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Abstract. This paper proposes a method to identify opportunities for increasing the efficiency of raw material allocation deci-
sions for products that are simultaneously targeted at multiple user populations around the world. The values of 24 body meas-
ures at certain key percentiles were used to estimate the best-fitting anthropometric distributions for female and male adults in 
nine national populations, which were selected to represent the diverse target markets multinational companies must design 
for. These distributions were then used to synthesize body measure data for combined populations with a 1:1 female:male ra-
tio. An anthropometric range metric (ARM) was proposed for assessing the variation of these body measures across the popu-
lations. At any percentile, ARM values were calculated as the percentage difference between the highest and lowest anthropo-
metric values across the considered user populations. Based on their magnitudes, plots of ARM values computed between the 
1st and 99th percentiles for each body measure were grouped into low, medium, and high categories. This classification of body 
measures was proposed as a means of selecting the most suitable strategies for designing raw material-efficient products. The 
findings in this study and the contributions of subsequent work along these lines are expected to help achieve greater efficien-
cies in resource allocation in global product development. 
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1.  Introduction 

This paper presents a simple technique for effec-
tively comparing anthropometric data for multiple 
user populations of products that are marketed glo-
bally (e.g., automobiles, industrial workstations, 
commercial aircraft, apparel). The anthropometric 
range metric (ARM) is developed to this end. The 
metric makes for easy assessment of the variation of 
body measures across user populations, and is used to 
identify potential means of increasing raw material 
allocation efficiency in design decision-making. 

Rapidly increasing levels of globalization are re-
sulting in increasing numbers of product categories 
(e.g., vehicles, apparel, consumer electronics, indus-
trial workstations) that are simultaneously targeted at 
multiple countries [30]. As a result, the target user 
populations of these products differ in terms of dis-

tributions of anthropometry (body measures), among 
other characteristics. Body dimensions are a key de-
terminant of an individual’s “fit” in a design and the 
individual’s reach, strength, and other general capa-
bilities [16]. Relevant body measures influence users' 
preferred ways of physically interacting with prod-
ucts. When the user is able to interact with a product 
in ways that are comfortable and satisfying to the 
user and also safe for the user as well as other indi-
viduals in the usage area, the user is considered ac-
commodated by the design of the product. Know-
ledge about relevant anthropometry is therefore cru-
cial to achieving the desired accommodation level of 
the target user population of the product at hand. 

In global product development, in order to achieve 
the desired accommodation level of each target popu-
lation, designers are compelled to offer products in 
different sets of sizes and adjustability ranges in each 
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region of interest (e.g., East Asia, Europe, the United 
States, etc.). Methodologies to increase commonali-
ties across the different designs of globally marketed 
products could be helpful in increasing the efficiency 
of the development and manufacturing processes for 
certain products (e.g., industrial workstations, aircraft 
seating). This paper looks to identify opportunities 
for the development of such methodologies through a 
study of anthropometric information for multiple 
national populations. 

Numerous design approaches use human models 
in accommodation analyses of designs. The human 
models are sized to represent the variation of body 
measures within the target population. Boundary ma-
nikin approaches involve the use of human models, 
which are sized to represent the lower and upper per-
centiles (5th and 95th, for example) of the population 
[23]. A more robust alternative, which allows for 
better capturing of the anthropometric variability 
within the population, is to create a family of mani-
kins [3]; the product is considered to achieve the re-
quired accommodation level if every one of these 
manikins fits into the design.  

However, more accurate accommodation analyses 
may be conducted through the application of user 
behavior simulations yielded by quantitative virtual 
fitting methods. The statistical models used in these 
simulations are formulated based on data obtained 
through usage experiments involving the interaction 
of sample groups of users with prototypes of the 
product. User anthropometry plays an important role 
in these models, and is used to predict usage beha-
viors [6, 10]. The experiment-based models allow for 
the consideration of variability in user behavior due 
to differences in preferred ways of physically inte-
racting with products. Despite the differences in pro-
cedures, complexity, and accuracy across these me-
thodologies, all of them are based on the anthropo-
metry of the user population. 

Anthropometric databases can be good sources of 
information about the required body measures for the 
target population. However, comprehensive anthro-
pometric databases, which are compiled through sur-
veys of the different body measures for representa-
tive samples of an entire population, are few in num-
ber. Furthermore, due to the investments of time, 
labor, money, and other resources required, these 
databases are difficult to develop. ANSUR [12] and 
NHANES [20] are examples of existing databases 
that are representative of certain user populations (the 
U.S. military in 1988 and U.S. civilians, respective-
ly). In contrast, the CAESAR [4] population, which 
is composed of randomly selected North American 

and European participants, is not representative of an 
actual user population, but may be appropriately re-
weighted and transformed to a more representative 
database. 

There are many examples of representative and 
non-representative databases which are the result of 
surveys conducted around the world: Brazil's SER-
PRO survey [17], China's Human Dimensions of 
Chinese Adults [28], India's survey of agricultural 
workers [11], Japan's Human Engineering for Quality 
of Life [15], Germany's MikroZensus [26], and Eng-
land's Health Survey [27]. Software such as PeopleS-
ize [21] can provide designers with information about 
anthropometry at key percentiles for a number of 
countries and user populations. Each target popula-
tion is unique in terms of descriptors that may be 
demographic (e.g., age variation, gender split) or 
others (income and education level, nutrition level 
and healthcare, occupation and physical exertions, 
etc.). Since population anthropometry is influenced 
by these descriptors, every user population is likely 
to be characterized by unique distributions of body 
measures. This leads to varying design decisions 
across multiple target populations of products. In a 
global design context, greater awareness of anthro-
pometric similarities and differences across popula-
tions can allow designers to identify ways in which to 
apply existing ergonomic design principles and tech-
niques to improve resource efficiency. 
Different strategies may be applied to make products 
robust to the anthropometric variability within and 
across populations. These strategies include the prac-
tices of sizing and adjustability allocation, product 
family development, and reconfigurable design. A 
number of research efforts (e.g., [2, 22]) have ex-
amined the application of adjustability and sizing 
analyses in enabling a design to efficiently accom-
modate the desired percentage of the target popula-
tion. Studies have demonstrated the incorporation of 
adjustability in the design of products such as indus-
trial workstations [8, 14]. 

Designing reconfigurable products has been the 
focus of some recent research efforts. The develop-
ment of reconfigurable designs is based on metrics 
that assess the type and amount of flexibility required 
in the product [7, 9]. Using a suitable methodology, 
the product can even be designed to be modifiable, 
and thereby adaptable to changing user populations 
[13, 25]. 
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Figure 1: The three-step methodology implemented in this work. Summary statistical information about the anthropometry is gathered for 
the different populations in Step I. In Step II, optimal normal and log-normal distributions are fitted to the summary stats of length- and 

breadth/circumference- related body measures, respectively. Step III involves using the anthropometry range metric (ARM) to compare the 
variation of each body measure across the nine populations. 

 
Research in the area of designing product families 

and platforms makes for increased variety at reduced 
costs [24]. Customer preferences, market competition, 
and other relevant factors can be taken into account 
in formulating appropriate product platforming strat-
egies [19]. Tools such as the design structure matrix, 
value analysis, and the commonality versus diversity 
index can be used to examine existing product fami-
lies and identify ways to improve them [1]. Well-
designed product variants enable the designer to effi-
ciently satisfy a range of requirements in the market-
place. 

This work compares 24 body measures for nine 
national civilian target populations---Germany, Italy, 
Japan, Kenya, South Korea, the Netherlands, Thail-
and, the United States, and China---of a product that 
is marketed globally (e.g., automobiles, industrial 
workstations, commercial aircraft, apparel). These 
populations were chosen to represent the diversity in 
markets and user populations a multinational compa-
ny might choose to target. Easily available anthro-
pometric information for these populations usually 
consists of only the values of certain body measures 
at a few percentiles. Section 2 describes the metho-
dology implemented to first estimate the required 
anthropometric distributions for the chosen popula-
tions, and to then compare these distributions using 
the anthropometry range metric. Section 3 presents 

the results of this analysis, and discusses certain ob-
servations from the computed ARM values. Section 4 
summarizes the paper and presents the conclusions. 

2.  Methodology 

The basic three-step methodology is illustrated in 
Figure 1. As mentioned earlier, the only data availa-
ble for the chosen populations were the values of the 
body measures at certain key percentiles (Step I). In 
order to more thoroughly compare the anthropometry, 
normal or log-normal distributions were fitted to 
these summary statistics (Step II). The newly pro-
posed ARM measure was then used to thoroughly 
compare these distributions between the 1st and 99th 
percentiles for the nine user populations (Step III). 
This allowed for a better understanding of the varia-
bility of anthropometry across the populations. 

Summary statistics for the Chinese population 
were obtained from the State Bureau of Technical 
Supervision survey [28], and the statistics for the 
other 8 populations were from a report compiled by 
the International Organization for Standardization 
[18]. These statistics consist of separate sets of values 
of body measures at certain key percentiles for wom-
en and men in the population. 

As shown in Table 1, the anthropometry chosen 
for this study included 16 measures of length and 8 
measures of breadth/circumference. It should be 
noted that the information for some of the nine popu-
lations did not include these statistics for all 24 body 
measures. Furthermore, the age ranges of the sur-
veyed populations varied across the nine countries of 
interest. 

 
In Step II of the methodology, female and male 

summary statistics were first considered separately. 

Due to their correlation to stature, measures of length 
are known to be approximately normally distributed 
[5]. Similarly, measures of breadth/circumference, 
which are correlated to weight, tend to be log-normal 
in nature [5, 28]. Using this knowledge and the 
aforementioned percentile information, the mean and 
standard deviation were calculated for the best-fit 
normal or log-normal distribution for each body 
measure in every population. The distribution was 
fitted to minimize the sum of the absolute value of 
the errors between the actual and estimated anthro-

G. Nadadur and M.B. Parkinson / Designing for Multiple Global User Populations 2111



pometry at each of the key percentiles. This yielded 
the optimal mean and standard deviation for each 
distribution. The body measures estimated from the 
resulting distribution were found to be the close ap-
proximations of the actual information. 

 

The anthropometry range metric (ARM) was used 
in Step III of the methodology to assess the variation 
of body dimensions across the populations.  

At each percentile p between 1 and 99, ARM was 
calculated as the scaled difference

 
 
 
 

Table 1 

A matrix that lists the availabilities of the 24 body measures for the 9 national user populations. Also shown is the age range of the surveyed 
population that is the basis for the summary stats. 

 Populations 

 Germa-
ny Italy Japan Kenya South 

Korea 

The 
Nether-
lands 

Thailand U.S. China 

Age range (years) 18-65 18-65 20-65 18-73 18-60 18-65 30-39 18-65 18-55 
Anthropometry          
Lgth-related          
  Butt-Knee Lgth � x � � � � � � x 
  Butt-Pop Lgth � � � � � � � x � 
  Elbw-Wrist Lgth x � � � � x � x x 
  Eye Ht, Sit � x � � � � � � � 
  Eye Ht, Stand � x � � � � � x � 
  Foot Lgth � � � � � � � � � 
  Forward Reach � x � � � � � x x 
  Hand Lgth � � � � � � � � � 
  Head Lgth � � � � � � x � � 
  Knee Ht � � � � � � � � x 
  Popliteal Ht � � � � � � � x � 
  Shldr-Elbw Lgth � � � � � � x x x 
  Shldr Ht, Sit � � � � � � x � � 
  Shldr Ht, Stand � � � � � � � � � 
  Sit Ht � � � � � � � � � 
  Stature � � � � � � � � � 
Brth-/Circ-related          
  Biacromial Brth � � � � � � � � � 
  Bideloid Brth � � � � � � � � � 
  Chest Circ � � � � � � � � � 
  Foot Brth � � � � � � � � x 
  Head Brth � � � � � � � � � 
  Hip Brth, Sit � � � � � � � � � 
  Hip Brth, Stand � x � � � x � x � 
  Thigh Circ � x � � � x � x x 
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Figure 2: Plots of the anthropometry range metric (ARM) calculated for the 24 body measures and for the female users 
in the nine populations. 

 
 

between the maximum and minimum values of the 
anthropometry (Ap,max and Ap,min, respectively) across 
the populations: 

 
     ARM(p) = 100.(Ap,max – Ap,min)/ Ap,mean      (1) 
 

where Ap,mean is the mean of the values of that body 
measure at the pth percentile for the nine populations. 
The resulting ARM values were scaled percentages, 
and allowed for the application of some common 
analysis guidelines across all 24 body dimensions. 
Figures 2 and 3 show the ARM plots between the 1st 
and 99th percentiles for the female and male popula-
tions. 
   Next, for each national population, the female and 
male anthropometric distributions from Step II were 
randomly sampled to create a combined population 
of users with a 1:1 female:male ratio. This was done 
to facilitate more realistic anthropometric assess-
ments, since designs are very rarely intended for only 
users of a particular sex. Step III of the process was 
then once again applied, with Equation (1) used to 
calculate ARM values for the resulting data. Figure 4 
contains plots of these ARM values. 

3. Results and discussion 

The ARM plots in Figures 2, 3, and 4 allow for easy 
visual assessments of the anthropometry in the nine 
national populations. The figures are divided into 
high, medium, and low regions of ARM values. 
ARM plots in the low region signify smaller varia-
tions (less than 10%) in body measure values across 
the populations. Plots in the medium region indicate 
greater variations (between 10% and 20%), and those 
in the high region exhibit variations above 20%.  
   Figures 2 and 3 allow for comparisons of the anth-
ropometric variations in the female and male popula-
tions. Certain differences can be observed for the 
body measures. ARM values for sitting shoulder 
height are in the medium region for the male popula-
tion, and are mostly low for the female populations. 
Hand length values are low for females, but largely 
medium for males. The plots of bideltoid breadth and 
sitting height are in the medium region for males, and 
partly in the medium region and partly in the low 
region for females. Thigh circumference values are in 
the medium range for females, but are largely low for 
males. Biacromial breadth plots are partly high and
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Figure 3: Plots of the anthropometry range metric (ARM) calculated for the 24 body measures and for the male users  
in the nine populations. 

 
 
 
 

 
 

Figure 4: Plots of the anthropometry range metric (ARM) calculated for the 24 body measures and for the nine  
national populations with a 1:1 female:male ratio.
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partly medium for males, and span the high, medium, 
and low regions for females. 

The ARM plots in Figure 4, which are based on 
the nine combined populations, enable assessments 
of anthropometric variations across the entire popula-
tions. The ARM plots for head length, head breadth, 
and foot breadth are completely within the low re-
gion. The plots for standing eye height, foot length, 
standing shoulder height, stature, and thigh circumfe-
rence are almost entirely in the low region; they ex-
tend into the medium region at the upper tails of their 
distributions. These plots indicate relatively low vari-
ation in the values of the corresponding body meas-
ures across the nine populations. 

The ARM values for buttock-popliteal length, sit-
ting eye height, standing eye height, forward reach, 
knee height, and shoulder-elbow length are in the 
medium region. The plots of biacromial breadth, bi-
deltoid breadth, standing hip breadth, and popliteal 
height extend into the high and low regions at the 
tails of their distributions. Elbow-wrist length is 
mostly in the high region. 

The ARM plots of chest circumference, hand 
length, and sitting hip breadth are more evenly di-
vided into two different regions. Also, the plots of 
certain body measures are more erratic in nature. 
Sitting shoulder height and sitting height are in the 
medium region at the lower tails of their distributions, 
then move into the low region, and finally extend 
back up into the medium region. 

The proposed anthropometry range metric is found 
to be a simple and effective way to quantify and un-
derstand the anthropometric variability encountered 
across multiple user populations. This measure will 
be used extensively in future work into resource-
efficient global product developmental practices. 

3.1. Future work 

The observations made using the newly proposed 
ARM measure indicate the potential for the applica-
tion of different strategies in the development of 
products that are simultaneously marketed in mul-
tiple user populations around the globe. For instance, 
optimal sizing and adjustability allocation could be 
the means to designing components of the product 
that interact with the body measures that are in the 
low region of Figure 4. If the relevant body measures 
are in the medium region, then reconfigurability 
could allow for more efficient use of resources. 
Product platforming could be the most suitable strat-
egy for body measures in the high region. Future 

research will be aimed at exploring these design 
strategy implications of anthropometric variability. 

There are certain limitations to these analyses, 
which will also be the foci of future work. First, the 
division of Figures 2, 3, and 4 into the three ARM 
regions---below 10%, 10-20%, and above 20%---was 
arbitrary. Ongoing research on this project is aimed 
at proposing a more objective method for doing so. 
Second, the assumption of 1:1 female:male ratio may 
not be valid for the user population of every category 
of products or for users in every country. Third, and 
most importantly, the procedure used in synthesizing 
anthropometry for the nine national populations does 
not allow for more detailed, multivariate design ana-
lyses involving more than one body measure. Given 
the dearth of detailed databases of body measures for 
more populations and taking into account the availa-
bility of summary statistics for numerous populations, 
this was the simplest and most efficient way to esti-
mate the required data. Ongoing efforts are aimed at 
developing a method to use summary statistics to 
accurately synthesize anthropometric data for entire 
virtual populations that are statistically equivalent to 
the actual populations. 

4. Conclusion 

This research utilized summary statistical informa-
tion to estimate optimal distributions for 24 body 
measures in nine different national populations: 
Germany, Italy, Japan, Kenya, South Korea, the 
Netherlands, Thailand, the United States, and China. 
The anthropometry range metric (ARM) was applied 
on the resulting distributions, and was used to quanti-
fy the anthropometric variability between the 1st and 
99th percentiles for the 24 body measures across the 9 
populations. The ARM measure has been demon-
strated as being a useful tool in this context, and will 
be utilized in the development of a method for suita-
ble strategy selection based on the anthropometric 
variability encountered in different design scenarios. 
Future research along these lines is expected to yield 
decision-making tools for the more efficient devel-
opment of products intended for multiple global mar-
kets. 
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