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INTRODUCTION

ABSTRACT

Evaluation of workplace ergonomics for office workers is significant for occupational health.
Since office employees’ work is often mental, this evaluation should include a mental work-
load assessment as well as a physical assessment. The purpose of this study is to examine
the physical and mental workload of office workers of an automotive supplier company. This
study was carried out on 250 office workers. The musculoskeletal and physical risks were
investigated using Rapid Office Strain Assessment (ROSA) and Cornell Musculoskeletal Dis-
comfort Questionnaire (CMDQ), and the mental workload was analyzed with NASA Task
Load Index (NASA-TLX). Musculoskeletal disorder risk and mental workload levels were
revealed by statistical analysis and examined on the basis of departments. The correlations
between risk levels obtained by different methods and the effect of gender and age factors
were also investigated. ROSA final score average was 3.69 which corresponds to a moderate
risk level. 62.4% of the employees for the chair section and 64.4% of them for the keyboard and
mouse section were at moderate and above risk levels. According to the CMDQ results, the
body regions with the most discomfort were determined as the neck, upper back, lower back
and right wrist. NASA-TLX scores showed that the highest mental workload occurs in office
workers in Accounting, Maintenance and Purchasing departments. NASA-TLX scores were
found to be correlated with the ROSA final score, but not with the CMDQ scores. Evaluating
the musculoskeletal disorder risks and mental workload of office workers together and taking
the necessary precautions were beneficial in terms of protecting the health of the employees.

Cite this article as: Atici Ulusu H, Gencer M, Gunduz T. Assessment of musculoskeletal dis-

orders and mental workload among office workers in the automotive industry. Sigma ] Eng
Nat Sci 2024;42(5):1519-1531.

phones or tablets are also used for office tasks which are

Office employees work sitting at a desk and chair generally performed at the computer. Office workers are
throughout the working day. Auxiliary elements such as exposed to some unsuitable postures while sedentary or
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standing work. This exposure creates the risk of musculo-
skeletal disorders (MSDs). Staying in unsuitable postures
during long working hours further increases the risk of
MSD [1]. MSDs are diseases related to the muscles, joints,
tendons and nerves which effect body regions such as the
neck, upper limbs and back [2]. MSDs are related to pro-
longed sedentary positions, time-pressured and stressful
work, static and awkward postures, and repetitive move-
ments that office workers are also often exposed to [3].
Workplace conditions need to be improved (both mentally
and physically) to reduce MSDs and increase occupational
health among office workers.

MSD symptoms and ergonomic risk factors of office
workers with high computer use are examined with vari-
ous questionnaires. In a study conducted with the Chinese
Health Questionnaire and Musculoskeletal Symptom
Questionnaire, MSD symptoms were found to occur most
on the shoulder (73%), neck (71%) and upper back (60%)
regions of office workers using computers. In addition, it
was observed that psychological stress increased shoul-
der and upper back complaints, and increased workload
increased waist complaints [4]. An online questionnaire
application study on musculoskeletal discomfort and com-
puter use in university staff reported the most common
regions of musculoskeletal discomfort as the neck (60%),
shoulder (53%) and lower back (47%) regions [5]. There
is a relationship between the MSDs on the hand and arm
regions and the way or duration of using the computer
mouse and keyboard. The relationship between the MSDs
in the shoulder and neck regions and computer use should
also be examined further [6].

In addition to questionnaires, observational ergonomic
evaluation methods are also applied to office workers who
mostly use computers in their workplaces. These include
ROSA, Rapid Upper Limb Assessment (RULA) and Rapid
Entire Body Assessment (REBA). These assessment meth-
ods were found to correlate with the MSD risk levels esti-
mated by the questionnaires [7]. In an ergonomic risk
assessment study conducted on 102 office workers of a
large-scale manufacturing company with the ROSA and
CMDQ methods, the average ROSA final score was found
to be 4.43. It was determined that the discomfort felt in the
neck, back, waist and shoulder regions had a significant
relationship with the office risk level [8]. In a similar risk
assessment study, the average ROSA final score was calcu-
lated as 3.52. According to the results of CMDQ, the most
uncomfortable areas were the neck, waist and back; CMDQ
scores in these body regions were found to be correlated
with the ROSA scores [9].

Improving the design of office furniture and equip-
ment with which employees interact and some interven-
tions including sitting, standing and walking are useful
for reducing musculoskeletal discomfort and attenuating
perceived physical and mental fatigue in office workers [1].
ROSA method was used to investigate the efficiency of an
educational intervention program on office personnel in a

university. ROSA scores were compared before and after
the intervention aimed at raising awareness of the workers;
it was found that the mouse, keyboard, monitor and phone
scores decreased significantly [10]. In an intervention
study with sit-stand desks, differences in sedentary behav-
ior based on desk type and awareness of the importance
of posture variation were assessed in call center workers.
The use of sit-stand desks helped improvement in seden-
tary postures [3]. Under desk cycling as an intervention for
sedentary office workers was also tested. However, no clear
benefit of this intervention was found for musculoskeletal
health and cognitive function measures [11].

There are studies evaluating both mental and physical
burden among office workers in the literature. In a study
examining the relationship between subjective mental
workload and MSDs, the NASA-TLX scale and Nordic
Musculoskeletal Questionnaire were applied to office
employees working in a bank. Mental workload scores
were found to significantly correlate with MSD rates [12].
In a large-scale study examining office workers” MSD risks
using the Nordic Musculoskeletal Questionnaire, ROSA
and NASA-TLX, the severity of discomfort in the shoul-
ders, elbows, wrists, thighs and feet was associated with the
final ROSA score. And some NASA-TLX subscales (effort,
mental demand and performance) were associated with
MSD symptoms in different body regions [13]. Apart from
office workers, there are also studies on mental workload
and MSD risks on manufacturing workers. In a study con-
ducted with 303 employees in automotive manufacturing,
the CMDQ, a lifestyle questionnaire and NASA-TLX were
used together. It was determined that 70% of the employ-
ees experience MSD in at least one body region and there
was a correlation between MSD and age, work experience,
responsibility, lifestyle and time pressure [14].

The mental workload that some employees feel may
cause them to work in postures that may pose a risk of
MSD. Examining the mental and physical burden together
will help reveal this situation. In a study conducted on ster-
ile processing department employees who were exposed to
the impact of many complex factors in the workplace, the
MSDs of the employees were determined with the Nordic
Musculoskeletal Questionnaire and ergonomic evaluation
was made with the REBA method. In addition, the mental
workload was determined with NASA-TLX. Eventually, it
was found that the increase in mental workload worsened
postures and increased the risk of MSD [15]. Computer
users’ mental effort was found to be associated with electro-
myographic changes in biomechanical responses, especially
when the office workers do not use the chair’s backrest [16].
In a study conducted on only 60 female computer users,
ROSA, CMDQ, Carmen-Q and NASA-TLX methods were
used together. The average ROSA final score was calculated
as 5.54, and according to the CMDQ, the majority of work-
ers experienced discomfort in the lower back, neck and
right shoulder. Based on these regions, CMDQ and NASA-
TLX scores were found to be correlated [17].
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Even if the physical condition of the tasks stays the
same, the mental workload can change. Because the per-
ception of mental workload can be affected by some psy-
chosocial work factors [18]. Some individual factors and
personal characteristics such as gender, body mass index,
extraversion and conscientiousness can be predictors for
musculoskeletal disorders which can mediate the effect of
body posture and mental workload of office workers. For
example, women experience a higher rate of MSD and the
mental workload that can directly affect the MSDs is more
common in neurotic people [19].

The physical and mental workload created by the work
on the employee together constitutes the work-related
health of the employee. Some of the factors that possibly
affect the physical and mental workload are working pos-
tures, working speed, stress, work equipment, and environ-
mental factors. Some of these factors directly affect physical
or mental workload, while others can affect both. All fac-
tors should be considered together in office workers who
mainly perform mental work as well as physical work. In
this way, the effects on employee health can be understood
more clearly (Figure 1).

Studies in the literature mainly do not examine the phys-
ical and mental burden of office workers together. Most of
the examinations on office workers generally used a single
questionnaire method. This study aimed to investigate the
work-related health of office workers, by examining physi-
cal office ergonomics risk factors and cognitive load levels,
using a subjective mental workload scale, an observational
assessment method and a questionnaire together, unlike the
general literature on this subject. In addition, it is among
the aims of the study to reveal the possible relationships

between the methods that evaluate mental and physical
load.

The main purpose of this study is to determine the MSD
risk and mental load levels of office workers of an automo-
tive supplier company. For this purpose, ROSA, CMDQ
and NASA-TLX methods were applied. The data obtained
from these methods were statistically analyzed to reveal the
relationships between office ergonomic factors, MSD risks
and mental workload levels.

This paper is organized as follows: The information
about the participants and utilized methods are given in
Section 2. The findings obtained with these methods are
explained in Section 3. The results of the study are discussed
and compared with the literature in Section 4. Finally, an
overall conclusion is given in Section 5.

MATERIALS AND METHODS

Participants

This study was conducted in a company that produces
mechanism, body and chassis parts for the automotive
supply industry through different sheet metal part-form-
ing processes. A total of 250 office workers from manu-
facturing and administrative departments were voluntarily
involved in the study. The participants filled out a simple
questionnaire (including age, gender and department
information), a ROSA form, a CMD questionnaire and a
NASA-TLX scale. All participants were given verbal and
written information before signing an informed consent
form and applying the questionnaires. The questionnaire
and methodology for this study were approved by the
Science and Engineering Research and Publication Ethics
Committee of Bursa Uludag University (Ethics approval
number: 2021-11).

The ages of the participants ranged from 21 to 59. The
mean age is 34.8 (+ 6.9) and 66.5% of them are men and
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Figure 1. Some factors affecting the work-related health of office workers.
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Figure 2. Distribution of participants by gender, age and departments.

Table 1. Departments of the participants

Department Number of participants Percentage (%)
Manufacturing Logistics and planning 36 14.4
Maintenance 9 3.6
Manufacturing engineering 20 8.0
Quality 15 6.0
Research and development (R&D) 48 19.2
Systems and business development 3 1.2
Administrative Accounting 18 7.2
Budget reporting 3 1.2
Human resources (HR) 24 9.6
Information technology (IT) 5 2.0
Internal audit 1.6
Management 14 5.6
Purchasing 13 5.2
Sales and marketing 38 15.2
Total 250 100

33.5% are women. The average experience at work is 9.7 (£
6.4) years. The distribution of the participants by gender,
age and departments are visualised in Figure 2. The num-
bers of participants on the basis of departments are also
given in Table 1.

Rapid Office Strain Assessment (ROSA)

ROSA is an observational assessment method designed
to quickly measure ergonomic risks associated with com-
puter work and to create an action level according to the
level of discomfort of office workers [20]. While an observer
makes an assessment with the ROSA method, he/she
chooses the figures indicated in the ROSA form in accor-
dance with his/her observations and scores accordingly.
In scoring, the time spent by the office worker using the

equipment and the adjustability of the relevant equipment’s
features such as height and depth is also taken into account.

The ROSA form has three sections:

(1) Section A (Chair): Scores for the height and depth of
the seating surface are determined. Then the armrest and
back support score is determined with the help of the fig-
ures on the form. By placing these two scores in an intersec-
tion matrix, a chair total score is calculated.

(2) Section B (Monitor and Telephone): Scores for the
monitor height and working hours on the monitor are first
determined. Then, scores are determined for the position of
the neck when using the phone and the working hours on
the phone. The total score for the monitor and telephone
section is calculated by placing these two scores in an inter-
section matrix.
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(3) Section C (Keyboard and Mouse): A score is deter-
mined taking into account the hand, arm and shoulder
postures and working hours when using the mouse. Then
a similar score is determined for the keyboard. The total
score for the keyboard and mouse section is calculated by
placing these two scores in an intersection matrix.

After scoring the chair, monitor, telephone, keyboard
and mouse, the final risk score is determined between 1
and 10 through an interaction matrix. In this matrix, the
chair section score is used as the vertical axis and a value
obtained from the other two sections is used as the horizon-
tal axis [20]. According to the ROSA final score, there are
four ergonomic risk levels:

(1) Low risk level: Score 1 - 2

(2) Moderate risk level: Score 3 - 4

(3) High risk level: Score 5 - 7

(4) Very high risk level: Score 8 - 10 [21].

Cornell Musculoskeletal Discomfort Questionnaire
(CMDQ)

CMDQ is one of the most common methods for assess-
ing the risk level of MSDs of employees. This question-
naire was developed by Hedge et al. in 1999 in the Human
Factors and Ergonomics Laboratory at Cornell University
[22,23]. The validity of this method was extensively tested
and yielded good results [24]. The CMDQ can be applied to
sedentary and standing employees; it has different versions
for males and females.

In the CMDQ form, the frequency, the severity and the
work interference of the musculoskeletal pain are scored for
18 different body regions. It also includes a figure showing
the relevant body regions to help visually. The responses
are given considering the last working week. Frequency,
severity and work interference scores can be used as per-
centages or given weights. Frequency score is rated across
‘never, ‘1-2 times a week], ‘3-4 times a week, ‘once a day’
and ‘several times a day’ with weights of 0, 1.5, 3.5, 5 and
10 respectively. The severity score is rated across ‘slightly
uncomfortable, ‘moderately uncomfortable’ and ‘very
uncomfortable’ with weights of 1, 2 and 3 respectively. The
work interference score is rated across ‘not at all; ‘slightly
interfered’ and ‘substantially interfered” with weights of 1, 2
and 3 respectively [24].

The CMDAQ scores of each body region can be analyzed
in four ways:

(1) by simply counting the number of symptoms per person

(2) by summing the rating values for each person

(3) by weighting the rating scores to more easily identify
the most serious problems

(4) by multiplying the frequency score by the severity score
and work interference scores

The final discomfort score can be classified as ‘slightly,
‘moderately’ and ‘very uncomfortable’ [22].

The participants in this study completed the Turkish
version of the CMDQ.

Nasa Task Load Index (NASA-TLX)

NASA-TLX is a subjective mental workload assessment
method that was designed by Hart and Staveland in 1988
[25]. A workload score of ratings on six factors is obtained
with NASA-TLX. These six factors and their explanations
are as follows:

(1) Mental demand: How much thought, decision or calcu-
lation do you need to accomplish the task?

(2) Physical demand: How much intensity of physical activ-
ity do you need to complete the task?

(3) Temporal demand: How much time pressure do you feel
about completing the task?

(4) Performance: How hard do you have to work to main-
tain your level of performance?

(5) Effort: what is your success level in completing the task?

(6) Frustration: How insecure or discouraged do you feel
during the task?

The NASA-TLX method consists of three stages:
scaling, weighting and determining the overall work-
load. The effect of six sub-factors on the job in the scal-
ing phase is determined by marking the scale created
between “very low” and “very high”. In the weighting
stage, each participant weighs six factors in proportion to
their contribution to the workload. Pairwise Technique
(PWT), known as the pairwise comparison technique, is
used to reveal the weights. In this technique, 15 compar-
isons are made between six sub-factors, including two
in terms of importance level within the scope of work.
Participants mark the criterion they think contributes
the most to the workload during paired comparisons.
Thus, the frequency value of each criterion is obtained.
Then, the value for the sub-factor is divided by 15 and
the weight value for that factor is obtained. In the last
stage, the general workload index is obtained by multi-
plying the ratio results with the weight value of each cri-
terion and adding them together [26]. The participants
completed a NASA-TLX form scaled from 1 to 20, taking
their daily office tasks into account.

RESULTS AND DISCUSSION

Statistical analyses were carried out using Minitab ver-
sion 18. All data conformed to normal distribution. A one-
way variance analysis for equality of means was conducted
to determine whether there were significant differences
between the risk scores of the departments. Tukey multi-
ple comparison test (post-hoc test) was used for finding the
different departments. The confidence level is 95% in all
analyses.

Office workers were observed while applying the anal-
ysis methods. Some examples of sitting positions and
hand-wrist postures encountered in the offices are given
in Figure 3.
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Figure 3. Examples of working postures in the workplace.
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Results of ROSA Method

The risk scores for ROSA sub-sections and the final
ROSA scores of the participants are summarized in Figure
4. The average of the final ROSA score is 3.69 which cor-
respond to a moderate risk level. The chair section score
is 3.21 and the keyboard and mouse section score is 3.21.
The monitor and telephone section score is the lowest with
2.24 points.

Considering that moderate and above risk levels should
be taken into account, the number of ROSA sub-scores for
chair, monitor and telephone, keyboard and mouse sec-
tions with risk scores of 3 and above were determined and
given in Table 2. It is observed that approximately 62% of
the employees are at moderate and above risk levels for the
chair, 29% for the monitor and telephone and 64% for the
keyboard and mouse. According to the final ROSA score,

Table 2. The numbers with moderate, high and very high
levels of risk for ROSA sub-sections

Section Number %
Chair 156 62.4
Chair height and pan depth 121 48.4
Armrest and back support 148 59.2
Monitor and telephone 72 28.8
Monitor 96 38.4
Telephone 23 9.2
Keyboard and mouse 161 64.4
Mouse 143 57.2
Keyboard 121 484
Final ROSA score 209 83.6
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Figure 5. The average ROSA scores of the departments.
83.6% of the participants are at moderate and above risk  Results of CMDQ method

levels.

Office workers in this workplace have particular
problems with chair height. Almost half of the employ-
ees stated that the height and pan depth of their chairs
are not suitable. The weight of the score in the monitor
and telephone sub-section mostly comes from the mon-
itor scores. Approximately 38% of office workers stated
moderate or higher discomfort with the monitor. The
numbers of moderate or higher risk scores in the mouse
and keyboard sub-sections are also considerably high.
Approximately 57% of employees stated that they had
moderate or higher level problems with the use of the
mouse.

The average ROSA scores according to the depart-
ments are seen in Figure 5. According to the final ROSA
scores, the highest risk is seen in Accounting, Purchasing
and IT departments. Besides, the department with the
most discomfort with the chair is the Accounting depart-
ment. Accounting is also the department that has the
most discomfort with the use of monitors and phones.
And in Purchasing and IT departments, it is seen that
the use of the keyboard and mouse causes the most
discomfort.

The discomfort scores for each body region obtained
with the responses of all participants to the CMDQ ques-
tionnaire are given in Table 3. Discomfort in the neck
region has the highest proportion of 15.89%. The upper
back has a proportion of 11.81%, the lower back has a
proportion of 10.85% and the right wrist has a propor-
tion of 10.82% which are the next highest scores. The
scores of the right and left shoulders are also consider-
ably higher.

The risk levels of the participants were classified
according to the risk scores for the neck, shoulders,
upper back, lower back and wrists. The number and per-
centages of employees classified by CMDQ risk score
for these body regions are given in Table 4. For the neck
region, 12.8% of the employees have moderate risk lev-
els, 9.2% of them have high risk levels and 2% of them
have very high risk levels. Considering the moderate,
high and very high risk levels, it is seen that almost 20%
of the employees are working at these risk levels for most
of the body regions.

The average discomfort scores of the neck, shoul-
ders, upper back, lower back and wrists which are the
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Table 3. The CMDQ discomfort scores

Body region Score %
Neck 1390.5 15.89
Shoulder Right 716.0 8.18
Left 769.0 8.79
Upper back 1033.0 11.81
Upper arm Right 151.0 1.73
Left 229.0 2.62
Lower back 949.5 10.85
Forearm Right 199.0 2.27
Left 251.0 2.87
Wrist Right 946.5 10.82
Left 514.5 5.88
Hip 260.0 2.97
Thigh Right 1345 1.54
Left 137.0 1.57
Knee Right 247.0 2.82
Left 471.5 5.39
Lower leg Right 122.5 1.40
Left 227.5 2.60
Total CMDQ score 8749.0 100

body regions that have the most proportions of the dis-
comfort, are presented in Table 5 according to depart-
ments. Discomfort in the neck region mostly occurred
in IT, Systems and Business Development and Sales and
Marketing departments. Discomfort in the shoulders and
wrists mostly occurred in the IT and Systems and Business
Development departments. Upper back discomfort is also
common in the IT department, while lower back discom-
fort is common in Purchasing.

Significant differences in average risk scores between
departments were found by applying one-way ANOVA
(p<0.05). Post-hoc tests were conducted to find out
which departments are significantly different. The vari-
ance homogeneity was checked before the post-hoc test
selection. Since the variances were found to be homoge-
neous, the Tukey post-hoc test was applied. According
to the results of the Tukey test, it was determined that
IT, Sales and Marketing and Systems and Business
Development departments made the difference. The
boxplot of data and normal probability plot of residuals
are given in Figure 6.

Table 4. The number of participants classified by CMDQ risk levels for the riskiest regions

Risk level Neck Right Left Upper Lower Right Left
shoulder shoulder back back wrist wrist

0 = no risk 123 (49.2%) 182 (72.8%)  181(72.4%) 158 (63.2%) 168 (67.2%)  175(70.0%) 207 (82.8%)

(0 score)

1=1low 67 (26.8%) 36 (14.4%) 37 (14.8%) 48 (19.2%) 40 (16.0%) 36 (14.4%) 24 (9.6%)

(1.5 - 4.5 score)

2 = moderate 32 (12.8%) 20 (8.0%) 14 (5.6%) 24 (9.6%) 23 (9.2%) 21 (8.4%) 9 (3.6%)

(5 - 14 score)

3 = high 23 (9.2%) 8 (3.2%) 14 (5.6%) 15 (6.0%) 16 (6.4%) 11 (4.4%) 5 (2.0%)

(15 - 45 score)

4 = very high 5(2.0%) 3(1.2%) 3(1.2%) 5 (2.0%) 3 (1.2%) 5(2.0%) 3(1.2%)

(60 - 90 score)

Table 5. The average CMDQ discomfort scores according to departments

Department Neck Right Left Upper  Lower Right Left
shoulder shoulder back back wrist wrist
Accounting 7.08 3.08 4.11 7.00 5.11 4.03 1.67
Budget reporting 1.67 1.67 1.67 1.50 0.50 0.00 0.00
Human resources 8.52 4.33 4.67 5.63 1.29 3.10 2.81
Information technology (IT) 19.70 13.40 12.00 14.10 2.20 8.70 8.30
Internal audit 2.25 0.00 0.38 0.75 0.00 0.00 0.00
Logistics 5.19 1.15 1.36 2.42 4.28 2.15 0.49
Maintenance 5.72 0.00 1.11 1.28 1.11 422 0.17
Management 3.46 2.07 0.36 0.11 0.00 1.11 0.00
Manufacturing 1.80 0.38 3.20 1.03 1.63 1.80 0.48
Purchasing 4.96 2.19 2.81 2.88 9.62 3.85 2.96
Quality 3.83 5.10 0.23 3.33 1.33 0.97 0.23
Research and development (R&D) 3.24 0.76 0.57 2.88 2.80 4.00 0.66
Sales and marketing 8.38 5.57 7.04 8.41 8.74 7.96 5.62
Systems and business development 9.00 17.83 17.83 9.50 2.00 10.00 20.00
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Results of the NASA-TLX method

Percent

In the NASA-TLX application, the participants first made
a scale between 0 and 20 for each sub-factor. The NASA-TLX
sub-factor scores of the participants are summarized in Table
6. Effort, mental and temporal demand factors were scaled
higher. In paired sub-factor comparisons, since there was

Table 6. The scores for NASA-TLX sub-factors

Normal Probability Plot

(responses are Accounting: Budget Repor: ...)

Residual

no different opinion from the participants it was assumed
that all sub-factors are equally weighted with each other.
Accordingly, the TLX values calculated in the range of 0-100
and the average TLX scores of the departments are seen in
Figure 7. The departments with the highest mental workload
are Accounting, Maintenance and Purchasing.

Factor Mean St.Dev. Minimum Maximum
Mental demand 14.487 3.882 1 20
Physical demand 7.694 4.241 0 19
Temporal demand 13.875 4.320 1 20
Performance 4.728 3.489 1 18
Effort 15.487 3.851 1 20
Frustration 10.737 5.257 1 20
NASA-TLX score 55.841 11.955 20 85
Systems and Business Development 57,78
Sales and Marketing 54,63
Research and Development (R&D) 56,81
Quality 58,67
Purchasing 60,26
Manufacturing Engineering 58,92
Management 54,74
Maintenance 60,63
Logistics and Planning 55,23
Internal Audit 42,5
Information Technology (IT) 1917
Human Resources (HR) 50,8
Budget Reporting 50,83
Accounting 59,22
0 10 20 30 10 50 60 70

B NASA-TLX Score

Figure 7. The average NASA-TLX scores of the departments.
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Correlations between CMDQ and ROSA scores

A correlation analysis was performed to determine
whether the discomfort reported by the participants in
the CMDQ was related to the ROSA risk scores. The cor-
relations between ROSA final score and CMDQ scores are
given in Table 7. As seen in the table, the discomforts in
the neck (r=0.239), shoulders (r=0.172 and 0.156 respec-
tively), upper back (r=0.206), right forearm (r=0.218),
wrists (r=0.247 and 0.144 respectively) and right lower leg
(r=0.185) with p-values less than 0.05, are positively cor-
related with the final ROSA scores. The total CMDQ score
and ROSA final score are also positively correlated with
r=0.257 Pearson correlation coefficient. These correlations
are significant at a 95% confidence level.

Correlations between NASA-TLX and ROSA/CMDQ
scores

Another correlation analysis was performed to deter-
mine if the mental workload values of the employees were
related to the ROSA risk scores. The correlations between
ROSA final score and NASA-TLX scores are given in Table
8. As seen in the table, the performance (r=0.172) and frus-
tration (r=0.136) sub-factors with p-values less than 0.05
are positively correlated with ROSA final score. There is
also a significant correlation between ROSA and NASA-
TLX scores (r=0.162).

The possible correlation between NASA-TLX
and CMDQ results was also analyzed. No significant

Table 7. The correlations between ROSA final score and
CMDAQ scores

Body regions Pearson correlation (r) p
Neck 0.239 0
Shoulder Right 0.172 0.013
Left 0.156 0.024
Upper back 0.206 0.002
Upper arm Right 0.120 0.104
Left 0.059 0.420
Lower back 0.104 0.138
Forearm Right 0.218 0.003
Left 0.083 0.255
Wrist Right 0.247 0
Left 0.144 0.044
Hip 0.125 0.089
Thigh Right  0.101 0.168
Left 0.08 0.277
Knee Right 0.045 0.535
Left -0.001 0.989
Lower leg Right 0.185 0.012
Left 0.111 0.131
Total CMDQ score 0.257 0

Table 8. The correlations between NASA-TLX scores and
ROSA final score

NASA-TLX Pearson correlation (r) P
sub-factors

Mental demand 0.085 0.195
Physical demand 0.002 0.970
Temporal demand 0.119 0.070
Performance 0.172 0.009
Effort 0.039 0.553
Frustration 0.136 0.038
NASA-TLX score 0.162 0.014

correlation was found between NASA-TLX and CMDQ
scores. Although significant correlations were found
between some NASA-TLX sub-factors and some CMDQ
body regions, the correlation coefficients were very low.

The Relationship Between Gender and Age With Risk
Scores

One-way ANOVA was performed to understand
whether the risk scores and discomfort levels obtained
by the three methods differ according to gender and age
factors.

It was observed that the gender factor affected the ROSA
final scores. The average ROSA final score for males is 3.48
and it is 4.08 for females. The difference between them was
significant with a p-value of 0.001 for a 95% confidence
level. The gender factor had also an effect on the CMDQ
scores. The average CMDQ score for males is 22.60 and it is
59.90 for females. The difference between them was signif-
icant with a p-value of 0. There was no change by gender in
NASA-TLX scores.

The age ranges of the participants were divided into 4
groups (20-29, 30-39, 40-49, 50-59) and the effect of age
on risk scores was examined. Although the averages of risk
scores were higher for employees in the 30-39 age range,
the differences between age groups were not statistically
significant.

The average ROSA final risk score was 3.69 and the
percentage of office workers who need intervention was
83.6%. Similarly, ROSA final score was 2.25 and the higher
risk level percentage was 71% in a study conducted in the
offices of a communication service company [27]. In a
study examining different types of offices, the final ROSA
score was found to be 3.61 [28]. The average ROSA score
of different offices in the manufacturing sector was found
to be 3.52 which also correspond to a moderate risk level
[9]. Furthermore, when MSD risk levels were analyzed on
the basis of departments, it was found to be high in the
Accounting department, similar to the literature [9].

The discomfort scores calculated by the CMDQ
responses for the neck, upper back, lower back and right
wrist had the highest proportion. Left and right shoulders
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had also considerably higher discomfort scores. The body
regions where the most discomfort was reported, matched
up with some other results in the literature [4, 9, 12, 13, 28].
Most likely causes of discomfort for the neck, shoulders and
upper back are unsuitable chairs, lack of back support and
inappropriate seating positions. The height of the chairs
should be adjustable according to the monitor or table and
correct sitting positions should be learned and applied. The
discomfort in the right wrist can be directly related to the
size of the mouse and the lack of wrist support.

It was observed that there is a significant relationship
between the neck and right wrist disorders specified in
CMDAQ and the ROSA final scores. This is an expected
result; because discomfort related to chairs, monitors and
mouse which are questioned in ROSA can be seen in the
neck, back, shoulders, arms and legs. According to the
ROSA scores, monitor heights are not suitable for most
employees. Neck discomfort can occur when the monitor
height is not suitable for the height of the employee. This
correlation result is consistent with the studies in the liter-
ature [29, 30, 31].

Most of the employees in this study are right-handed.
Therefore, it was determined that there is discomfort in the
right wrist related to the use of the mouse. Inappropriate
mouse size and long working hours without any breaks
may cause this discomfort. In the offices where this study
is carried out, some employees do not use a mousepad or
any wrist support while working with the mouse. This may
cause MSDs such as carpal tunnel syndrome which hap-
pens because of excess pressure on the median nerve that
goes through the wrist. Providing appropriate wrist support
for office workers will be sufficient to solve this problem.
The results and suggestions were presented to the company,
and suitable mouse and mousepads were provided by the
company for office workers.

Some of the office workers in the company use desktop
PCs and monitors, and some use laptops. A few of them
use laptops with height-adjustable stands and an external
keyboard. The workers who do not use external keyboards
work by keeping their wrists in the wrong position (away
from a neutral posture). By keeping the wrists as close to
the neutral position as possible, discomfort and MSDs can
be prevented.

The mental workload values calculated by six factors of
the NASA-TLX method showed that the departments with
the highest mental workload were Accounting, Maintenance
and Purchasing departments. A higher mental workload is
expected especially in tasks that require high responsibility.
Mental demand, temporal demand and effort sub-factors
were scaled higher than other sub-factors. Since thinking,
decision making and calculation processes are in the major-
ity in the mentioned departments and there is usually time
pressure, it is an expected result that the sub-factors associ-
ated with these situations (especially mental and temporal
demand) are scored high.

Some studies find a correlation between mental work-
load and MSD risk levels [12, 15, 17, 18]. In this study, par-
ticipants expressed physical discomfort that may pose a risk
of MSD and also expressed mental workload, especially in
some departments. Due to the low correlation coefficient
between NASA-TLX and ROSA scores, it can be said that
the strength of the relationship between physical and men-
tal workload is weak. Even though the employees experi-
ence some physical discomfort, most employees do not see
it as a mental burden. Employees often have to complete
their jobs with deadlines and work with maximum perfor-
mance. They may not think that their mental workload is
too high because their performance must be high. While
office workers evaluate time pressure and performance fac-
tors higher, people with different individual characteristics
may feel the mental workload differently [19].

When the difference between female and male employ-
ees was considered, it was concluded that the ROSA final
scores were higher for female participants. In a study using
a questionnaire method, it was found that women reported
more discomfort, especially in the shoulder, neck and upper
back regions [4]. In this study, a similar result of gender dif-
ference was found in both methods (ROSA and CMDQ)
examining physical load and MSD risks. In addition, the
riskiest body regions found by the questionnaire method
also overlap with the study in the literature.

CONCLUSION

In this study, CMDQ, ROSA and NASA-TLX meth-
ods were used to analyze MSD risks and mental workload
among office workers in an automotive supplier company.
The CMDQ was applied to determine the MSD levels of
workers. The ROSA method was used to obtain risk scores
associated with office furniture and equipment. Finally, the
NASA-TLX method was applied to reveal the mental work-
load levels. Data were collected from a total of 250 office
workers from different departments in an automotive spare
part manufacturing company.

Statistical analyses with a confidence level of 95% were
performed for the determination of MSDs risk and men-
tal workload levels. Evaluations were made on the basis
of departments. The average of the ROSA final scores was
3.69. That means most of the employees were at moderate
and higher risk levels. Considering the chairs 62% of the
employees were at moderate and above risk levels. Similar
risk level percentages were 64% for the keyboard and mouse,
and 29% for the monitor and telephone. CMDQ results
showed the neck, upper back, lower back and right wrist
were the body regions where the office workers experienced
more discomfort. The Sales and Marketing, Information
Technology and Systems and Business Development
departments were the departments where the most physi-
cal discomfort was expressed for these body regions. As to
TLX scores, the highest mental workload was identified in
Accounting, Maintenance and Purchasing departments.
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There was a positive and significant correlation between
ROSA final scores and CMDQ risk levels for the neck and
right wrist regions. Besides, a relationship between ROSA
and TLX scores was found. Some correlations, albeit weak,
between some body regions and NASA-TLX sub-factors
were also found. There was a significant difference between
the ROSA final scores of female and male participants,
female workers reported higher levels of discomfort. The
effect of the age group of the employees was also examined,
but the effect of age on discomfort levels or mental work-
load was found to be insignificant.

Considering the results of the study, some suggestions
were made to the company. One of them was the use of
an appropriate-sized mouse and mousepad to prevent
discomfort in the wrists. The company supplied mouse
and wrist supports and employees started to use them.
In addition, a training seminar about office ergonomics
was given to the employees. Employees were informed
that wrists should be in a neutral position when using
a laptop or an external keyboard. Correct sitting posi-
tions were also mentioned in terms of legs, upper back
and lower back health. Using appropriate office equip-
ment and learning the correct working positions will be
essential to prevent any discomfort or MSDs in office
workplaces.
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