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Abstract. School furniture was known to be among main contributor of students’ back pain and bad 

postures. However, most studies focused only on the furniture in classroom compared to other 

facilities in school. Therefore, this study took the initiative to assess students’ working postures in 

school workshop. The objective of this study was to evaluate postural stress of students using 

RULA method in CATIA. Actual working process was recorded and tasks performed were 

translated into human model for ergonomic analysis. This evaluation was done in CAD 

environment via Human Activity Analysis. Result showed the male students have a higher average 

RULA score compared to the female students. This study discovered that the current workstation 

was unsuitable for both genders. Both genders have an average scores of more than 5, which 

indicated changes are required soon. This paper also presented a recommended design of a 

workstation to reduce musculoskeletal disorder (MSD) symptom and contribute to total back pain 

prevention for growing adolescents.  

Introduction 

Many researchers studied a variety of ergonomic risk factors that can lead to back pain and 

muscle strain among schoolchildren and adolescent. Murphy et al. revealed that characteristics of 

school furniture have the highest prevalence of relationship with pain [10]. It is agreed by many 

researchers that school furniture was among several factors that may contribute to musculoskeletal 

pain (MP) in schoolchildren. Furniture with fixed dimension is more likely not to match with 

majority of students. Mostly, improper combination of chair and desk dimensions is the reason for 

discomfort. Pain and musculoskeletal disorder symptoms among schoolchildren is a particularly 

increasing interest in ergonomic field. It is important to understand the symptoms of lower back 

pain in children and design early interventions to reduce chronic symptoms when they are adults.   

Secondary school students spend at least five hours in school and their activities circulated in 

classrooms, laboratories, workshops, and sports lesson as part of their learning process. School 

furniture give a high impact on their posture habit. Their interactions with furniture in these places 

were proven among the risk factors contributing musculoskeletal disorder and back pain symptoms 

[2, 3, 8]. Bad postures are associated with feeling of dicomfort while doing activities. Pain usually 

related with static posture, sitting arrangement and loads carried. Students tend to show variation of 

posture while seated and performing tasks regardless of  the furniture [6]. Different postures may 

contribute to different sites of discomfort. On the other hand, they are prone to adopt flexed 

postures when working at the desk. The above results are due to the mismatch problems of school 

furniture to students’ body dimensions. They can develop musculoskeletal disorder and back pain 

problems if mismatch occurred.[2, 9]. With intention to identify ergonomic risk factors among 

schoolchildren, this paper takes the initiative to evaluate the workstation of Integrated Living Skill’s 

workshop for secondary schools in Malaysia. The aim of this paper is to compare postural scores 

among students of different genders in the school workshop. Also, the recommended workstation 

would be able to promote the correct working posture which will reduce the MSD symptom. 

 

 

Advanced Engineering Forum Online: 2013-12-30
ISSN: 2234-991X, Vol. 10, pp 199-206
doi:10.4028/www.scientific.net/AEF.10.199
© 2013 The Author(s). Published by Trans Tech Publications Ltd, Switzerland.

This article is an open access article under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0)

https://doi.org/10.4028/www.scientific.net/AEF.10.199


 

Digital Human Modeling 

Modern methods for ergonomic analysis have rapidly improved since the last decade. More 

assessment software and computer-based simulation have been introduced in the market to allow 

researchers to choose the best product to meet their analysis requirements. In designing process of 

workstations such as assembly task, several Computer Aided Design (CAD) prototypes need to be 

built for verification of human related factors. In complex manual tasks, the human involvement is 

very critical as it influences the feasibility, cycle time, work comfort and safety of an operation. The 

use of these techniques provide a fast and flexible way of creating realistic virtual representations of 

complete assembly workspaces [1]. It was done by integrating the human presence and intervention 

in the form of digital mannequins as well as supporting the optimization of the human-product-

process relationship. These techniques have been explored during the last few years for industrial 

processes verification [12]. Digital prototypes nowadays are significantly useful not only in big 

industry, but also in small to medium industry. Thus, they play a more important role in product and 

work layout development. Digital prototypes are able to perform tests of man–machine interaction 

by using simulation techniques. Moreover, they can identify critical aspects of design and evaluate 

human motions while dealing with machines or workstations [5]. It is important to perform 

ergonomic simulation to evaluate man–machine interaction to a new prototype design. This 

technique is the fastest and cheapest rather than a built prototype which affects time and labor cost.   

One of these software products used in this paper is the Computer Aided Tri-Dimensional 

Interface Application (CATIA) V5. CATIA is a Computer Aided Design (CAD) product by 

Dassault Systemes. It is equipped with ergonomic tools for human–machine interaction which are 

Human Builder (HBR), Human Measurement Editor (HME), Human Posture Analysis (HPA) and 

Human Activity Analysis (HAA). However, ergonomic analysis in CATIA can only be used for 

static analysis [4].  

The advantages of using CATIA ergonomic analysis are the anthropometry data available is 

extended to Asian population such as Korean and Japanese. It also allow the users to insert their 

own anthropometric measurement. Moreover, several assessment tools are provided in HAA such 

as Rapid Upper Limb Analysis (RULA), carry and biomechanics single action analysis.  

Using RULA assessment on digital human can give similar results as real human evaluation. 

RULA assessment is used to analyze the upper section of the body.  A RULA sheet consists of body 

posture diagrams and scoring tables. Based on the RULA method, the human body is divided into 

two parts, which are part A for Arm and Wrist analysis, while part B for Neck, Trunk and Leg 

Analysis. A scoring system is used to assign scores at every step, depending on the body position, 

pointing to higher scores for more awkward postures.  

RULA assessment can be classified into 4 action levels. Table 1 shows the RULA indication. 

Table 1. RULA indication 

Action 

level 
Score Indication

1 1 – 2 Posture is acceptable. 

2 3 – 4 Investigation is needed and changes may be required. 

3 5 – 6 Investigation and changes are required soon. 

4 7 < Investigation and changes are required immediately. 

Some results from RULA assessment are: 

• To determine whether the human models can fit themselves to the current workstation. 

• To examine postural stress that might develop neck and back pain. 

 

CAD based human modeling software finds effective solution for time and cost saving analysis. 

This software provide the users to generate three dimensional (3D) human models to interact with 

their working environment [7]. It is also a well- known method during design development process. 

This method is preferred because it is cost and time saving. Furthermore, it is validated and able to 

obtain desirable results. 
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Methodology 

In this section, the study performed the posture analysis to compare the scores between male and 

female subjects. After that, the posture analysis was recalculated for posture intervention. The 

intervention was an ergonomically designed workstation for school workshop. The proposed 

workstation was designed based on the anthropometric data collection of 146 Malay students (66 

boys, 80 girls) from a school in Klang district, Selangor with the mean age of 14.2 year old. The 

current and proposed workstations were developed in CAD model. 

Figure 1 showed the current workstation for the school workshop. Each workstation was shared 

by 3 to 4 students at a time. The height, width and depth of the workbench were 78 cm, 143 cm and 

84 cm, respectively. The height and diameter of the stool were 58 cm and 30 cm. 

 

 

Fig. 1. Current workstation 

 

The human models were developed based on the stature of actual subjects. Two students aged 14 

year old from the same school were selected for this study. The heights of the male and female 

subjects were 150 cm and 157 cm, respectively. Their working postures were taken during actual 

working condition using the current workstation. 4 most common working postures were translated 

into virtual environment in CATIA. Then, these working postures were evaluated using RULA 

assessment in the HAA tool. Figure 2 and 3 showed the male and female subjects’ actual working 

postures in cutting and assembly task. The figures also demonstrated the human–workstation 

interaction in CATIA for both tasks. 

The main digital items in this study were the workbench and chair. Other items were additional 

tools and materials to perform the tasks. These items were jigsaw machine, hammer, Medium 

Density Fiber board and dressed timbers. These items can be developed in CATIA. 
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Fig. 2. Cutting and assembly tasks (Male subject) 

 

 

 
 

Fig. 3. Cutting and assembly tasks (Female subject) 

Results and discussions 

Results from RULA scores showed the current workstation is unfit for the subjects. Table 2 

explained the indication of each posture. Figure 2 showed the male subject tend to adopt an 

awkward sitting posture. The sitting (assembly task) posture resulted in higher RULA scores 

compared to the female subject. On the other hand, the female subject has higher scores for standing 

(cutting task) posture. However, the male subject has 5.25 of average score compared to 5.00 of 

female subject. Nevertheless, both subjects have average scores not less than 5 which indicate their 

working postures are likely to develop musculoskeletal disorder (MSD) problems. 

 

Table 2. Posture score when using current workstation. 

Gender Task Right Left Indication 

Male 
Cutting  5 4 Changes are soon required. 
Assembly  6 6 Changes are soon required. 

Female 
Cutting  6 5 Changes are soon required. 
Assembly  5 4 Changes are soon required. 
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In order to reduce risk factors of MSD and back pain, this paper proposes a workstation 

modification as an alternative to improve the RULA postural scores and minimize ergonomic risk 

factors. It was discovered that design flaws in the current workstation were, no leg room and the 

stool provided was too high. The new-design workstation would be able to overcome these 

problems. Additional features for users’ better comfort and safety are also included such as feet rest 

and bench stopper. According to Openshaw & Taylor, workstation measurement of a target 

population can be determined based on the anthropometry data for possible application in product 

design. Table 3 showed some of the design measurements and the descriptions.  

 

Table 3. Workstation measurements based on anthropometrics [11]. 

Design Measurement Description

Workbench 

Worktop height Elbow height 

Workspace envelop Forward reach 

Leg room 
Buttock – popliteal length, popliteal 

height and foot depth 

Under table clearance Tight clearance 

Feet rest Foot depth 

Chair 

Seat height Popliteal height 

Seat depth Buttock – popliteal length 

Seat width Hip breath 

 

Anthropometrics collection of the target population was obtained and shown in table 4. The data 

was used as guidelines to propose the new ergonomically designed workstation. As a result, the 50
th

 

percentile measurement was used for leg room, under table clearance, foot depth and seat height. 

The 50th percentile was used as most closely representative for the entire population of the target 

group. 5
th

 percentile measurement of forward reach was used for workspace envelop. 5
th

 percentile 

of elbow height was added with 18 cm lower measurement for worktop height. The workstation was 

classified for the purpose of heavy manipulative task [13]. The 5
th

 percentile was used to ensure no 

extended reach and uncomfortable working condition. 
  

Table 4. Percentile values of anthropometric dimensions of students for workstation design in 

school workshop 

Anthropometric 

measurements in 

cm 

Mean 

(n = 145) 

Standard 

deviation 

5
th

 

percentile 

50
th

 

percentile 

95
th

 

percentile 

Stature 156.83 7.73 146.03 155.90 172.57 

Elbow height 97.49 7.70 90.04 96.50 106.93 

Shoulder breath 32.43 3.86 27.01 32.20 39.26 

Buttock – 

popliteal length 
42.92 2.80 38.64 42.35 47.97 

Popliteal height 36.43 2.82 31.84 36.50 41.17 

Tight clearance 11.65 2.32 8.27 11.1 15.97 

Hip breath 30.01 3.44 25.50 29.55 36.61 

Foot depth 21.27 1.69 18.83 21.10 24.58 

Forward reach 63.52 5.66 57.17 62.70 73.66 

 

These measurements would be able to match with appropriate working height for cutting and 

assembly tasks and also fit the normal working envelop. All corners were made rounded edges for 

safety purposes. There are four square holes on the worktop for nails temporary storages.  

In this study, any error in the posture parameters between all the digital humans was assumed 

negligible. The male human model may have the exact same posture as the female human model. 
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Table 5 showed the improved RULA scores after the workstation design intervention. The 

average scores for both male and female subjects were 3.25. The table indicated that the new 

workstation design have improved subjects’ working postures significantly. Even though the 

subjects’ working conditions were still the same but they were able to work without bending too 

much when sitting. They also do not twist their body to fit to the workstation because there was 

sufficient space for the legs. Figure 4  shows the proposed workstation and human models 

interaction in assembly and cutting tasks. 

 

Table 5. Posture score when using proposed workstation 

Gender Task Right Left Indication 

Male 
Cutting  4 3 Changes can be required. 

Assembly  3 3 Changes can be required. 

Female 
Cutting  4 3 Changes can be required. 

Assembly  3 3 Changes can be required. 

 

 
 

Fig. 4. Cutting and assembly tasks using proposed workstation. 

Conclusion 

This paper highlighted the extent of ergonomic risk factors related to schoolchildren. The footrest 

and leg room features in the proposed workstation have successfully improved subjects’ posture 

scores. This study will help school administration to be more concerned about school furniture 

design and students’ comfort. Moreover, this study was able to contribute in improving students’ 

working postures and enhance their work performance in school workshop. A good working posture 

habit can reduce MSD risks in the future. 
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According to Troup et al and Watson et al, musculoskeletal disorder and back pain problems in 

adult was contributed by having such symptoms during their previous history of pain [14, 15]. It is 

important to understand the symptoms of lower back pain in children and design early interventions 

to reduce chronic symptoms when they are adults. Musculoskeletal disorder and back pain problems 

in schoolchildren and adolescents may give great implications in future workforce.   

Postural analysis tool is proven to be a powerful method to reduce ergonomic risks and identify 

design flaws. However, there is a limitation to this study. This is because we only used two subjects 

which are not enough to represent the whole population of schoolchildren in Malaysia. More 

subjects should be analyzed to identify hidden risk factors. The proposed workstation design 

dimensions also should refer to anthropometric database of children and adolescents age 13 to 15 

years old in Malaysia.   

As summary, ergonomic analysis in computer-based software are able to give desirable results 

for physical posture evaluation. Ergonomic simulation also can provide quantitative results which 

are understandable and easy to achieve [4]. It is agreed that ergonomically designed workstations 

are able to enhance users working postures and provide a comfortable working environment. 
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