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ABSTRACT

In garment industry, the fashion design features can be generally divided into two spaces:
design space including a set of basic sensory criteria and brand space including a set of
emotional fashion themes. The study of the relationship between these two spaces enables to
identify the target market related to the predefined brand image of products. In practices,
such relationship can be characterized through the similarity between sensory criteria and
fashion themes according to the perception of consumers. In this paper, we propose a method
for estimating such similarity. This method is compared and cross validated with Principal
Analyze Corposant (PCA) through a case study of T-shirt products design. Such method can
effectively help the designers to determine the suitable design components to represent the

desired emotional fashion themes.

Keywords: Consumer's emotional bebavior, garment design, fashion appearance, human evaluation,

brand image

1. INTRODUCTION

In garment industry, the brand image is usually represented by a set of emotional themes,
such as warmth, dynamism, relaxation, and related intensities etc. The fashion designers and
manufacturers are dedicated to develop new products in order to provide the sensation for

the consumers related to the emotional themes. For fashion product design, generally, these
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sensations can be described through a set of sensory criteria, such as fabric hand, fabric

appearance etc.

In this case, the garment fashion design features can be divided into two spaces (shown in
Fig.1): 1) Design space, including a set of basic sensory criteria, is strongly related to the
nature of products and independent of their socio-cultural context. The corresponding data
are usually extracted using classical descriptive sensory evaluation performed by a trained
panel. 2) Brand space, including a set of emotional fashion themes, is strongly related to
consumer perception on products in a specific socio-cultural context [1]. The corresponding
data are usually given by selected consumers according to their preference in a given cultural
background. The study of the relationship between these two spaces enables to identify the
target market related to the predeﬁned brand image of products.
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Figure 1: Relationship between design space and brand space

In the design space, fabric hand and appearance are two most important aspects of
garment fashion design, which influence directly the purchase decisions of consumers [2, 3].
The consumer’s hand feeling changes with material. It is strongly correlated with style and
color of finished fashion products. Moreover, the perception of consumers changes with
fashion design components. The consumer preference and behaviors, usually expressed by a
set of emotional and socio-culture related descriptors and the corresponding intensities are

strongly related to fashion themes.

For simplicity, in our study, we focus on the influence of fabric hand, fashion style and
color on garments independently. In our previous work [3, 4], several fashion themes
associated with a brand are validated by an in-store consumer questionnaire in France, and

the relevant fabric hand has been identified for fashion themes of a brand.

In this paper, a new method is proposed for studying the perception of consumers related
to fashion styles and influence of color on garments through a case study. This case study
concerns a T-shirts product design. The proposed method can generate a matching degree
between styles/colors and fashion themes. Next, PCA (Principal Component Analysis) has
been used for qualitatively determining their relationship. A linguistic similarity measure is

proposed to study the relevanc_y of fashion styles and colors to the defined fashion themes.



2. EVALUATION PROCEDURE

2.1. Case study

In this case, we have following two sets of learning samples related to the study of style

and COIOI'.

The first set of sample includes 24 T-shirts, all in white color, which are the combination of
3 different materials and 8 fashion styles. The materials are selected according to the previous
study [4]. For T-shirts in the same material, only fashion styles are taken into account in the

evaluation of these samples.

The second set of sample includes the images of T-shirts in the same material and fashion
style in 11 different colors. Then, only colors are taken into account in the evaluation of these

samples.

The 6 fashion themes describing the concept of “well-being” are represented by 6 images
corresponding to the related ambiances. These 6 fashion themes are defined by the marketing
department and R&D department according to their professional experience and brand
image of the company. The images have been selected by the marketing department of the

company according to the results of a set of consumer interviews.

2.2. Subjects

The subjects for the evaluation of fashion styles and colors are 100 consumers having
different personal profiles and recruited from the target consumers in France. Their
evaluation leads to consensus for the definition of fashion themes of “well-being” describing
by a set of fashion image and a set of more concrete descriptors. Moreover, the linguistic
similarity between fashion style, color and fashion themes is evaluated by these consumers.
For example, for the fashion theme “dynamism”, the corresponding concrete descriptors can
be “young”, “sportive”, “healthy”, etc. These concrete descriptors can be used to characterize
the related fashion theme. The similarity values permit to relate the fashion style and color of

T-shirt products to fashion themes or ambiances.

2.3. Experiments

In the existing literatures, much research has been done concerning the appearance (style
and color) [5, 6, 7, 8, 9]. But there are few studies about the relation between brand image
and appearance. In our project, the aim of appearance evaluation is to identify, for a given
fashion theme, the relevant style and color, which will be considered as design criteria of
products, and rank a set of representative T-shirt products according to the similarity
between the T-shirts products and the fashion themes. For this purpose, we carry out the

style and color evaluation test respectively.
The procedure of evaluation for the style and color is as follows:

1) Discussing with the marketing department and R&D department of the company
according to their professional experience and brand image of the company in order to
determine the 6 fashion themes describing the concept of “well-being”. For each fashion

theme, a set of images are selected by the marketing department based on the results of a set



of consumer interviews to describe the related ambiance. For example, for describing the
theme “sportive”, three images describing mountain climbing, playing tennis and swimming

can be selected.

2) Each consumer panellist gives an exhaustive list of descriptors describing each of the
6 fashion themes by means of the corresponding ambiance images. For example, when
evaluating the theme “sportive”, the corresponding descriptors can be “speed”, “energy”,
“force” and “flexible”. The whole set of these concrete descriptors permits evaluators to
understand better the significance of the corresponding concept or ambiance in order to
obtain more efficient evaluation results. Then, the round table discussion of these evaluators

permits to define a common list of descriptors characterizing each fashion theme.

3) For style evaluation, each consumer panellist gives a similarity degree between each
fashion theme and each T-shirt product. The evaluated products have different fashion styles.
They give also a similarity degree between each fashion theme and each of T-shirt products
of different colors for color evaluation. The similarity degrees of these two evaluations take

linguistic values from {CD: completely different, LC: a little close, C: close, VC: very close, I: identical}.

4) By aggregating similarity degrees for all consumer panellists, we finally obtain two

matrix composed of all linguistic data for evaluating fashion style and color respectively.

3. ANALYSE

3.1. Formation of sensory data:

Let /1 be a set of / representative fabric materials and § a set of n representative
fashion styles of one collection, denoted as # = {m, ..., m)} and S = {4, ..., 9.}
respectively. Let P be a set of ¢ representative T-shirt products of one collection,

denoted as P= {p, ..., p,}={mp, ..., mp,}. In our paper, =24, [=3 and n=8.

Let C be a set of £ representative colors of T-shirt products, denoted as C = {¢,, ...,
¢i/. In our paper, we choose 11 different colors for T-shirt products and then £=11.

Let 7" be a set of g fashion themes describing products of a given company. We
have 7= [t, t, ..., t}. In our paper, 6 fashion themes are validated by department
marketing and then g=6.

Let SE be a set of r untrained consumers evaluating dissimilarities between
different styles of T-shirt products and themes. We have SE = fve,, v, ...,0¢,} and then
r=100.

The corresponding style evaluation scores given by each consumer ve; form a

matrix, denote as XS,

p, related to the fashion theme ¢, given by the consumer se,.

={xy4;,/, where xy;, represents the evaluation score of the sample

fu

Let CE be a set of r untrained consumers evaluating dissimilarities between

different colors of T-shirt products and themes. We have CE={ce,, ce, ...,cc,}.



The corresponding color evaluation scores given by each consumer ce; form a

matrix, denote as XC represents the evaluation score of the sample

jzz=1/'xc[/‘uj11 Where Xc

fu

¢; related to the fashion theme £, given by the consumer ce,.

For simplicity, we normalize these evaluation scores into the interval of [0, 1] by
affecting “identical” to 1, “very close” to 0.75, “close” to 0.5, “a little close” to 0.25,
“completely different” to 0. Next, we calculate the average of the normalized evaluation

scores for all consumers and obtain

XS_/f% Siju M

1
XCjy = - ), Xiu 2)

In these definitions, the similarity measures the relevancy between two fashion
styles or colors in the space of fashion themes. x;, can be considered as the similarity
degree of the sample p; related to the theme ¢,. xc, can be considered as the similarity
degree of the color ¢, related to the theme ¢,. These similarity degrees vary between 0
and 1. 0 means that the sample p; or the color ¢; is far from the theme ¢,. 1 means that

p, or ¢, completely belongs to ¢,

The dissimilarity between two product p, and p; or two colors ¢, or ¢; in the design
space as basic perception of products is defined as the Euclidean distance between
re., D(pi,pj)= HXSZ - XSj“ or

the corresponding feature vectors XS, or XC,,

D(ci,cj)=||XQ—XCj||,

The dissimilarity is defined as the distance between two products or two colors in
the design space for a certain fashion theme. The dissimilarity of one product p; or

one color ¢; to the fashion theme ¢, can be represented by

Dlpjot, J1- X5, 3)
Dty J1-XCj,, C))

These dissimilarities are between 0 and 1. If its value is close to 0, the product p,or
the color ¢, is considered as relevant to the theme ¢,. Otherwise, p; or ¢, is considered

as irrelevant to the theme ¢,.

3.2. Results:

3.2.1. Dissimilarity between products in design space

The results of dissimilarity between the style and color are shown in Fig. 2 and Fig. 3.
According to Fig.2, it is noticed that p, is rather close to p, and p, and very far from pg and p4



and p,, in fashion style. It maintains a medium distance with the other products. ¢, is rather

close to ¢; but far away form ¢,and ¢5in Fig.3.
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Figure 2: Dissimilarity between p,

3.2.2.

and other T-shirt products

Figure 3: Dissimilarity between ¢,

and other colors

Dissimilarity between products and fashion themes

The relationship between fashion themes and products can be studied by calculating their
dissimilarity values using Euclidean distance. According to Fig.4, we can see that p, p;5 p5
P9 and p,; are rather close to the fashion theme ¢, and p,, p;» and p,; are relatively far from this

theme. Color ¢, are close to the fashion theme ¢, while ¢;and ¢; relatively far from this theme.
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Figure 4: Relationship between fashion

theme ¢, and T-shirt products

Figure 5: Dissimilarity between p,
and other T-shirt products

3.2.3. PCA analysis of the combination of materials and styles

In order to study the influence of different combinations of materials and styles, we use the
Principal Component Analysis (PCA) to qualify their relationship with different fashion
themes. From Fig. 6, we can conclude that T-shirts with style 45 are most representative for
theme ¢, and ¢,. T-shirts with style 4, are least representative for theme ¢5. The T-shirt of the
combination mqdz;, M and msy; are close to theme L and far away to theme £y These results in
Fig. 6 are conformed to the previous results in Fig. 4. However, p;5 (mx1;), pi; (ms1,), pg (mss5)
are close to theme ¢,. p; (muw;), ps;(myy) are also close to t;, but we can not clearly identify

these results in Fig. 6. This result is due to the lost of information of method PCA.
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Figure 6: PCA analysis of T-shirts with different materials and fashion styles

However, the importance of material and fashion style is different to fashion themes in the
design space. Some fashion themes are more sensitive to materials, and others are more
sensitive to fashion styles. For example, #/; has been identified as relevant to ¢, in our
previous study [4], but this material combining with style S; becomes irrelevant to this
fashion theme. So we calculate the coefficient of variation intra-group and inter-group in

Table 1 in relation with different fashion themes.

3.2.4. Importance of material and fashion style to a given fashion theme

First, the 24 T-shirt products are divided in three groups according to the material. Then,
we calculate the coefficient of variation intra-group and inter-group. The intra-group one
describes the influence of fashion style for the T-shirt evaluation in the design space. The
inter-group one describes the influence of material for the T-shirt evaluation in the design
space. From Table 1, we can see that the influence of materials is bigger than that of fashion

styles for fashion theme ¢, £, and ¢;. Other fashion themes are more sensitive to fashion styles.

Table 1: Coefficient of variation between materials and fashion themes

t ty ts ty ts ts
ml 5.156 13.93 | 4.91 7.02 5.87 7.61
m2 7.52 1521 | 584 | 4.41 6.12 9.39
m3 3.02 15.02 | 528 | 9.07 5.56 11.43

CV% | 43.01 | 4.70 8.74 | 34.21 | 4.83 20.15

So when designing a product corresponding to fashion theme ¢,, £, and ¢, the selection of
materials is more important than that of styles. Designers can use the most relevant material
and use different fashion styles which have an acceptable relevancy to these fashion themes.
These combinations of products are also relevant to the fashion themes. Contrarily, for

designing a product relevant to fashion theme ¢, ¢, and ¢; fashion style plays a more



important role than material. Designer can choose the most relevant fashion style and use
different materials relevant to these fashion themes for the product design. These results can
help the designer to find some acceptable combinations of material and style in the fashion

product design to a given fashion theme or ambiance.

3.2.5. PCA analysis of products in different colors

We also use PCA to analyze the influence of color of T-shirts between fashion themes. We
can find the most relevant color to each fashion theme. In Fig.7, ¢, is close to theme ¢, and ¢, is
close to theme ¢, while ¢;, ¢; and ¢, are far away from ¢, For fashion theme f, the most
representative color is cy and the least ones are Cy € and ¢;,- For theme t;, the most

representative color is ¢,.
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Figure 7: PCA analysis of T-shirts in different colors

3.2.6. PCA analysis of products in different colors

The dissimilarity values between all the 6 fashion themes are calculated using Euclidean
distance and shown in Table 2. From these Values, we can see that t, and ts are close between
them under the influence of materials and fashion style. 4 and ts are close between them
under the influence of color. The results of material and style influence are different to those

of the color.

Table 2: Dissimilarity values between the fashion themes

Material & Style Color

L t, ts t, ts ts L t, ts T, ts ts

£ (000 [077 [063 [1.00 | 044 | 075 |¢ [0.00 | 040 |0.70 | 1.00 | 028 | 046

L 1077 (000 |057 |067 |069 [019 [ |040 |0.00 |0.64 |0.75 |043 |0.32

& 063 057 [000 [078 [048 [052 |& [070 | 0.64 |0.00 [048 |0.51 |0.37

£ | 1.00 |067 078 [000 |093 |070 |& [1.00 [075 | 048 |0.00 | 085 |0.59

£ | 044 | 069 |048 [093 |0.00 |067 |& [028 [043 051 | 085 |0.00 |0.32

t [ 075 1019 052 |0.70 |0.67 |0.00 |¢ |046 |0.32 |0.37 |0.59 |0.32 |0.00




3.2.7. Classification of products according to their similarity values

For the style evaluation, we group 24 T-shirt products into 3 classes by means of materials,
{M}}, {M,} and {I1;}. Next, we use K-means clustering algorithm to classify the T-shirts of
each class in 3 classes by means of their similarity value to the fashion themes in Table 3. The
similarity in each class can be described by linguistic values: {B: big, M: medium, S: small}.
From Table 3, we can conclude in each group the most relevant st_yle to fashion themes are
the products with a big similarity value to these themes. For example, for fashion theme ¢, §;
is identified as the most relevant style for the class #, and 4, and S,, S5 S5 Ss as the most
relevant style for the class /7.

Table 3: Similarity class between the fashion themes and T-shirts

Similarity | ¢, L & L Ts kg
B S, Sy S, Sy ij Sff S S, S5
Ky S, Sy S, ?: i/ ?’ S, 8,8, S, S, S, 8, S5
B S; Sy S5 Sy 85 S, Sy Sy 85 87 Sy S5
au, M S, 8, S, ?j i S S, S, i’ Sf“’ S S, S, S, S,
Ky S;)’SS” S, S,8,8, |S,S, S, S, ? i: S
B ?; ?’ Sy Ss Sy S, Sy S, ?f i” 8 Sy
M; M S, ?’ i ’ i’ i ’ 5 S5 S, S, S, S, S;
Ky S, 8,8, |S,S, S, S,S,S; S, ij i;’ ?

Table 4: Similarity class between the fashion themes and colors

Similarity | & L = L s kg
Cy Cp Cs €3 Cy
B Cy Cs Cy €4 €5 Cip €5 €5 C» C5
Cy C €5 Cpy
€5 Cy Cpp C» Crp €5 Cy Cp Cy Cs Co C1p € Cp
M Cp Cy )
Co Cip €1 €5 € Cip Cs €y CpCrp €y
S Cp Cy Cy €y Cp
€y €5 C7 Cp € Cy €7 Cip Cp €7
€y Cpp CpCro

The same method is applied to analyze the similarity between colors and fashion themes.
The most relevant colors for each theme are those which have a big similarity value in Table
4. ¢5, ¢, c5 are identified as the most relevant colors to the fashion theme ¢, while ¢, ¢, ¢; are
identified as the least relevant colors to ¢,. Color ¢; can enhance the image of fashion theme ¢;

but weaken the image information of fashion theme ¢,.



According to the results in Table 3 and Table 4, we choose the design elements (material &
style and color) in different similarity class corresponding to a given fashion theme for the
final T-shirt product evaluation. The T-shirt products of the combination of the design
elements in big similarity class have also a big similarity to the fashion themes. For example,
for fashion theme ¢,, material m,, style s5 and color ¢, are the relevant design elements with big
similarity to this fashion theme. The T-shirts of the combination of these three design
elements are also relevant to I These results can guide the designer to choose the relevant
design elements (material, style and color) according to a desired fashion theme for new

product development.

4. CONCLUSION AND PRESPECTIVES

In this paper, we have proposed a method for estimating the dissimilarity between sensory
criteria and fashion themes. The proposed method permits to identify the relevant concrete
design features related to the abstract fashion themes of a brand. Thus, the designers can

develop new fashion products meeting the dynamical emotion requirements of consumers.

In our future work, we further study the interaction between the design features in order

to modelling the relationship between them.

REFERENCES

1  BRANGIER E. and BARCENILLA J., Concevoir un produit facile & utiliser. Editions
d’Organisation, Paris, 2003.

2 Kotler P., Lindstrom M., Brand Senve: Build Powerful Brands Through Touch, Taste, Smell,
Sight, and Sound, The Free Press, New York, 2005

3 ZHUY. KOEHL L., ZENG X., and CHAIGNEAU C., Hierarchical data structure to
describe well-being of fabrics: implementation of a Global Evaluation Index of well-
being, In the proceeding of AUTEX 2008, Citta Studi, Biella, Italy, 2008.

4  ZhuY., Zeng X., Koehl L., Lageat T., Charbonneau A., Chaigneau C., Development of
fashion oriented textile products using sensory evaluation, /i the proceeding of Sth Pangborn
Senvory Science Symposium, Florence, Italy, 2009

5  Hunter, R. S. The Measurement of Appearance. John Wiley & Sons, Inc., New York, NY.
1975.

6  Johnson, K.K.P., Schfield, N.A. and Yurchisin, J. Appearance and dress as a source of
information: a qualitative approach to data collection, Clothing and Textiles Research
Journal, 20 (3), 125-137. 2002.

7  Johnson, K.K.P., Yoo, J., Kim, M. and Lennon, S. Dress and human behavior: a
review, Clothing and Textile Research Journal, 26 (1), 3-22, 2008

8 Yoon K. Harwood D. and Davis L. Appearance-based person recognition
using color/path-length  profile, Journal of Visual Communccation and Image
Representation, 17 (3), 605-622, 2006.

9 Luo M. R, Applying colour science in colour design, Optics ¢5 Lavser Technology, 38, (4-
6), 392-398, 2006.



