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Abstract
Anthropometry is important in product or environment designs based on humanfactors. Specific anthropometric databases 
should be established for certain ofpopulations, especially for different genders, ages and races. In this study, 5772preschool 
children (from two to six years old) were recruited. An electromagneticmotion analysis system, measuring tape, an elec-
tronic scale and electronic caliperswere used to measure the basic data, structural and postural dimensions. Differencesin 
stature and weights were found in preliminary comparisons with children of the sameage in Japan and the United States. It 
is supposed that ethnic diversity leads to variedbody dimensions in children. This study established a large-scale and reli-
ableanthropometric database of preschoolers which provides a practical reference fordesigns aimed at Taiwanese children. 
Accordingly, it is anticipated that the safety andsuitability of products and environments made for Taiwanese children can 
advancewith regard to ergonomics.
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1 Introduction

Anthropometry plays a very important role in fields such 
as clothing design, industrial design, and architecture. It 
also can be regarded as the basis of ergonomics, which has 
become increasingly important because of its ability to pre-
vent injuries and increase comfort. Previous studies have 
found evidence for an association between pain or discom-
fort at work and an ergonomically deficient workplace or 
poorly structured job [1]. It has been indicated that neck 

and shoulder pain in computer workers might result from 
poor posture [2]. Not only adults but also children have been 
studied in this regard and it was found that ergonomic mis-
matches between the physical dimensions and classroom fur-
niture might be associated with musculoskeletal discomforts 
[3–9], while improper backpack carrying has been shown 
to lead to chronic musculoskeletal pain to schoolchildren 
[10]. It was also indicated that the design of school furni-
ture would influence schoolchildren’s learning behavior and 
health [6, 11]. Moreover, there is less muscle activity in the 
latissimus dorsi when children sit at an ergonomics work-
station than that at a traditional one [12].

Designs based on inaccurate physical dimensions are an 
important factor in the development of musculoskeletal dis-
orders, as they encourage poor posture over a long period of 
time. Improper product design and environmental planning 
are also associated with a greater incidence of injuries even 
may result in a fatal hazard. For example, in New Zealand 
four children under 5 years old die each year from injuries 
related to infant furniture [13]. In addition, it is suggested 
that all playground equipment should be designed specifi-
cally for the physical dimensions of preschool children [14]. 
Therefore, it is reasonable to suggest that anthropometry 
should be taken into account when designing products, such 
as hand tools or furniture. In particular for children, whose 
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bodies are growing and changing rapidly, appropriate appli-
cations of anthropometric data in product design should be 
undertaken to decrease the occurrence of musculoskeletal 
problems, such as back pain and scoliosis, due to long peri-
ods using unsuitable desks and chairs.

Since the 1940s, several developed countries have been 
working on the establishment of anthropometric databases of 
their military, workforce or citizens in general. Worldwide, 
there are at present more than 90 large scaled anthropometric 
databases, and most of them focus on Western populations. 
However, there are less than 10 in Asia, of which more than 
half are in Japan (IOSH, 1997). Asian countries account for 
more than 60% of the world population, but have relatively 
fewer anthropometric databases. Besids, differences in nutri-
tion and life style, as well as hereditary and ethnic factors, 
lead to difference in body sizes and dimensions [15–18]. 
In Asia, even among ethnic groups which are historically 
closely associated, such as the Taiwanese, Japanese, Kore-
ans and mainland Chinese, differences in body shape and 
bodily proportions have been found [19]. In additions, not 
only different ethnicity, but also nutrition, living style and 
environment are very likely to contribute to differences in 
body size and dimensions [20]. Local anthropometry data-
base should be established as reference and basis for safe 
environmental, industrial designs or related research for dif-
ferent ethnic groups.

However, most of these databases were built only for 
adults with the aim of increasing industrial safety, and much 
less attention has been paid to adolescents and children. It 
is likewise in Taiwan, several anthropometric databases of 
adults have been established with the support of the Insti-
tute of Occupational Safety and Health and Nation Science 
Council, but there is no anthropometric database for young 
children. This may be due to the difficulties of assessing 
those miscellaneous anthropometric data from the younger 
children, there are few studies published on anthropometrics 
and ergonomics issues of the children aged from two to six. 
Although most of the research conducted was ergonomically 
designed furniture for adults, the appropriateness and safety 
of the products and environments for children have gained 
more and more attention in recent years. According to the 
report of Child Growth Standards and Growth Reference 
5–19 Years from the website of World Health Organization, 
it shows a period of rapid growth and development from 
birth, and growth rate slows down until adolescence, indicat-
ing that the body dimensions vary significantly from birth to 
adolescence. However, most of the anthropometric studies 
were conducted on the children older than 6 years except 
preschool-aged ones. As to the population under 18, there 
are few reliable and official anthropometric databases of 
adolescents [21], and no anthropometric data for preschool 
children. Safety and suitability are the main concerns for 
products and environment designs for children, such designs 

depend on the accurate measurements of physical dimen-
sions, highlighting the importance of quality anthropometric 
data [14]. In Taiwan, product designs are generally based on 
anthropometric data obtained from Western children, but 
previous studies have found that ethnicity plays an important 
role in body size [15–18]. Even in the neighboring regions, 
such as Taiwan and Japan, significant differences in human 
anthropometry still exist [19].

For these reasons, the main aim of this study is to estab-
lish a local anthropometric database of 2 to 6-year-old chil-
dren residing in Taiwan, so as to provide an anthropometric 
reference for Taiwanese children’s body size and dimensions 
that can then be used in the designs of clothing, industrial 
products, toys, and the planning of the environment for the 
children in Taiwan. In additions, ethnical difference was 
investigated by comparing the basic anthropometric data 
of Taiwanese preschool children to that obtained in other 
countries.

2  Methods

2.1  Participants

In order to reduce the effects arising from differences 
between the city and country, the participants were recruited 
from kindergartens in southern, central and northern Taiwan, 
in a ratio based on the population distribution (northern: 
45%, central: 26%, and southern: 26%). With the permis-
sion of their parents or guardians, 5772 children (3041 
boys and 2731 girls), aged from two to six1, participated 
in the study. Children were excluded if they had significant 
physical deficiencies or diagnoses of neuromuscular disease, 
such as cerebral palsy and Down syndrome. The present 
study was approved by the Institutional Review Board of 
National Cheng Kung University Hospital (Tainan, Taiwan). 
Furthermore, the recruitment of these subjects was carried 
out with the support and assistance of Ministry of Education 
in Taiwan.

2.2  Apparatus

In order to ensure the unity of testing postures among chil-
dren, an adjustable frame (Fig. 1) was manufactured. The 
stature of each participant was measured with a measuring 
tape fixed to the back board, while their weight was meas-
ured with an electronic scale. A flexible measuring tape 
was used to measure the circumferences, such as those of 
the head, thigh and calf. An electronic caliper was used to 

1 Definition of age: age 2 means 2 year 0 month to 2 year 11 month, 
age 3 means 3 year 0 month to 3 year 11 month, and so on.
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measure the widths, such as hip width. In addition, an elec-
tromagnetic motion analysis system (3SPACE FASTRAK, 
Fig. 1) was used to locate the physical landmarks in three 
different positions (standing, sitting and squatting) on the 
standing board to account for body structure dimensions as 
well as postural dimensions. To ensure safety and stability 
throughout the measurement process, a mounted and adjust-
able frame with a safety belt (Fig. 1) was designed and used 
to stabilize the participants in different postures.

2.3  Experimental Process

Firstly, the personal details of each participant, such as the 
birth date, were given by the parents or kindergarten teach-
ers. Dominant hands were determined according to their 
hand preferences in writing, drawing, throwing ball, using 
spoon or scissors depending on their ages. Dominant legs 
were determined according to their leg preferences in kick-
ing balls or jumping on one leg. After the measurement of 
stature and weight, the participant was instructed to stand 
erectly on the adjustable frame with appropriate stability. 
The participant was asked to lean his/her rear head, back, 
buttock, arms and heels on the back board and to remain 
still in anatomy position. The stylus of the electromagnetic 
motion analysis system was used to locate the landmarks on 
the surface of the skin referring to modified Helen Hayes 
marker set reference and definitions of anthropometric meas-
urements [22]. In addition, the positions of the ground, the 
seat surface and the back board were recorded as the refer-
ence points for calculation of postural dimensions.

In the measurements of this study, anthropometric values 
of dominant segments were measured on the supposition of 

bilateral symmetry. First, when participants were standing 
in the anatomical position, the landmarks recorded were the 
forehead, rear head, lobule, bilateral acromions, bilateral 
axillae, xiphoid process, lateral epicondyle of humerus, 
styloid process of radius, tip of middle finger, superior bor-
der of patella, and lateral malleolus dominant sides. Sub-
sequently, the participant was asked to extend one of his/
her wrist of dominant hand until palm was parallel to the 
ground. In which hand position, the palm center was located 
to measure the height of the palm center from the ground. 
Additionally, with the hand fisted, the participant was asked 
to raise one of his/her arms with extended elbow as high as 
possible, besides, to flex both elbows to 90° with upper arms 
at the side of the trunk. In these two positions, the center of 
the fist and bilateral olecranon processes were located. All 
the required positions and available dimensions in standing 
were illustrated in Fig. 2.

Following the standing position, the participant was 
instructed to sit erectly on the seat board with the hip and 
knee flexed at 90° and to lean his/her back on the back board. 
The positions of acromion, olecranon process with flexed 
elbow at 90°, buttock, superior border of patella, anterior tip 
of knee, popliteal fossa were recorded. Moreover, the center 
of the fist was also located when the participant raised his/
her arm with extended elbow. The required positions and 
available dimensions in sitting were illustrated in Fig. 3.

Several physical dimensions of the hand were meas-
ured with the hand being well supported in sitting position. 
Firstly, the participant’s hand was kept in neutral position 
with adducted fingers, in which pose heads of the 1st, the 
2nd, and the 5th metacarpals were located. On the volar side, 
tip and base of middle finger, as well as midpoint of rascette 

Fig. 1  Apparatus in the study
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(wrist wrinkle) were located. In fisting pose, base and head 
of the 3rd proximal phalanx were located. Additionally, the 
participant was asked to make a circle-shape by opposing 
thumb tip to index tip and middle finger tip respectively, in 
which two poses contact points and metacarpal-phalangeal 
joints of index and middle finger were located to calculate 
the diameter of the circle. The illustrations of measuring 
dimensions were shown in Fig. 4.

The participant was then asked to change his/her posture 
to squatting positions, in which feet placements and squat-
ting patterns could be self-selective for appropriate stability 
because immature squatting balance control is common in 
young children. In squatting position, the top of head, the 

most anterior, posterior and bilateral points of body were 
located, so that three postural dimensions could be measured 
as the Fig. 5 shows.

Following the location of physical landmarks with the 
electromagnetic motion analysis system, the breadths and 
circumferences of the body segments were measured with 
the caliper and flexible measuring tape, respectively. Addi-
tionally, the structural dimensions of head and foot (Figs. 6 
and 7) were also obtained by the above-mentioned meas-
uring process. The definitions of all the dimensions are 
described in detail in Online Appendix 1. All the measure-
ments were executed by 2 well-trained examiners who are 
familiar with the anatomical structures of human body.

Fig. 2  Positions and available 
dimensions in standing

Fig. 3  Positions and available 
dimensions in sitting



556 I. Cheng et al.

1 3

2.4  Anthropometry

The anthropometric parameters in the present study were 
divided into three categories: (1) basic data: stature, weight 
and Body Mass Index (BMI); (2) structural dimensions: the 
segmental dimensions of head-neck, trunk, upper extremity, 
hand, lower extremity and foot; (3) postural dimensions: the 
relative spacial dimensions when standing, sitting and squat-
ting (see Online Appendix for more details).

2.5  Data Analysis

In the preliminary process, intraclass correlation coefficient 
(ICC) was used to test reliability in repeated measurements 
by the same examiner (intra-rater) and between measure-
ments carried out by two examiners (inter-rater) in the data 
obtained from flexible measuring tape, electronic caliper 
and 3SPACE FASTRAK. Besides, t test was also used to 
examine if there is any significant differences between two 
groups of children living in city and country.

Descriptive statistics were used to examine the data, and 
the means, standard deviations (SD) and the percentiles of 
the 5th, 50th and 95th were obtained for the boys and girls 
at different ages. The basic anthropometric data, such as 
stature and weight of children in the United States (Centers 
for Disease Control and Prevention) and Japan (Ministry of 
Health, Labour and Welfare) were then compared with the 
corresponding anthropometric data of Taiwanese children 
gathered in this study.

Fig. 4  Positions and available 
dimensions of hand

Fig. 5  Positions and available dimensions in squatting

Fig. 6  Structural dimensions of head

Fig. 7  Structural dimensions of foot
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3  Results

The results of ICC display a value of 0.998 in repeated meas-
urements by the same examiner in different times as well as 
a value of 0.998 between measurements by different exam-
iners. It demonstrated both high intra-rater reliability and 
high inter-rater reliability. In the preliminary data analysis 
of first 1593 participants, the result shows no significant dif-
ference with p values more than 0.05 in all anthropometric 
and dimensional values between children living in city and 
in country. Therefore, the data of children living in city and 
country are pooled together for analysis.

Descriptive statistics of the means, standard deviations (SD) 
and the 5th, 50th and 95th percentiles of each group were cal-
culated, results were then further separated into those for boys 
and girls at different ages. The basic anthropometric values are 
shown in Table 1, including stature, weight and BMI. Figure 8 
illustrates the stature and weight values among children in Tai-
wan, Japan (Ministry of Health, Labour and Welfare, Japan) 
and the United States (Centers for Disease Control and Preven-
tion, USA). Although further statistical comparisons could not 
be conducted due to deficiency of raw data of children of Japan 
and the United States from previous studies, it was still able 
to tell some tendencies from comparisons of mean values of 
stature and weight of children in different countries. It reveals 

that Taiwanese children are generally taller than Japanese ones 
from 2 to 6 years old. Moreover, Taiwanese children under 
5 years old are usually taller than those in the United States. 
However, after the age of five, children in the United States 
become taller than Taiwanese ones. Similar results were found 
for body weight, children in Taiwan weigh more than those in 
Japan. As for Taiwan and the United States, children aged over 
five in the latter weigh more than those in the former, consist-
ent with the stature results.

Tables 2, 3, and 4 show the structural dimensions of head-
and-trunk, upper extremities and lower extremities, includ-
ing lengths, breadths and circumferences. Table 5 shows the 
results of the postural dimensions in the standing, sitting, and 
squatting positions. Generally, the results for all the physical 
dimensions show stable growth from ages two to six. In addi-
tion, the results show that boys have slightly greater anthro-
pometric values than girls in most of the physical dimensions, 
although these differences are not statistically significant.

4  Discussion

The results of the preliminary comparison of the stature and 
weights of children in Taiwan, Japan and the US indicates 
differences in the anthropometric dimensions of children 

Table 1  The basic anthropometric data of children in Taiwan (N is for sample size)

Age 2-Year-old 3-Year-old 4-Year-old

Mean SD Percentile Mean SD Percentile Mean SD Percentile

5th 50th 95th 5th 50th 95th 5th 50th 95th

Boys (N = 82) (N = 426) (N = 872)
 Stature (cm) 94.81 4.19 88.02 95.05 101.09 101.55 4.48 94.10 101.70 109.08 107.41 4.73 99.66 107.40 115.00
 Weight (kg) 14.80 2.38 11.62 14.70 19.54 16.88 2.31 13.40 16.70 20.90 18.96 3.37 15.13 18.30 25.57
 BMI (kg/m2) 16.45 1.73 14.14 16.24 19.41 16.33 1.57 14.13 16.24 18.92 16.37 1.98 14.16 15.96 20.29

Girls (N = 68) (N = 336) (N = 793)
 Stature (cm) 92.08 3.48 85.35 91.80 97.47 100.12 4.55 92.90 100.00 107.23 106.42 4.75 98.74 106.50 114.14
 Weight (kg) 13.65 1.45 11.70 13.35 15.93 16.14 2.24 13.10 15.80 20.10 18.27 2.77 14.43 18.00 23.47
 BMI (kg/m2) 16.09 1.37 14.28 15.97 18.05 16.06 1.55 13.74 15.93 18.97 16.08 1.74 13.73 15.80 19.23

Age 5-Year-old 6-Year-old

Mean SD Percentile Mean SD Percentile

5th 50th 95th 5th 50th 95th

Boys (N = 1103) (N = 558)
 Stature (cm) 114.11 5.17 105.80 114.00 123.00 118.38 4.90 110.49 118.50 126.00
 Weight (kg) 21.66 4.16 16.78 20.70 30.20 23.37 4.42 17.60 22.60 32.72
 BMI (kg/m2) 16.54 2.26 13.80 16.11 20.92 16.60 2.44 13.82 16.07 21.43

Girls (N = 1022) (N = 512)
 Stature (cm) 112.83 4.98 104.41 112.95 120.70 117.38 5.15 109.10 117.00 125.24
 Weight (kg) 20.56 3.46 16.08 20.00 26.90 22.44 4.02 17.40 21.60 30.71
 BMI (kg/m2) 16.09 1.96 13.61 15.73 20.00 16.20 2.05 13.68 15.73 20.49
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with different ethnicities. That is consistent with the state-
ment of previous study in ethnic differences in adolescence 
[18] and adults. The differences found in this study could 
be examined in relation to other issues associated with the 
pediatric development of different races. It is also necessary 
to establish an anthropometric database for the specific eth-
nic population of each individual country, so that the living 
quality of its citizens can advance with more suitable and 
safer products and environmental design.

A spot survey in Taiwan found seat heights of 24–27 cm 
and toilet heights of 28–31 cm were common in kindergar-
tens, with a single size generally used for all the children 
of different ages using the facilities. However, a single size 
is very inappropriate for all preschool children, because 
the body grows very rapidly from two to six. Comparing 
the values for popliteal height obtained in this study, it can 
be supposed that the current chairs and toilets used in the 
kindergartens in Taiwan are suitable only for the children 
older than four (with a popliteal height of 25–27 cm). The 
oversized chairs and toilets now used are thus a potential 
hazard for the younger preschoolers, and it is recommended 
that there should be chairs and toilets with different sizes in 

kindergartens, since desks and chairs of different sizes are 
commonly available for children in elementary schools in 
Taiwan.

Playgrounds can be dangerous places where injuries often 
occur, particularly when the environment is not so well-
designed. Falls are most common accidents [23], and these 
usually result from the improper height of equipment or 
improper diameter of the hand supports provided [24]. The 
inside grip diameters found in this study could be used as 
a reference when designing the handrail diameters of play-
ground equipment. As to protective equipment, the interval 
between two longitudinal bars of a stockade, for example, 
should not be less than the head breadth of a child, which 
is suggested not wider than 14 cm for preschool children 
in Taiwan. Younger children are more likely to be injured 
when playing in a playground [25], because they fail to 
judge distances very well, and also lack good motor control 
and adequate muscle strength. Impacts are also a common 
cause of injuries in playgrounds, and these occur more eas-
ily when the space allowed for movement is insufficient. For 
example, heads or elbows may hit the walls when moving 
through a narrow tunnel. Since playing is very important for 

Fig. 8  Stature and weight values among children in Taiwan, Japan and USA
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Table 2  Head-and-trunk: the structural dimensions of children in Taiwan (N is for sample size; unit: cm)

Age 2-Year-old 3-Year-old 4-Year-old

Mean SD Percentile Mean SD Percentile Mean SD Percentile

5th 50th 95th 5th 50th 95th 5th 50th 95th

Boys (N = 82) (N = 426) (N = 872)
 Sagittal arc 28.91 1.62 26.34 29.00 31.50 29.06 1.65 26.50 29.00 32.00 29.22 1.75 26.61 29.00 32.50
 Head circumference 49.36 1.33 47.31 49.50 51.29 50.10 1.46 47.73 50.00 52.58 50.73 1.35 48.50 50.70 53.00
 Head length 15.88 0.78 14.56 15.91 17.04 16.29 0.99 14.86 16.20 18.02 16.54 1.20 14.96 16.41 18.89
 Head breadth 14.39 0.64 13.33 14.47 15.22 14.49 0.67 13.37 14.49 15.53 14.72 0.71 13.51 14.72 15.83
 Interpupillary breadth 4.18 0.58 3.34 4.08 5.37 4.39 0.58 3.62 4.31 5.51 4.57 0.53 3.78 4.52 5.52
 Face breadth 9.71 1.04 7.80 9.94 11.08 9.66 1.05 7.93 9.61 11.39 9.50 1.02 7.82 9.46 11.16
 Neck breadth 8.32 0.74 7.30 8.28 9.70 8.46 0.75 7.30 8.46 9.77 8.57 0.87 7.26 8.51 10.08
 Chest circumference 51.00 3.39 46.51 50.85 56.20 53.37 3.05 49.00 53.00 58.80 55.07 3.54 50.50 54.50 61.67
 Bust depth 14.66 1.22 12.78 14.58 16.86 13.51 1.08 11.93 13.43 15.22 14.18 1.20 12.51 14.09 16.30
 Biacromial breadth 21.12 1.31 18.93 21.06 23.33 22.45 1.33 20.33 22.45 24.64 23.46 1.49 21.15 23.51 25.92
 Interscye 17.06 1.65 14.82 16.80 19.71 18.37 1.88 15.77 18.12 22.11 19.65 2.07 16.58 19.43 23.32

Girls (N = 68) (N = 336) (N = 793)
 Sagittal arc 28.09 1.74 25.70 28.00 31.21 28.57 1.66 26.00 28.50 31.35 28.68 1.85 26.00 28.50 32.15
 Head circumference 48.60 1.24 46.80 48.70 50.33 49.12 1.35 47.00 49.00 51.30 49.82 1.46 47.50 49.80 52.20
 Head length 15.78 0.84 14.35 15.92 17.03 16.02 1.06 14.61 15.88 17.97 16.47 1.30 14.65 16.32 18.98
 Head breadth 14.02 0.55 13.07 14.06 14.94 14.17 0.62 13.22 14.17 15.12 14.36 0.63 13.31 14.36 15.34
 Interpupillary breadth 3.98 0.51 3.42 3.86 4.94 4.24 0.56 3.48 4.16 5.30 4.46 0.55 3.64 4.40 5.43
 Face breadth 9.45 1.00 7.62 9.42 11.08 9.46 1.04 7.75 9.46 11.10 9.29 1.05 7.44 9.30 10.97
 Neck breadth 8.12 0.82 6.81 8.10 9.47 8.34 0.81 6.97 8.41 9.59 8.36 0.86 7.00 8.33 9.77
 Chest circumference 49.77 3.17 45.81 49.00 56.46 51.85 2.85 47.88 51.50 57.03 54.11 3.52 49.10 53.60 60.14
 Bust depth 12.62 1.26 11.29 12.48 14.55 13.17 1.03 11.69 13.05 15.04 13.76 1.15 12.14 13.62 15.75
 Biacromial breadth 20.93 1.07 19.28 20.83 22.83 22.07 1.23 20.06 22.01 24.27 23.18 1.49 20.62 23.20 25.60
 Interscye 16.98 1.40 15.39 16.72 19.68 18.37 1.88 15.71 18.16 21.80 19.45 2.15 16.28 19.26 23.30

Age 5-Year-old 6-Year-old

Mean SD Percentile Mean SD Percentile

5th 50th 95th 5th 50th 95th

Boys (N = 1103) (N = 558)
 Sagittal arc 29.50 1.75 27.00 29.40 32.80 29.55 1.63 27.00 29.50 32.50
 Head circumference 51.20 1.41 49.00 51.10 53.60 51.51 1.45 49.00 51.50 53.80
 Head length 16.59 1.21 15.04 16.41 18.94 16.80 1.31 15.07 16.57 19.38
 Head breadth 14.91 0.62 13.89 14.92 15.93 15.06 0.64 14.01 15.08 16.07
 Interpupillary breadth 4.69 0.55 3.87 4.65 5.63 4.69 0.56 3.77 4.69 5.55
 Face breadth 9.72 0.97 8.14 9.71 11.31 10.03 0.96 8.50 10.04 11.72
 Neck breadth 8.88 0.87 7.52 8.84 10.39 9.04 0.87 7.73 8.92 10.70
 Chest circumference 57.47 4.43 51.70 56.70 65.31 58.84 4.51 53.00 58.00 68.00
 Bust depth 14.64 1.29 12.76 14.53 17.02 15.01 1.28 13.13 14.92 17.28
 Biacromial breadth 24.75 1.60 22.19 24.77 27.40 25.51 1.61 22.86 25.48 28.30
 Interscye 20.51 2.31 17.11 20.28 24.78 21.02 2.47 17.50 20.64 25.55

Girls (N = 1022) (N = 512)
 Sagittal arc 28.87 1.79 26.20 28.70 32.00 29.00 1.58 26.50 29.00 32.00
 Head circumference 50.31 1.44 48.10 50.30 52.60 50.66 1.49 48.50 50.60 53.15
 Head length 16.79 1.53 14.81 16.51 19.77 16.87 1.51 14.98 16.48 19.83
 Head breadth 14.58 0.61 13.54 14.58 15.61 14.72 0.59 13.77 14.71 15.70
 Interpupillary breadth 4.59 0.54 3.78 4.54 5.53 4.61 0.52 3.78 4.60 5.49
 Face breadth 9.53 1.00 7.89 9.54 11.07 9.93 0.93 8.47 9.97 11.35
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the development of children in motor control learning, safe 
environments to play within should be provided for children 
in order to minimize the risk of injury.

The anthropometric values obtained in this study can pro-
vide a reliable reference for Taiwanese preschool children, 
so that the products or environment designed for them can 
be made in more appropriate sizes. With regard to the appli-
cation of anthropometric values, primarily, the dimensions 
of products should be selected based on the anthropometric 
values and the functional properties of the products. The 
appropriate values also depend on the designer’s expecta-
tions and the users’ properties. The means of the anthropo-
metric values are not always suitable for use, and designers 
should consider both the maximum and minimum values so 
that products can be more suitable for more users. The 5th 
and the 95th percentiles are generally used as a reference 
range when designing for the majority population on the 
basis of the principle of designing for an adjustable range 
[26, 27]. For this reason, not only the means but also the 5th 
and the 95th percentiles of each dimension measurement are 
given in this work to provide a more useful anthropometric 
database for preschool children in Taiwan. Although the 
anthropometric database established in this study is based 
on Taiwanese preschool children, this reliable and large-
scale anthropometric database can also be used as a valuable 
reference for other ethnically Chinese children of the same 
age living in Asia. The principles for the application of this 
anthropometric data are the same in the design and manufac-
turing of equipment for children, and it is anticipated that the 
data gathered in this work will help to focus attention on the 
issue of preschool children’s ergonomics in Asia.

The techniques of body measuring are advancing con-
tinuously. In this study, an electromagnetic motion analy-
sis system, flexible measuring tapes and electronic calipers 
were used for body dimension measuring. Although 3D body 
scanners are regarded as the most precise and rapid measur-
ing tools, vast majority of individuals in the related research 
or industrial application are adults or older than 16 years old 
[28–31]. 3D body scanner are commonly used to measure 
local dimensions of heads, hands or feet, as well as circumfer-
ence of segments because they are simple and quick [32, 33].

However, the measuring time is 10 s or longer for whole 
body scanning and any event of body movements are not 
allowed. Moreover, subjects must be scanned in a specific 
space by themselves. It is a great challenge for a preschool 
child to stay still in a certain pose all alone even for sev-
eral seconds. In a few studies about 3D body measuring for 
children, all the participants are older than 3 years who are 
developmental maturity sufficient to stand still for whole 
body scanning [34–37]. Age limitation and applicability 
of measuring tools should be carefully selected in body 
dimension measuring of young children. Admittedly, meas-
uring of young children (2–3 years old) is a great challenge 
because of the instability. The measuring tools of this study 
are assembled and portable so that measurements could be 
carried out in the kindergartens around Taiwan for the pre-
school children. The examiners are with the subjects face to 
face all through the process of measuring to ease anxiety or 
fear of young children so that they would follow the instruc-
tions in their familiar place and with the examiners by their 
sides. Sometime, if children are too young to understand 
the oral instruction, body language or assistance from the 
teachers of their kindergartens are necessary.

When it comes to practical applications of human anthro-
pometry in design work, the database produced in this study 
seems to be rather insufficient, particularly for equipment 
that is related to dynamic movements, such as that used 
for climbing. The database established in this study only 
involves static human anthropometry, and is not completely 
appropriate to be applied in dynamic-related products. A 
larger and more comprehensive anthropometric database 
including dynamic human anthropometry of Taiwanese 
preschool children should be developed and integrated in 
the future.

5  Conclusion

Anthropometric data from Western children has been 
applied to a Taiwanese context for a long time, despite the 
known ethnic differences in body size. However, due to 
regional and ethnic variances, it would be worthy to have 

Table 2  (continued)

Age 5-Year-old 6-Year-old

Mean SD Percentile Mean SD Percentile

5th 50th 95th 5th 50th 95th

 Neck breadth 8.61 0.89 7.28 8.53 10.19 8.87 0.90 7.57 8.75 10.43
 Chest circumference 55.96 3.97 50.70 55.50 63.30 57.29 4.14 51.50 56.60 65.05
 Bust depth 14.24 1.22 12.49 14.14 16.47 14.66 1.22 12.78 14.58 16.86
 Biacromial breadth 24.31 1.49 21.86 24.32 26.65 25.15 1.50 22.92 25.08 27.66
 Interscye 20.36 2.24 16.97 20.12 24.35 20.67 2.16 17.42 20.46 24.38
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Table 4  Lower extremity: the structural dimensions of children in Taiwan (N is for sample size; unit: cm)

Age 2-Year-old 3-Year-old 4-Year-old

Mean SD Percentile Mean SD Percentile Mean SD Percentile

5th 50th 95th 5th 50th 95th 5th 50th 95th

Boys (N = 82) (N = 426) (N = 872)
 Thigh circumference 29.25 3.61 24.20 28.60 35.29 31.16 3.20 26.50 30.75 36.88 32.56 4.04 27.30 32.00 40.20
 Calf circumference 20.77 1.78 18.12 20.50 23.80 21.78 1.62 19.31 21.70 24.80 22.53 2.01 19.95 22.30 26.00
 Hip breadth, standing 18.66 1.35 17.10 18.29 21.43 19.41 1.29 17.39 19.33 21.65 20.29 1.57 18.12 20.11 23.10
 Hip breadth, sitting 20.56 1.82 17.93 20.26 23.58 21.32 1.83 18.63 21.16 24.72 22.22 1.98 19.46 21.91 25.77
 Thigh-thigh breadth, sitting 22.77 2.09 20.02 22.30 26.91 23.59 2.41 19.76 23.61 27.69 23.81 2.66 19.93 23.57 28.72
 Knee–knee breadth, sitting 22.61 2.92 17.58 22.78 26.92 23.69 3.50 18.16 23.82 29.25 23.73 3.78 18.26 23.49 30.31
 Buttock-knee length, sitting 28.34 1.63 25.75 28.27 31.15 30.96 1.80 28.09 30.88 34.16 33.23 2.14 30.13 33.05 36.86
 Ankle breadth 4.72 0.32 4.18 4.70 5.25 4.97 0.34 4.40 4.98 5.50 5.12 0.37 4.56 5.11 5.70
 Heel breadth 3.47 0.41 2.86 3.41 4.27 3.61 0.45 2.92 3.59 4.43 3.82 0.50 3.09 3.79 4.64
 Foot breadth 6.06 0.37 5.51 6.07 6.59 6.38 0.46 5.62 6.39 7.13 6.57 0.50 5.83 6.54 7.39
 Foot length 14.54 1.10 12.89 14.58 16.18 15.44 0.89 13.97 15.40 16.87 16.35 1.02 14.73 16.37 18.09

Girls (N = 68) (N = 336) (N = 793)
 Thigh circumference 29.26 2.91 25.17 29.00 34.70 30.43 3.00 26.00 30.20 35.53 32.25 3.61 27.26 31.90 38.50
 Calf circumference 20.37 1.26 18.51 20.35 22.50 21.62 1.57 19.40 21.50 24.20 22.46 1.72 19.90 22.30 25.50
 Hip breadth, standing 18.35 1.24 16.53 18.29 20.46 19.19 1.31 17.22 19.16 21.27 20.30 1.49 18.06 20.23 22.73
 Hip breadth, sitting 20.28 1.40 18.41 20.06 22.93 21.06 1.72 18.54 20.93 24.04 21.99 1.82 19.32 21.87 25.28
 Thigh-thigh breadth, sitting 22.43 2.41 18.45 22.36 26.09 22.30 2.60 18.46 21.94 26.75 22.63 2.66 18.43 22.31 27.42
 Knee–knee breadth, sitting 22.62 2.58 18.17 22.60 26.70 21.59 3.51 16.01 21.45 27.88 21.48 3.82 15.85 21.01 28.52
 Buttock-knee length, sitting 28.02 1.30 26.02 27.96 29.85 31.01 1.87 28.08 30.95 34.30 33.40 2.10 30.26 33.27 37.14
 Ankle breadth 4.55 0.32 4.04 4.55 4.97 4.74 0.33 4.21 4.75 5.29 4.98 0.36 4.40 4.98 5.54
 Heel breadth 3.35 0.39 2.82 3.30 3.93 3.53 0.44 2.89 3.46 4.33 3.76 0.46 3.10 3.72 4.58
 Foot breadth 5.87 0.37 5.36 5.79 6.51 6.18 0.48 5.50 6.17 6.94 6.42 0.49 5.64 6.41 7.24
 Foot length 13.93 0.68 12.99 13.87 15.24 15.18 0.95 13.71 15.16 16.87 16.12 1.00 14.38 16.18 17.72

Age 5-Year-old 6-Year-old

Mean SD Percentile Mean SD Percentile

5th 50th 95th 5th 50th 95th

Boys (N = 1103) (N = 558)
 Thigh circumference 34.35 4.72 28.40 33.50 43.31 35.03 4.24 29.60 34.20 43.22
 Calf circumference 23.54 2.24 20.50 23.20 27.70 24.28 2.28 21.00 24.00 28.90
 Hip breadth, standing 21.45 1.82 19.08 21.18 24.76 22.13 1.87 19.63 21.85 25.76
 Hip breadth, sitting 23.35 2.23 20.42 23.00 27.73 24.15 2.32 20.99 23.84 28.53
 Thigh-thigh breadth, sitting 24.74 3.14 19.75 24.63 29.95 25.44 3.32 20.19 25.24 30.93
 Knee–knee breadth, sitting 24.59 4.32 17.47 24.47 31.64 25.19 4.46 18.20 25.08 31.96
 Buttock-knee length, sitting 35.96 2.40 32.28 35.90 40.02 37.80 2.35 34.12 37.76 41.71
 Ankle breadth 5.39 0.39 4.78 5.39 6.04 5.54 0.41 4.88 5.54 6.22
 Heel breadth 4.01 0.54 3.21 3.99 4.93 4.08 0.54 3.27 4.05 4.95
 Foot breadth 6.94 0.52 6.12 6.92 7.85 7.11 0.53 6.22 7.11 7.96
 Foot length 17.34 1.14 15.49 17.37 19.14 17.89 1.06 16.28 17.85 19.67

Girls (N = 1022) (N = 512)
 Thigh circumference 33.79 4.06 28.19 33.00 40.81 34.76 4.20 28.86 34.30 42.68
 Calf circumference 23.37 1.99 20.40 23.20 26.80 24.05 2.12 21.05 23.90 28.10
 Hip breadth, standing 21.22 1.60 18.93 21.10 24.01 22.00 1.72 19.57 21.85 25.17
 Hip breadth, sitting 22.85 1.96 19.92 22.74 26.17 23.66 2.04 20.80 23.42 27.45
 Thigh-thigh breadth, sitting 23.03 2.80 18.76 22.83 27.91 23.11 2.83 18.83 22.97 28.02
 Knee–knee breadth, sitting 21.52 4.00 15.36 21.16 28.68 21.14 3.92 15.13 20.92 28.08
 Buttock-knee length, sitting 35.86 2.36 32.18 35.89 39.78 37.92 2.31 34.21 37.82 41.69
 Ankle breadth 5.21 0.35 4.65 5.21 5.80 5.39 0.38 4.79 5.39 6.03
 Heel breadth 3.89 0.51 3.14 3.87 4.74 3.97 0.50 3.20 3.93 4.84
 Foot breadth 6.74 0.52 5.96 6.72 7.58 6.97 0.50 6.20 6.98 7.81
 Foot length 17.04 1.04 15.41 16.99 18.73 17.71 1.09 15.98 17.70 19.42
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anthropometric data of Taiwanese preschool children and 
to apply these data to related ergonomics design. A reliable 
large-scaled anthropometric database of preschool children 
in Taiwan was established in this study. It can serve as a 
useful and local reference for both designers and research-
ers, not only for child-related products or environments, but 
also for studies of other issues related to children, such as 
nutrition. In this way, the current work can help to increase 
the quality of life and safety of preschool children in Taiwan. 
Furthermore, by means of this study, it may be regarded as 
inspiration to other countries that anthropometry of children 
should be paid more attention to.
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