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ABSTRACT 

 

In order to improve the passengers’ flying comfort, the aircraft cabin features 

should be ergonomically developed and designed. The key element for design 

ergonomics is the anthropometric measurements of the target users, which are 

vital in ensuring a good fit between their body characteristics and the resultant 

product or system design. Based on this notion, this study aims to establish the 

database for the measurement of body dimensions of the Malaysian population 

that is useful in design process of most cabin features. A total of 100 volunteers 

have participated in this study and their body dimensions are measured using 

standard measurement tools during a few conducted data collection sessions. 

Several standard anthropometric measurements of the Malaysian population 

for sitting and standing body postures have been derived from the descriptive 

statistics of the collected measurement data. They include stature, standing eye 

height, standing shoulder height, standing elbow height, standing hip breadth, 

standing shoulder breadth, sitting shoulder height, sitting elbow height, sitting 

eye height, sitting buttock-popliteal length and also sitting buttock-knee length. 

Furthermore, based on the comparison analysis with the referenced Malaysian 

anthropometric database, it can be concluded that the body characteristics of 

the Malaysian population are changing with time and the body measurements 

are expected to further increase in future. This means that the design sizing of 

the aircraft cabin features might need to be adjusted accordingly to be able to 

provide a comfortable flying experience for the future Malaysian passengers.  

 

Keywords: Anthropometry; Malaysian Population; Anthropometric 

Database; Ergonomics; Cabin Comfort 
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Introduction 
 

As air transportation progressively becomes a more common transport means 

for many people across the globe, the level of market competition between the 

airlines has also intensified since they are vying for the same target passengers 

towards their offered services. It has been established that air passengers tend 

to develop a service loyalty for airlines that provide a pleasant and comfortable 

flying experience [1]. Passengers’ flight experiences are primarily influenced 

by the passenger cabin design and also in-flight services, which motivate many 

airlines to invest on searching for more comfortable aircraft interior design and 

improved in-flight service to differentiate them from other market competitors. 

For instance, there have been conducted studies to develop new and innovative 

cabin features with the notion of improved passengers’ flying comfort such as 

the standing cabin concept [2] and automated in-flight food delivery and waste 

collection [3]. In essence, passengers’ comfort during flight are highly affected 

by six major factors: anthropometry, climate, sound, vibrations, light and smell 

[4]. This study is focused on the anthropometry factor, which by definition is 

a field of research that deals with measurement of body dimensions including 

body size, shape, strength and working capacity [5], either for design purposes 

or body composition. 

The prominence of human anthropometry factor in context of aircraft 

passenger cabin comfort relates to the fundamental of design ergonomics that 

aims for the developed product or system designs to have a good fit with body 

conditions of the target users. In other words, to enhance the passengers’ flight 

comfort level, cabin features have to be ergonomically designed to match with 

the characteristics of the passengers’ body. There are three primary principles 

of the design ergonomics: design for extreme individuals (i.e. designing for the 

maximum or minimum of the population using anthropometry data of the 95th 

percentile male or the 5th percentile female, respectively), design for adjustable 

range (i.e. design to accommodate 90% of the population using anthropometry 

data of 95th percentile male and 5th percentile female), and design for average 

(i.e. design with the anthropometry data of 50th percentile of male and female) 

[6]. Several studies have highlighted the importance of anthropometric body 

measurements to improve aircraft cabin design comfort such as for passenger 

seat design [7] and also seating arrangement [8]. Therefore, there is an ongoing 

need to establish anthropometric database for population of the passengers that 

can be applied in the ergonomic design process of aircraft cabin features.  

It has been noted that the anthropometric body dimensions of different 

populations from different countries can significantly vary with each other [9]. 

Because of this, it necessitates that each population has its own anthropometric 

measurements database. For the Malaysian population, a few previous studies 

have published the measured database of the anthropometric body dimensions 

under several different categorizations. Among others, they include Malaysian 
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anthropometric databases for sitting anthropometry [10], young adults [11] and 

adults of different ethnicity [12]. In essence, the work in this study is intended 

to add and update available anthropometric databases of Malaysian population 

with more recent measurements of the body dimensions and to conduct simple 

comparison analysis against the selected reference database for observation in 

terms of the trend of changes. Findings from this study can assist in designing 

a better suited ergonomic cabin design for the Malaysian population. While the 

commercial transport aircraft is catering for various types of passengers, it is a 

common practice in public transport design that its cabin will be tailored to the 

majority of expected passengers. This particular situation has been highlighted 

in several other studies such as the coach design for a high-speed train in South 

Korea that is tailored to the anthropometric data of local population [13]. With 

this notion in mind, the anthropometric data for the Malaysian population can 

be very useful for the local domestic airlines in deciding on their custom cabin 

design.       

 

 

Anthropometric Measurements: Methodology 
 

As mentioned before, the study of anthropometry largely involves measuring 

various dimensions of the human body. Though there are several different sets 

of body dimensions that are published in anthropometry databases of different 

studies, standard definition for each of the measurements is mostly consistent. 

Example illustration for several standard human body dimensions is shown in 

Figure 1, which essentially covers both sitting and standing body positions.  

 

 
 

Figure 1: Example standard measurements for human body dimensions. 
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There are many more standard human body dimensions used in design 

ergonomics than those illustrated in Figure 1. For instances, over 240 different 

anthropometric measures have been defined by the United States Army in their 

widely-referenced United States Army Anthropometric Survey (ANSUR) [14] 

and few studies have also stated that more than 300 measurements are required 

to have the complete human body dimensions [15, 16]. These body dimensions 

basically include the linear measurements such as breadth, height and length; 

angular measurements between planes and lines that crosses the human body 

such as flexion or extension on the sagittal plane; force measurements like grip, 

pinch and torque strength; and the circumferences of the head, neck and chest 

[17]. The measurements of these body dimensions can be directly made using 

standard measuring tools such as flexible measuring tapes, callipers and rulers. 

For this study, the interest lies on the establishment of anthropometric 

database for sitting and standing posture dimensions, which will be very useful 

in developing and designing aircraft cabin features for comfort of passengers. 

A total of 100 voluntary participants from the Malaysian public, aging between 

18 to 40 years old, have been gathered during the data collection and have their 

body measured (50 males and 50 females). Standard traditional measurement 

tools are used in this study and the measurement process is shown in Figure 2. 

As indicated in many studies, these standard measurement tools are mostly as 

reliable and accurate as the high-tech anthropometric tools, in addition to being 

simpler, cheaper and also portable [18]. Each measurement is made three times 

to reduce any uncertainties or errors with the measured value and the average 

is recorded. Additionally, the participants have been asked to wear thin or light 

clothing to ease and improve the accuracy of the measuring process. 

 

  
 

Figure 2: Anthropometric measurement of a voluntary participant. 
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Although additional data has been collected, only 11 commonly used 

anthropometric measurements of the body dimensions for sitting and standing 

human postures are reported in this study. These anthropometric measures can 

be directly referred to the previous Figure 1 and their corresponding reference 

number is listed in Table 1. MINITAB statistical software is applied to perform 

the data analysis of recorded anthropometric measurements of the participants 

once the data collection process is completed. The data analysis in MINITAB 

and also Microsoft Excel determines the essential descriptive statistics such as 

mean, standard deviation, standard error of mean, coefficient of variation, 5th 

percentile, 50th percentile, 95th percentile, minimum and maximum, which are 

all often referenced and used in ergonomic design process. These descriptive 

statistics establish the database of the anthropometric body dimensions for the 

sample population in this study (i.e. the voluntary participants). A comparison 

analysis is conducted between this resultant anthropometric database and other 

available databases of Malaysian population to deduce any notable trends with 

regards to observed changes in the measurements. 

 

Table 1: Measured human body dimensions  

 

Category Anthropometric Dimension Reference to Figure 1 

Standing 

Position 

Stature 6 

Eye Height 5 

Shoulder Height 4 

Elbow Height 3 

Sitting 

Position 

Eye Height 8 

Shoulder Height 9 

Elbow Height 10 

Buttock-Knee Length 11 

Buttock-Popliteal Length 12 

Shoulder Breadth 14 

Hip Breadth 15 

 

 

Results and Discussion 
 

The number of voluntary participants involved in this study has been affected 

by the COVID-19 pandemic situation in Malaysia. Due to imposed movement 

restrictions by the Malaysian government and also notably low willingness of 

the general public to participate during this pandemic, this study has been able 

to gather only 100 volunteers through conducted body measurement sessions 

in between the months of August and November 2020. A brief summary of the 

demographics data of the participants according to age and gender is presented 
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in Table 2. It should be noted that the ethnicity of voluntary participants in this 

study happens to be all Malays. The mean age for the male participants is 24.62 

years old with standard deviation of 4.52 (minimum = 20 years old, maximum 

= 40 years old) whereas for the female participants, the mean age is 23.57 years 

old with standard deviation of 5.49 (minimum = 18 years old, maximum = 40 

years old). Moreover, the resultant anthropometric database based on recorded 

body dimensions of the voluntary participants is presented in Table 3 and Table 

4 for males and females, respectively.  

 

Table 2: Gender and age groups of the voluntary participants  

 

Gender Age Group Number of Participants 

Male 

18 to 20 5 

21 to 30 38 

31 to 40 7 

Female 

18 to 20 15 

21 to 30 31 

31 to 40 4 

 

From Table 3 and Table 4, it can be observed that the mean values for 

the reported anthropometric body dimensions of Malaysian males in this study 

are consistently higher than those for Malaysian females, with an exception of 

sitting elbow height. This can be also clearly seen from the presented box-plots 

of the collected measurement data in the Figure 3 and Figure 4 for the standing 

and sitting positions, respectively. On the whole, comparative finding between 

mean measurement values for reported body dimensions of Malaysian males 

and females is essentially consistent with the resultant measurement data from 

other studies such as [11], [19] and [20].  

For a proper dimensional differences analysis between the Malaysian 

males and females, independent statistical t-test can be conducted [21, 22]. The 

results of the t-test are shown in Table 5, which is obtained from the MINITAB 

software, and they are used to deduce whether there is a significant difference 

between the means of each body dimensions for males and females. It should 

be noted that the standard alpha, α = 0.05 is applied for the t-test and the null 

hypothesis is mean measurement for the particular body dimension of females 

is larger than or equal to that of males. According to the results in Table 5, the 

body dimensions for Malaysian males in this study are significantly larger than 

Malaysian females for stature, standing eye height, standing shoulder height, 

standing elbow height, sitting eye height, sitting shoulder height and shoulder 

breadth. This condition has been indicated by p-value close to 0, which means 

that the null hypothesis can be rejected and the alternative hypothesis that the 

mean measurement for the particular body dimension of females is smaller to 

that of males is accepted instead. On contrary, there is no significant difference 
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in the measurements of sitting elbow height, sitting buttock-knee length, sitting 

buttock-popliteal length and hip breadth between males and females as implied 

by their corresponding p-value. This is in line with the close data distribution 

observation of these body dimensions between males and females in Figure 3 

and Figure 4. 

 

Table 3: Descriptive statistics for anthropometric measurements of  

Malaysian males (n = 50) 

 

Dimension 
Mean 

(cm) 

Standard 

Deviation 

(cm) 

5th 

percentile 

(cm) 

50th 

percentile 

(cm) 

95th 

percentile 

(cm) 

Stature 171.23 4.22 162.80 170.70 177.70 

Standing Eye 

Height 
158.83 4.32 151.75 158.50 166.40 

Standing 

Shoulder 

Height 

141.78 4.42 131.00 141.00 148.30 

Standing 

Elbow 

Height 

108.15 4.22 99.50 108.50 114.50 

Sitting Eye 

Height 
73.37 4.16 63.85 73.20 80.00 

Sitting 

Shoulder 

Height 

57.15 3.55 51.30 56.90 62.50 

Sitting Elbow 

Height 
21.99 2.45 17.75 22.50 24.80 

Sitting 

Buttock-

Knee Length 

58.58 5.03 50.60 59.60 65.30 

Sitting 

Buttock-

Popliteal 

Length 

46.62 4.24 38.80 47.20 52.90 

Shoulder 

Breadth 
44.20 3.08 39.20 44.10 48.95 

Hip Breadth 38.03 3.91 31.05 37.60 44.40 
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Table 4: Descriptive statistics for anthropometric measurements of  

Malaysian females (n = 50) 

 

Dimension 
Mean 

(cm) 

Standard 

Deviation 

(cm) 

5th 

percentile 

(cm) 

50th 

percentile 

(cm) 

95th 

percentile 

(cm) 

Stature 155.73 4.85 144.50 157.00 161.00 

Standing Eye 

Height 
146.03 4.46 136.85 145.20 152.60 

Standing 

Shoulder 

Height 

130.70 9.55 121.00 130.40 137.35 

Standing 

Elbow 

Height 

97.47 4.05 90.6 96.60 104.00 

Sitting Eye 

Height 
69.48 3.72 62.35 70.20 75.30 

Sitting 

Shoulder 

Height 

54.49 4.23 46.35 54.60 61.45 

Sitting Elbow 

Height 
22.18 3.10 16.90 22.30 26.75 

Sitting 

Buttock-

Knee Length 

57.23 3.54 50.50 57.10 62.80 

Sitting 

Buttock-

Popliteal 

Length 

46.39 4.13 37.35 46.60 51.55 

Shoulder 

Breadth 
41.48 4.26 34.95 40.00 48.30 

Hip Breadth 39.06 5.57 30.15 38.70 49.95 
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Table 5: Body dimensional differences analysis between males and females 

 

Dimension 

Absolute 

Difference in 

Means (in cm) 

T-value p-value 

Stature 15.50 -17.047 0.000 

Standing Eye Height 12.80 -14.501 0.000 

Standing Shoulder Height 11.08 -7.444 0.000 

Standing Elbow Height 10.68 -12.921 0.000 

Sitting Eye Height 3.89 -4.929 0.000 

Sitting Shoulder Height 2.66 -3.408 0.000 

Sitting Elbow Height 0.19 0.340 0.633 

Sitting Buttock-Knee Length 1.35 -1.554 0.062 

Sitting Buttock-Popliteal Length 0.23 -0.268 0.395 

Shoulder Breadth 2.72 -3.667 0.000 

Hip Breadth 1.03 1.0681 0.856 

 

 

  

  
 

Figure 3: Boxplots of measurement data for Malaysian males and females in 

standing position (in cm). 
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Figure 4: Boxplots of measurement data for Malaysian males and females in 

sitting position (in cm). 
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Furthermore, it is also of great interest for this study to compare these 

anthropometric body dimensions of Malaysian population (males and females) 

with published existing database. The findings from this comparison analysis 

can provide valuable insight on any underlying trends for changes in the body 

dimensions of the population with time. For this comparison analysis, existing 

anthropometric database for the Malaysian population that has been published 

in 2011 is selected as the reference measurements. The comparison summary 

is presented in Table 6.   

In general, it can be inferred from Table 6 that measurements of most 

body dimensions for the Malaysian population are increasing over time, in this 

case throughout almost 10 years since the referenced database is published in 

2011. For Malaysian males, all body dimensions have shown some increments 

in the average measurement value except for sitting buttock-knee length and 

sitting buttock-popliteal length. With increased average stature measurement, 

this could mean that the current Malaysian males have generally slightly longer 

lower leg length. In the meantime, for Malaysian females, the comparison only 

indicates two decreasing measurements from 2011 to the current ones, which 

are average stature height and standing elbow height. However, the differences 

are markedly small and less than 1 cm. On the other hand, observed increases 

in other body dimensions for Malaysian females are notably more than 1 cm. 

Overall, it can be taken that on average, current Malaysian population (males 

and females) seems to be getting slightly bigger in terms of most of their body 

dimensions and the most significant increase in their body dimensions is for 

the hip breadth. 

 

Table 6: Comparison of mean anthropometric measurements for Malaysians 

 

Body Dimension 

Males (in cm) Females (in cm) 

From 

[11] 

This 

Study 

From 

[11] 

This 

Study 

Stature 168.01 171.23 156.07 155.73 

Standing Eye Height 156.41 158.83 144.80 146.03 

Standing Shoulder Height 139.57 141.78 129.36 130.70 

Standing Elbow Height 106.02 108.15 98.28 97.47 

Sitting Eye Height 71.85 73.37 67.66 69.48 

Sitting Shoulder Height 55.74 57.15 52.32 54.49 

Sitting Elbow Height 19.20 21.99 19.30 22.18 

Sitting Buttock-Knee Length 60.49 58.58 54.48 57.23 

Sitting Buttock-Popliteal Length 49.05 46.62 45.70 46.39 

Shoulder Breadth 43.28 44.20 37.51 41.48 

Hip Breadth 31.35 38.03 31.75 39.06 
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Based on these findings, it can be expected that the body dimensions of 

the Malaysian population to grow further in future. This certainly will have an 

impact on flying comfort of Malaysian passengers and the designs of current 

aircraft cabin features may require some adjustments to be able to comfortably 

accommodate expected changes in their anthropometric body characteristics. 

 

 

Conclusion 
 

The anthropometric human body measurement is a key element in developing 

ergonomic design for products and systems. This is also applicable for aircraft 

cabin features, which must be ergonomically designed to appropriately match 

with the body characteristics of the passengers in order to provide an adequate 

level of flying comfort. Based on the collected measurement data of 100 people 

in this study, the anthropometric database for the Malaysian males and females 

has been established for few essential body dimensions in sitting and standing 

body positions. In addition, from the comparison analysis with the referenced 

anthropometric database of Malaysian population, it can be taken that the mean 

body characteristics of the Malaysian population appear to be getting bigger in 

average size. This realization is important to be included in the considerations 

while designing new cabin features for future Malaysian passengers.  

It should be noted that the anthropometry data collection for this 

research study is currently still ongoing to have more data to establish a better 

representative database for the Malaysian population. The current presented 

data in this paper is however believed to be adequate for the initial study to 

highlight the trends between males and females, and also the changes with 

time. In the next part of this study, relationships between the body 

anthropometry data and the aircraft cabin design features will be further 

explored to establish the requirements for ergonomic passenger cabin design. 

On the whole, it is concluded that the average body anthropometry 

dimensions of the Malaysian population are notably changing with time and 

there is a need to periodically update the database for use in the ergonomic 

design process of products including the aircraft cabin features. It can also be 

concluded that the measurement of body dimensions for males are averagely 

bigger than those for females.  
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