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Abstract: The left-handed person is known to have poor body posture and experience discomfort while performing 
writing activities on the foldable table armchair which is mostly designed for the right-handed population. Poor 
body postural and discomfort may lead to fatigue and muscle pain. Although many reported findings had 
discussed product design for the left-handed population, very little information's on the use of CAE ergonomic 
analysis embedded in foldable table arm design activities were reported. Thus, the objective of this study is to 
develop a detailed design of a foldable tabletop chair for left-handed people using computer-aided design (CAD) 
and to analyse appropriate hand and body posture in relation to the design by using computer-aided engineering 
(CAE) ergonomic analysis. By using Rapid Upper Limb Assessment (RULA) analysis the postural result of the 
manikin on the proposed design model shows the highest risk with a score of 6 occurring at the wrist, arm, neck, 
trunk and leg. The risk on the neck is identified likely due to the proposed design concept not providing any neck 
support. As for the risk on the arm and other segments of the manikin, further analysis for result improvement 
can be done by optimizing the manikin sitting position on the chair and the design of the proposed chair. From 
Finite Element Analysis (FEA), the table was expected to have defects sooner thus a stronger wood type is to be 
considered than the suggested pine wood. The study concludes that the use of CAE ergonomic analysis could 
identify potential posture problems in the design stage thus producing better ergonomic product design. 
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1.0 INTRODUCTION 

The world consists of about 90% of the human population that prefer using their right hand to 

perform complex manual tasks. While another 10% are those who prefer using the left hand and a 

very small group of people about 1% known as ambidextrous where this group has no clear hand 

preference [1]. In industries, left-handed workers who handle machinery with right-handed design 

could be dangerous if the workers encountered an awkward handling posture. According to 

Occupational Safety and Health Administration (OSHA), musculoskeletal disorders (MSDs) can be 

experienced by workers in various kinds of industries and occupations when exposed to a risk factor 

such as lifting a heavy item, performing a repetitive task, and working in awkward body postures [2]. 
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Human-factors engineering, also known as ergonomics is a science that deals with the 

application of information on physical and psychological characteristics of a product design and 

systems for human use [3]. Since the population in this world is highly dominated by right-handed 

people many products and furniture are manufactured for right-handed use such as scissors and 

motorcycle throttle. Not only on the product, but most services such as banks also manage their 

systems such as pen provided at the bank is always attached to the right side causing the cord on the 

pen to interrupt left-handers when writing [4]. Regardless of the product or services, left-handed 

people face difficulties and discomfort in using products or adapting to procedures intended for right-

handed use. 

Similarly in universities, the problem is faced by left-handed students as foldable armchairs are 

common and can be found in lecture halls. The arm desk that is placed on the right side of the chair 

causes some left-handers to experience poor body posture and discomfort, hence, affecting their 

writing performance [5]. A study by Rasyad and Muslim [6] stated that left-handers have better 

writing performance when using left-sided writing armchairs and they would encounter upper body 

pain when performing writing activities on the right-sided armchair. Student performance in the 

classroom can be similar to other work environments because it includes static work and force where 

static work refers to the exertion required by musculoskeletal to maintain or hold a certain position or 

postures while force is the amount of tension generated in muscle to move or maintain the body 

postural [7]. 

Theoretically, the left-handed person is known to have poor body posture and experience 

discomfort during performing writing activities on the foldable tabletop chair. The common design of 

the current existing chair arm desk is always located on the right side of the chair. Left-handed users 

would have to position themselves in an awkward posture and force their arms to hang when writing 

without any support. The awkward posture could affect users' health such as musculoskeletal pain in 

the back, neck and arms as the left-handed person had to force themselves and adapt to the situation. 

Other than that, performing a writing task on a right-handed arm desk may affect the performance, 

productivity and efficiency of the task for a left-handed person. 
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Although some foldable tabletop chair research studied design for a left-handed user, limited 

studies discussed applying computer CAE simulation to perform human postural analysis on product 

design in regards to the Malaysia anthropometric data. Apart of able to determine the workability of 

the design prior to actual product fabrication, the ergonomic factor would be addressed and 

considered in the design process at an earlier stage. 

Thus, the objective of this study is to develop a detailed design of a foldable tabletop chair for 

left-handed people using CAD software. Furthermore, human posture analysis using RULA analysis 

and the structural strength analysis of detail design on different material properties will be performed 

by using FEA CAD software. 

2.0 LITERATURE REVIEW 

2.1 Hand dominance in product design 

Hand dominance is the hand preference decided by an individual for using one hand over the 

other one to perform fine and gross motor tasks. Many studies had been done on handedness in 

various fields.  Al-Samarraie and Ahmad (2016) used questionnaires on 71 design patterns and found 

a significant difference between left- and right-handed user preferences while using handphones to 

read, retrieve information and browse pages [8]. Mouloua (2017) reported for computer input devices 

such as a mouse, right-handed participants performed tasks faster than left-handed participants but if 

they have to click using the non-dominant hand, they were slower than left-handed participants [9]. In 

school furniture, a descriptive survey design study by Mugweni et al (2019) showed that the use of the 

standard tables in primary school students caused children who wrote with the left hand in a majority 

right-handed class to exhibit more negative attributes than positive attributes [10]. 

 

2.2 Finite Element Analysis in product design 

Finite Element Analysis (FEA) is a computational tool that is used to understand how materials 

and structures behave under loads. Instead of analysing a body as a single entity, it is broken up into 

many smaller pieces known as elements which are all interconnected to build up a mesh to represent 

the body. To understand the behaviour of the body under the load, the behaviour of each element is 

analysed. The individual results of each element are summed together to produce a solution for the 
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entire body. The solution can be in the form of the deflection of the part of the stresses within. In 

CATIA software, the tool used to perform the Finite Element Analysis (FEA) is called the Generative 

Structural Analysis under the analysis and simulation option. When the static analysis is performed, 

the result of Von Misses Stress will provide the value of the maximum stresses acted on the proposed 

design chair. A study by Supardjo et al (2018) validated that the FEA result of the maximum Von 

Mises stress for each load at various loads applied in the existing truck frame design was still safe [11]. 

Mohamad Sattar (2016) determined the ergonomic aspect and finite element analysis in the simulation 

for the prosthetic leg [12]. Haraga et al (2017) evaluate the strength of a wooden cedar armchair for a 

person weighing 140 kg by using FEA [13]. With finite element method (FEM) and the calculation of 

allowable stresses related to a user weighing 150 kg, Reh et al (2019) had proposed standards and 

regulations for safety requirements of bed for users weighted more than 100kg in Slovakia [14]. 

 

2.3 CAE RULA analysis 

RULA assessment is a risk assessment for an ergonomic based workplace that can calculate the 

risk of musculoskeletal loading within the upper limb and neck [15]. With current technology, RULA 

assessment is also developed as CAE analysis to help earlier ergonomic intervention during the 

design stage, thus could reduce the time and capital of the product development process. In addition, 

the assessment can be done in daily working conditions in the industry and service sectors. The RULA 

assessment is applied in CAD (CATIA) human posture analysis to identify the score of the risk factor 

for each segment of the human model (Manikin). The risk score system by RULA is shown in Table 1 

below. 

Table 1 RULA Assessment Risk Score System 
Risk Score Level of Risk 

1-2 Negligible risk 
3-4 Low risk 
5-6 Moderated risk 
7 Very high risk 
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The RULA assessment can be used to analyse the human postural information of the human 

model (manikin) in various kinds of product design. Mat et al. (2017) used the RULA analysis to 

optimize the CAD car seat design [16]. From the initial data, an optimization process is done to 

achieve a final score within a range of acceptable risk score which is 1 to 4 while Mahantesh et al. 

(2021) reported that the proposed ergonomic office chair design imposed a low risk of work-related 

musculoskeletal disorder to the Indian user population [17]. Sari and Sahin (2020) also did the RULA 

assessment by using digital human modelling to perform ergonomic analysis on adjustable secondary 

school class furniture's (chair and table) in Turkey [18]. In Muniz Fernandez (2018) thesis, she had 

performed the RULA analysis to assess the ergonomic risk of her university classroom chair design 

and found that the initial design contributes to moderate risk (5) thus improvement was done and the 

score was 2 [19]. Nonetheless, none of the cited works of literature reported on different side 

preference (left or right-handed/footed) effects toward work postures. 

3.0 METHODS 

3.1 Design specification. 

Through the design process starting from identifying problems of current tabletop chair design 

and finalizing the selected conceptual design, the detailed design model was modelled based on the 

measurement in the anthropometric data for Malaysian [20]. The measurement of the mean 

anthropometric data for Malaysian males, females, and the dimension of the proposed armchair 

design is shown in Table 2 below. The measurement provided only involve for sitting position since 

the analysis will be based on the writing position posture for a left-handed person. 

Table 2 Mean anthropometric measurement for Malaysian 
No Anthropometric measurement Male Female Design Model 

1 Weight (kg) 68.4 58.7 - 

2 Sitting height (cm) 87.7 81.5 47.7 

3 Sitting eye height (cm) 76.3 70.9 - 
4 Sitting elbow height (cm) 23.1 23.1 24.4 
5 Popliteal height (cm) 42.4 40.0 41.9 

6 Knee height (cm) 50.4 47.5 55.3 
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Based on this measurement, the design chair was modelled using male measurement since 

generally the male sizes are larger than the female. 

3.2 CAD Design modelling and ergonomic analysis. 

After identifying the anthropometry measurements required, CAD software CATIA was used 

to design the 3 dimensional (3D) and simulate the proposed tabletop chair. Afterwards, the detailed 

design was analysed using ergonomic design and analysis tool also in CATIA. A jointed model of the 

human body (manikin) was created and simulated by placing the manikin in a normal sitting writing 

position on the design chair. RULA analysis was performed on the manikin to determine the risk score 

of discomfort that was experienced by the manikin was determined. As shown in Figure 1, the risk 

score is acceptable from 1 – 2, and the highest score of 6 – 7 is not a desirable result. 

 
Figure 1 RULA analysis risk score systems. 

 
3.3 Finite Element Analysis (FEA) Analysis 

The FEA analysis was performed to determine the displacement and deformation of the design 

model chair to ensure the strength of the design is approved. In order to analyze the strength of the 

design, the load or force was placed on the main part of the design which is on top of the arm desk 

and also at the chair seat. The analysis was done on the main functionality of the design product 

which is the arm desk. The result would show the maximum Von Mises Stress that act on the body of 

the design model chair. 
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4.0 RESULTS AND DISCUSSIONS 

4.1 Proposed New Design of Foldable Table Arm Desk 

The shape and sizes of the foldable table arm were designed based on the existing commercial 

sizes of the product. The difference between the new proposed design and the currently existing 

design is the feature of the chair arm desk where the mechanism can extend and rotate 180 degrees to 

the front as shown in Figure 2. Figure 2 also showed the default configuration for a right-handed 

person, while Figure 3 was the configuration when the table was turned to another side for left-

handed use. 

   
  Figure 2 Right-handed use (top view)      Figure 3 Left-handed use (top view) 
 
The new proposed design of the foldable table armchair complete with the arm desk design and 

the chair model was shown in Figure 4 below. The joint at point 1 as shown in Figure 3 was attached 

to the end of the chair right-side armrest. 

 
Figure 4 Proposed new design of the foldable tabletop chair 

 
 
 
 
 
 
 

1 
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4.2 Human Posture Analysis 

The manikin presented 95 percentiles of the Malaysian population. As shown in Figure 5, the 

location of the manikin body was observed to be very close to the arm desk. The result obtained 

showing the final score when in normal sitting position is 4. The higher risk score is recorded at the 

wrist and arm which is 3 while at the neck, trunk, and leg score the highest which is 4. The other 

segment of the manikin such as the upper arm, forearm, and wrist twist shows that it is placed in a 

comfortable manner. The manikin arm is properly rested on the chair armrest without having any 

postural discomfort. 

 
Figure 5 Manikin posture in normal position 

 
The result of the manikin postural level when in writing position was very unacceptable. The 

final score was 5 wherefrom Figure 6 we could observe that the manikin was not in the best sitting 

position. The highest risk score was on the wrist and arm which was 6. The position of the arm desk 

with the manikin was very close since the manikin had to bend forward to perform writing activities. 

Another segment of the manikin posture was also showed an unacceptable risk score. The only 

acceptable score is on the leg segment of the manikin since the leg was properly bent 90° and the 

bottom of the feet reach the floor surface. 
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Figure 6 Manikin posture in writing position. 

 
4.3 Generative Structural Analysis 

4.3.1 Arm Desk Strength Analysis 

Pinewood was suggested to be used as material for the table as it is lightweight, easily available, 

shock resistance and versatile. The value of the material properties is provided in Table 3 below. The 

characteristic of the material is soft and lightweight making it suitable for the use of learning furniture 

[21]. 

                       Table 3 Material properties of western white pine wood [22] 
Poisson ratio 0.329 

Young modulus, N/ m2 8.2 x  

Compression parallel to grain, N/m2 16.8 x 106 

Compression perpendicular to grain, N/m2 1.3 x 106 

Shear parallel to grain, N/m2 4.7 x 106 

Tension perpendicular to grain, N/m2 1.8 x 106 

Density, kg/m3 0.5 x  

Average parallel-to-grain tensile strength  73.1 x 106 
 

Based on Figure 7 the maximum value of Von Mises stress is 4.1 x 106 N/  when 12N of the 

load was applied. Unlike metal, Von misses stress could not be compared to yield strength. When 

compared to tension perpendicular to grain [23], the stress was over the limit. Unlike metal, wood is 

cellular material that has a high degree of anisotropy, thus showing highly nonlinear stress-strain 

behaviour. The higher obtained value could also be due to the type of mesh and load applied. 12N 

was applied in regards to forearm weight [24], but not the exact wrist and hand load. In addition, 
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other loads such as connected components to the table are neglected. The maximum stress is located at 

the center of the mechanism's rotation while the arm desk and the steel arm are the lowest with zero 

stress. The reason the stress is focused on the center of the mechanism joint is that the joint is the part 

that needs to withstand the load applied on the arm desk surfaces. Since the maximum stress occurred 

did not cover the whole part of the arm desk it can be concluded that the arm desk is able to withstand 

the load on the table which is mainly the user arms and hand to performing writing activities. 

 
Figure 7 Arm desk Von Mises stress 

5.0 CONCLUSION 

In this study, the ergonomic design of the tabletop chair for left-handed and similar to the right-

handed user depends on the body proportion of the individual itself. RULA analysis showed 

modification must be done on the proposed foldable table armchair. Therefore, we can provide a 

product that can provide comfort for left-handers but it may not satisfy all the left-handed population.  

Then, the strength analysis for the design product can be considered acceptable since 

performing writing activities do not involve in higher load or forces. Nonetheless, different material 

which is tougher and has higher flexural yield strength (tension perpendicular to the grain) must be 

considered as it is predicted from the value that the table will damage sooner.  Next, it will be better if 

the structure analysis of the design model can be done with actual measured load at wrist and hand 

area and considering the weight of components connected to the table. This is also able to show 

whether the design model able to withstand not only the arm desk but also the weight of the human 

body.  
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