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Abstract  

 This study aims to analyse the work body postures, to determine the work risk level before and after the 

improvement using the Workplace Ergonomic Risk Assessment (WERA) and to improve the workstation by 

designing ergonomic production tools. An empirical study was carried out at a small industry producing Sumedang 

Tofu at Rimbo Panjang, Pekanbaru, Indonesia. The workers must bend their body to move 77 kg soybeans with an 

11 kg single-lifting capacity. The level of work risk was determined using the Workplace Ergonomic Risk 

Assessment (WERA) method based on nine categories, i.e., shoulders, wrists, back, legs, neck, strength, vibration, 

contact pressure, and work duration. The soaking and milling stations scored 35 and 31 using the WERA method. 

The two scores indicated an average performance level that requires improvement. Anthropometric data were used 

to develop tools for improving workers' body posture. The new tool used for soaking and milling has footrests, so 

workers did not have to reach too far above their chests to move the soybeans to the milling. The soaking station 

and the milling station both achieved a score of 24, which is considered as a low level, indicating that neither station 

requires improvement. Time reduction after the body posture improvement was 3.33 seconds for the milling station 

and 2.08 seconds for the soaking station. 

Keywords: anthropometry, soybean, posture improvement, workplace ergonomic risk assessment 

 

Abstrak 

 Penelitian ini bertujuan untuk mengidentifikasi postur kerja untuk mengetahui tingkat risiko kerja sebelum 

dan sesudah dilakukan perbaikan menggunakan metode Workplace Ergonomic Risk Assessment (WERA) dan 

memperbaiki workstation dengan merancang alat produksi yang ergonomis. Sebuah studi empiris dilakukan di 

sebuah usaha kecil tahu Sumedang di Rimbo Panjang, Pekanbaru, Indonesia. Para pekerja perusahaan harus 

membungkuk untuk memindahkan 77 kg kedelai dengan kapasitas angkat 11 kg. Tingkat risiko kerja ditentukan 

dengan menggunakan metode Workplace Ergonomic Risk Assessment (WERA) berdasarkan sembilan kategori, 

yaitu bahu, pergelangan tangan, punggung, kaki, leher, kekuatan, getaran, tekanan kontak, dan durasi kerja. 

Stasiun perendaman dan stasiun penggilingan memperoleh skor 35 dan 31 dengan menggunakan metode WERA 

sebelum perbaikan postur tubuh. Kedua skor tersebut menunjukkan tingkat kinerja rata-rata yang memerlukan 

perbaikan. Data antropometri digunakan untuk mengembangkan alat untuk memperbaiki postur tubuh pekerja. Alat 

baru yang bisa digunakan untuk merendam dan menggiling ini memiliki pijakan kaki, sehingga pekerja tidak perlu 

menjangkau terlalu jauh di atas dada untuk memindahkan kedelai ke penggilingan. Stasiun perendaman dan stasiun 

penggilingan keduanya mencapai skor 24, dengan tingkat yang rendah, menunjukkan bahwa tidak ada stasiun yang 

memerlukan perbaikan. Pengurangan waktu setelah perbaikan postur tubuh adalah 3,33 detik untuk stasiun 

penggilingan dan 2,08 detik untuk stasiun perendaman. 

Keywords: anthropometri, kedelai, perbaikan postur, workplace ergonomic risk assessment 

 

INTRODUCTION 

 

 Incorrect work posture can contribute to 

musculoskeletal diseases (MSDs). MSDs are the 

most frequent complaints reported by workers in 

many industries. They can be fatal if not 

thoroughly investigated (Sugiono et al., 2018; 

Rohani et al., 2018). Repetition of action creates 

stress, minor trauma, and wear and tear on the 

joints, muscles, and tendons, which over time, 
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results in pathology in the affected area (Caputo et 

al., 2019; Mansoorian et al., 2019). MSDs can be 

prevented and minimized with an ergonomic 

review (Joshi & Deshpande, 2020). Ergonomics is 

the study of the systems in which humans, work 

facilities, and the surrounding environment 

interact, with the primary purpose of changing the 

working environment so that humans are 

comfortable performing their duties (Bitan et al., 

2019). 

 Ergonomically applied human work positions 

can minimize fatigue and workload, as well as 

health concerns related to work postures, and 

provide long-term comfort for workers by 

analyzing work postures (Bidiawati et al., 2018). 

The tool's design must be developed with workers 

to prevent physical complaints. Body posture was 

evaluated using the Workplace Ergonomic Risk 

Assessment (WERA) method. The WERA 

method incorporates five body areas and six 

physical risk factors, i.e., posture, repetition, 

force, vibration, contact pressure, and labor 

duration (Zein et al., 2015; Pratiwi et al., 2019b). 

This technique assesses the shoulders, wrists, 

back, neck, and feet. Workplace observations are 

conducted to obtain the WERA method data via 

videotaping or recording activities (Sukadarin et 

al., 2016; Pratiwi et al., 2019b). The WERA is an 

assessment method that provides a suitable 

direction for evaluating risk during a work job. 

This evaluation system only utilizes a paper-and-

pen and requires no special equipment (Rajendran 

et al., 2021). This study aims to identify work 

postures to determine the work risk level before 

and after the improvement using the WERA 

method and improve the workstation by designing 

ergonomic tofu production tools. 

  

METHODS 

 

 An empirical study was carried out at a 

Sumedang tofu small enterprise at Rimbo 

Panjang, Pekanbaru, Indonesia. Workers at the 

Sumedang tofu small enterprise do their work by 

bending over, resulting in pain in the neck, back, 

and waist. A bucket is used to soak soybeans. The 

first stage is carried out between 04.00 a.m. and 

09.00 a.m. up to 55 kg with a bucket capacity of 

11 kg, and the second stage is carried out between 

11.00 a.m. and 02.30 p.m. up to 22 kg. After being 

soaked, the soybeans are fed into the grinding 

machine in 10-kilogram increments, repeated 1-2 

times per minute. The grinding procedure requires 

16 to 22 minutes. This process is repeated until all 

of the soaked soybeans have been ground. 

Workers complete their tasks by bending over, 

producing discomfort in the neck, back, and waist. 

The worker transfers soybeans to the milling 

machine with his hands extending too high 

because it is above their chests 132 centimeters, 

resulting in shoulder and hand pain. Based on the 

Sumedang tofu small enterprise condition, work 

postures were identified at soaking and milling 

workstations to determine the work risk level 

before and after the improvement using the 

WERA method. The condition of the enterprise 

was then improved by designing ergonomic tofu 

production tools.  

 

Preliminary Observation Using Nordic Body Map 

(NBM) Questionnaire  

 The nordic body map is one of the most 

commonly used questionnaires in the industry to 

collect information on the causes of 

musculoskeletal disorders. A questionnaire on 

NBM contains 27 questions on complaints felt in 

body parts, consisting of the neck, shoulders, 

upper back, elbows, lower back, wrists, waist, 

knees, and heels. This questionnaire also includes 

body parts illustrations to facilitate respondents' 

comprehension of the questions posed (Chin et al., 

2019; Hasanuddin et al., 2019). Work performed 

in non-adaptive work environments causes 

discomfort to the worker's body parts, according 

to preliminary findings obtained using the NBM 

questionnaire. The questionnaires were given to 

all three male workers at a Sumedang tofu small 

enterprise with age between 28 and 36. It revealed 

that 66.67 percent complained of pain in the upper 

and lower neck, 66.67 percent on the left shoulder, 

100 percent on the right shoulder, back, and waist, 

and 100 percent on the left shoulder, back, and 

waist. 

 

Work Ergonomic Risk Assessment (WERA) 

 The WERA method can identify occupations 

with the highest MSD risk (Rahman et al., 2011a). 

WERA is a rapid screening method that identifies 

physical risk factors for musculoskeletal illnesses 

related to the workplace. WERA evaluation 

consists of six physical risk variables, including 

posture, repetition, strength/force exertion, 

vibration, contact pressure, and work duration, 

which affect five key body parts, namely the 

shoulders, wrists, back, neck, and legs (Rahman et 

al., 2011b). The final result of the WERA 

assessment reflects action levels that show how 

prevalent potential MSDs are in the assessed work 
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as the basis of work postures improvement and to 

build a good work system, particularly for jobs 

that may cause MSDs (Sugiono et al., 2019). The 

data consisted of videos of manufacturing 

operations, photographs of work postures, and 

interviews with workers. WERA was used in this 

study to determine the work risk level before and 

after the improvement. 

 The initial step for calculating work posture 

using the WERA was identifying body posture on 

the shoulder (posture and repetition), wrist 

(posture and repetition), back (posture and 

repetition), neck (posture and repetition), feet 

(posture and duration of work), strength (strength 

and posture), vibration (vibration and posture), 

contact pressure (contract pressure and posture), 

and duration of work (duration of work and 

strength). The next step was the WERA work 

posture evaluation. The low action level category 

with a score between 18 and 27 indicates that the 

task can be accepted. The medium action level 

with a score between 28 and 44 indicates that the 

task requires further investigation and 

modification. The high activity level, with a score 

between 45 and 54, indicates that the task is 

unacceptable and must be revised immediately 

(Pratiwi et al., 2019a). 

 The procedure for using WERA is explained 

in five steps (Rahman et al., 2011b): 

1. Observing the task/job to formulate a general 

ergonomic workplace assessment, including 

the impact of work layout and environment, 

use of equipment, and worker behavior con-

cerning risk-taking. If possible, the data is rec-

orded using a photograph or a video camera. 

2. Selection of task/job for assessment. Deciding 

which task/job to analyze from the observation 

in step one. The following criteria can be used: 

a. Most frequently repetitive work of 

task/job 

b. Extreme, unstable, or awkward posture  

c. The task/job is the cause of the 

discomfort, according to worker 

d. Required the greatest forces, contact 

stress, and use of vibration tool.  

3. Scoring each item of risk factor using the 

WERA tool (Figure 1). The scoring includes:  

a. Part A (Item No. 1-5) consists of five main 

body areas, including the shoulder, wrists, 

back, neck, and legs. This part cover two 

physical risk factor for each body part, 

including posture and repetition. 

b. Part B (Item No. 6-9) consists of four 

physical risk factors: forcefulness, 

vibration, contact stress, and task 

duration. 

 

 

 
Figure 1. WERA Tool (Rahman et al., 2011b) 
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4. Calculation of the score for each item (Part A 

and B) and the total final score. Giving the 

numbers at the crossing point of every pair of 

circled numbers (columns vs. rows). After 

scoring for each item of risk factor (Item No. 

1-9), the total final score is calculated (Figure 

1). 

5. The total final score will be indicated whether 

the task is accepted (final score of 18-27, low-

risk level), further investigation and requires a 

change (final score of 28-44, medium-risk 

level), or not accepted, which needs to be 

immediately changed (final score of 45- 54, 

high-risk level). 

 

Design New Ergonomic Tool 

Based on previous stages of this research, a 

new ergonomic tool was created. Anthropometric 

data were required to design a new ergonomic 

tool. This information was collected from all three 

Sumedang tofu small enterprise employees. The 

5th, 50th, and 95th percentiles were subsequently 

calculated (Fiana et al., 2019). The term 

'percentile' refers to a scale of 100 that indicates a 

score's distribution is equal to or greater than that 

score. The use of percentiles in design 

significantly impact on the design of tools and 

their ergonomic usability for users. After 

determining the utilized percentile, the size of the 

percentile score was obtained. The size of the 

percentile score will be used to determine the 

ergonomic tool's design data. The product was 

created using predetermined anthropometry and 

percentile scores (Shahriar et al., 2020). 

 

RESULTS AND DISCUSSION 

 

Worker Physical Risk Assessment Before Body 

Posture Improvement 

Soaking Station 

 The WERA method at the soaking 

workstation before the body posture improvement 

was carried out by providing angles on the 

shoulders, wrists, back, neck, and legs formed by 

the worker when working at the soaking station. 

The posture before improving the working system 

at the soaking station can be seen in Figure 2. 

 The WERA tool (Figure 1) was then utilized 

to conduct the subsequent evaluation 

(Hasheminejad et al., 2021). Based on Figure 2, 

worker’s shoulders formed a moderately bowed 

angle of 40.30° (Figure 2), or their hands were at 

chest level (Rahman et al., 2011b). Repetition 

received a poor grade due to light movements and 

more pauses. Medium shoulder posture and low 

repetition yielded a score of 3 on a scoring or 

grading scale. The working posture became 

important if the operator's wrist formed a 

downward angle of 73.60° or was in an 

excessively flexed position. The posture 

movements were performed 1-2 times per minute, 

and repetition was assigned a low score between 0 

and 10 per minute. 

 When the back of the operator was flexed 

forward, it formed an angle of 90.00° forward, and 

the work posture was highly important. With 

posture movements done 1-2 times per minute, an 

assessment of repetition yielded a low score of 0 

to 3 per minute. The high back posture and low 

repetition received a score of 4 on a scoring 

system. The operator's neck formed an angle of 

27.30° forward, or the neck bent forward 

extremely, indicating a high score operator's work 

posture. The operator's leg formed an angle of 

31.80° to bend forward, indicating that the 

operator's work posture was a medium score 

 

 

 
Figure 2. Soaking Station Worker Body Posture Before 

Body Posture Improvement 

  

90.0°

27.3°
40.3°

73.6°

31.8°

90.0°

30.3°
59.7°

0.0°

0.0°
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 The hoisted load consisted of 10 kilograms of 

soybean. Hence, the load category lifted was 

medium (5-10 kg). The operator did not utilize a 

tool with vibration when performing work. Hence, 

it was rated poorly. When the operator's wrist 

created an angle of 73.60° downwards, or the wrist 

was in a position of excessive flexion downwards, 

the work posture was of considerable importance. 

The duration of work was given a poor score since 

it was completed in less than 2 hours per day, 

averaging 18.33 seconds to lift soybeans. The final 

score for work posture (Figure 3) was determined 

by summing all the scores for work posture to get 

a total of 35. The activity level category on work 

posture, with a score of 35, was the work that 

needs further investigation and improvement. 

 

Milling Station 

 Based on Figure 4, the shoulders formed an 

angle of 90.0°, or the shoulders were bent upwards 

in an extreme position of the hands above chest 

level, and the work posture had a high score. 

Based on Figure 4, the shoulders formed an angle 

of 90.0°, or the shoulders were bent upwards in an 

extreme position of the hands above chest level, 

and the work posture had a high score. A low score 

was given to the repetition with light movements 

with more pauses. The wrist was bent to an 

extreme or bent to form an angle of 59.70°, so the 

work posture had a high score. A low score was 

given to the repetition of 0-10 per minute, with 

posture movements performed 1-2 times per 

minute. A scoring system was carried out, and a 

score of 4 was obtained from the high wrist 

posture and low repetition.The operator's back 

formed an angle of 0o where the back was in a 

neutral position. Hence, the work posture had a 

low score. A low score was given to the repetition 

of 0-3 per minute, with posture movements 

performed 1-2 times per minute. A scoring system 

was carried out, and a score of 2 was obtained 

from the low back posture and low repetition. The 

neck of the operator formed an angle of 30.30° in 

a forward bent position, so the work posture had a 

high score, while the operator's legs formed an 

angle of 0° when the neutral leg was upright, so 

the work posture had a low score. 

 The load lifted was 10 kg of soybeans, then 

the category of load lifted was medium, i.e., 5-10 

kg (Rahman et al., 2011b). The operator did not 

use a tool with vibration when doing the task, so it 

was given a low score. The operator's wrist formed 

an angle of 59.70° upwards, or the wrist was bent 

upwards in an extreme manner, so the work 

posture had a high score. The duration of work 

was given a low score because it was carried out 

less than 2 hours per day, with an average time of 

7.33 seconds to put soybeans. The final work 

posture score was done by adding all the work 

posture scores to get a score of 31 (Figure 5). The 

activity level category on work posture, with a 

score of 31, was the work that needs further 

investigation and improvement. 
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Figure 3. Exposure score before work system improvement using WERA in soaking workstation 
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Figure 4. Milling Station Worker Body Posture Before Body Posture Improvement 
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Figure 5. Exposure Score Before Work System Improvement using WERA in Milling Work Station 

 

 

New Ergonomic Tool  
 The new ergonomic tool designed for soaking 

and milling stations utilized male Indonesian 

Anthropometric data from 28 to 36 years of age. 

Improvements have been made to the tool's design 

based on a water bath concept with legs and a 

drain hose to separate soybeans from the water 

easier. Improvements to the design consider a 
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normal working posture with a standing working 

position so that workers were not required to bend 

over during the soaking and milling process. 

Combining the soybean soaking and milling 

station with footrests made it unnecessary for 

workers to reach 132 centimeters above their 

chests to place the beans on the soybean grinding 

machine. Improvements were also made to reduce 

the distance of soybean transportation, as 

illustrated in Figure 6. Table 1 displays the 

anthropometric data used at the soybean soaking 

and milling station following the enhancement of 

the work system. 

 The improvements were carried out by 

designing an ergonomic soybean soaking station 

using anthropometric data from three male 

workers aged 28-36 years of Sumedang tofu small 

enterprise. The design considered a normal 

working posture (Ya'Acob et al., 2018; Sharma & 

Singh, 2014) was a standing position where 

workers do not bend over during the soaking 

process and do not need to reach too high in the 

lifting process to the milling machine. The tools 

improvements designed using the principle of a 

water bath with legs and a drain hose make it 

easier to separate soybeans from water. 

Improvements to the tool's design were carried out 

by combining the soybean soaker with a footrest 

so that workers do not have to reach too high 

above the workers' chests at the milling station and 

shorten the distance of moving soybeans. 

 

  
Figure 6. Soybean Soaking Station After Work System Improvement 

 

Table 1 Anthropometric data of soybean soaking station after work system improvement 

No Anthropometric Data Percentile Size Body Dimensions (cm) 

1 Shoulder Width 95 54.59 

2 Shoulder Height 5 129.64 

3 Standing Elbow Height 50 103.57 

4 Forward Arm Length 50 65.68 

5 Hand Length 50 20.75 

6 Shoulder Length to Forehand Grips 50 60.86 

7 Bone Height 50 73.86 

8 Popliteal Height 50 45.86 
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Worker Physical Risk Assessment After Body 

Posture Improvement  

Soaking Station 

 Assessment of the WERA method at the 

soaking station after the repair was done by giving 

angles on the shoulders, wrists, back, neck, and 

legs as shown in Figure 7. The data shows that the 

operator's shoulder formed an angle of 0.0o or the 

shoulder position in normal conditions. Hence, the 

work posture score was low. A low score was 

given to the repetition with light movements and 

more pauses. Score 2 was given for the shoulder 

posture and low repetition. The operator's wrist 

formed an angle of 13.10o with a moderate risk 

level or moderate bending, so the work posture 

was of a medium score. A low score was given to 

the repetition of 0-10 per minute, with posture 

movements performed 1-2 times per minute. A 

score of 3 was obtained from the medium wrist 

posture score and low repetition. 

 The operator's back formed an angle of 0.0o, 

or the back was in a neutral position. Hence, the 

score for work posture was low. A low score was 

given to the repetition of 0-3 per minute, with 

posture movements performed 1-2 times per 

minute. A score of 2 was obtained from the low 

back posture and low repetition. The operator's 

neck formed an angle of 0.0o, or the neck was in a 

normal position, so the work posture score was 

low. The operator's leg forms an angle of 0.0o, or 

the feet were in a neutral position, so the work 

posture score was low. 

 The load lifted was 8 kg of soybeans, so the 

category of load lifted was medium (5-10 kg). The 

worker did not use a tool with vibration, so it got 

a low score. The worker's wrist formed an angle of 

13.10° with a moderate risk level or moderate 

bending, so the work posture score was medium. 

The work duration was given a low score because 

it was carried out for less than 2 hours per day, 

with an average time of lifting soybeans of 16.25 

seconds. The final work posture score was done by 

adding up all the work posture scores, and a score 

of 24 was obtained. The activity level category on 

work posture with a score of 24 was accepted and 

did not need to be repaired.

 

 

0.0°

0.0°

0.0°

0.0°

13.1°

 
Figure 7. Soaking Station Worker Body Posture After Body Posture Improvement 
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Milling Station 

 After the workstation improvement, the 

WERA method assessment at the milling station 

provided angles on the shoulders, wrists, back, 

neck, and legs, as seen in Figure 8. The shoulder 

of a soybean milling worker formed an angle of 

0.0o or the shoulder position in normal conditions. 

It indicated that the work posture score was low. 

A low score was given for light movements with 

more pauses involving repetition. Based on the 

low shoulder posture and low repetition score, a 

scoring system assigned a score of 2 points. 

 The worker's hand formed an angle of 11.60°, 

with a moderate risk level or moderate bending. 

The work posture score was medium. Posture 

movements are performed 1-2 times per minute, 

and a low score was given to the repetition of 0-10 

per minute. Medium wrist posture and low 

repetition yielded a score of 3. The operator's back 

formed an angle of 0.0o, or the back was in a 

neutral position, so the work posture was low. A 

low score was given to the repetition of 0-3 per 

minute, with posture movements performed 1-2 

times per minute. A score of 2 was obtained from 

the low back posture and low repetition. The 

worker's neck formed an angle of 8.10° forward, 

or the neck was in a neutral position with a slight 

bend, then the work posture was given a low score, 

while the worker's leg formed an angle of 0.0o or 

in a neutral position, so the work posture score was 

low. 

 The load lifted was 8 kg soybeans, so the 

category was medium (5-10 kg). The worker did 

not use a tool with vibration when doing work, so 

it was given a low score. The worker's wrist 

formed an angle of 11.60° with a moderate level 

of risk or moderate bending, so the work posture 

score was medium. The duration of work was 

given a low score because it was carried out less 

than 2 hours per day, with an average time of 

placing soybeans was 4 seconds. The final work 

posture score was 24. It was obtained by adding 

all the scores. The WERA score between 28 and 

44 was included in the medium-level activity. It 

indicated that the task requires further 

investigation and modification (Pratiwi et al., 

2019a).  

 

 

8.1°
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11.6°

 
Figure 8. Milling Station Worker Body Posture After Body Posture Improvement 
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Table 2. Soaking and milling station time reduction 

Station 
The Average Working Duration (seconds) 

Time Reduction (seconds) 
Before Body Posture Improvement After Body Posture Improvement 

Soaking 18.33 16.25 2.08 

Milling 7.33 4 3.33 

 

 

Time Reduction 

 The time reduction at the soaking and milling 

station is shown in Table 2. Das (2021) found that 

eliminating the actual steps will enhance 32% 

productivity in time and recommends ergonomic 

intervention to reduce biomechanical stress 

among brickfield workers. 

 

CONCLUSIONS 

 

 Work posture analysis has been carried out 

using the WERA method at the soaking station 

with a score of 35 and the milling station with a 

score of 31. The scores were at a medium level, so 

improving the soaking and soybean milling 

stations is necessary. Improvements have been 

made to the tool by combining the soybean soaker 

with a footrest, so the workers do not need to reach 

too high above the workers' chests at the milling 

station and shorten the distance of moving 

soybeans. The analysis after improvement using 

the WERA method showed a score of 24 at the 

milling station and 24 at the soaking station, with 

both classified as low level. The activity level 

category on work posture with those scores was 

accepted, and both workstations did not need to be 

further improved. Time reduction after the 

improvement was 3.33 seconds at the milling 

station and 2.08 seconds at the soaking station.  
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