 

their 
workstations 

The participants 
were relatively 

accurate at 
making some 

adjustments to 
their 

workstations. 
Between 

participants and 
expert, moderate 
correlations were 

found for chair 
and armrest 

height, keyboard 
tray height, 

monitor depth  

No formal 
training 

except what 
was learned 

from web 
instructions 

None 
specifically 
listed in the 

study 

Keyboard, 
mouse, 
chair, 

monitor 

Low sample 
size, some 
construct 

validity and 
inter-rater 

reliability but 
only in the 

context of the 
lab 
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Study Purpose  Results Ergonomics 
Training 

Body Part Computer 
Component 
Addressed 

Study 
Limitations 

McGlothlin 
et al. (2002)  

Study an 
internet based 

ergonomic 
software 

package that 
employees 

could use to 
make 

adjustments to 
their 

workstation. 
Both self and 
workstation 

measurements 
were taken 

54% felt a 
reduction in MS 
symptoms after 

using the 
software package. 

At follow-up 
significant 

reductions in MS 
symptoms 

occurred in the 
N/S, back, and 

wrist/hands 

No formal 
training 

except what 
was learned 

from the 
software 

N/S, back, & 
wrist/hands 

Desks, 
adjustable 
chairs, gel 
wrist rests, 
footrests, 
adjustable 
keyboard 
trays w/ a 
place for 

the mouse, 
otherwise 

whole 
workstation 

No evidence 
that this 
method 

prevents MS 
symptoms 

from 
developing 

Lewis et al. 
(2001) 

Studied the 
usefulness of 

an ergonomics 
instruction 

program for 
those who use 
computers in 
office settings 

to make 
changes to 
their own 

workstation 

Based on results 
from the 

questionnaire 
after using the 
program, there 

were 
improvements in 

the severity of 
symptoms in the 

N/S and 
wrist/hands and 
posture of the 

head and mouse 

VDT training 
program on 
workstation 

posture, 
stretching, 

breaks, 
repetitive 

strain 
injuries 

N/S, 
wrist/hands 

No specific 
computer 

components 
mentioned, 
except the 

whole 
workstation 
and mouse 

No control 
group, self-
report, low 

response rate 
at follow-up  
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Study Purpose  Results Ergonomics 
Training 

Body Part Computer 
Component 
Addressed 

Study 
Limitations 

Joines et al 
(2001) 

Studied the 
best way for 

instructions to 
be displayed 

on a 
questionnaire 

and the 
reliability 

between self-
assessing a 
workstation 

and assessing 
the 

workstation 
with a partner. 

Significant 
positive 

correlations for 
the two groups 

(self versus 
assisted 

measurements) 
were found for 

keyboard height, 
height to the top 
of the monitor, 

work surface 
height of the 

mouse, distance 
from the bridge 

of the nose to the 
monitor, and 

armrest height. 
Correct 

measurements 
can be taken with 
littler ergonomics 

training 

None 
mentioned in 

study 

None 
specifically 
mentioned 
except for 

those 
anthropometric 
measurements 

taken  

Keyboard, 
monitor, 

chair 

Error resulting 
from 

inaccurately 
reading the 
yard stick, 

missing 
values, low 
sample size 
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2.6 Summary of the Research  

 From what has been learned from this review of the literature on the keyboard, mouse, 

and monitor can now be transformed into intervention approaches that could benefit the user 

and carry the research one step further to fill in voids left by past studies. Much of this research 

is summarized in Tables 1-8. A look back at Tables 1-4, which presented evidence for 

discomfort, pain, or disorders in the neck/shoulders, elbows, forearms, and wrists/hands, 

revealed the duration of using a keyboard and mouse and the monitor location contributed to 

the development of much of the discomfort and pain, particularly in the neck and shoulders. It 

was also seen the mouse contributed more to this pain and discomfort than the keyboard. With 

regards to the development of disorders, these rarely occurred with most of the studies 

participants experiencing only discomfort and pain. Tables 5-7 identified biomechanical 

evidence to assist with the understanding of muscle loadings and input device placement. 

Forearm supports, either on the desk’s surface or armrests of the chair, working below elbow 

height, and a downward viewing angle for the monitor helped to reduce neck/shoulder muscle 

loadings when using the keyboard and mouse and looking at the monitor. The mouse was also 

determined to be best placed to the side of the keyboard for the maximum reduction in 

shoulder muscle loadings to be observed. Table 8 summarized a comparison across all the 

checklist studies reviewed. An adjustable workstation, particularly the desk and chair, is 

important for reducing any neck/shoulder and hand/arm symptoms or pain. Also, participants 

can be successfully trained to make changes to their workstations, especially to their chair 

height, armrest height, monitor depth, and keyboard and mouse height.   
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From this research, the neck/shoulder region appears to be an area of special 

importance where MS symptoms can occur and where intervention efforts should concentrate. 

According to Green (2008) more research needs to be conducted to specifically understand 

what causes neck pain among those who use computers, especially given the frequency with 

which such problems are reported. Van den Heuvel, van der Beek, Blatter, and Bongers (2006) 

conducted a longitudinal study to examine if being exposed to certain factors at work had an 

effect on neck and upper limb symptoms developing. Participants were selected based on job 

titles. Questionnaire and observational data was collected at baseline with questionnaires being 

sent out to participants every year for a three year period. Specific body regions focused on 

were the neck/shoulder and elbow/hand/wrist areas. If a participant had prolonged pain in one 

of these areas they were considered as a case in the study. Neck/shoulder symptoms were 

reported two times more frequently than elbow, hand, and wrist symptoms. The biggest risk 

factor identified through the self-reported questionnaires which could have led to 

neck/shoulder symptoms developing was neck extension (OR= 2.42, CI.95 = 1.22-4.80).  

It could be argued that much of the discomfort and pain experienced by computer users 

is largely the result on the amount of time spent using the mouse, and probably to a lesser 

extent the keyboard. Also, contributing to this discomfort and pain is the lack of forearm 

support and awkward postures that result in sustained low level muscle exertions. Based on job 

design and office layout, awkward postures, and duration these are all issues that need to be 

examined and studied within the context of this research and checklist.    
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2.7 Research Void 

A study by Joines and Sommerich (2001) was used as a basis for the development of this 

studies methods and checklist. In agreement with Joines and Sommerich (2001), this researcher 

also supports that a checklist should be easy to use by people not trained in ergonomics, should 

be short in length requiring the participant to spend as little time as possible doing it, and 

should provide the user with a summary of what work-related issues are important to consider 

based on the office component. This researcher also believes a checklist should be applicable to 

any type of office design (e.g. cubical or not). It was, however, felt the checklist that will be 

designed for this study should be able to accurately evaluate a workstation without the need to 

take anthropometric and workstation measurements along with have long questionnaire 

questions as Joines and Sommerich (2001) did. Also, while these researchers showed it was 

possible for participants to accurately collect anthropometric data, it was unclear how these 

measurements benefited improving the workstation. It is questioned whether such 

measurements were needed. Even though many studies have taken these measurements and 

analyzed the data, it has many times become the case these measurements were not used and 

served no purpose for improving the workstation.  

It has also been observed with past studies that while elaborate research methods are 

carried out to test statistical associations and differences between the data, the amount of 

agreement and repeatability among the questions is rarely, if ever, calculated. Agreement 

among the questions is one approach for testing the inter-rater reliability between them. This 

research intends to specifically measure this agreement, something past research has largely 

ignored.    
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2.8 Research Objective 

As has been shown, much of the discomfort related to office work is the result of the 

configuration of the office workstation (e.g. placement of the keyboard), characteristics of the 

office components (e.g. presence of armrests), and the duration of working at the office 

workstation (e.g. duration using the keyboard or sitting in the office chair). As a result, these 

several factors could play a role in the development of discomfort as workers perform their 

tasks on a daily basis. It is believed employees or those analyzing the workstation have the most 

control over being able to providing support (e.g. for the forearms and shoulders) rather than 

control the duration and frequency with which they perform their job or use various computer 

input devices, which is more likely controlled by management. Thus, a method for assessing 

support related issues would be easier than modifying the jobs characteristics.  

This research has two objectives. One objective was to develop a computer workstation 

checklist that considers the office workstations configurations and characteristics. In order to 

do this, a simple, quick, and straightforward checklist method for assessing workstations and 

addressing major body areas was designed along with suggested intervention strategies. The 

specific focus of this checklist was on discomfort in the neck and shoulders pertaining to 

duration, lack of body support, and awkward body postures when using the mouse and 

keyboard, viewing the monitor, and sitting in a chair.  The second objective was to assess the 

checklist’s repeatability.   
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CHAPTER 3 

METHODS 
 
 

3.1 Logic Behind the Development of the Checklist 

 After an extensive review of the literature, it became evident what computer 

workstation components were contributing to the development of body discomfort. In the case 

of this research it was primarily an issue of input device location and forearm support when 

using the keyboard and mouse. Also contributing to this was computer monitor location. These 

factors were shown to be associated with the development of discomfort primarily in the neck 

and shoulder region. It was upon this premise, as guided by the research, which determined 

how the checklist for this research project would be developed. The keyboard, mouse, monitor, 

and chair were identified as workstation components that needed to be addressed. It was 

thought that if a checklist could be developed that focused on the location of these input 

devices and chair, while also considering the issue of support for the forearms, it might be 

possible to address the problem of neck and shoulder discomfort. Since the development of a 

disorder was rarely noted in the research, the main concern for this checklist was only on 

discomfort and pain.  

Research was also reviewed on studies that used checklists or questionnaires to 

measure and assist workers in making adjustments to their workstation. While many of these 

checklists or questionnaires helped workers make adjustments to their workstation 

components (i.e. keyboard, mouse, monitor, and chair) none specifically looked at all these 

components in relation to discomfort or pain developing in the neck and shoulders in one 

inclusive checklist. Therefore, based on the research of the past with a vision for future 
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research, it was determined the possibility existed to develop a checklist that was more 

straightforward, simple, short in length, and that addressed the major issues facing computer 

workstation employees, while offering them suggestions for improvement.  

3.2 Development of the Checklist 

The checklist was designed based off a literature review of high prevalence areas of the 

body that had been associated with discomfort due to computer work, specifically focusing on 

the keyboard, mouse, monitor, and sitting in an office chair. Since the neck/shoulders, elbows, 

forearms, and wrists/hands were more associated with discomfort or pain when using the 

aforementioned office components, it was determined a checklist should be developed that 

incorporated and examined these body regions with primary concern for the neck and 

shoulders. The goal of this checklist was to be able to guide the computer user to identify 

where problems might exist in their workstation in relation to forearm support and the location 

of their keyboard, mouse, monitor, and chair. Although not tested in this study, the checklist 

also was designed to provide the user with a set of intervention strategies that could be tried to 

help make changes to the workstation. These changes were designed to make adjustments to 

the workstation that would help reduce body discomfort. In addition to this, the checklist was 

also designed with other considerations in mind. These included, the checklist should be short 

in length thus allowing the user to complete it in a relatively quick amount of time (around 10 

minutes), simple to use by people with some training in ergonomics, help the user become 

more aware of the importance of ergonomics and the role it plays in the office, accurately 

identify office ergonomic issues and present easy to follow solutions, and be repeatable by 

many users. In all, the checklist went through of progression of three different versions. One 
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version was tested on an Industrial Ergonomics class (section 3.3), another was tested in the 

pilot study (section 3.5.2), and the most current version was tested in the main study (section 

3.6.2).  

3.3 Feedback on the Original Checklist Draft 

Feedback on the first draft of the checklist was obtained by an Industrial Ergonomics 

class as part of a class assignment. The goal of the assignment was for the students to find an 

office workstation to evaluate using the checklist provided to them. A copy of this checklist is 

not shown. No analyses were conducted on the data collected. The goal of this was to test the 

readability of the checklist. These students were to use the checklist to the best of their 

understanding to assess a computer workstation. The students were not given any training on 

how to use the checklist or provided with any assistance along the way. The purpose for doing 

this was to determine if the checklist was easy to use and read through, by people who were 

not experts in ergonomics or computer workstation evaluations but had at least some training. 

At the end of the assignment, the students provided feedback on changes that could be made 

to the wording of the checklist. These suggestions were taken into consideration and many 

were made to the next draft of the checklist.    

3.4 Approach 

 This study consisted of training the ergonomics/safety team at the participating 

companies on the checklist’s use, completing the checklist based on observations of computer 

workstation employees working, and quantifying the data gathered from the checklist to test 

for agreement and repeatability among the raters. Pictures of workstations were taken in the 
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main study, not in the pilot study, so any discrepancies between the workers at their 

workstation as reported on the checklist could be clarified.   

3.5 Pilot Study  

3.5.1 Participants 

Five raters from a local manufacturer in the Wichita, KS area and one of the researchers 

from the project with 20+ years of ergonomics experience participated in the pilot study. They 

used the checklist in Figures 1 and 2 to evaluate eight different computer workstations. The 

participants at these eight workstations worked at the same company as the raters from this 

local manufacturer. Selection of both the raters and computer workstation employees was not 

random but rather based on the company’s choosing.  

3.5.2 Checklist  

Those using the checklist (Figures 1 and 2) would primarily include only individuals with 

some training in ergonomics. The employees being evaluated did not fill out a checklist but 

were only evaluated by the checklist. All of the questions were concerned with the location and 

characteristics of the office components or layout (e.g. keyboard location and forearm support) 

as well as the duration of using the keyboard, mouse, and sitting in an office chair. The checklist 

was made up of four sections for the keyboard, mouse, monitor, and chair. Within each section 

were a series of questions and solutions for the user to follow to assess and make changes to 

their computer workstation. The checklist had a length of two pages. Page one consisted of the 

keyboard, mouse, and monitor sections (referred to hereinafter as the workstation checklist) 

while page two was made up of the chair section. The checklist used a dichotomous forced-



77 
 

choice response format where raters would have to answer either “yes” or “no.” Pictures were 

also added to the checklist so as to demonstrate correct postures.  
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3.5.3 Study Design 

 Before any data were collected the researchers met with the five raters from the local 

manufacturer to brief them about the study and give them a presentation on how to use the 

checklist. This presentation discussed the purpose of conducting the research, background on 

the development of the checklist, and directions for using the checklist. This presentation was 

designed to last no more than 15 minutes. This presentation included screen captures of the 

checklist so as to acquaint the raters with its look. The checklist questions were reviewed and 

time given so the raters could receive any clarification. After this point, the raters were ready to 

begin observing the office workstations using the checklist.  

 The raters were split into two different groups. One group consisted of three raters from 

the company (raters 1, 3, 4), while the other group consisted of two raters from the company 

and a research ergonomics professional with 20+ years experience (raters 2, 5, 6). Raters 1, 3, 

and 4 conducted observations of three workstations using the checklist, while raters 2, 5, 6 

conducted observations of five workstations using the checklist.  

 Before each workstation was evaluated the raters stood back at a distance to observe 

the workstation. This was done to obtain a “birds-eye-view” of the workstation and draw some 

initial conclusions which would aid in filling out the checklist. After this the raters would 

approach the workstation and continue answering the questions on the checklist. While it was 

stated earlier that any changes to the workstations would not be studied, the company made 

changes to the workstations as part of their own workstation evaluations. 

 After all the workstations were observed and the data collected, the raters from the 

company and the two researchers from this project collectively discussed the utility and ease of 
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using the checklist and any thoughts or feedback the raters had for the researchers. Much of 

this feedback centered on how the checklist could be improved in its wording and layout.  

3.5.4 Data Analysis 

Percent agreement is the total number of observations, as a percent, which two 

participants, in the case of this study “raters,” agree with each other. It is calculated by adding 

together the total number of “yes-yes” and the total number of “no-no” divided by the number 

of questions multiplied by 100 (equation 1.1).  

 

Percent Agreement = [(A+D)/N] x 100        (1.1) 

 

Refer to Figure 3 for an example as to what this would look like. Values for percent 

agreement can range from 0% (complete disagreement among the raters) to 100% (complete 

agreement among the raters) (Hartmann, 1977). 

                      

Figure 3. Example showing how percent agreement is calculated. 
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Percent agreement was calculated only for the workstation checklist. The chair checklist 

had too much missing data to accurately measure percent agreement. One rater from each 

group was not included in the data analysis. These two raters had the most experience in 

ergonomics. The main reason for removing them out was to eliminate any affect they might 

have on the data as compared with those raters who had less ergonomics experience. This left 

each group with two raters that were used to calculate percent agreement. Those who were 

removed included the leader of the safety team (rater 4) from the local manufacturer and the 

researcher with 20+ years experience in ergonomics (rater 6). Percent agreement was 

calculated for each question individually and for each workstation for the two pairs of raters.  

3.5.5 Statistical Analysis 

Kappa statistics are used to measure the reliability between raters  when categorical 

data are used. Kappa measures the proportion of agreement after all possibilities for chance 

have been removed. It is calculated using the proportion of agreement that is observed (Po) and 

the proportion of agreement that could be due to chance (Pe), as defined by equation (1.2).  

 

                    Po-Pe                                                            (1.2) 

                                                                                  1-Pe  
                                        

Kappa can take on values from +1.00 to -1.00. When there is complete agreement between the 

raters, along with variation in the scores, kappa will equal 1.00. A value greater than 0 indicates 

the proportion of observed agreement (Po) is greater than the proportion of agreement due to 

chance (Pe) (Po>Pe). A score of 0 indicates observed agreement equals the proportion of chance 

agreement (Po=Pe). A negative value indicates the proportion of chance agreement is greater -

than the proportion of observed agreement (Pe>Po). A kappa value greater than 0 is indicative 

Κ =  



83 
 

that some level of agreement exists between raters on the dimensions being studied 

(Hartmann, 1977; Cohen 1960; Fleiss, 1981).   

Kappa was calculated following methods outlined by Fleiss (1981). Each time kappa was 

calculated, a box like that shown in Figure 3 was constructed. The total number of “yes-yes,” 

“yes-no,” “no-yes,” and “no-no” were counted between the pairs of raters for the variable 

being studied. These total counts were divided by “N” to get each value as a proportion. The 

value Po was calculated by adding together [A+D]. Pe was calculated by ([A+B · A+C] + [C+D · 

B+D]). Po and Pe were then applied to equation (1.2).   

Landis and Koch (1977) proposed a scale for interpreting the strength of agreement 

based on the kappa score calculated. Any kappa value less than 0 indicates poor agreement, a 

value from 0.00-0.20 shows slight agreement, 0.21-0.40 points to fair agreement, 0.41-0.60 

specifies moderate agreement, 0.61-0.80 signifies substantial agreement, and 0.81-1.00 

indicates almost perfect agreement. This same scale used to determine strength of agreement 

will be used in this research.  

 Kappa coefficients were calculated for each question individually and for each 

workstation using the same pairs of raters as in the percent agreement section (section 3.5.4). 

Again, the chair section was omitted from these calculations due to missing data.  

3.6 Main Study 

3.6.1 Revisions to the Checklist 

 After the results of the pilot study were calculated and feedback on the checklist from 

the raters at the local manufacturer was considered, some changes were made to the original 

checklist design shown in Figures 1 and 2. Some of these changes included moving the 
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intervention strategies right under the questions they represent and adding a notes page so the 

rater would have more space to take notes regarding the workstation being evaluated. The 

revised draft of this checklist can be seen in Figures 4 to 6. One added benefit to moving the 

intervention strategies under the questions they represent was it created more spacing 

between the check boxes thus making it easier for the rater to know the box they were 

checking matched up with the right question. Also, this made it easier because the intervention 

strategies were right under the questions they represented. Changes were also made to one of 

the questions on the checklist. The question “is the mouse adjacent to the keyboard” was 

changed to read “is the mouse next to the keyboard.” This was done primarily because of 

confusion over what “adjacent” meant.  

3.6.2 Participants 

 This part of the study was comprised of five raters from a local manufacturer in the 

Wichita, KS area and one graduate student.  The five raters from the local manufacturer either 

had a job in the area of occupational, safety, and health or had some type of formal training in 

ergonomics (Table 8). These raters level of ergonomics experience ranged from 0-2 years with 

some of these participants indicating formal office ergonomics training. Their experience 

performing their particular job title ranged from 1 month to 23 years. The graduate student 

also had some training in ergonomics. 



 

 

 

 

 

 

 

 

 

 

 

 

1 2 3 4 5 6

27 43 46 51 28 35

Occupational Health/ Senior Occupational & EHS Technical Sheet Metal Graduate Safety Management

Environmental Engineer Health Engineer Support Student Team

2.5 yrs 18 yrs 3.5 yrs 23 yrs 28 yrs 1 mo.

Years of ergonomics experience 0 yrs 1 yr 0 yrs * 2 yrs 0 yrs

Formal ergonomics training * None * Yes Clinical Exp. None

Formal office ergonomics training Limited None None Yes Yes None

     * Indicates missing data

TABLE 8

Participant Demographics Based on Ergonomics Experience

Occupation

Age

RaterCharacteristic

Years doing occupation

8
5 
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The checklist in Figures 4 to 6 was used to evaluate eight different computer workstations. As in 

the pilot study, these eight computer workstation employees worked at the same company as 

the raters. The raters were chosen to participate because of their job title and the computer 

workstation employees were selected by their availability to participate when the study was 

conducted. The raters were separated into pairs by their level of ergonomics experience for 

later data analysis.  

3.6.3 Checklist 

As was previously mentioned, the checklist was revised with the inclusion of a notes 

page for comments to be written about each workstation and all questions were rearranged so 

the intervention strategies would be under the question they go along with. Some questions 

were also reworded for clarity. The checklist had a length of three pages. The first page 

consisted of the workstation checklist (i.e. keyboard, mouse, and monitor sections), the second 

page was made up of the chair section, and the third page was the notes page. Participants had 

the option of answering “yes,” “no,” or in some cases “N/A” to the questions.  
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3.6.4 Study Design 

 Similar to how the pilot study was conducted, the researchers met with the five raters 

from the local manufacture plus the graduate student to brief them on the study through the 

use of a short presentation. The presentation was modified from its original version to also 

include some background into ergonomics and neck/shoulder discomfort. Also, after the 

presentation was completed, the raters were given a demonstration where they were able to 

watch the researcher from this project evaluate a workstation using the checklist. This was 

another method for ensuring the participants understood how to use the checklist and 

interpret the questions. Informed consent was also obtained from those who would be rating 

computer workstations (Appendix A). 

 All six raters went to each of the workstations as a team. Every rater filled out a checklist 

for each workstation. Before each workstation was evaluated, informed consent was obtained 

from each computer workstation employee (Appendix B). Then, the raters would stand back 

and observe the computer workstation employee doing their job as normal while filling out the 

checklist. No changes were made to the workstations since the main objective of this study was 

to only measure the repeatability of the checklist. Pictures were also taken of each computer 

workstation. 

3.6.5 Data Analysis   

To evaluate the data collected, the raters were split into three groups of two raters each 

based on their level of ergonomics experience. Those with the most ergonomics experience 

were paired together and likewise on down through the raters to those with the least amount 

of ergonomics experience. The reasoning for pairing the raters in this way was so the checklist 
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responses could be compared across raters based on their level of ergonomics experience. This 

would also allow for any differences to become apparent in observing if those with more 

ergonomics experience answer the questions differently and more correctly from those with 

less ergonomics experience.  

Percent agreement was calculated for the workstation checklist and the chair checklist 

separately, and for each question individually. The workstation checklist and chair checklist 

were examined apart from one another largely because they are two separate entities derived 

from different lines of research. The workstation checklist was more empirically based off the 

research presented in the literature review while the chair checklist was created modeling a 

checklist designed by OSHA to evaluate computer workstations. Percent agreement was 

calculated in the same way as in the pilot study with the exception that no raters were removed 

from the analysis.  

3.6.6 Statistical Analysis 

Kappa coefficients were also calculated for the same pairs of raters evaluated in the 

percent agreement section (section 3.6.5) for the workstation checklist and chair checklist and 

for each question individually. The same logic for looking at the workstation checklist and chair 

checklist separate from one another applies to the determination of kappa as well. The same 

method used in the pilot study for calculating kappa was used in the main study. It is expected 

that the results from this revised draft of this checklist will be equal to or higher than those 

found in the pilot study, especially given the changes that were made had the intention of 

improving the checklist to make it easier to use.  
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CHAPTER 4 
 

RESULTS 
 
 

4.1 Pilot Data 

4.1.1 Percent Agreement Analysis  

 Percent of agreement was calculated for the different workstations for each of the two 

pairs of raters on the workstation checklist (Table 9). Recall that raters 1,3 rated three 

workstations while raters 2,5 rated five different workstations. Percent agreement ranged from 

60% to 100% for the workstations rated by raters 1,3. Workstation three had some missing 

data, possibly explaining the lower percent agreement score. For raters 2,5, percent agreement 

ranged from 70% to 100%. Mean percent agreement was 80% or higher for both pairs of raters. 

Together, these results would indicate good to perfect percent agreement. 

 

4.1.2 Kappa Coefficient Analysis  

 Kappa coefficients were also calculated for the different workstations for each of the 

two pairs of raters on the workstation checklist (Table 10). Raters 1,3 had kappa coefficients 

that ranged from 0.41-1.00. This would indicate a strength of agreement from moderate to 

                Raters 1,3

Percent

88
90
90

PERCENT AGREEMENT FOR EACH WORKSTATION AMONG ALL GROUPS OF RATERS

Agreement

100
90
70

Raters 2,5
Workstation

1

80

Percent

8
7

TABLE 9

3
2

Average

60
80

100

Agreement Workstation

6
5
4
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almost perfect agreement. The kappa coefficient of 0.41 was calculated on workstation three. 

This lower kappa score could be the result of the missing data for workstation three. Raters 2,5 

had kappa coefficients that ranged from 0.44-1.00. This would also indicate a strength of 

agreement from moderate to almost perfect agreement.  Together these kappa scores indicate 

that there was good agreement among the raters on the workstation checklist and the 

potential exists for the checklist to produce repeatable results.  

 

4.1.3 Question-by-Question Analysis 

 Percent agreement and kappa coefficients were calculated for each question on the 

workstation checklist (Table 11). This was done to help determine which questions might be 

contributing to the low kappa and percent agreement values. This information will also be 

useful in helping to determine what changes should be made to the checklist before it is tested 

in the main study. A total of four questions had either a low percent agreement score or kappa 

coefficient. Both questions one and three which asked if the keyboard and mouse was at or 

slightly below elbow level produced somewhat lower percent agreement values and very low 

kappa scores for both pairs of raters (κ = 0.00). This kappa coefficient would indicate a slight 

                    KAPPA COEFFICIENTS FOR EACH WORKSTATION AMONG ALL GROUPS OF RATERS

                Raters 1,3
0.44
0.74
1.00

0.74

0.74

6

Raters 2,5
1

Workstation κ Workstation κ

7

8

2 0.60 5
3 0.41

          TABLE 10

1.00 4
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strength of agreement. Question six which asked the raters to determine if the top of the 

monitor was at or slightly below horizontal eye level also produced a kappa score of 0.00 for 

raters 2,5. Lastly, question ten that asked if the user wears bifocals, trifocals, or single-lens 

corrective glasses had a kappa coefficient of -0.15 when scored by raters 2,5. These results 

might indicate the need to make either changes to the wording of the questions or possibly 

provide the raters with more examples so as to acquaint them with where good input device 

location is with regard to the elbows and eyes.  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

          Raters 1,3

   κ  % agreement  κ     % agreement

1. Is the keyboard at or slightly below elbow level? 0.00 67 0.00 80
2. Are the forearms supported? 0.40 67 1.00 100
3. Is the mouse located at or slightly below elbow level 0.00 67 0.00 80
4. Are the forearms supported? 0.40 67 1.00 100
5. Is the mouse adjacent to the keyboard? 1.00 100 0.00 100
6. Is the top of the monitor placed at or slightly below horizontal eye level? 1.00 100 0.00 80
7. Is the monitor placed at a distance from the user to prevent leaning forward? 0.40 67 0.00 100
8. Is the monitor placed directly in front of the user? 0.00 100 0.00 100
9. Is there glare on the screen? 0.40 67 0.00 100

10. Does the user wear bifocals/trifocals or single-lens corrective glasses? 1.00 100 -0.15 40

TABLE 11

KAPPA COEFFICIENTS AND PERCENT AGREEMENT FOR ALL QUESTIONS AMONG ALL GROUPS OF RATERS

  Raters 2,5Question

9
5 



96 
 

4.2 Main Study 

4.2.1 Percent Agreement Analysis 

  Percent agreement was calculated and analyzed separately for the workstation and 

chair checklist (Table 12). As was previously mentioned in the methods section of this report 

this was done so a closer look could be taken at the data in determining if differences in 

percent agreement would emerge when the chair checklist was analyzed separately from the 

workstation checklist and largely because these checklists originated from different pieces of 

research.  

The workstation checklist produced percent agreement values that ranged from 40% to 

100% when examined across all the raters. The lowest percent agreement was for raters 4,5 on 

workstation 5 (40%). This could be a result of the rater’s job experience or some major 

differences or problems that make workstation 5 hard to rate. Also, raters 4,5 produced 

percent agreement scores that were lower than the other two pairs of raters on the 

workstation checklist for the workstations rated. Mean percent agreement was 65% or higher. 

Overall, these percent agreement scores indicate fair to perfect agreement.  

The chair checklist, overall, produced percent agreement values that were higher than 

on the workstation checklist. Percent agreement scores ranged from 67% to 100% when the 

scores were looked at across all the raters. Mean percent agreement was 83% or higher. 

Overall, these scores indicate good to perfect agreement.  
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4.2.2 Kappa Coefficient Analysis  

Kappa coefficients were also calculated in the same way as was done in the percent 

agreement section separating the workstation checklist from the chair checklist (Table 13). 

Kappa coefficients for the workstation checklist ranged from 0.09 to 1.00. This would indicate a 

strength of agreement from slight to almost perfect. The lowest kappa value (i.e. 0.09) was 

calculated on workstation five for both raters 1,2 and raters 4,5. Between the three pairs of 

raters the lowest kappa values were produced among raters 4,5.       

Kappa coefficients for the chair checklist ranged from 0 to 1.00.  This would indicate a 

strength of agreement anywhere from slight to almost perfect. This particular checklist had a 

wider range of kappa scores.  This resulted from a lack of variation with some of the scores 

producing a kappa value of 0. If all the raters indicated “yes-yes” (refer back to Figure 3), 

although there is 100% agreement, there is no variation in the responses so a kappa score of 0 

is produced.  

Raters 1,2 Raters 3,6 Raters 4,5 Raters 1,2 Raters 3,6 Raters 4,5
90 90 70 100 78 78

100 80 70 100 100 100
80 80 70 89 89 67
70 80 70 100 89 100
60 * 40 89 * 89
70 * 80 89 * 100
60 * 60 100 * 100
70 * 60 100 * 78

75 83 65 96 83 89

* Indicates no data from one of the raters

PERCENT AGREEMENT FOR EACH WORKSTATION AMONG ALL GROUPS OF RATERS

TABLE 12

Workstation

2
1

Average
8
7
6
5
4
3

    Percent Agreement
   Workstation Checklist

    Percent Agreement

Chair Checklist
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4.2.3 Question-by-Question Analysis  

 Percent agreement and kappa coefficients were calculated for each question on the 

checklist (Table 14). This was primarily done to get an even closer look at which questions might 

be contributing to the low kappa and percent agreement values. This information would be 

useful in understanding which questions might need to be revised for any future versions of the 

checklist. A total of five questions appeared to have some issues, yielding both low kappa and 

percent agreement values. Both questions from the keyboard and mouse section (questions 

one and three) produced very low kappa scores ranging from 0 to negative values. This would 

indicate a poor strength of agreement. The next question that had low kappa values asked 

raters to determine if the mouse was next to the keyboard (question five). Kappa values of 0.38 

and 0.16 were determined based on the ratings from raters 1,2 and raters 4,5, respectively. 

These values were much lower than expected, especially for a question that asked participants 

to determine if the mouse was next to the keyboard. From the chair section of the checklist, the 

questions that asked if the backrest can be adjusted to a certain position to support the lower 

back (question 14) and if the seat pan adjusts so the user can sit with their back against the 

κ

Raters 1,2 Raters 3,6 Raters 4,5 Raters 1,2 Raters 3,6 Raters 4,5
0.78 0.62 0.35 1.00 0.36 0.51
1.00 0.41 0.39 0.00 0.00 0.00
0.41 0.62 0.29 0.77 0.77 0.40
0.29 0.55 0.40 0.00 0.47 0.00
0.09 * 0.09 0.47 * 0.47
0.40 * 0.58 0.47 * 0.00
0.31 * 0.29 1.00 * 1.00
0.44 * 0.29 1.00 * 0.40

* Indicates no data from one of the raters

KAPPA COEFFICIENTS FOR EACH WORKSTATION AMONG ALL GROUP OF RATERS

TABLE 13

Chair Checklist

Workstation

2
1

3

Workstation Checklist

 κ

8
7
6
5
4
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backrest and their feet touching the floor (question 15) also produced low and negative kappa 

values. Question 14 produced a low kappa score of 0.11 for raters 1,2, while question 15 had 

kappa values ranging from -0.20-0.00. These questions might have been difficult for the raters 

to discern without actually making any changes to the workstation and touching the chair to 

make adjustments. 



 

   κ  % agreement  κ     % agreement  κ % agreement

1. Is the keyboard at or slightly below elbow level? 0.00 50 -0.33 50 0.00 13
2. Are the forearms supported? 0.71 88 1.00 100 0.71 88
3. Is the mouse at or slightly below elbow level 0.00 50 -0.50 25 0.00 13
4. Are the forearms supported? 0.38 75 1.00 100 0.53 75
5. Is the mouse next to the keyboard? 0.38 75 1.00 100 0.16 50
6. Is the top of the monitor at or slightly below horizontal eye level? 0.50 75 1.00 100 0.00 88
7. Is the monitor at a distance from the user to prevent leaning forward? 0.00 100 0.00 100 0.00 88
8. Is the monitor directly in front of the user? 0.71 88 0.50 75 0.38 75
9. Is there glare on the screen? 0.00 88 0.00 100 0.00 88

10. Does the user wear bifocals, trofocals, or single-lens corrective glasses? 0.25 63 0.50 75 0.53 75

11. Does the chair have armrests? 0.00 100 0.00 100 0.00 88

12. Can the armrests be adjusted to a certain position to fit the user? 1.00 100 1.00 100 1.00 100

13. Does the chair have a backrest? 0.00 100 0.00 100 0.00 100

14. Can the backrest be adjusted to a certain position to support the lower back? 0.11 50 0.33 50 0.43 63

15. Does the chair have a seat pan? 0.00 100 0.00 100 0.00 88

16. Can the height of the chair be adjusted to a certain posision….? 0.47 88 0.00 100 0.00 100

17. Does the seat pan adjust so the user can sit with their back against the backrest….? 0.00 100 0.00 100 -0.20 63

18. Does the seat pan accommodate users with wide hips? 0.00 88 0.00 50 0.00 100

19. Does the seat pan have a soft cushion? 1.00 100 1.00 100 1.00 100

TABLE 14

KAPPA COEFFICIENTS AND PERCENT AGREEMENT FOR ALL QUESTIONS AMONG ALL GROUP OF RATERS

   Raters 4,5          Raters 1,2   Raters 3,6Question

1
0

0 
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CHAPTER 5 

DISCUSSION 
 
 

5.1 Review of the Literature 

The duration of using the keyboard, mouse, and looking at a computer monitor, as well 

as the location of these input devices, can result in much of the musculoskeletal discomfort 

experienced by office computer workstation employees. This discomfort can also result from a 

lack of forearm support. As was noted through the research, these factors contributed more to 

neck and shoulder discomfort as compared with discomfort in the elbows, forearms, and 

wrists/hands. The computer mouse was also found to contribute to a magnitude of discomfort 

that was greater than any other input device. Workstation characteristics that contributed to 

the development of musculoskeletal disorders were not considered a factor in this research. 

 In considering strategies for reducing discomfort associated with the duration, location, 

and lack of forearm support using the keyboard and mouse, and when looking at the monitor, 

several methods might be used to reduce or eliminate this discomfort. Being able to support 

the forearms either on the worksurface or armrests of the chair, along with working below 

elbow height when using the keyboard and mouse, helped reduce much of the discomfort and 

muscle loadings on the neck and shoulder muscles (Marcus et al. (2002); Rempel et al. (2006); 

Delisle et al. (2006); Karlqvist et al. (1998)). This was also true for a downward viewing angle 

when looking at the computer monitor (Sommerich et al. (2001); Kothiyal et al. (2009)). Of 

importance was also having a workstation or chair with adjustable features. Adjustability can be 

important in helping to achieve a layout where the keyboard and mouse are at or below elbow 

height and monitor in a location to aid in a downward viewing angle.  
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As was discovered through the review of the literature which looked at past studies that 

used checklists to assess office computer workstations, rarely in these studies was the 

repeatability of the measurement tool (i.e. checklist) calculated.  Also, no checklist was 

reported in the literature that looked at the keyboard, mouse, monitor, and chair in one 

inclusive checklist considering neck and shoulder issues related to posture and support. These 

include some of the voids with the past research. To address and assess these issues and 

concerns, a checklist was developed that was designed to be improved and fill in the voids left 

by past research. This checklist would help to identify where such postural and support related 

issues might exist related to the location and adjustability when considering the keyboard, 

mouse, monitor, and office chair. Thus, it became the objective of this research to develop a 

checklist that could take all of these issues into consideration and most importantly test this 

checklists repeatability when used by many raters. Multiple raters were used from two local 

companies located throughout the Wichita, KS area to test this checklist. It was hoped that 

when this checklist was used by many different raters in different office settings, similar 

answers would be produced no matter who was using the checklist (i.e. repeatability).  

5.2 Research Findings 

 Using the checklist designed for this research and training six raters from a local 

manufacturer on how to use the checklist, the chair checklist produced higher percent 

agreement and kappa values as compared with the workstation checklist. These percent 

agreement and kappa values for the workstation checklist were much lower than expected, 

especially on the questions that asked if they keyboard and mouse were at or slightly below 

elbow level (questions 1 & 3), if the mouse was next to the keyboard (question 5), and if the 
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user wore bifocals or trifocals (question 10). These scores on the workstation checklist ranged 

anywhere from 0.09-1.00, with 70% of the values being below 0.50. It was anticipated that a 

majority of the scores would be higher than 0.70 (substantial agreement), especially given all 

the revisions that were made to the checklist and the results obtained from the pilot study. 

Along with this, raters 4,5, on average, scored lower than the other two groups of raters. It is 

possible that some of these low agreement scores were so low because of a lack of training and 

experience on the part of the raters. All of the raters had some training but very little 

experience in ergonomics (i.e. less than 2 years).  

To explain the higher scores on the chair checklist, as compared with the workstation 

checklist these differences could have resulted from two different possibilities. One possibility 

is that there could have been some ambiguity in answering the questions about the chair, 

especially since the raters were told not to make any changes to the workstations. To 

accurately be able to answer some of these questions might require the computer workstation 

employee to physically get out of the chair so the adjustment features can be tested or the 

employee might need to be asked to demonstrate how it works. It was witnessed that many of 

the questions on this checklist were read out loud to the computer workstation employees who 

then responded verbally. This response would then be marked by all the raters who would 

inevitably then have the same answer. What is unclear is if the computer workstation 

employees had any actual knowledge of the chairs adjustment features or were just guessing 

and reporting that. Even though the raters were instructed to answer the workstation and chair 

checklist without help from the other rater, the chair checklist was not answered on an 
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individual basis. Thus, the protocol for filling out the checklist was different from how it was 

designed to be answered.  

The second possibility to explain these results on the chair checklist versus the 

workstation checklist might have resulted from differences in how the two checklists were 

designed. As was indicated earlier, the workstation checklist was based more off the empirical 

evidence presented in the literature review while the chair checklist was designed from an 

OSHA computer workstation checklist. It is possible that some of the questions that were taken 

from the OSHA checklist might not be as applicable to study in this research given the checklists 

focus on addressing neck and shoulder issues. Two particular questions produced low kappa 

and percent agreement values. These questions were “can the backrest be adjusted to a certain 

position to support the lower back” and “does the seat pan adjust so the user can sit with their 

back against the backrest and their feet touching the floor?” It is likely the chair checklist could 

be shortened to eliminate these and other questions that do not specifically relate to the neck 

and shoulder. It might only be necessary to retain the questions that ask “does the chair have 

armrests,” “can the armrests be adjusted to a certain position to fit the user,” “does the chair 

have a seat pan,” and “can the height of the chair be adjusted to a certain position to help get 

the forearms supported at or below elbow level when using the keyboard and mouse?” These 

are the only four questions on the chair checklist that specifically address neck and shoulder 

issues. From the research, it was more important that the chair and armrests go up and down 

to help get the forearms supported with respect to input device location.  

 In the question by question analysis for the workstation checklist, three questions 

produced surprisingly poorer results than were originally expected. These were questions 1, 3, 
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and 5 (previously mentioned). It is likely these results were low because of the training and 

experience level of the raters as well as an inability to appropriately judge what at or slightly 

below elbow level or if the mouse is next to the keyboard means.   

 In considering all the questions collectively on the workstation checklist, these lower 

percent agreement and kappa coefficients were not expected. Nine of the ten questions, with 

the exception of question 10 that asked about eye glasses, were thought that they would have 

produced almost perfect agreement (0.81-1.00) and percent agreement values closer to 100%. 

In going back and reviewing the pictures which were taken at this local manufacturer, 8 of the 

10 questions could be determined from many of the pictures, excluding questions 9 and 10 that 

asked about glare on the screen and eye glasses. Some example pictures (Figures 7, 8, and 9) 

are shown to demonstrate questions where the raters answered incorrectly yet the correct 

answer could be determined from the pictures.  

 

 

 

Figure 7. Is the keyboard at or slightly below eblow level? 

Rater said yes 
Correct answer no 

Rater said yes 
Correct answer no 



106 
 

 

 

Figure 8. Is the mouse at or slightly below elbow level? 

 

 

Figure 9. Is the mouse next to the keyboard? 

5.3 Interpretation of the Results 

The results of this study can probably be explained in a variety of ways. First, this is likely 

an issue related to training and experience on the part of the raters. It is possible the training 

that was provided to the raters prior to data collection was not sufficient enough or did not 

provide ample examples showing poor and correct postures and input device placement for 

each question separately. Also, these raters were not ergonomists by trade nor did they have a 

lot of experience conducing ergonomic evaluations. An additional explanation could involve 

difficulty in making decisions on how to answer some of the questions if the input device or 

posture is close to a threshold or more neutral zone where it is hard to discern which way to 

answer the question (Lowe, 2004). For example, if the keyboard looks to be close to elbow 

Rater said no 
Correct answer yes 

Rater said no 
Correct answer yes 

Rater said yes 
Correct answer no 

Rater said yes 
Correct answer no 
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level, the rater might say it is, when in fact it is not. The same could also be said for other 

questions related to the monitor being at or slightly below horizontal eye level or the mouse 

next to the keyboard. These types of instances where it is hard to be sure how to answer the 

question might introduce some error into the study if these answers err in the wrong direction. 

There were also some fundamental differences between the main study and the pilot study. 

One difference in the pilot study was all the workstations evaluated were cubicles. In the main 

study 6 of the 8 workstations were desks. It is possible that some differences could result from 

evaluating desks versus cubicles, however, it is unlikely that these differences would account 

for the differences in results between the pilot study and the main study. Both cubicle and desk 

designs can provide the same support for the forearms and input device location. Another 

difference was the raters in the pilot study had more office ergonomics training and had been 

conducting office ergonomic evaluations for around 9 months before the pilot study was 

conducted. Thus, they were likely very familiar with many of the items on the checklist, using a 

checklist format themselves, and knew what they were looking for as compared with those 

raters in the main study who were much less experienced in ergonomics evaluations and 

ergonomics in general. A final difference was those in the pilot study had body discomfort 

survey data already collected on their computer workstation employees and used that data as 

part of their evaluation whereas in the main study no such discomfort was measured. Having 

knowledge of what body discomforts are being experienced prior to evaluating the 

workstations may give an advantage as to what areas to focus on when performing the 

evaluation. Those in the main study did not have that same advantage. In line with this study, it 

may have been beneficial to have been able to ask the computer workstation employees about 
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any discomfort they had to have that information. Any future research should gather 

information about body discomfort along with using the checklist.   

 Overall, these results could be taken to suggest that the checklist, while not quite 

producing the results as expected in the pilot study, is a repeatable tool and shows that a 

checklist can be developed which people can be trained to use. These results are consistent 

with Splittstoesser et al. (2007), McGlothlin et al. (2002), and Lewis et al. (2001) who also found 

that it is possible to develop a checklist which raters can use to evaluate workstations after 

some initial training. However, rarely was the reliability or validity studied within this past 

research. The checklist that was developed for this research was designed with consideration 

for it having both validity and reliability. First, it was important the checklist contain the 

evidence based factors that contributed to neck and shoulder discomfort. Basing the 

workstation checklist off an extensive review of the literature, the checklist for this research 

was designed with the intention to measure exactly what the question said within each section 

(i.e. keyboard, mouse, and monitor). This could be interpreted as reflecting the validity of the 

content based on the evidence in the literature. Since it was also shown that individuals who 

are given some training in ergonomics are able to learn to evaluate workstations, the checklist 

for this research also had the intention that if the questions are specific it would be possible to 

produce a checklist with some level of repeatable results. Filling the voids left by past 

researchers who used checklists to evaluate office computer workstations but never tested the 

checklists repeatability, was accomplished in this study.  
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5.4 Strengths and Limitations 

 It could be noted that one of this study’s strengths was it picked up where past research 

had left off that used checklists to evaluate computer workstations for ergonomic issues. 

Through a review of the literature, this checklist is an up-to-date piece of research that assesses 

office computer workstations for posture and support issues in one easy to use format. This is 

also one of the first checklists of its kind that tested its repeatability among multiple raters.       

There are also several limitations which must be considered during interpretation of the 

results. One such limitation could have resulted from the manner in which some of the 

participants were selected. Many of the participants were selected by the company’s 

management. Thus, these participants were not selected at random but were chosen because 

they were employees who the company self-selected because of their job and availability. The 

management at this company was only willing to let certain employees participate and some 

for only a limited amount of time. Thus, the sample of participants might not have been as 

representative as they could have been if the participants were selected at random and the 

researchers had more of a say in the participant’s qualifications for selection.  

An additional limitation, and probably one of the most important contributing 

limitations as for explaining the results of the study, is the lack of training and experience the 

raters had. This lack of experience could have biased the results as compared with raters who 

had more experience in conducting office ergonomic evaluations, as in the pilot study. Raters 

with more experience evaluating office workstations would have more knowledge in being able 

to detect where problems exist and have an eye that is trained to look in all the right places to 

look for issues. Also, had the presentation that was given to the raters provided more examples 
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demonstrating correct and incorrect pictures for each question, the raters might have been 

more familiar with answering the questions consistently. For the raters to be able to see what a 

good example of forearm support or a keyboard at or slightly below elbow level looks like 

versus what a bad example looks like might help to remove any confusion. This would also be a 

good way to demonstrate correct versus incorrect answers that are close to the threshold 

where it is difficult to make a decision. Along with this it might further be recommended that 

some of the questions be quantified better. For example, on the questions that asked if the 

mouse is next to the keyboard or if the forearms are supported, some confusion might be 

removed if the raters were given a measurement or reference point to follow. For instance, 

these questions might read “is the mouse within 13 centimeters in either direction from the 

center of the keyboard, or as Karlqvist et al. (1998) suggested “at least 20 centimeters from the 

table’s edge,” “is the mouse within a hands distance in either direction from the center of the 

keyboard?” or “are more than half of the forearms supported?” This might be a 

recommendation to help remove any uncertainty when the raters are unsure on the 

interpretation of these questions. For the other frequently disagreed upon questions about the 

keyboard and mouse being at or slightly below elbow level it might be necessary for the raters 

to use a yard stick to extend out from the elbow to determine if the input device is at or below 

elbow level. Adding these example measurements and reference points would eliminate the 

need for the raters to make guesses on the questions.  

Another limitation could have resulted from the low sample size. This low sample size 

was largely the result from a difficulty to get local companies to participate in the study. The 

current state of the economy has led to the layoff of many workers which has caused those 
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remaining workers to take on additional roles. The time for people to help out with this study 

was at a premium. Several companies were contacted, yet only one agreed to participate.  

 A third limitation could have been because a majority of the workstations were desks 

and not cubicles. It was the intention of this checklist to measure cubicle designs since it was 

believed that a majority of workstations in offices were probably cubicle based. This, however, 

was not the case at the company evaluated in the main study. This could have resulted in some 

of the reasons for the missed checklist questions or difficulty in answering some of the 

questions. This might indicate, although not studied here, that differences in the way questions 

are worded or appear on a checklist could be influenced by whether the office design is a desk 

or cubicle.  

A final limitation might have resulted from the wording of some of the questions. At the 

time the checklist was being tested at the local manufacturer in the main study, it was 

identified that some of the questions were not as clear as originally thought. The question that 

asked if the user wears bifocals, trifocals, or single-lens corrective glasses was unclear because 

those participants who wear single-lens corrective glasses would not be affected by where the 

monitor is placed in the same way as someone who wears bifocals or trifocals. Bifocals or 

trifocals would require the monitor be placed much lower to account for looking through the 

bottom of the lenses. Single-lens corrective glasses would have the same viewing angle as 

someone who does not wear glasses at all. Thus, it was determined that in future drafts of the 

checklist the single-lens part be removed from the question. Another potentially confusing 

question was “does the seat pan adjust so the user can sit with their back against the backrest 

and their feet touching the floor?” This was determined to be a “double-barreled” question 
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because it was unclear how the rater should respond if the seat pan does not adjust but the 

feet still touch the floor and vice versa. For future drafts of the checklist, this question might 

need to be separated into two different questions if at all used. These limitations are all 

possibilities in helping to explain the results of this study as they currently stand.  
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CHAPTER 6 

CONCLUSION 
 
 

 Long hours associated with using a computer have been associated with 

musculoskeletal (MS) discomfort particularly in the neck and shoulders. This discomfort has 

largely resulted from the keyboard, mouse, and monitor being placed too high, as well as a lack 

of forearm support. This discomfort can also result from a workstation worksurface and chair 

that does not adjust. To provide a way to assess the computer user’s computer workstation for 

these issues, a checklist was developed that evaluates the computer workstation for 

configuration and forearm support issues. It was the goal of this research to test this checklist’s 

repeatability among multiple raters.  

 The checklist that was developed for this research was tested in a pilot study and 

redesigned for the main study. In both the pilot and main study, the checklist was shown to be 

a repeatable tool for assessing office computer workstations. While kappa values in the main 

study were not as high as were expected, there was a level of moderate agreement, especially 

when these scores are considered in conjunction with the high percent agreement values. 

However, it was observed that four of the questions on the workstation checklist had both low 

percent agreement and kappa values. These questions asked if the input device was at or 

slightly below elbow level for both the keyboard and mouse sections (questions 1 and 3), if the 

mouse was next to the keyboard (question 5), and whether or not the computer workstation 

employee wears bifocals, trifocals, or single-lens corrective glasses (question 10). This might be 

an indication where increased training showing both good and bad examples of posture and 
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input device location might help to clear up any ambiguity with regards to these questions, 

specifically questions 1, 3, and 5, as well as where question 10 might need reworded.    

 For companies who might be looking to assess their office computer workstations, this 

checklist could provide to them a simple way of doing so. This checklist can be completed in a 

short amount of time and would be very inexpensive to administer in its paper format. The 

information derived from the checklist can provide the office ergonomics staff at any company 

an easy way to identify where important ergonomic configuration and forearm support issues 

might exist. While not tested in this study, the checklist also provides the user with a set of 

simple and inexpensive solutions that can be tried to correct these issues. Above all, the use of 

this checklist could be one way of reducing discomfort associated with using a computer.     
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CHAPTER 7 

FUTURE RESEARCH 
 
 

 The checklist designed for this research was not only composed of questions related to 

configuration and forearm support issues but also provided intervention strategies which the 

user could follow to make changes to the workstation. While not evaluated in this study, future 

research could put into practice these intervention strategies associated with each section of 

the checklist. If this was done it would also be necessary to collect some measure of body 

discomfort before using the checklist and after the checklist has been used to evaluate the 

success of the intervention strategies at reducing discomfort. This would be needed to give an 

indication as to whether the intervention strategies actually reduce discomfort since these 

changes were derived from the literature review. 

 As was determined in the results of the main study, percent agreement scores among 

the raters was high while kappa coefficients were much lower than expected. This was 

attributed to the experience level of the raters and the quality of the training session. Future 

research could involve adding more examples demonstrating correct and incorrect postures 

and placements of the input devices so each rater would have good examples to refer to when 

answering each question. This training would help to also give the raters more experience in 

ergonomics. Also, during this training more mock examples could be worked where the raters 

would have a chance to watch the checklist being filled out correctly. From this research, it is 

not necessarily believed the results reflect a poorly designed checklist but rather a lack on the 

part of the researcher to provide the raters with sufficient training on the checklist’s use.  

 



116 
 

 

 

 

 

 

 

 

 

 

 

REFERENCES 

 

 

 

 

 

 

 

 

 

 

 



117 
 

LIST OF REFERENCES 
 
Aaras, A., & Ro, O. (1997). Workload when using a mouse as an input device. International 
Journal of Human-Computer Interaction, 9(2), 105-118.  
 
Ackland, T., & Hendrie, G. (2005). Training the non-preferred hand for fine motor control using 
a computer mouse. International Journal of Industrial Ergonomics, 35, 149-155. 
 
Amick, B.C., Robertson, M.M., DeRango, K., Bazzani, L., Moore, A., Rooney, T., et al. (2003). 
Effect of office ergonomics intervention on reducing musculoskeletal symptoms. Spine, 28(24), 
2706-2711. 
 
Andersen, J.H., Harhoff, M., Grimstrup, S., Vilstrup, I., Lassen, C.F., Brandt, L.P.A., et al. (2008). 
Computer mouse use predicts acute pain but not prolonged or chronic pain in the neck and 
shoulder. Occupational and Environmental Medicine, 65, 126-131.  
 
Arvidsson, I., Axmon, A., & Skerfving, S. (2008). Follow-up study of musculoskeletal disorders 20 
months after the introduction of a mouse-based computer system. Scandinavian Journal of 
Work, Environment, and Health, 34(5), 374-380.  
 
Arvidsson, I., Hansson, G.A., Mathiassen, S.E., & Skerfving, S. (2006). Changes in physical 
workload with implementation of mouse-based information technology in air traffic control. 
International Journal of Industrial Ergonomics, 36, 613-622. 
 
Babski-Reeves, K., Stanfield, J., & Hughes, L. (2005). Assessment of video display workstation set 
up on risk factors associated with the development of low back and neck discomfort. 
International Journal of Industrial Ergonomics, 35, 593-604. 
 
Burgess-Limerick, R., Plooy, A., & Ankrum, D.R. (1998). The effect of imposed and self-selected 
computer monitor height on posture and gaze angle. Clinical Biomechanics, 13, 584-592. 
 
Brandt, L.P.A., Andersen, J.H., Lassen, C.F., Kryger, A., Overgaard, E., Vilstrup, I., et al. (2004). 
Neck and shoulder symptoms and disorders among Danish computer workers. Scandinavian 
Journal of Work, Environment, and Health, 30(5), 399-409.  
 
Cohen, J. (1960). A coefficient of agreement for nominal scales. Educational and Psychological 
Measurement, 20(1), 37-46.  
 
Conlon, C.F., Krause, N., & Rempel, D.M. (2008). A randomised controlled trial evaluating an 
alternative mouse and forearm support on upper body discomfort and musculoskeletal 
disorders among engineers. Occupational and Environmental Medicine, 65, 311-318. 
 
Cook, C., Downes, L., & Bowman, J. (2008). Long-term effects of forearm support: Computer 
users working at conventional desks. Work, 30, 107-112.  



118 
 

 
Cook, C., & Burgess-Limerick, R. (2004). The effect of forearm support on musculoskeletal 
discomfort during call centre work. Applied Ergonomics, 35, 337-342 
 
Cook, C., Burgess-Limerick, R., & Chang, S. (2000). The prevalence of neck and upper extremity 
musculoskeletal symptoms in computer mouse users. International Journal of Industrial 
Ergonomics, 26, 347-256. 
 
Delisle, A., Lariviere, C., Plamondon, A., & Imbeau, D. (2006). Comparison of three computer 
office workstations offering forearm support: Impact on upper limb posture and muscle 
activation. Ergonomics, 49(2), 139-160.  
 
Fleiss, J.L. (1981). Statistical methods for rates and proportions (2nd ed.). New York:  John Wiley 
& Sons.  
 
Gerr, F., Marcus, M., & Monteilh, C. (2004). Epidemiology of musculoskeletal disorders among 
computer users: Lesson learned from the role of posture and keyboard use. Journal of 
Electromyography and Kinesiology, 14, 25-31. 
 
Gerr, F., Marcus, M., Ensor, C., Kleinbaum, D., Cohen, S., Edwards, A., et al. (2002). A 
prospective study of computer users: 1. Study design and incidence of musculoskeletal 
symptoms and disorders. American Journal of Industrial Medicine, 41, 221-235. 
 
Gerr, F., Marcus, M., Ortiz, D., White, B., Jones, W., Cohen, S. et al., (2000). Computer users’ 
postures and associations with workstation characteristics. American Industrial Hygiene 
Association Journal, 61(2), 223-230.  
 
Green, B.N. (2008). A literature review of neck pain associated with computer use. Journal of 
the Canadian Chiropractic Association, 52(3), 161-168. 
 
Hansson, G.A., Balogh, I., Ohlsson, K., Granqvist, L., Nordander, C., Arvidsson, I. et al., (2009). 
Physical workload in various types of work: Part I. wrist and forearm. International Journal of 
Industrial Ergonomics, 39, 221-233. 
 
Hartmann, D.P. (1977). Considerations in the choice of interobserver reliability estimates. 
Journal of Applied Behavioral Analysis, 10(1), 103-116.  
 
Hartvigsen, J., Leboeuf-Yde, C., Lings, S., & Corder, E.H. (2000). Is sitting-while-at-work 
associated with low back pain? A systematic, critical literature review. Scandinavian Journal of 
Public Health, 28, 230-239. 
 
 
 



119 
 

Ijmker, S., Mikkers, J., Blatter, B.M., van der Beek, A.J., van Mechelen, W., & Bongers, P.M. 
(2008). Test-retest reliability and concurrent validity of a web-based questionnaire measuring 
workstation and individual correlates of work postures during computer work. Applied 
Ergonomics, 39, 685-696.  
 
Ijmker, S., Huysmans, M.A., Blatter, B.M., van der Beel, A.J., van Mechelen, W., & Bongers, P.M. 
(2007). Should office workers spend fewer hours at their computer? A systematic review of the 
literature. Occupational and Environmental Medicine, 64, 211-222.  
 
Janowitz, I., Stern, A., Morelli, D., Vollowitz, E., Huges, M., & Rempel, D. (2002). “Validation and 
field testing of an ergonomic computer use checklist and guidebook.” In: Proceedings of the 
46th Annual Conference of the Human Factors and Ergonomics Society. 1007-1011. 
 
Jensen, C., Borg, V., Finsen, L., Juul-Kristensen, B., & Christensne, H. (1998). Job demands, 
muscle activity and musculoskeletal symptoms in relation to work with the computer mouse. 
Scandinavian Journal of Work, Environment, and Health, 24(5), 418-424. 
 
Joines, S.M.B., & Sommerich, C.M. (2001). Comparison of self-assessment and partnered-
assessment as cost-effective alternative methods for office workstation evaluation. 
International Journal of Industrial Ergonomics, 28, 327-340. 
 
Karlqvist, L.K., Bernmark, E., Ekenvall, L., Hagberg, M., Isaksson, A., & Rosto, T. (1999). 
Computer mouse and track-ball operation: Similarities and differences in posture, muscular 
load and perceived exertion. International Journal of Industrial Ergonomics, 23, 157-169. 
 
Karlqvist, L.K., Bernmark, E., Ekenvall, L., Hagberg, M., Isaksson, A., & Rosto, T. (1998). 
Computer mouse position as a determinant of posture, muscular load and perceived exertion. 
Scandinavian Journal of Work, Environment, and Health, 24(1), 62-73. 
 
Keir, P.J., Bach, J.M., & Rempel, D. (1999). Effects of computer mouse design and task on carpal 
tunnel pressure. Ergonomics, 42(10), 1350-1360.  
 
Kotani, K., Barrero, L.H., Lee, D.L., & Dennerlein, J.T. (2007). Effect of horizontal position of the 
computer keyboard on upper extremity posture and muscular load during computer work. 
Ergonomics, 50(9), 1419-1432. 
 
Kothiyal, K., & Bjornerem, A.M. (2009). Effects of computer monitor setting on muscular 
activity, user comfort and acceptability in office work. Work, 32, 155-163.  
 
Kryger, A.I., Andersen, J.H., Lassen, C.F., Brandt, L.P.A., Vilstrup, I., Overgaard, E., et al. (2003). 
Does computer use pose an occupational hazard for forearm pain: From the NUDATA study. 
Occupational and Environmental Medicine, 60, 14-23. 
 



120 
 

Landis, J.R., & Koch, G.G. (1977). The measurement of observer agreement for categorical data. 
Biometrics, 33, 159-174 
 
Lapointe, J., Dionne, C.E., Brisson, C., & Montreuil, S. (2009). Interaction between postural risk 
factors and job strain on self-reported musculoskeletal symptoms among users of video display 
units: A three-year prospective study. Scandinavian Journal of Work, Environment, and Health, 
35(2), 134-144. 
 
Lassen, C.F., Mikkelsen, S., Kryger, A.I., Brandt, L.P.A., Overgaard, E., Thomsen, J.F. et al., (2004). 
Elbow and wrist/hand symptoms among 6,943 computer operators: A 1-year follow-up study 
(the NUDATA study). American Journal of Industrial Medicine, 46, 521-533. 

Lewis, R.J., Fogleman, M., Deeb, J., Crandall, E., & Agopsowicz, D. (2001). Effectiveness of a VDT 
ergonomics training program. International Journal of Industrial Ergonomics, 27, 119-131. 
 
Lintula, M., Nevala-Puranen, N., & Louhevaara, V. (2001). Effects of Ergorest® arm supports on 
muscle strain and wrist positions during the use of the mouse and keyboard in work with visual 
display units: A work site intervention. International Journal of Occupational Safety and 
Ergonomics, 7(1), 103-116.  
 
Lowe, B.D. (2004). Accuracy and validity of observational estimates of wrist and forearm 
posture. Ergonomics, (47)5, 527-554. 
 
Marcus, M., Gerr, F., Monteilh, C., Ortiz, D.J., Gentry, E., Cohen, S. et al., (2002). A prospective 
study of computer users: 2. Postural risk factors for musculoskeletal symptoms and disorders. 
American Journal of Industrial Medicine, 41, 236-249.  
 
Maria Lis, A., Black, K.M., Korn, H., & Nordin M. (2007). Association between sitting and 
occupational LBP. European Spine Journal, 16, 283-298. 
 
McGlothlin, J.D., & Lee, R.C. (2002) "An Ergonomic Evaluation and Redesign of Office 
Workstations to Decrease Reported Musculoskeletal Discomfort using an Internet-Based Office 
Ergonomics Program” In: Proceedings of the Human Factors and Ergonomics Society 46th 
Annual Meeting. 1227-1231. 
 
Nag, P.K., Pal, S., Nag, A., & Vyas, H. (2009). Influence of arm and wrist support on forearm and 
back muscle activity in computer keyboard operation. Applied Ergonomics, 40, 286-291. 
 
Nelson, N.A., & Silverstein, B.A. (1998). Workplace changes associated with a reduction in 
musculoskeletal symptoms in office workers. Human Factors, 40 (2), 337-351. 
Occupational Health and Safety Administration. (2000). VDT workstation checklist (OSHA 
Publication No. 29 CRF Part 1910). Washington, DC: U.S. Government Printing Office.  
 



121 
 

Rempel, D.M., Keir, P.J., & Bach, J.M. (2008). Effect of wrist posture on carpal tunnel pressure 
while typing. Journal of Orthopedic Research, 26(9), 1269-1273. 
 
Rempel, D., Willms, K., Anshel, J., Jaschinski, W., & Sheedy, J. (2007). The effects of visual 
display on eye accommodation, head posture, and vision and neck symptoms. Human Factors, 
49(5), 830-838.  
 
Rempel, D.M., Krause, N., Goldberg, R., Benner, D., Hudes, M., & Goldner, G.U. (2006). A 
randomised controlled trial evaluating the effects of two workstation interventions on upper 
body pain and incident musculoskeletal disorders among computer operators. Occupational 
and Environmental Medicine, 63, 300-306.   
 
Sommerich, C.M., Joines, S.M.B., & Psihogios, J.P. (2001). Effects of computer monitor viewing 
angle and related factors on strain, performance, and preference outcomes. Human Factors, 
43(1), 39-55.  
 
Splittstoesser RE, Korkmaz SV, Sommerich CM, Lavender SA. (2007). "A comparison of 
computer workstation adjustments made by users following web-based instructions and those 
of an ergonomics professional." In: Proceedings of The Human Factors and Ergonomics Society 
51st Annual Meeting. 879-883.  
 
Szeto, G.P.Y., & Sham, K.S.W. (2008). The effects of angled positions of computer display screen 
on muscle activities of the neck-shoulder stabilizers. International Journal of Industrial 
Ergonomics, 38, 9-17.  
 
Thompson, J.F., Gerr, F., & Atroshi, I. (2008). Carpal tunnel syndrome and the use of computer 
mouse and keyboard: A systematic review. BMC Musculoskeletal Disorders, 9, 134-143.  
 
Toomingas, A., & Gavhed, D., Workstation layout and work postures at call centres in Sweden in 
relation to national law, EU-directives and… International Journal of Industrial Ergonomics 
(2008), doi:10.1016/j.ergo.2008.02.010. 
 
U.S. Census Bureau. (2006) Computer use in 2003. Retrieved June 2, 2009 from 
http://www.census.gov/population/www/pop-profile/files/dynamic/Computers.pdf 
 
Van den Heuvel, S.G., van der Beek, A.J., Blatter, B.M., & Bongers, P.M. (2006). Do work-related 
physical factors predict neck and upper limb symptoms in office workers? International Archives 
of Occupational and Environmental Health, 79, 585-592. 
 
 

 

 



122 
 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 

 

 

 

 

 

 

 

 

 

 



123 
 

 

 

  

 

Department of Industrial and Manufacturing Engineering 

 

Purpose:  You are invited to participate in a study involving an ergonomic assessment of office computer workstations. The objective of this 

study is to perform ergonomic assessments of computer workstations looking at the location of the keyboard, mouse, monitor, and office chair 

and forearm support issues.  We hope to learn if an evidence-based computer workstation checklist, which you will use to evaluate workstations, 

is a repeatable tool for assessing office computer workstations for postural support issues.   

Participant Selection:  You were selected as a possible participant in this study because you are an employee in the company in which you 

work. We anticipate at least 15 raters will be involved in this research project from companies located throughout the Wichita, KS area.  

Explanation of Procedures:  If you decide to participate, you will be trained on how to perform ergonomic assessments of computer 

workstations using a checklist. This training will last approximately 15 minutes and will cover the objectives of the research project and how to 

use the checklist. In this checklist you will be evaluating aspects related to the layout of the workstation, including the location of the keyboard, 

mouse, monitor, and office chair characteristics and issues pertaining to forearm support. You will not be making any changes to the computer 

workstation’s layout, just assessing it for layout and support issues. It is likely that it will take you approximately 10 minutes to perform each 

evaluation. 

Discomfort/Risks:  It is anticipated that you will not experience any risks or discomforts evaluating workstations.   

Benefits: The overall goal and purpose of conducting this research is to evaluate the repeatability of a checklist that assesses office computer 

workstations. Additional benefits to the office computer employees may include the development of an easy to use and valid checklist to assess 

postural support issues at computer workstations.  

Confidentiality:  Any information obtained in this study in which you can be identified will remain confidential and will be disclosed only with 

your permission. Your name will not appear on the checklist, only a rater code, which will be known only by the researchers from Wichita State 

University and the contacts from your company.  

Compensation or treatment: Wichita State University does not provide medical treatment or other forms of reimbursement to persons injured as 

a result of or in connection with participation in research activities conducted by Wichita State University or its faculty, staff, or students.  If you 

believe that you have been injured as a result of participating in the research covered by this consent form, you can contact the Office of Research 

Administration, Wichita State University, Wichita, KS 67260-0007, telephone (316) 978-3285. 

Refusal/Withdrawal:  Participation in this study is entirely voluntary.  Your decision whether or not to participate will not affect your future 

relations with Wichita State University and your employer.  If you agree to participate in this study, you are free to withdraw from the study at 

any time without penalty. 

Contact:  If you have any questions about this research, you can contact us at: Michael J. Jorgensen Ph.D., 120 Engineering Building, Wichita, 

KS, 67260-0035, (316) 978-5904, michael.jorgensen@wichita.edu or Jonathan Kirby, jpkirby@wichita.edu. If you have questions pertaining to 

your rights as a research subject, or about research-related injury, you can contact the Office of Research Administration at Wichita State 

University, Wichita, KS 67260-0007, telephone (316) 978-3285. 

You are under no obligation to participate in this study.  Your signature indicates that you have read the information provided above and have 

voluntarily decided to participate. 

You will be given a copy of this consent form to keep. 

 

____________________________________________________ _______________________ 

Signature of Subject       Date 

____________________________________________________ _______________________ 

Witness Signature       Date                  Form A 

Appendix A 
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Department of Industrial and Manufacturing Engineering 

 

 

Purpose:  You are invited to participate in a study involving an ergonomic assessment of office computer workstations. The objective of this 

study is to perform ergonomic assessments of computer workstations looking specifically at the location of the keyboard, mouse, monitor, and 

office chair and forearm support issues.  We hope to learn if a computer workstation checklist, which you will be evaluated with, is a repeatable 

tool for assessing office computer workstations.   

Participant Selection:  You were selected as a possible participant in this study because you are an employee in the company in which you 

work. We anticipate 40 office workstation employees will be involved in this research project assessing office workstations from different 

companies located throughout the Wichita, KS area.  

Explanation of Procedures:  If you decide to participate, you will be asked to do your job as normal. You will be evaluated by raters using a 

checklist that assesses aspects of your workstation, including the location of the keyboard, mouse, monitor, and office chair characteristics and 

forearm support issues. Photographs will be taken for purposes of comparing checklist ratings with what can be seen in the photograph. We will 

be evaluating you for about 10 minutes. No changes will be made to your workstation.  

Discomfort/Risks:  It is anticipated that you will not experience any risks or discomforts having your workstation evaluated.   

Benefits: The overall goal and purpose of conducting this research is to evaluate the repeatability of a checklist that assesses office computer 

workstations. Benefits may include the development of an easy to use and valid checklist to assess postural support at computer workstations.  

Confidentiality:  Any information obtained in this study in which you can be identified will remain confidential and will be disclosed only with 

your permission. This includes all computer workstation checklists and photographs. Your name will not appear on any of these materials, only a 

workstation code, which will be known only by the researchers from Wichita State University and the raters from your company.  

Compensation or treatment: Wichita State University does not provide medical treatment or other forms of reimbursement to persons injured as 

a result of or in connection with participation in research activities conducted by Wichita State University or its faculty, staff, or students.  If you 

believe that you have been injured as a result of participating in the research covered by this consent form, you can contact the Office of Research 

Administration, Wichita State University, Wichita, KS 67260-0007, telephone (316) 978-3285. 

Refusal/Withdrawal:  Participation in this study is entirely voluntary.  Your decision whether or not to participate will not affect your future 

relations with Wichita State University and your employer.  If you agree to participate in this study, you are free to withdraw from the study at 

any time without penalty. 

Contact:  If you have any questions about this research, you can contact us at: Michael J. Jorgensen Ph.D., 120 Engineering Building, Wichita, 

KS, 67260-0035, (316) 978-5904, michael.jorgensen@wichita.edu or Jonathan Kirby, jpkirby@wichita.edu. If you have questions pertaining to 

your rights as a research subject, or about research-related injury, you can contact the Office of Research Administration at Wichita State 

University, Wichita, KS 67260-0007, telephone (316) 978-3285. 

You are under no obligation to participate in this study.  Your signature indicates that you have read the information provided above and have 

voluntarily decided to participate. 

You will be given a copy of this consent form to keep. 

 

____________________________________________________ _______________________ 

Signature of Subject       Date 

____________________________________________________ _______________________ 

Witness Signature       Date                 Form A 

Appendix B 


