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Abstract—Today, aircraft has become common transport mode for 

many people, especially with the high market success of low cost 

airlines that makes air transportation more affordable. In an effort 

to gain more profits by accommodating more people onboard per 

flight, many airlines have resorted to modify their passenger cabin 

arrangement and also the seat design in a way that potentially 

reduces the level of travel comfort experienced by the passengers. 

Therefore, the primary aim of this study is to ergonomically analyze 

the typical passenger cabin seat on an aircraft in order to highlight 

whether it is comfortable for the passengers. It is focused only on 

Malaysian aircraft passengers. From the results of conducted Rapid 

Upper Limb Assessment (RULA) analysis using JACK software 

package based on the anthropometric data of Malaysians, it is shown 

that there are some improvements that can be made to the current 

aircraft seat design and cabin arrangement to increase the 

passengers' comfort level. 
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I. INTRODUCTION 
 

Today, aircraft has become a common mode of transport. 
An estimated total of 3.8 billion passengers are transported in 
2016 by airlines worldwide [1] and the number is anticipated 
to progressively increase annually. The rise in air travels can 
be contributed to the notable success of the low-cost airlines, 
which have made air transportation services more accessible 
to people. With lower ticket prices, the low-cost airlines are 
offering notably much more affordable air transport options 
than the full-service airlines and this also creates new market 
segments for passengers who cannot afford to fly before. For 
instance, the number of transported passengers by airlines in 
Malaysia has increased from 9 million to 12 million people 
annually after the market inception of Air Asia, the country's 
first low-cost airline [2]. This highlights the major influences 
that low-cost airlines have on the growth of air transportation 
industry.  

With increased market competition between the airlines, 
particularly among the low-cost airlines, several competitive 
features are sought after to attract passengers to choose their 
offered flight services. According to the result of a conducted 
survey among the Malaysian public, the main factors that are 
considered while choosing airline for their travel also include 
cabin comfort [3]. The comfort level experienced by aircraft 
passengers has been linked to a few cabin factors such as the 
legroom, hygiene and also the seat or personal space [4]. It is 
found that knee space, personal space and seat width are the 
lowest rated factors by the passengers that greatly affect their 

 
 
lack of travel comfort during flight [5]. While cheaper flight 
tickets by the low-cost airlines have attracted more people to 
fly, this also comes at the cost of the complimentary onboard 
services including smaller legroom and seat dimensions [6]. 
For instance, some airlines these days provide only a 28-inch 
seat pitch for their economy class cabin, which is close to the 
minimum value by the aviation regulations, and this has been 
a source of complaints by passengers for their discomfort [7]. 
Therefore, while the provision of high level of cabin comfort 
is influential in giving the airlines a competitive edge against 
their market competitors, the current aircraft passenger cabin 
seems to have become increasingly less comfortable.  

Nevertheless, it is noted that the level of cabin comfort is 
also dependent on the passengers' anthropometry [8]. Having 
said that, a smaller seat pitch or dimensions might not cause 
discomfort for some groups of people but it might for others. 
In this study, the typical aircraft seat design and arrangement 
onboard the current transport aircraft cabin is analyzed for its 
provision of comfort level to the passengers, specifically for 
the Malaysian population. This is accomplished through the 
conducted ergonomics analysis and the results are then used 
as the reference to improve the cabin comfort. The focus on 
the ergonomics of the aircraft seat as the representative of the 
overall cabin comfort is made due to its vital role in fulfilling 
the passenger comfort expectations [9]. It is also an essential 
flight service feature that can set apart the airlines from their 
competitors and build customer loyalty [10]. 
 

II. METHODOLOGY 
 

Ergonomics can be taken as the science of making things 
more efficient to the user's need and reducing any discomfort 
during application. In other words, the aim of ergonomics is 
to attain the best possible match between the product and its 
user in context of the intended applications [11]. It involves 
the search for the good fit between people and the elements 
of physical environment that they are interacting with [12]. 
There is indeed a close relationship between ergonomics and 
comfort, especially since the latter is necessarily a product of 
the human-environment-task system [13]. In terms of aircraft 
seat, it is not easy and in fact rather impossible to design one 
that will suit everybody, but the anthropometry consideration 
can aid in making the seat design suitable for the majority of 
the populations [14].  

In this study, the Rapid Upper Limb Assessment (RULA) 
ergonomic analysis is conducted on the aircraft seat using the 
JACK software. RULA is essentially a survey method that 
can provide fast and reliable posture assessment to study the 
upper limb disorder. This assessment is highly appropriate to 
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be used for this study since the aircraft passengers will be in 
prolonged sitting posture mostly throughout the entire flight, 
which resembles some of the situations that RULA analysis 
has been designed for [15]. In essence, RULA assessment is 
conducted based on a standard worksheet and a score rating is 
assigned for every part of the body to determine the risk of 
injury to the body as being indicated in Table I. The RULA 
assessment can also be done through simulation by using the 
available tools like JACK software package. 
 

TABLE I. RULA RISK RATING 
     

RULA Score  Risk Level Action 

1 - 2  Negligible Acceptable 

3 - 4 
 

Low 
 Further investigation and 

  
changes may be needed     

5 - 6 
 

Medium 
 Investigation and changes  

  
required soon     

7 
 

High 
 Investigation and changes  

  
required immediately     

 
In relation to evaluation of human posture, establishment 

of the postures can be done through observation method. In 
this study, the common postures of passengers while sitting 
on the aircraft seat will be used in the ergonomics assessment 
to indicate whether the current seat design is suitable to cater 
for these different sitting postures. The observation technique 
has been used in many studies including the evaluation of the 
sitting posture of students in the classroom [16] and also the 
design assessment of the train seats [17]. For this study, 10 
volunteered test subjects are recruited and they are observed 
while they are sitting on the aircraft seat for approximately in 
an hour duration. The observations are recorded using Canon 
digital camera and the observer is seated at the best position 
to view the subject.  

The seat used as the reference aircraft seat in this study is 
depicted in Fig. 1 and it is available from the Department of 
Mechanical and Manufacturing Engineering, Universiti Putra 
Malaysia. To model the reference aircraft seat for simulation 
analysis in JACK, the dimensions of the seat are measured 
and its representative model is constructed in the computer-
aided design software, SOLIDWORKS. The seat pitch is set 
to 29 inches, which is taken as a common cabin arrangement 
in narrow-body commercial transport aircraft. In total, there 
are 10 different sitting postures that are identified from the 
observation sessions. They are described in Table II and also 
shown in Fig. 2.  

Anthropometric data for the human model is a vital input 
for the ergonomics analysis. Because this study is focused on 
the Malaysian public, the anthropometric data of Malaysian 
males and females are applied. For this ergonomic analysis, 
the human model has been generated for 5th, 50th and 95th 
percentile of the Malaysian male and female anthropometric 
data. This set-up is chosen to be in line with the major three 
principles in ergonomics [18]. The first principle is to design 
for extreme individual that is either the maximum population 
(95th percentile) or minimum population (5th percentile). In 
addition, the second principle is to design for an adjustable 
range that considers both the 5th percentile of female and the 
95th percentile of male in order to accommodate 90% of the 
population. Last but not least, the third principle is to design 

 
 

 
for the average, which is primarily corresponding to the 50th 
percentile of male and female. For this study, the developed 
human model will represent the Malaysian population and it 
is based on the anthropometric data of 1,007 people with age 
range between 15 to 80 years old [19]. Table III tabulates the 
essential anthropometric data inputs used in the development 
of human model in JACK while Fig. 3 is showing the model.  
 
 
 
 
 
 
 
 
 

 
(a) (b) 

 
Figure 1.  (a) Reference aircraft seat, (b) Constructed computer-aided 

design model of the reference aircraft seat. 

 
 TABLE II. DESCRIPTION OF OBSERVED POSTURES 
           

 Posture     Description   

 1  The passenger looks forward and sits straight.   

 
2 

 The passenger's head tilts to the right and the left leg is 
  

placed on the right leg. 
     

        

 
3 

 The passenger sits in similar fashion as Posture B but the 
  

left elbow is placed in the left armrest of the seat.    

 
4 

 Both of the passenger's legs are stretched through the 
  

legroom under the front seat and both hands are on the tray.    

 
5 

 The passenger's trunk is bent forward to place the head on 
  

the tray. 
      

         

   The passenger's trunk and head are bent near the ground 
 6  with the right hand is stretched to reach something on the 
   ground.       

 
7 

 The passenger's left elbow is placed on the tray and the 
  

right elbow is on the right armrest of the seat. 
  

     

 
8 

 The passenger sits straight and relaxed while the head is 
  

tilted to the left. 
     

        

 
9 

 The passenger sits straight with both hands are in mobile or 
  

tablet working position (on the tray) 
  

     

 
10 

 The passenger sits straight with hand on the tray and both 
  

legs are stretched through the legroom under the front seat.    

 TABLE III. ANTHROPOMETRIC DATA FOR MALAYSIAN POPULATION 
          

 Body     Value (cm)   

 Dimension  5th  50th  95th  

     MALE MODEL   

 Chest Breadth  27.07  35.46  43.85  

 Crotch Height  63.20  84.19  105.17  

 Hip Breadth  26.20  37.53  48.86  

 Stature   157.44  168.61  179.79  

 Waist Depth  18.05  25.77  33.48  

 Foot Length  25.37  27.05  28.69  

 Chest Depth  14.56  21.75  28.95  

 Chest Breadth  27.07  35.46  43.85  

     FEMALE MODEL   

 Chest Breadth  23.40  31.78  40.16  

 Crotch Height  61.60  78.93  96.25  

 Hip Breadth  26.12  37.83  49.54  

 Stature   146.66  156.50  166.33  

 Waist Depth  17.19  23.91  30.63  

 Foot Length  20.11  22.45  25.00  

 Chest Depth  13.54  21.50  29.47  
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Once both the aircraft seat and human models are ready, 

the RULA analysis can be conducted in JACK. The example 
models in JACK to simulate the 10 identified sitting postures 
is shown in Fig. 4.  

 
 
 
 

Posture 1 Posture 2  
 
 
 
 

Posture 1 Posture 2  
 
 

 
Posture 3 Posture 4  

 
 

 
Posture 3 Posture 4  

 
 

 
Posture 5 Posture 6  

 
 

 
Posture 5 Posture 6  

 
 
 
 

Posture 7 Posture 8  
 
 

 
Posture 7 Posture 8  

 
 
 

 
Posture 9 Posture 10  

Figure 2. Observed common sitting postures for aircraft passengers  
 
 
 
 
 
 
 
 

 
(a) (b)  

Figure 3. Sample constructed human model in JACK (a) male, (b) female 

 
Posture 9 Posture 10  

Figure 4. Simulated model of sitting postures in JACK 

 
III. RESULTS AND DISCUSSIONS 

 
The analysis in JACK is conducted for the 10 identified 

postures and with simulated male and female human models 
for 5th, 50th and 95th percentile of the anthropometric data 
for Malaysian population. All in all, there are 60 simulation 
analysis runs and a screenshot of example output from JACK 
is shown in Fig. 5. 
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Figure 5. Sample output analysis from JACK 

 
The analysis results obtained from JACK is summarized 

in Table IV and Table V for the Malaysian male and female 
models, respectively. The rating follows the standard RULA 
as given in previous Table I. As can be observed from Table 
IV and Table V, the resultant ergonomic RULA ratings for the 
postures are mostly consistent across different percentiles of 
anthropometric data and also regardless of the passenger's 
gender. The only exception is recorded for posture 6, which 
shows a slight variation but very important to notice since it 
involves the highest rating of injury risk level. 

 
TABLE IV. JACK OUTPUT ANALYSIS FOR MALE MODELS 

          

 
Posture 

5th 50th  95th  
 Percentile Percentile  Percentile  
    
          

 1 1  1   1   

 2 2  2   2   

 3 5  5   5   

 4 6  6   6   

 5 4  4   3   

 6 7  6   7   

 7 6  6   6   

 8 4  4   4   

 9 4  4   5   

 10 4  4   4   

 Overall 
5 

 
5 

  
5 

  
 

Rating 
     

         

TABLE V. JACK OUTPUT ANALYSIS FOR FEMALE MODELS 
          

 
Posture 

5th 50th  95th  
 

Percentile Percentile 
 

Percentile 
 

    

 1 1  1   1   

 2 2  2   2   

 3 5  5   5   

 4 6  6   6   

 5 4  4   4   

 6 6  7   7   

 7 6  6   6   

 8 4  4   4   

 9 4  4   5   

 10 4  4   4   

 Overall 
5 

 
5 

  
5 

  
 

Rating 
     

         

 
 

 
From the results, it can be summarized that the risk level 

of a typical seat and cabin arrangement in many commercial 
transport aircraft these days needs to be further improved. It 
can be noted that the aircraft seat that is used as the reference 
in this study is rather old and many of currently used seats on 
the aircraft today have an even thinner backrest and the seat 
pitch used for cabin arrangement is even lower, which makes 
the situation even less comfortable for the passengers. A high 
RULA risk level rating can be interpreted as the measure of 
low fit between the seat and the human passenger. As listed 
in previous Table I, a RULA rating of 5 to 6 implies that the 
investigation and some changes are required soon to improve 
the condition. In fact, for posture 6, the resultant risk rating 
goes up to 7 and this highlights the highest deficiency of the 
seat design and cabin arrangement to properly accommodate 
the Malaysian people based on their body anthropometry. To 
further explore on the results for posture 6, the detail output 
from JACK for 50th percentile female is shown in Fig. 6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Sample output analysis from JACK for posture 6 

 
From the above Fig. 6, it can be observed that a high risk 

rating is mostly contributed by the rating for upper arm, neck 
and trunk. This is probably heavily affected by the seat pitch 
used and implies that more seat pitch is necessary to improve 
the situation and makes the passengers more comfortable. 
 

IV. CONCLUSION 
 

An ergonomic assessment has been conducted on aircraft 
seat according to standard RULA analysis using JACK. The 
representative seat design used in this study is the commonly 
used aircraft seat in many commercial transport aircraft. The 
analysis is done using the 5th, 50th and 95th percentile data 
of body anthropometry of Malaysian male and female. Based 
on the obtained analysis results, it can be concluded that few 
improvements have to be done on seat design and seat pitch 
of cabin arrangement to provide more comfort for the aircraft 
passengers especially among Malaysian population. Though 
the reference seat used in this study might not represent the 
more recent designs of passenger seats onboard the aircraft, 
the results are still useful as a guidance to improve the design 
of aircraft seat and also in setting a proper seat pitch for the 
passenger cabin in commercial transport aircraft that operate 
in Malaysia. 
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