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INTEGRATING ANTHROPOMETRY APPROACH AND KANSEI ENGINEERING IN THE DESIGN OF CHILDREN SHOE

ABSTRACT. Shoes play an important role in human life. For children in particular, shoes also support the development of their feet. This study
is aimed to integrate anthropometric approach with Kansei Engineering in designing shoes for Indonesian children. Eighteen dimensions
of foot anthropometry for 331 Indonesian Sundanese children ages 6-10 were measured and presented, a shoe size chart for Indonesian
children is proposed as well. Moreover, Kansei Engineering was applied to capture consumers’ ‘emotion’ toward children’s shoe design and
was evaluated both for Indonesian parents and children. The result shows that emotion related to children’s shoe design are comfort and
appearance. The implication of the results is further discussed.
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INTEGRAREA ABORDARII ANTROPOMETRICE SI A INGINERIEI KANSEI N PROIECTAREA iNCi\L]'AMINTEI PENTRU COPII
REZUMAT. Incaltamintea joaca un rol important in viata oamenilor. In special in cazul copiilor, inciltdmintea sustine dezvoltarea picioarelor
acestora. Acest studiu are ca scop integrarea abordarii antropometrice si ingineria Kansei in proiectarea incdltdmintei pentru copiii indonezieni.
S-au masurat optsprezece dimensiuni antropometrice ale piciorului la 331 de copii sundanezi din Indonezia cu varstele cuprinse intre 6 5i 10 ani
si s-a propus o diagrama a dimensiunilor incltdmintei pentru copii indonezieni. In plus, s-a aplicat ingineria Kansei pentru a capta ,,impresia”
consumatorilor fata de designul incaltamintei pentru copii, evaluand atat perceptia parintilor, cat si a copiilor din Indonezia. Rezultatul arata
ca impresiile legate de designul incaltdmintei pentru copii sunt confortul si aspectul. Se discuta implicatiile rezultatelor obtinute.

CUVINTE CHEIE: indonezieni, copii, incdltaminte, antropometrie, Kansei, inginerie

L'INTEGRATION DE LAPPROCHE ANTHROPOMETRIQUE ET L'INGENIERIE KANSEI DANS LA CONCEPTION DES CHAUSSURES POUR LES
ENFANTS

RESUME. Les chaussures jouent un réle important dans la vie humaine. Pour les enfants en particulier, les chaussures favorisent également le
développement de leurs pieds. Cette étude vise a intégrer 'approche anthropométrique et I'ingénierie Kansei a la conception de chaussures
pour les enfants indonésiens. On a mesuré 18 dimensions anthropométriques du pied chez 331 enfants indonésiens sundanais agés de 6 a 10
ans, et on a proposé un tableau des pointures des chaussures pour enfants indonésiens. De plus, I'ingénierie Kansei a été utilisé pour capturer
« I'émotion » des consommateurs a I'égard de la conception de chaussures pour les enfants et I'on a évalué a la fois pour les parents et les
enfants indonésiens. Le résultat montre que les émotions liées a la conception des chaussures pour les enfants sont le confort et I'apparence.
Limplication des résultats est discutée plus en détail.

MOTS CLES : indonésien, enfants, chaussure, anthropométrie, Kansei, ingénierie
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INTRODUCTION

Shoes play a crucial role in human activity.
Originally, shoes were worn for human protection
from the environment, particularly from injury
and infection [1]. However, shoes have evolved
to be a form of social status, and more recently
have even emerged as a fashion trend. Later,
shoes also have been developed as a part of
medicine, known as the corrective shoe [1]. It is
not surprising, therefore, that research in shoes
has been conducted for decades, for example in
relation with aspects of the foot [2, 3], design
elements of the shoes [4, 5] and technology of
the shoes’ design [6, 7].

In designing shoes, some considerations
are applied such as the foot shape and
dimensions, manufacturability and consumer
preference [8]. Foot shape and dimensions
in particular are closely related to shoe size.
Shoe size is crucial when the shoe is used to
support the foot in its physiological function
and development [1, 9]. Failure to consider foot
dimensions leads to negative consequences
[10] such as foot problems and pathologies in
childhood and adulthood [1, 11] as well as strain
in foot muscles and tendons [12].

Shoe size is an important feature of the
shoe, not only to avoid negative consequences of
an ill-fitting shoe, but also to satisfy a wide range
of consumers with a vast choice of footwear
sizes applicable to multiple individual and group
needs [13]. Thus, research in shoe size system or
shoe size standards have been often conducted
(3, 14].

In most shoe systems, shoe sizes are pre-
determined by the last, a mechanical form of a
human foot that have been made from various
materials, such as hardwoods and high-density
plastics [15]. It is usually used by shoe makers
or shoe designers. The shoe last corresponds
with foot dimensions through all parts of the
last such as foot length, ball, instep, and heel
[16]. Therefore, the same foot length can vary
in regards to the position of the ball-of-foot,
instep height, or heel width which are important

features for a well-fitting shoe. In general, within
one size, values for these dimensions are set to
be fixed.

Several methods have been used in

determining shoe size. One commonly used
method in shoe size system is the mondopoint
system. This method/system is based on the
mean foot length and width for which the shoe is
suitable (in millimeters). This method is used as
a base of I1ISO 9407:1991 [17]. The mondopoint
has an advantage for better fit than most other
systems since it takes the foot width into account.
The mondopoint has been applied in the USA
shoe size system and generally most army shoes.
Other shoe size systems are available and have
been used in different countries. For examples,
shoe sizing in the United Kingdom (British size) is
based on the length of the last and the formula is
[(3 x last length in inch) — 12] or [(3 x heel to toe
length in inch) — 10]. The Continental European
system, used in most continental European
countries, considers the length of the last for
the shoe size with the formula being (3/2 x last
length in cm) or (3/2 x foot length in cm (+ 1.5))
[15].
Children’s shoes have been gaining
attention for years in several countries (e.g.,
in Malaysia [18] and Srilangka [19]. It should
be underlined that most shoe size systems
differentiate adult and children shoes. For
children, shoes are not just used to protect the
wearer from the environment nor for fashion.
Children must wear proper shoe sizes according
to their foot measurement and shape because
ill-fitting shoes can
development of a maturing foot [11]. Parents
who have children aged 5 and 6 years old
reportedly also face problems in finding correct
footwear sizes for their children [8].

As stated earlier, not only is the shoe size
system important in the design of children’s
shoes, but also other aspects of design regarding
the preference or perception of consumers are
important as well [8]. The study of perception
in shoe design is of great interest to designers.

influence the normal
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Perception will influence consumers when
making decisions about the different types of
shoes they purchase [20].

In general, several techniques can be
used to translate consumer or user needs and
preferences into product design characteristics
[21]. The techniques include Quality Function
Development (QFD) - which can be used to
identify the relationship between consumer
needs and engineering characteristics [22]
and Kansei Engineering - which can be used to
translate consumers’ feelings and image for
a product into design elements [23]. In other
words, Kansei Engineering is a method of
consumer-oriented product development based
on the consumer mind.

Indonesia is a developing
with a large number of children which make
Indonesians a potential market for children’s
shoes. Unfortunately, the Indonesian children
shoe market is dominated by imported shoes. As
a matter of fact, the number of imported shoes
in Indonesia is increasing yearly [24]. Regrettably,
most Indonesian footwear manufacturers lack

country

adequate knowledge on the requirements for
designing and producing footwear. Moreover,
children’s shoes in the Indonesian market
are based on foreign sizing such as US and UK
standard sizes [20] which are not suitable for
Indonesian children. This condition is similar
to that of children clothing in Indonesia [25].
Coupled with the increase of the middle class
population in Indonesia, parents’ attention to
children’s shoes is elevating. Therefore, more
attention should be given to the shoe design
particularly in relation with parents’ perception
about shoes that suit the environment and the
purpose.

The aim of this study is to integrate
anthropometric  approach  with
Engineering in the design of Indonesian
children’s shoes. Anthropometric approach is
crucial in determining shoe size system whereas
Kansei Engineering is important in capturing
the feelings and preferences of shoes for

Kansei

Indonesian children and parents. The integration
of anthropometry and Kansei Engineering in the
design of Indonesian children’s shoes will ensure
the creation of shoes that are functional as well-
fitting to the current trends and lifestyle of the
target market.

EXPERIMENTAL

Anthropometry Measures

Subjects

Three hundred and thirty-one Sundanese
Indonesian elementary school students, aged
6 — 10 years old, were voluntarily involved in
this study. They were recruited from three
elementary schoolsinthe West Java area. Permits
were obtained from the school principals with
a prior request letter from the Laboratory for
Work System Design and Ergonomics of Bandung
Institute of Technology. Ethical guidelines have
been followed and measurement procedures
have been approved by an ethical committee. The
participants were instructed to be barefooted
during the foot measurement.

Procedure

Eighteen foot anthropometry data were
measured: 1) foot length, 2) arch length, 3) heel
to medial malleolus, 4) heel to lateral malleolus,
5) heel to 5% toe, 6) foot width, 7) heel width, 8)
bimalleolar width, 9) mid-foot width, 10) medial
malleolus height, 11) lateral malleolus height,
12) height at 50% foot length, 13) ball girth, 14)
instep girth, 15) long heel girth, 16) short heel
girth, 17) ankle girth and 18) waist girth. The
anchor point of measure for each dimension
can be seen in Figure 1. The eighteen foot
anthropometry dimensions were chosen since
these dimensions are the most commonly used
in footwear design.
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Figure 1. The anchor point of measures of foot anthropometry

The measurement was conducted using a
manual method due to restriction on research
budget and technical constraint. Subjects were
barefooted during measurement with a time
measurement for each subject of around 10
minutes. First, participants were instructed to
stand on a piece of white paper with a landmark
of heel touching the background wall. A pattern
of the foot was drawn out on the paper using a
pencil based on the foot contour. This pattern
was used as a base to measure all length of foot
dimensions. In addition, the calliper was used to
measure height dimensions and measuring tape
was used to measure girth.

The measurement was conducted by
10 student research assistants who received
prior knowledge and training regarding the
foot measurement. The training was intended
to avoid intra-observer error (i.e., error when
repeated measurements were taken by the
same observer [26]) and inter-observer error
(i.e., error when repeated measurements were
taken by different observers [25, 27, 28]). To

ensure correct measurements and valid data
were obtained, authors performed random
checks during measurement.

Kansei Engineering

Kansei Engineering is used to capture
consumers’ feelings and images towards a
product and used it in design elements. The
steps in Kansei Engineering used in this study
are explained as follows. First, kansei words
for children’s shoes were generated based on
literature study and consumer perception. The
kansei words were separated for boys and girls’
shoes. 53 subjects consisting of 22 parents with
6-10 year old children (all female) and 31 children
(14 boys and 17 girls) participated voluntarily in
the study by filling out a questionnaire with one
only question “what are the words or sentences
that can describe boys’ and girls’ shoes”.
As stated by Nagamachi [23], kansei word
identification is stopped when no new kansei
words are identified.
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Second, kansei words were restructured
using confirmatory study and expert opinion. In
the confirmatory study, the previously identified
kansei words proposed in the first questionnaire
and another sample of participants (n = 30, 20
female) were asked their agreement upon the
identified kansei words in relation with children’s
shoes. Next, expert opinion from one linguistic
expert was obtained to avoid bias or duplications

-

in resulted kansei words from the confirmatory
study.

Third, a second questionnaire was
developed to observe the importance of the
restructured kansei words with a Likert scale
ranging from 1 (not important at all) to 5 (very
important). Six samples of favorite children’s shoe
products were used as base of evaluation. The
samples of the product can be seen in Figure 2.

®
&

Figure 2. Example of shoe product to be evaluated, upper for girls’ shoe and lower for boys’ shoe

Participants were asked to give a rating
for each sample of product based on the kansei
words with scale ranging from 1 (very bad) to 5
(very good). 112 participants were involved in
completing the second questionnaire. Higher
structurization of kansei words was conducted
through Principal Component Analysis on the
final score of the multiplier of the importance of
the attributes and ratings of each sample product.

Lastly, a synthesis of product attributes based on
Kansei Engineering was conducted through an
interview with children’s shoe manufacturer.

RESULTS AND DISCUSSIONS

Foot anthropometry

Foot anthropometry data of Indonesian
children can be seen in Table 1.

Table 1: Foot anthropometry of Indonesian children (in cm)

No  Foot anthropometry Boys Girls
dimensions Mean  SD P5 P95 Mean  SD P5 P95

1 Foot length 19.70 1.65 17.19 2241 19.49 1.43 17.30 22.00
2 Arch length 14.18 1.31 12.10 16.20 14.06 1.24 12.10 16.20
3 Heel to medial malleolus 4.54 .83 3.20 5.90 4.40 .78 3.10 5.70
4 Heel to lateral malleolus 3.76 .87 2.30 5.20 3.70 .79 2.30 5.10
5 Heel to 5th toe 16.21 1.31 14.05 18.26 16.10 1.07 14.40 17.70
6 Foot width 8.05 .48 7.20 8.90 8.10 .53 7.20 9.00
7 Heel width 5.02 .50 4.25 6.00 4.97 .48 4.10 5.90
8 Bimalleolar width 6.35 71 5.15 7.56 6.29 71 5.20 7.60
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9  Mid-foot width 6.41 .68
10 Medial malleolus height 5.52 .49
11 Lateral malleolus height 4.86 .93
12 Height at 50% foot length 3.77 .36
13  Ball girth 19.22 1.95
14  Instep girth 20.48 2.27
15 Long heel girth 25.78 2.78
16  Short heel girth 24.80 2.39
17  Ankle girth 18.37 2.03
18  Waist girth 18.48 1.48

5.22
4.76
3.07
3.20
16.34
17.35
21.78
21.50
15.59
16.00

7.56
6.36
6.20
4.40

22.50

24.72

30.61

28.78

22.11

20.80

6.35
5.42
4.78
3.84
19.08
20.84
25.67
24.52
18.48
18.36

.62
.55
.98
37
1.71
2.40
2.57
2.11
1.93
1.24

5.30
4.50
3.20
3.20
16.50
17.50
22.00
21.50
15.50
16.50

7.40
6.30
6.30
4.40

22.00

25.30

30.20

28.50

21.80

20.50

Principal Component Analysis (PCA) was
applied to observe the foot anthropometry
dimensions that correlate with the principal

dimensions of shoe size (i.e., foot length). The
result of the PCA can be seen in Table 2.

Table 2: Principal Component Analysis of foot anthropometry dimensions

Foot anthropometry data

Component
2 3

Foot length
Arch length
Heel to 5th toe

Bimalleolar width

Height at 50% foot length

Ball girth
Instep girth
Long heel girth
Short heel girth

.816
.812
767
.809
735
.874
791
.800
.881

It can be seen that the foot length is in
a similar component with arch length, heel to
5t toe, ball girth, instep girth, long heel girth
and short heel girth. In addition, it should be
underlined that the shoe size standard most
commonly found in Indonesia is European Union
(EVU) standard. Incorporating the EU shoe size
system and the result of the PCA analysis above,

the suggested shoe size chart, which include the
most commonly measured anthropometry data,
are similar with the PCA result (i.e., foot length,
foot width, toe length). The values of foot length,
foot width and toe length are calculated from the
regression analysis based on the foot length. The
proposed shoe size chart can be seen in Table 3.

Table 3: Shoe size chart and the corresponding dimensions for Indonesian children

Corresponding foot dimensions for Indonesian children (in cm)

Euro shoe size

Length Width Ball girth Toe length
15.5 8.3 5.1 114 4.4
16 8.9 5.3 11.7 53
16.5 9.2 5.5 11.9 5.7
17 9.5 5.6 12.1 6.1
17.5 10.2 5.9 12.5 7.1
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Corresponding foot dimensions for Indonesian children (in cm)

Euro shoe size

Length Width Ball girth Toe length
18 10.5 6.0 12.7 7.5
18.5 10.8 6.1 12.9 7.9
19 11.4 6.3 13.3 8.7
19.5 11.7 6.4 13.5 9.1
20 12.1 6.5 13.7 9.6
21 12.7 6.7 14.1 10.3
22 13 6.8 14.3 10.6
225 133 6.9 14.5 11.0
23 14 7.1 15.0 11.7
235 14.3 7.2 15.2 12.0
24 14.6 7.2 15.4 12.4
24.5 15.2 7.4 15.8 12.9
25 15.6 7.5 16.1 13.3
26 15.9 7.5 16.3 13.6
27 16.5 7.7 16.8 14.1
27.5 16.8 7.7 17.0 14.3
28 17.1 7.8 17.2 14.6
29 17.8 7.9 17.7 15.1
30 18.1 7.9 18.0 15.3
30.5 18.4 8.0 18.2 15.5
31 19.1 8.1 18.7 16.0
31.5 19.4 8.1 19.0 16.2
32 19.7 8.1 19.2 16.3
33 20.3 8.2 19.7 16.7
33 20.6 8.2 19.9 16.8
34 21 8.2 20.2 17.0
34 21.6 8.3 20.7 17.2
35 21.9 8.3 21.0 17.4
36 22.2 8.3 21.2 17.5
36 22.9 8.3 21.8 17.7
37 23.2 8.3 22.1 17.8
37 235 8.3 223 17.9

Kansei Engineering

Inthe first step - kansei words identification
- for parent participants, no more kansei words
were found after the 19" participant, indicating a
sufficient number of participants for kansei word
identification. In total, 114 and 107 kansei words
for both boys and girls’ shoes were obtained
from all participants - both parents and children
- in addition to literature study as well. Examples
of the identified kansei words include “simple”,
“casual” and “comfort”.

Restructurization of kansei words using
confirmatory study and expert opinion resulted
in 21 groups and 18 groups of kansei for girls
and boys’ shoe respectively. Higher kansei
restructrurization conducted using PCA with
varimax rotation resulted in 4 dimensions for
girls” shoes and 3 dimensions for boys’ shoes.
For those dimensions, the 1% dimension for
girls and boys’ shoes is related with the comfort
aspect of the shoe. Whereas the 2", 3, and
4* dimensions for girls’ shoes and 2" and 3™
dimensions for boys’ shoes are related with the
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appearance of the shoe. The dimensions and the
related variable can be seen in Table 4.

Table 4: Result of kansei engineering in Indonesian children’s shoes

Girls shoe Dimension Kansei words Boys shoe Dimension Kansei words
Flexible Flexible
Light Light
Not slippery Not slippery
Simple Simple
Comfort Comfort
Comfort Strong Comfort
Non formal Non formal
soft Soft
Suit with the age Suit with the age
Sporty Sporty
Fit size Fit size
casual Casual
Girly design Boys design
Funny Funny
Appearance Girly / neutral color Appearance Boys / neutral color
Unique/ Classic Up to date
Up to date
Synthesis of the dimensions to find Indonesian children’s shoe manufacturer and
significant attributes of children’s shoes design can be seen in Table 5 and Figure 3.

was conducted through an interview with

Table 5: Synthesis of kansei words into shoe attribute

Comfort Appearance
Kansei )
o o
words @ =
c
v S - E 2 S
—_— (] = oo el > () - C
s 2 §&§ 5 & 2 5 ¢ 2 £ N S ®m & &5 3
B 20 =& £ £ e = o S [S] v @ a c 5 2
0] = n < ] = n Q. = © 0] =] S =4
o 45 7} 8 7] o f %) [ o o Ee ()
4 =z 2 a
Product - S
. =}
Attribute %)
Upper pattern/design v \Y \Y
Upper material v v %
Sole pattern v v v v v v
Sole material v v v
Toe box pattern v v
Lining material \Y v
Toe cap v
Heel v
Vamp Y
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Color
Accessories v
Model v

Shoe tongue \

\ \ Vv \" \

v \ \ v \

\ \ ) \ ) A
Vv Vv

Backstay

Sy

Tongue

Upper{

Lining

«—Sole

Toe Cap

Feather

Figure 3. Attribute of the children shoe

The aim of this study is to integrate
anthropometry and Kansei Engineering in the
design of Indonesian children’s shoes. From
the view of anthropometry data, there are no
significant differences between boys and girls
in Indonesian children’s foot anthropometry
data. Although it is well established that gender-
specific differences in foot shape exist in adults
(see [29] for an example), some research did not
discover the differences in their findings [30].
It should be noted that the gender differences
in children’s foot anthropometry is observed
after puberty and may be a contributing factor
for no anthropometric variations between the
boys and the girls in this study. The result of this
present study also supports race difference in
anthropometry data [9], in which the Indonesian
foot anthropometry data is smaller than
Caucasian ones (for example Spanish children
foot anthropometry data [31]).

The result of PCA shows that foot length
highly correlates with arch length, heel to 5%
toe, ball girth, instep girth, long heel girth and
short heel girth. This result supports previous
studies in corresponding foot length with other
dimensions of foot anthropometry such as
ball girth [17] and toe length [32]. It should be
underlined, however, that the differences in the
corresponding dimensions of foot length varies

due to the different numbers of data and the
different foot structures among samples of these
studies [33].

The importance of suitability of shoe
size with foot development in children have
been realized by Indonesian parents [20]. The
negative consequences of huge variation in
shoe size system in Indonesian children’s shoes
have been underlined by the shoe manufacturer
and consumers as well. Therefore, study about
Indonesian children’s shoe size is of utmost
importance. In this present study, instead of
developing a new shoe size system for Indonesian
children, we prefer completing the shoe size
chart available in the market. The consideration
for the completion of the chart is since the effort
to develop a new standard of shoe size system
in Indonesia has failed [34]. The additional
anthropometry references (i.e., ball girth) is due
to consideration of the different structure of foot
[33]. In addition, a small interview with a shoe
manufacturer reveals the difficulties of the shoe
manufacturer in adapting a possible new shoe
size system.

Kansei Engineering applied for Indonesian
children’s shoes in this present study shows that
Indonesian consumer preference for children’s
shoe design falls in the category of comfort and
appearance. The “comfort” and “appearance”
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were synthesized into the attributes of the
product such as sole and vamp, which give
guidance for the shoe manufacturer in the design
process of Indonesian children’s shoes. As stated
by Penkala et al. [8], shoe-fitting practices were
affected not only by the available shoe size, but
also by shoe style (i.e., related with comfort and
appearance).

Kansei Engineering used in this study has
some advantages. Kansei Engineering establishes
a suitable framework for working with symbolic
attributes and user perceptions, expressed in
their own words. It also establishes a framework
for quantifying the relationships between design
characteristics and emotional responses [23,
35]. These contributions are very meaningful
in areas such as shoe design, where emotional
impressions can explain a significant part of the
variance associated with the purchase decision.
Two levels of kansei word restructurization were
applied, instead of only one level of kansei word
restructurization, since the two levels provide
less number of kansei words per groups and in
return gives more focused result.

This study has several limitations worth
noting. First, the sample of participants in
anthropometry measurement is limited to
Sundanese children only. Considering the ethnic
differences in Indonesian anthropometry data
[27], further study covering other ethnicity
in Indonesia is needed. Second, the foot
anthropometry measures were conducted using
manual measurement. Although the validity of
such measures is often questionable compared
to advanced measurements such as using foot
scanner, due to restriction of research budget and
technical limitation, the manual measure was
used. Furthermore, since the observers received
prior training in relation with the measurement,
it can be argued that inter and intra-observer
error in this study are minimized. However,
further study comparing result of manual and
foot scanner measurements should also be
conducted. Third, the participants of Kansei
Engineering approach are limited to parents and
children in Bandung as a representative of big
cities in Indonesia. Further research involving
participants from small cities or rural areas is
suggested.

CONCLUSIONS

In conclusion, the present study gives
valuable contribution in the initial step of
providing foot anthropometry data of Indonesian
children as well as a rigorous children shoe
size chart in Indonesia. Not only related with
the shoe size system, this study also shows
the preferences of Indonesian consumers in
relation with children’s shoes. The result of this
present study will help Indonesian children’s
shoe manufacturers to design marketable
children’s shoe design. For consumers, result
of this present study could minimize error in
choosing shoe sizes as well as give more choices
in children’s shoe design. It should be underlined
that shoes of the future should be designed to
support function and protection while retaining
comfort and appearance.
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