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Abstract. In this paper, we suggest guidelines related to the design limit or 
range by body dimensions based on ‘SizeKorea 2004’. This paper describes 
three sequential tests. First, body dimensions’ percentile curves were analyzed 
in order to find out their trends. Second, their appropriateness with respect to 
normality assumptions by gender and age was tested. Finally, the steepest 
slopes at both extremes of female and male percentile curves were checked and 
analyzed. By performing these sequential tests, five patterns of body dimen-
sions were found. Findings from this research were two-fold. First of all, adult 
percentile curves, by and large, did not follow a normal distribution. The other 
finding was that the design limit for 33% of the male body dimensions must be 
from 5th to 97.5th percentiles and the limit for 85% of the female body dimen-
sions must be from 2.5th to 97.5th percentiles, which shows their steepest slope 
at the extremes of the percentile curves. From this study, eight specific design 
guidelines for extreme design by patterns of body dimensions were found.  

Keywords: Korean anthropometry, Extreme design, Percentile curves. 

1   Introduction 

Anthropometric data are widely used to accommodate mismatch between humans and 
their working environments. The three anthropometric design rules, design for the 
average, design for a specific population percentile, and design for extremes, are fre-
quently used to design products and workspaces [1]. In particular, the design for ex-
tremes uses 5th and 95th percentiles which are normally the steepest slopes under the 
normality assumption that human body dimensions follow a normal distribution. It is 
for overcoming the limitation of space or cost as the second best design limits [2, 3, 4, 
5]. However, it has continuously been criticized by the fact that it may be improper to 
apply a normal percentile value because of a gap between the normal percentile value 
and measured value. It is also shown to be influenced by body dimension [6, 7]. 
                                                           
* Corresponding author. 
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Moreover, anthropometric data show specific characteristics depending on race, 
gender, age and physical measurements of the human body [8, 9, 10, 11]. Therefore, 
Korean products and their workspaces should be designed with proper recognition of 
the Korean body dimension. 

From this point of view, many Korean industries and researchers have faced ambi-
guity in applying a design guideline for Koreans. In order to overcome these prob-
lems, it is critical to answer these following three questions. Is it proper to apply body 
dimensions based on normal percentile values under the normality assumption? To 
what degree do gender, ages and body dimensions influence the design range? Is it 
appropriate to select 5th and 95th percentiles as a design limit although each body 
dimension has its own steepest slope at the extremes? 

Research in this area in Korea has primarily focused on a practical use of basic data 
for applying Korean body dimension to products, a proposal for an optimal sizing 
system, and body type grouping based on factor analysis and cluster analysis [12, 13]. 
However, not much research has been made in finding proper design ranges regarding 
the body dimension for Koreans. 

Therefore, in order to design products and workspaces for Koreans, it is necessary 
to suggest a modified design range as a type of design guidelines based on the results 
of “SizeKorea 2004” led by the Korean Agency for Technology and Standard. The 
goal of our present work, described in the paper, is to suggest guidelines related to the 
design range based on studying the body dimensions of 4,926 adults whose age 
ranged between 19 and 59, specifically for 27 selected body dimensions among 126 
body dimensions based on SizeKorea [14]. 

2   Methods 

2.1   Subjects 

SizeKorea affiliated with the Korean government surveyed about 20,000 Koreans 
from 0 to 90 years of age for their body dimensions and shapes from 2003 to 2004. 
The male and female adults’ body dimensions from 19 to 59 years of age in this study 
were gathered from 4,926 people. The details are shown in Table 1. Here, 20s’ cate-
gory includes 19 year-old people’s data because no statistical difference was found 
between 19 and 20’s and ordinary people usually start their job from 19 years old and 
older [15]. In the work of SizeKorea, the category of 20 years old, for example, in-
cludes people from 19.5 to 20.4 years old. 

Table 1. Numbers of subjects depending on their age groups 

Age 20s (19~29) 30s (30~39) 40s (40~49) 50s (50~59) 
Male 958 712 408 736 

Female 942 736 413 374 

2.2   Selection of Body Dimensions 

In order to choose necessary body dimensions for this study, 27 body dimensions were 
selected among 126 body dimensions based on SizeKorea. They were recommended 
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more than three times by experts in industries (furniture, automobile, shoes, clothing, 
and human modeling) and researchers. The 27 body dimensions were height (9), 
breadth (7), depth (3), length (5) and circumference (3) variables. 

2.3   Analysis 

The selected 27 body dimensions were analyzed in three phases. First, the body di-
mension percentile curves were analyzed by correlation analysis in order to classify 
patterns and to figure out their trend. It was to provide foundations for the guideline 
by patterns and was analyzed by gender and age groups.   

Second, the appropriateness to the normality assumptions of body dimensions by 
gender and ages was tested through results from Kolmogrov–Smirnov test, Skewness 
and Kurtosis. The application of a normal percentile value was analyzed based on the 
investigation on the gap between the normal percentile value and measured value.  

Third, the steepest slopes at the extremes of the female and male percentile curves 
were analyzed in order to find a range for the most suitable design limits by body di-
mensions. The range was also analyzed by comparison between the percentile values 
of steepest slopes at the extremes and the 5th and 95th percentile values generally used. 

Finally, design guidelines were suggested by patterns based on these results. For 
the first and second phases of analysis, SPSS 12.0.1 is used. 

3   Results 

3.1   Patterns of Percentile Curves of Body Dimensions 

Five patterns of body dimensions resulted from the analysis of the percentile curves.  
 

 �

(a) Percentile curves of Pattern 1 (Parallel Type)�

 �

(b) Percentile curves of Pattern 2 (Convergent Type)�

Fig. 1. Five patterns classified by types of adults and ages percentile curves 
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 �

(c) Percentile curves of Pattern 3 (Dual Type) 

 �

(d) Percentile curves of Pattern 4 (Divergent Type)�

 �

(e) Percentile curves of Pattern 5 (Overlapping Type) 

Fig. 1. (continued) 

 
The first was a parallel pattern with percentile curves distributed in a parallel way 

by gender and age. All height variables were included in this pattern. The second was 
a convergent pattern that as the percentile value increased the female adult curves 
converged on the male ones. The male curves by age were distributed densely while 
those of females were parallel with a wider gap. Most of the thickness variables were 
included in this pattern. The third was a dual pattern that male curves and female 
curves were closely distributed while two curves were parallel. The fourth was the 
pattern of divergence to which many width variables belonged. In this pattern, male 
and female curves diverged at their ends and each age group’s curves are densely  
distributed similar to those of the third pattern. The final pattern was the overlapping 
pattern. All curves for adults and ages in this pattern were overlapping. There were no  
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discrepancies between male, female and age groups. Therefore they formed a massive 
group of curves. Hip variables belonged to this pattern. These five patterns of the 
selected 27 body dimensions are shown in Table 2. 

In order to prove the validity of this classification by adult and ages percentile 
curves, a correlation analysis was performed as shown in Table 3. It showed that the 
correlations of body dimensions in the same pattern for both male and female were 
high which indicated the relevance of the classification of patterns.   

Table 2. Five patterns classified by the types of percentile curves 

Pattern (naming) Body dimension Number 
Pattern 1 

(parallel type) 
stature, acromion height, waist height, hip height, knee height, 
sitting height, eye height, cervical height, crotch height 

9 

Pattern 2 
(convergent type) 

waist breadth, chest depth, chest circumference, hip depth, 
hand thickness 

5 

Pattern 3 
(dual type) 

upperarm length, palm length perpendicular, hand length, 
hand breadth, foot length, foot breadth(horizontal) 

6 

Pattern 4 
(divergent type) 

vertical trunk length, weight, biacromial breadth, chest breadth 4 

Pattern 5 
(overlapping type)

hip breadth(standing), hip breadth(sitting), hip circumference  3 

Table 3. The results of correlation analysis of female adults’ body dimensions 

Pattern 
Representative 

dimension 
Results of correlation analysis 

(Coefficients of correlation above 0.7 are selected) 

1 stature 
acromion height(0.96), waist ht.(0.91), hip ht.(0.84), knee ht. 
(0.74), eye height(0.98), cervical height(0.98), crotch height(0.86) 

2 waist breadth 
chest depth(0.72), chest circumference(0.85), hip depth(0.74), 
chest breadth(0.70), weight(0.79) 

3 hand length palm length perpendicular(0.84) 
4 chest breadth weight(0.70), waist breadth(0.70), chest circumference(0.75)  
5 hip breadth(std) hip breadth(sitting)(0.79), hip circumference (0.80), weight(0.70) 

* The underlined body dimensions represent the same pattern. 

3.2   Test of the Normality Assumptions 

Whether the body dimensions follow a normal distribution or not, was tested by the 
Kolmogrov-Smirnov test. According to the Kolmogrov-Smirnov test, when α≥0.05, a 
body dimension is regarded as a normal distribution. The variable that satisfied this 
condition was tested afterwards with skewness and kurtosis.  

There was no normally distributed curve in adults including both male and female. 
7 dimensions including the vertical trunk length in the male and 3 dimensions in the 
female followed a normal distribution. They were usually height variables which 
belonged to Pattern 1. Other patterns, except for the vertical trunk length of Pattern 4, 
did not follow a normal distribution in adult. 



 Design Guidelines to the Application of Extreme Design with Korean Anthropometry 35 

Table 4. Body dimensions following a normal distribution 

 Male Female 
adult 
(all) 

none 

Adult 
adult 

stature, acromion height, waist 
height, sitting height, eye height, 
cervical height, vertical trunk length

acromion height, waist height, eye 
height, crotch height 

over 
2 age 

groups 

stature, acromion height, hip height, 
waist height, knee height, sitting 
height, eye height, cervical height, 
crotch height, chest circumference, 
vertical trunk length, biacromial 
breadth, chest breadth, hip circum-
ference 

stature, acromion height, hip height, 
waist height, knee height, sitting 
height, eye height, crotch height, 
vertical trunk  

2 age 
groups 

upperarm length, weight, hip 
breadth(standing) 

cervical height, chest circumfer-
ence, hip breadth (standing) 

Age 
groups 

under 
2 age 

groups 

waist breadth, chest depth, hip 
depth, hand thickness, hand length, 
palm length perpendicular, hand 
breadth, foot breadth (horizontal), 
foot length, hip breadth(sitting) 

waist breadth, chest depth, hip 
depth, hand thickness, upperarm 
length, hand length, palm length 
perpendicular, hand breadth, foot 
breadth (horizontal), foot length, 
weight, biacromial breadth, chest 
breadth, hip breadth(sitting), hip 
circumference 

More males followed a normal distribution than female by age groups. Body di-
mensions following a normal distribution in more than two age groups, were 14 in the 
male group (51%) and 9 in the female group (33%). They were mainly height vari-
ables in Pattern 1. Body dimensions following under two age groups were 10 in the 
male (37%) and 15 in the female (56%). This case belonged to Patterns 2 and 3 in the 
male and Patterns 2, 3, 4 and 5 in the female. 

These analyses proved that many body dimensions did not follow a normal distri-
bution by adult and age groups in spite of enough data sourcing from 374 to 958  
people by age. 

3.3   The Steepest Slopes of the Percentile Curves as Design Limits 

In the adult body dimensions’ percentile curves, the results of the analysis on the 
beginning and ending point of the steepest slopes are shown in Table 5. 

In order to design for the extreme, the range for design generally used is the 5th 
and 95th percentiles regardless of body dimensions. The steepest slopes for the body 
dimensions in this research can be summarized in that the usual design limits which 
have a 90% range for design are not always suitable for all cases. For example, 9 male 
(33%) and 23 female body dimensions (85%) are the case in point. Although differ-
ences between male and female adults exist, usually Patterns 2 and 5 cover 90%, 
Patterns 3 and 4, 95%, and Pattern 1, male and female, 90% and 92.5%, for their 
design range. 
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Table 5. The results of analysis on the steepest slope of percentile curves 

The point of steepest slopes 
male female 

Design range 
Body dimension 

Patt
ern 

begin end begin end 

FPC
MB 

MPC
FE 

male female 
Stature 1 5 95 2.5 97.5 69 36 90 95 

Acromion height  1 5 95 5 97.5 69 40 90 92.5 
Hip height 1 5 95 5 97.5 57 53 90 92.5 

Waist height 1 5 95 5 97.5 50 58 90 92.5 
Knee height 1 5 95 5 97.5 46 64 90 92.5 

Sitting height 1 5 95 2.5 97.5 61 40 90 95 
Eye height 1 5 95 5 97.5 70 42 90 92.5 

Cervical height 1 5 95 5 97.5 70 41 90 92.5 
Crotch height 1 5 95 5 97.5 52 50 90 92.5 
Waist breadth 2 5 95 5 95 43 76 90 90 
Chest depth 2 5 95 5 95 39 75 90 90 

Chest circumference 2 5 95 2.5 97.5 57 54 90 95 
Hip depth 2 5 95 5 95 33 70 90 90 

Hand thickness 2 5 97.5 5 95 24 84 92.5 90 
Upperarm length 3 5 95 2.5 97.5 56 49 90 95 

Hand length 3 2.5 97.5 2.5 97.5 27 72 95 95 
Palm length perpend. 3 2.5 97.5 2.5 97.5 20 82 95 95 

Hand breadth 3 5 95 2.5 97.5 46 57 90 95 
Foot breadth (hor.) 3 5 97.5 2.5 97.5 40 75 92.5 95 

Foot length 3 2.5 97.5 2.5 97.5 40 53 95 95 
Vertical trunk length 4 5 97.5 2.5 97.5 34 59 92.5 95 

Weight 4 2.5 97.5 5 97.5 36 62 95 92.5 
Biacromial breadth 4 5 97.5 2.5 97.5 44 42 92.5 95 

Chest breadth 4 5 97.5 2.5 97.5 51 62 92.5 95 
Hip breadth(sit) 5 5 95 5 95 5 95 90 90 
Hip breadth (std) 5 5 95 5 95 8 92 90 90 

Hip circumference 5 5 95 5 95 10 89 90 90 

Female percentile values can be found to be a corresponding point that the  
male adults’ steepest slope begins in the percentile curves (Female Percentile Corre-
sponding Male’s Beginning: FPCMB). Likewise, male percentile can be found as a 
corresponding female adults’ ending points of the steepest slope (Male Percentile 
Corresponding Female’s Ending: MPCFE) by body dimensions in Table 5. For exam-
ple, the FPCMB of 69 means when a male’s beginning point of the steepest slope is 
5th percentile, a 5th percentile male is in accord with a 69th percentile female of 69 
percentile for that specific body dimension. If the design limit for a male is selected as 
5th percentile, 69 percent of female is not included in the design and MPCFE has an 
opposite meaning. 

In the results of the counter percentile, as the value of the FPCMB is higher or the 
value of the MBCFE is lower, the gap between genders becomes greater. On this 
occasion, if design limit is determined by gender, many users of counter gender are 
out of range for the design. In the opposite case, the gap between genders has few 
differences. In the case of Pattern 5, although design limit is determined, there are few 
users of the counter gender beyond the design range because the value of the FPCMB 
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is under 10 and MBCFE is over 90. It reconfirms the results of the classification per-
centile pattern analysis. 

4   Discussion and Conclusion 

The results of three analyses on 27 selected body dimensions are shown in Table 6. 
To summarize, the characteristics of the design range by patterns, Pattern 1 varies as 
ages in a parallel way from male 20s to female 50s. In the case that users are in a 
specific age group, it is prudent to use an adult or other age groups’ data because male 
and female adults’ data has a widely dispersed. Patterns 3 and 4 are densely distrib-
uted by ages, which mean that only gender has to be regarded without too much con-
cern of age groups. In Pattern 5, both gender and age groups need not to be concerned 
because the percentile curves are all overlapping. 

Table 6. The results of three analyses on body dimensions by percentile curves 

Characteristic of 
percentile curve 

The point of 
steepest slopes

Counter point 
(average) 

Design range 

P
at

te
rn

 

adult ages 

Varia- 
ble 

Nor-
mality

male fe-
male male fe-

male male fe-
male 

1 parallel parallel height N or 
non-N 5/95 

2.5 or 
5 

/97.5 

46~70 
(60.4) 

36~64 
(47.1) 90 92.5 

/95 

2 con-
vergent 

massive in 
M, paral-
lel in F 

depth non-N 5/95 or 
97.5 

2.5 or 
5 

/95 or 
97.5 

24~57 
(39.2) 

54~84 
(71.8) 

90 
/92.5 

90 
/95 

3 dual massive in 
M and F 

foot 
/hand non-N

2.5 or 
5 

/95 
or 

97.5 

2.5 
/97.5 

20~56 
(38.2) 

49~82 
(64.7) 

90 
/92.5/9

5 
95 

4 diver-
gent 

massive in 
M and F breadth N or 

non-N
2.5 or 

5 
/97.5 

2.5 or 
5 

/97.5 

34~51 
(41.3) 

42~62 
(56.3) 

92.5 
/95 

92.5 
/95 

5 over-
lapping 

overlap-
ping hip non-N 5/95 5/95 5~10 

(7.7) 
89~95 
(92) 90 90 

The results of Table 4 show that most of body dimensions except for the height 
variables do not follow a normal distribution not only for adults but also by age 
groups. There is a discrepancy between normal percentile values and measured values 
for body dimensions so caution is required when applying a normal percentile value 
[7]. In the female case, the discrepancy is illustrated in Table 7. To express the dis-
crepancy of body dimensions, ‘error in %’ was used to normalize the difference. In 
the case of female adults, the discrepancy of Pattern 1 in which many dimensions 
follow a normal distribution was lower than 0.24% in average. Patterns 3 and 5, 
which do not follow a normal distribution, also have a low error in %. Although these 
patterns follow a non-normal distribution, their discrepancy between the normal per-
centile values and the measured values are small enough to neglect. Therefore, the 
application of normal percentile values of these patterns does not create any signifi-
cant problem. In Patterns 2 and 4, which do not follow a normal distribution, the  
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Table 7. The discrepancy between the normal percentile value and the measured value for 
female adults (average error in %) 

Percentile Patten 1 Pattern 2 Pattern3 Pattern 4 Pattern 5 
2.5 -0.24 -2.88 -0.83 -4.81 -0.93 
5 -0.24 -2.03 -0.68 -3.94 -0.66 

95 -0.10 -1.59 -0.45 -2.55 -0.42 
97.5 -0.18 -1.88 -0.66 -2.94 -0.57 

discrepancy becomes higher. For example, chest breadth shows 28.4% error at 5th 
percentile in the preceding research [7].  

The result means whether or not a normal distribution makes the discrepancy of 
normal percentile values, but the discrepancy of some body dimensions becomes 
small although those do not follow a normal distribution. Therefore, the choice of 
design limit should be made based not only on which each body dimension follows a 
normal distribution, but also the pattern of body dimension. 

Needless to say, reflection of user characteristics on the design becomes more im-
portant for industries and researchers in order to design sound products and work-
spaces. When considering Korean anthropometry, their gender, ages and body dimen-
sions should be more specifically concerned. Through the results, the suitable design 
guidelines are founded by the patterns of body dimensions. 

Table 8. Design guidelines to the design range according to body dimensions 

Issue Design guidelines Body dimension 
Height variables and hand/foot/hip variables are possible 
to use a normal percentile value 

Patterns 1,3,5 Use of normal 
percentile 

value  Breadth/depth/circumference variables must use a meas-
ured value 

Patterns 2,4 

Gender must be separately applied  Patterns1,2,3,4 Male or  
female Gender is not separately applied because of overlapping Pattern 5 

Age groups are separately applied because of a differ-
ence of ages by gender 

Patterns 1, 2 of 
female adult 

Ages group 
Age groups is not separately applied because of overlap-
ping 

Patterns 3,4,5 

The suitable design range is 95% coverage at 2.5 and 
97.5 percentile 

Except Pattern 1 
of female adult Range for 

design The suitable design range is 92.5% coverage at 5 and 
97.5 percentile 

Pattern 1 of 
female adult 

This guideline shows the design range for Koreans based on the analysis of male 
and female adults’ percentile curves, a check of normal distribution by age groups, 
and the steepest slope point of curves. 

Male and female adults’ body dimensions are mainly analyzed in this study. If the 
age of target population is 20’s, more detailed research is in need. In order to concretize 
the guideline for body dimensions, it is necessary to have an analysis of total body di-
mensions surveyed by SizeKorea and dimensions’ trend by age groups.  
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The research provides industries and researchers with useful information by sug-
gesting the guideline related to the design range focusing on Koreans.   
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