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ABSTRACT

Most of the workers in manufacturing industry, especially under assembly department have to perform their job in
standing position due to the effectiveness. The research scope and objectives are to obtain the satisfaction of workers
standing position to the workers. Besides that, the ergonomically design ergonomic working environment was
implemented to reduce the aching feet, low back pain, swollen ankles and calves as well as leg and hip pain at the selected
manufacturing plant. The data on the Musculoskeletal Disorders (MSDs) symptoms of pain and the workers’ risks of
exposure to vibration were collected via questionnaire and Rapid Upper Limb Assessment (RULA). After implementing
the ergonomic working environment, direct interview was conducted to get the feedback from the workers as well as to
verify the working environment. The research found that the workers are having pain in the right heels and left heel with
percentage 33.9% and 32.1% respectively. RULA result found that 50% of the workers score 3 or 4, about 29% score 5 or
6 and 21% score 7. Therefore, after implementing the ergonomic working environment, the percentage of painful body part
was decreased, RULA score was reduced and muscle is not in fatigue. Most of the workers are satisfied, they felt happy

and comfortable. Overall, it raised the awareness of ergonomic among the workers and the organization as well.
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1. INTRODUCTION

The majority of the industrial workers have
usually undergone some health problems due to the
environment of working and pressure regarding the
workload which is then will cause stress. Other than that,
when the workers are not giving full attention to their job,
it will lead to an injury [1]. Besides that, there are various
factors that also can contribute to the health problems.

In general, to obtain the best performance in
assembly processes, most of the workers should perform
their job in standing position. The workers are most
probably much easier to reach the parts to be assembled
when performing their job in standing position. It is
because it will be more effective when the workers
perform their job in standing position, as compared with
sitting positions. According to a study, the significant
rationales to perform this job in standing positions are: 1)
the workers are requiring a large degree of freedom of
working orientation and 2) the design of workstation does
not allow the workers to perform the jobs in sitting
position [2]. As a result, this position encourages workers
to be more efficient and productive.

However, standing in a long duration can affect
the workers in term of muscle fatigue, occupational
injuries, as well as it will also can cause discomfort to the
workers. It is then finally will cause the workers felt tired.
The workers will have a problem such as aching feet, low
back pain, swollen ankles and calves, as well as leg and
hip pain [3].

Many industries have successfully executed
ergonomic solutions in their organizations, as a method to
concentrate on their workers' MSD injury risks [4]. The
industries that already implemented ergonomic in their
organization were agriculture industry [5, 6, 7],

construction industry [8, 9], healthcare industry [10],
manufacturing industry [11] and shipyard industry [12].

All the data published are from the overseas
company such as in the United States and Europe. The
specific data or activity in Malaysia industry is less
published. Therefore, no data or activity regarding
ergonomic area is similar in term of physical aspects of
Malaysian workers.

2. METHODOLOGY

Direct observation

Direct observation was conducted in order to get
the general information regarding the workers, hand tools
and working environments. The information is obtained
from the unstructured interview among 15 workers in the
assembly lines.

Questionnaire and Rapid Upper Limb Assessment
(RULA)

In the qualitative assessment, this study involves
the use of a questionnaire and RULA to survey the issues
regarding vibration exposure to the workers. The
questionnaire includes 3 sections; (i) demographic
information, (ii) health information and (iii)) work
information with total 31 questions. For RULA, it includes
2 sections; (i) arm and wrist analysis and (ii) back, trunk
and leg analysis. This assessment was attached with the
questionnaire. There are 56 respondents involved in the
survey.

Design

Design of ergonomic working environment is
then being introduced. After implementing all the
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ergonomic environment, the comment and feedback from
the workers and organization were obtained from the
questionnaire, RULA, direct interview, muscle activity
measurement and satisfaction survey (off-line and in-line).
For off-line survey, it involved 30 workers. While in-line
survey, it involved all workers at door mirror assembly
line.

3. RESULTS AND DISCUSSIONS

Results and discussion of data collected are from
the questionnaire study, RULA, direct muscle activity
measurement by using electromyography and the design of
the new ergonomic working environment.

Questionnaire and RULA

A questionnaire study was used in this research to
identify the effects of vibration exposure to the assembly
workers. This section begins with the explanation on the
pilot study and reliability of the questionnaire. The
following section focuses on the presentation of result,
finding and analysis of the worker’s demographic which
are found in section A. The result is then followed by the
analysis of result findings from section B, which is
regarding the health information of the workers. Finally,
the findings of section C will establish the effects of
vibration exposure to the workers.

RULA was attached with the questionnaire.
There are 56 respondents involved in this assessment.
RULA was carried out to analyze the worker’s posture.
The RULA score was given based on the posture of the
worker itself with the grand score of its coding system.
There are 4 action levels as shown in the Table-1 which
indicate the level of intervention required to reduce the
risk of injury due to physical loading on the worker.

Table -1. Score and indications of RULA.

Score Indications

lor2 Acceptable (Negligible risk, no action required)

3or4 | Investigate further (Low risk, change may be needed)

Sor6 | Investigate further and change soon (Medium risk)
7 Investigate and change immediately (Very high risk)

RULA
Z 60% - il PP ,
2 ox ] om .I;lo v
£ 0%

Final Score

B Acceptable 1or2

B Investigate Further 3or 4

[Investigate Further & change Soon5 or6
EInvestigate & Change Immediately 6 or 7

Figure-1. Percentage of RULA result.

The result of the measurement in the Figure-1
shows that half of the workers are under score 3 or 4
which is needed to investigate further. But, it is still under
the low risk and need changes. Next, about 28.6% (n = 16)
under score 5 or 6 which is needed to be investigated and
change soon because it was under medium risk. While the
lowest percentage is 21.4% (n = 12) under score 7, which
has to be investigated and change immediately because it
is under very high risk. Lastly, no one of the workers are
under the score 1 or 2 which is under acceptable
conditions. According to the results, it might be due to the
posture of the workers. Most of the workers are working in
an uncomfortable environment. The task involves with the
movement of the upper and lower arm, wrist, neck, trunk
and leg. In addition, it also includes the muscle usage
(holding the vibrating hand tool) as well as additional
force or load that is applied by the workers to perform
their job. All of these factors contribute to higher RULA
score.

Design

Based on the discussion with the engineers, there
are several working environments that are possible to be
applied. According to previous research, the design of
ergonomic working environment is not necessarily
complicated and costly. It can be very simple, easy and
can be implemented by the workers without any further
training program to be attended.

Job rotation

Basically, based on the layout of assembly
workers (refer Figure-2), each worker are performing the
same task every day. In one line, there are 5 workers
involves, but only three of them are using vibrating hand
tool. When the workers involve in using tools for one or a
few tasks that do not vary in the movements and muscles
used, it can cause an overload of those muscles. The
resulting of overload in the same part of the body can
cause pain and injury. A greater variety of tasks allow for
changing body position to distribute the workload over
different parts of the body, and to give overtaxed muscles
some relief and recovery time.

o
A A
T &

Hand tool usage

1(A) Bracket installation »
2(B&C) Install actuator assy into bracket v
3(D) Install frame assy into housing v
4 (€) Marror installation v
S{F) Quality control x

Figure-2. Layout of assembly workers.
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Generally, total working hour for each worker is
12 hours per day. They start at 8.00am and finish at
8.00pm. According to the workers, the extra 2 hours which
is from 6.00pm until 8.00pm is considered overtime. They
are requested to work overtime every day. Assembly
department workers have different break time as compared
with another department.

Table-2 shows the distribution of duration of
working in standing position. The duration of standing
depends on the task given where 62.5% (n = 35) of the
workers are standing for 8-12 hours, about 23.2% (n = 13)
are standing for less than 4 hours, almost 7.1% (n = 4) are
standing for 6-8 hours, with 5.4% (n = 3) are standing for
more than 12 hours and 1.8% (n = 1) is standing for 4-6
hours. These showed that most of the assembly workers
are performing their job in standing position. This may
lead to MSDs problem since they have to stand in a
prolonged position. The distribution of duration of
working in standing position is shown in Figure-3.

Table-2. Distribution of duration of working in standing

position.
Frequency | Percent
Less than 4 hours 13 232
4-6 hours 1 1.8
6-8 hours 4 7.1
8-12 hours 35 62.5
More than 12 hours 3 54

Duration of Working in Standing Position

100% -
80%
60%
40%
20%

0% -

63%

Percentage

less4 46 Hour 6-8 Hour 812 Hour 12 Abowe
Hour

Working Hour

Figure-3. Distribution of duration of working in standing
position.

For ergonomic intervention in the company,
researcher proposed to the supervisor to apply the job
rotation. This will help to reduce the muscle fatigue
among the workers. It is suggested to rotate after each
break so that the workers are not doing the repetitive
movement (refer Table-3). Provisionally, the line leaders
are following the schedule that has been done so that the
workers can directly refer to it easily.

Table-3. Job Rotation timetable.

BEFORE
: : 8:00am-11:00am | 11:30am.-3:00pm. | 3:15pm - 545pm. | 6:00 pm - 8:00 pm.
(No job rotation)
Workstation A|/BC|D|E| F |[A|BC|D|E| F |[A|BC|D|E|F|A|BC|D|E| F
Worker 11 2 |34 51| 2 3[4 5 1[2 |[3[4]5[1] 2 [3]|4|35
AFTER
gt : 8:00am-11:00am | 11:30am -3:00pm. | 3:15pm.—- 545pm | 6:00 p.m.— 8:00 p.m.
(Trial job rotation) P P P P P
Workstation A|BIC|D|E A|BC|D|E A|BC|D|E|F BC|D|E| F
Worker 1] 2 [ 3[4 5 121 3 [4[5] 1 3] 4 [5[1[2]4]}:5 112] 3
After applying job rotation direct interview is .
done by the worker involved. All the workers are happy Productivity
with it. Most of them comment that they not even feel any 100% - i
pain during working. They also did not feel bored as they S0 80% 63%
did not do the same thing for the whole day. They a most g 284; 10% 27%
likely start with new task after each break and this job S 20% £ [ |
’ R R . = 0% — )
rotation encourage them to do their task with enthusiasm. o § A 5 % &
Based on the interview, the quantity of product is {4\0\ & ¥ {7 &7
increasing, while the duration of vibration exposure to the <& & ROX
§

workers is decreased (refer Figure-4 to Figure-8)

Satisfaction level

Figure-4. Analysis of direct interview: Productivity.
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About 90% of the workers agree that they
exposed to the vibration in very short time per day (refer
Figure-5). According to the new job rotation timetable, the
workers are most probably will not do the job at the same
workstation in a day.

Duration exposed to vibration

0085 - 20%
=) O,g 4
Z g’o i 0/
© “Hos 1 =
2 o T T 1
=~ &N 3 8
s & W S & S

2 % Q'\“’ N A

Satisfaction level

Figure-5. Analysis of direct interview: Duration exposed
to vibration.

As a result, the risk of injuries can be reduced and
the workers feel happy with the new timetable since they
are not bored when doing same task every day. In other
side, the workers basically can do more than one work
(refer Figure-6).

~ Risk of injuries
100%
100% -
& gé ]
= :
e % . : .
52 a \9‘9 b\%’c ‘b\é}\ @%
QQ’ @z’ \\%6
\Q-
O
Satisfaction level

Figure-6. Analysis of direct interview: Risk of injuries.

All the workers feel very happy with the new job
rotation timetable. They really enjoy working. It is due to
the new working task (refer Figure-7).

Employee motivation

100%
0, <
s 8
g é ]
c 1
g 0% ; : g
[}
o Very Bored Normal Happy Very
o bored happy

Satisfaction level

Figure-7. Analysis of direct interview: Employee
motivation.

Last but not least, more than half of the workers
have the same opinion that they have become very
versatile since they can perform several tasks in assembly
line (refer Figure-8). This is an advantage for the workers.

Employee learning

67%
27%
-— : L

Normal Versatile Very
versatile

100%
80% -
60% -
40% -
20% -

0% -

Percentage

Very not Not
versatile versatile

Satisfaction level

Figure-8. Analysis of direct interview: Employee
learning.

Unfortunately, the management is not agreeing to
implement this job rotation program permanently. It is due
to some reasons. One of the reasons is for traceability
purpose. According to ISO 8402, traceability is “the
ability to trace the history, application or location of an
entity by means of recorded identifications.” This means,
if any of the product having defect or problem, they can
simply trace and track each worker involved and
components that comprises with the product.

Anti-Fatigue mat

In general, standing is a natural human posture
and there are no particular health hazard poses due to
standing. However, standing in long period can cause sore
feet (refer Figure-9).

Figure-9. Heel pain [13].

During the research study, most of the workers’
comments they are not comfortable while working in
standing position. Based on the questionnaire, it is also
found that the most painful part selected by the workers
are right heel and left heel with the percentage of 33.9%
and 32.1% respectively (refer Figure-10). Therefore, the
researcher extends the focus on the other part of the body
which is worker’s heels.
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In order to increase the awareness on ergonomic
matters among the organization, it was suggested to use
the anti-fatigue mat. It is because; standing on concrete or
other hard surface is tiring. But with the anti-fatigue mat is
much gentler on the worker’s feet as compared to concrete
floor since the mat is made of various materials includes
rubber and carpeting materials.

Body Part That Having Pain During Working

Left Shouider |— 25 %

Waist R 2.5
leftknee |—— 25,07
ERigr:kar:bo:‘er I 2507
S Rgnwis — 32
3 RightKnee |— 3 0t
LeftWrist  |— 155
LeftHandUpper
Right Hand Lower
RightFingers | mm— 15.0%
LeftFingers [ 12.5%
LeftHanalover | 10.7%
Right Trighs
LeftTnighs Nl 7.1%
LefeEloow
RightElbow Nl 5.4%

A0% IN0% M0% W00% A00% CNOX BAN% INO:
v UVA WUR UV VR WU WV IVWUAR

Percentage

Figure-10. Body part that having pain due to standing
position.

The organization is agreed to provide the anti-
fatigue mat to the workers. Figure-11 shows the condition
of the workers before and after using the anti-fatigue mat.

Before After

Figure-11. Anti-fatigue mat.

Unfortunately, the anti-fatigue mat is provided
phase by phase due to high cost. Each line needs one mat
which cost about RM380. Therefore, the management
decided to provide to the higher productivity line. Up until
now, almost 70% of the assembly line has been used the
anti-fatigue mat. After 3 months of implementation, direct
interview was conducted to get the feedback from the
workers. All the workers are really satisfied with this anti-
fatigue mat. It is because, it can reduce the fatigue. Even
though the cost of this anti-fatigue mat is quite high, but
the management is willing to provide the mat. It is
because, the mat is durable. According to the assembly
manager, they found that the number of medical leaves is
reduced and the number of productivity is increasing after
using the anti-fatigue mat.

4. CONCLUSIONS

On the whole, the workers felt very happy and
enjoy with the new environment as they are less fatigue,
and not stress. For RULA, basically, the working postures
of all workers are similar. The minimum score that can be
achieved is 4 since the natural posture of assembly
workers that are in standing position cannot be changed.
At least, with the implementation of new ergonomic
environment, none of the workers are under the medium
and high level of MSD risk.
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