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Abstract:

Consumers recognize the appearance and texture of fabric through viewing photographic images on E-commerce.
However, the relationship between evaluations of the actual fabric and its image remains unclear. To understand the
evaluation difference between actual fabric and its image, we investigated the relationship of visual evaluations
including the price evaluation between actual white fabrics used for dress shirts and their photographic images
concerning the online purchase of items presented by their photos. Participants evaluated the impressions of 24
white fabrics (actual fabrics and their images), comparing them with a standard white fabric. Participants also
estimated the prices of shirts hypothetically made from different fabrics. We compared the difference between the
results for actual fabrics and images. We also carried out a principal component analysis of those impressions and
examined the relationship among principal component analysis results, weave structure, and fabric materials and
price estimation. In a comparison of actual fabric and image evaluations, the impression of glossiness and brightness
differed, with the actual fabrics being rated significantly higher in terms of glossiness and brightness. These differ-
ences are due to the difference in media (i.e., direct viewing versus screen display), although the visual environment
of the lighting and displays may have had an effect. In principal component analysis, the first principal components
were Delicateness and Glossiness for both actual fabrics and their images. The second principal components were
Lightness and Coolness for the images of fabrics and Lightness, Coolness, and Softness for the actual fabrics.
Fabrics evaluated highly in the first principal component had high price estimations. Thus, it is clear that Delicateness
and Glossiness affected the price evaluation for both actual white fabrics and their images. Fabrics with a high value
of Delicateness and Glossiness were a poplin made of at least 95% cotton. In contrast, fabrics containing linen and
having a small repeating dobby pattern with roughness were evaluated as having low Delicateness and Glossiness
and were assessed at a lower price. Additionally, even in the case of blended fabrics such as a cotton–polyester
fabric, the expected price was high for diagonal patterns such as stripes and checks. These results will be helpful in
the procurement of fabrics with which to make clothing and in the marketing of clothing for E-commerce.
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1. Introduction

When evaluating a garment, the visual appearance and tactile
hand of the fabric are the main criteria determining the consu-
mer’s purchasing decision. These criteria mainly relate to the
texture of the fabric, which is affected by the combination of
yarns, weave structure, finishing, and materials. Many studies
have investigated the tactile hand of textiles, considering the
physical properties of the fabric. Since the 1930s, various
methods of measuring the physical properties of fabrics have
been proposed, and numerous types of fabric have been inves-
tigated in terms of measured properties [1–3]. Additionally, the
relationship between the physical properties and sensory eva-
luation of the fabric hand has been investigated. Kawabata [2]
investigated the relationship between the physical properties
and hand of wool fabrics and suggested multiple regression
equations for the prediction of the hand using the physical
properties. Sakaguchi et al. [4] investigated the objective mea-
surement of properties of knitted fabrics used for underwear.
Kawamura et al. [5] investigated the characteristics of denim

fabrics obtained from jeans using the relationship between the
physical properties and hand of fabrics. Kim et al. [6] investi-
gated the relationship between the hand and price evaluation of
shirt fabrics.

Although the tactile hand is important in evaluating fabrics and
garments, reports have shown that the visual effect is stronger
than the tactile effect [7–9]. Thus, various studies have inves-
tigated the fabric factors that affect appearance. Lee and Sato
[10] performed a psychological factor derivation from visual
perception using fabrics to elucidate the mechanism of texture
proximity. They reported that a voluminous and warm feeling,
glossy feeling, and fine feeling were the three most important
psychological factors. Kanai et al. [7] identified luster, dye color
depth, and surface roughness sensations as the principal fac-
tors of fabric aesthetics. Additionally, Maru et al. [11] suggested
an index based on the reflection intensity distribution with which
to evaluate the principal factors of fabric aesthetics. Maru et al.
[12] investigated the visual and tactile factors that affect the
texture evaluation of a fabric, presenting a relationship between
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the physical and optical characteristics of a fabric and texture.
Lai [13–15] investigated the relationship and established regres-
sion equations between fabric structures, color properties, and
fabric texture. das Neves et al. [16] compared the perceptual
patterns of fabrics. They showed no substantial differences
between the visual and tactile responses. Xue et al. [17] showed
that the tactile sensation of most fabrics could be well recognized
visually. In addition, they predicted specific tactile characteristics
from numerical scores of visual features using a fuzzy neural
model. Maruyama et al. [18] investigated the relationship
between the impression and price evaluation of actual white
fabrics used for dress shirts. Although many studies have
investigated the visual and aesthetic evaluations of fabrics,
they were carried out using actual fabrics.

E-commerce has expanded in recent years, and many consu-
mers recognize the appearance and texture of a fabric through
viewing photographic images [19]. However, the relationship
between evaluations of the actual fabric and its image remains
unclear. Kodžoman et al. [20] investigated visual texture per-
ception of various fabrics including preferences. Although they
showed visual texture perception of various fabrics, consumers
sometimes look for one clothing item with similar fabric types.
Clothing appearance, among various garment items, is one of
the most critical factors that affects the purchasing decisions
and preferences of consumers [21]. In particular, the white fab-
rics of dress shirts are manufactured using different materials
and woven patterns, and they have different textures and
appearances [22]. However, recognizing differences in

Table 1. Fabric samples

No. Material Thread Density Weaving Dyeing Processing

Warp × Weft (tex) Warp × Weft (thread/in)

13 C100 14.8 × 14.8 126 × 86 D P ML

75 11.8 × 11.8 150 × 90 T W R

60 P R

78 158 × 82 ML

73 7.4 × 7.4 190 × 90 L

76 8.4 × 8.4 R

77 9.8 × 9.8 180 × 110 P

62 14.8 × 14.8 130 × 80 PLS

55 C95XL5 9.8 × 11.8 194 × 90 P PL

69 C65P35 11.8 × 8.3 140 × 100 D PA

22 13.1 × 13.1 130 × 80 P

25 160 × 62 O P

52 P60C40 8.3 × 14.8 130 × 40 + 40 D PAZ

68 11.8 × 11.8 148 × 80 P PDS

80 9.8 × 28.1 130 × 70 R

21 C50P50 13.1 × 13.1 130 × 70 D PA

3 130 × 80 P

30 P

36 140 × 90 PS

53 130 × 80 PAS

38 T PH

61 11.8 × 13.1 144 × 70 P P

57 P100 19.7 × 19.7 98 × 80 A

71 L100 28.1 × 28.1 60 × 48 R

79 L

・Material: C: Cotton; P: Polyester; L: Linen; XL: Dow XLA fiber (an elastic filament fiber).
・Weaving: P: Poplin; D: Dobby; O: Oxford; T: Twill.
・Dyeing: W: Bleaching; P: Post dyeing.
・Processing: P: Pre-cure method; M: Moist cure; L: Liquid ammonia treatment; R: Post-cure; A: Water absorption and quick drying; S: Stain resistance; D: Deodorant.
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appearances and textures from images is not easy. It is thus
necessary to clarify the relationship between the visual evalua-
tion of actual white fabrics used for dress shirts and their
images. Moreover, despite widely ranging research on the rela-
tionship between the fabric hand and texture evaluation, the
relationship between the visual assessment of the texture and
the price evaluation remains unclear. Chang and Wildt [23]
investigated the relationship between price, product information,
and purchase intention. They described that marketers should
know consumers’ internal price standards. The relationship between
price and clothing quality was investigated [24,25]. However, the
effect of the fabric’s visual impression on the price is not apparent.
Thus, it is necessary to clarify the characteristics of expensively
estimated fabric, and vice versa, depending on how it is presented.

The present study investigated the relationship between the
visual evaluation of actual white fabrics used for shirts and
that of their photographic images, including the price evaluation

by conducting a sensory test concerning the online purchase of
items presented by their photos. The relationship among dif-
ferent visual assessments was studied, including the hypothe-
tical estimation of the dress shirt price made of a specified
fabric, as well as the structural properties and materials of the
fabric. Clarification of the relationship between the price and a
visual evaluation made by consumers will benefit the procure-
ment of fabrics used to make clothing and the marketing of
clothing for e-commerce.

2. Experiment

2.1. Material

We collected 90 fabrics used to make dress shirts during the
period 2016–2018 and selected 25 fabrics having a white color.
Table 1 gives the specifics of the samples. The materials were

Table 2. Fabric brightness and chromaticity

No. L* a* b* Whiteness (CIE) Tint (CIE)

Average SD Average SD Average SD

3 82.36 0.33 4.60 0.04 −13.64 0.09 125.24 −2.08

13 83.79 0.26 2.77 0.04 −10.26 0.21 111.21 −0.48

21 82.17 0.25 4.60 0.07 −13.35 0.28 123.43 −2.20

22 81.17 0.30 4.15 0.03 −11.96 0.14 114.55 −2.01

25 81.86 0.36 2.83 0.04 −7.33 0.09 92.65 −1.69

30 82.36 0.25 4.74 0.04 −14.24 0.11 128.23 −2.08

36 83.05 0.19 4.30 0.03 −13.30 0.08 124.83 −1.74

38 81.90 0.33 2.99 0.07 −9.09 0.16 101.56 −1.27

52 85.20 0.20 2.71 0.03 −9.63 0.07 110.95 −0.62

53 83.30 0.33 4.94 0.04 −14.46 0.09 131.05 −2.31

55 84.95 0.35 3.69 0.02 −14.40 0.08 133.78 −0.36

57 83.63 0.18 3.26 0.01 −12.60 0.05 122.46 −0.36

60 83.95 0.15 2.74 0.03 −9.72 0.15 108.86 −0.64

61 81.86 0.25 5.12 0.05 −15.62 0.07 134.24 −2.15

62 84.64 0.21 4.02 0.02 −14.22 0.07 132.33 −0.95

68 83.23 0.16 5.20 0.04 −15.51 0.07 136.14 −2.32

69 83.31 0.13 3.95 0.02 −10.61 0.07 111.98 −2.21

71 80.66 0.98 3.98 0.07 −15.12 0.29 129.56 −0.54

73 81.00 0.22 3.47 0.02 −13.66 0.09 122.80 −0.29

75 86.35 0.19 3.80 0.01 −14.51 0.05 136.88 −0.49

76 83.27 0.30 3.56 0.03 −13.64 0.07 126.93 −0.44

77 84.98 0.13 3.84 0.02 −14.25 0.09 133.10 −0.65

78 83.84 0.12 4.20 0.01 −15.12 0.04 135.30 −0.89

79 81.38 0.76 3.51 0.06 −14.87 0.22 129.60 0.10

80 82.28 0.41 3.22 0.03 −12.49 0.15 119.34 −0.34
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cotton, polyester, and linen, and the structures were poplin,
dobby, oxford, and twill which are well used for dress shirts.
Dyeing is all bleaching except for No. 13 (Post dyeing). Anti-
wrinkle processing methods (pre-cure method, moist cure,
liquid ammonia treatment, and post-cure) were applied to
the fabrics. Functional processing methods (water absorption
and quick drying, stain resistance, deodorant) were added to
the fabric. Colorimetry was performed ten times randomly on
each fabric with a spectrophotometer (KONICAMINOLTA, CM-
2600d/2500d) set to a light source of D65 and an observation
field of view 10° (Japanese Industrial Standards, JIS Z 8722
Condition C). The calculated average values of brightness and
chromaticity of the samples are shown in Table 2. Whiteness
(CIE) and Tint (CIE) were also calculated using equations (1)
and (2) with the measured brightness and chromaticity of the
samples [26].

( )

( ( ))⁎ ⁎ ⁎L b L

Whiteness CIE

= 2.41 – 4.45 1 – 0.009 – 96 – 141.4,
(1)

( ) ⁎ ⁎a bTint CIE = –1.58 – 0.38 . (2)

2.2. Methods

Sensory evaluations of the 25 actual fabrics and their photo-
graphic images were performed. One fabric (sample 60, plain)
was used as the standard for comparison (having a value of
zero on all evaluation scales). Sample 60 was a white plain
fabric (cotton 100%, poplin, 11.8 × 11.8 tex) with the same
structure and similar yarn count to the sample selected by the
shirt fabric expert [6] as a common fabric among the 90 fabrics.
The other 24 fabrics were evaluated by comparing with the
standard in accordance with a semantic differential method
on a five-point scale ranging from −2 to +2. Eleven evaluation
items were selected and listed in Table 3 based on the results

of previous experiments [11,13,27]. In the evaluation of the shirt
price, the shirt price of the standard fabric was set to 3,000 yen
(approximately 26 USD, 1 USD = 116.6 JPY). The participants
were asked to evaluate the price of shirts hypothetically made
with the evaluated fabric.

In the evaluation of actual fabrics, samples having dimensions
of 20 cm × 20 cm were shown to the participants, as presented
in Figure 1. The experiment was conducted in a light booth
(Spectra Light QC, X-Rite. Inc., Michigan, United States) under
a D65 standard light (illuminance of 1325 lx) within a dark room
(JIS Z 8723/ISO 3668). The sample was placed on a black
sloping stand so that the angle of incidence of the light source
was 60° as shown in Figure 1(b) (modified 45°–60° of JIS L
0801 to see more clearly the unevenness of the fabric). The
warp direction of the fabric was set perpendicular to the hori-
zontal plane of the table [12].

Photographs of the fabrics were taken using a single-lens reflex
camera (Nikon, D750, 24.31 million effective pixels, camera
distance from the sample of 2 m, F value of 16, focal length
of 85mm, and shutter speed of 1/100 s). The images were
displayed on laptop computers having screens of various sizes using
a presentation program (PowerPoint, Microsoft Corporation), as
shown in Figure 2.

The participants were 20 (12 men and eight women) university
students for evaluations of the actual fabrics and 15 (eight men
and seven women) university students for evaluations of their
photographic images. Some evaluators evaluated both, and the
photographs were first evaluated.

The average value of each evaluation item was calculated from
the evaluation scores. T-tests were carried out to compare the
evaluation results for actual fabrics and their images. We con-
ducted an F-test to compare the variances of two results before

Table 3. Evaluation items

Evaluation item

−2 −1 0 +1 +2

Very Somewhat Neither Somewhat Very

Hard–Soft

Rough–Smooth

Thin–Thick

Light–Heavy

Cool–Warm

Matt–Glossy

Dark–Bright

Coarse–Delicate

Not beautiful–Beautiful

Casual–Formal

Vulgar–Elegant

AUTEX Research Journal, Vol. 24, No. 1, 2024, 20240008, DOI 10.1515/aut-2024-0008

http://www.autexrj.com/ 4

http://www.autexrj.com/


the t-test. After confirming the variances, we performed a t-test
for samples of equal variances and Welch’s unequal variances
t-test for samples of unequal variances [28]. A principal compo-
nent analysis was conducted using the average values to
investigate the appearance characteristics of the white fabrics
used for dress shirts, and then, the coefficients of correlation
between the principal loads were calculated with evaluation of
the prices to investigate the relationships.

3. Results and discussion

3.1. Comparison of evaluations between actual fabrics and
their images

Figure 3 presents the average value of each evaluation item for
actual fabrics and their images, whereas Figure 4 compares
the average estimated price between actual fabrics and their
images. Samples 71 and 79 (100% linen) have large negative
scores for the Rough–Smooth, Thin–Thick, Light–Heavy, Cool–
Warm, and Matte–Glossy items and negative scores for the
Coarse–Delicate, Not beautiful–Beautiful, Formal–Casual, and
Vulgar–Elegant items. Additionally, the average estimated price
is low for these samples. The 100% linen fabrics give the impres-
sion of being the softest fabrics.

In terms of the Coarse–Delicate item, sample 36 is evaluated
as being the roughest in the evaluation of the actual fabric, and
there are large differences between evaluations of the actual
fabrics and their images. For theMatte–Glossy item, the average
values of all actual fabric (except 36, 71, and 80) are higher than
the ones for the image. The average values of the Dark–Bright
item are higher for the actual fabric than for the image. Estimated
shirt prices are mostly higher for the actual fabric than for the
image.

Figure 5 shows the effect of materials on the differences in
evaluation average between actual fabrics and their images.
When the difference is positive, it means the actual fabric is
softer, smother, thicker, heavier, warmer, glossier, brighter,
more delicate, more beautiful, more casual, and more elegant.
The negative one means the opposites of the adjective pairs.
Zero one means no differences. For materials, the differences
of cotton 100% were relatively smaller than other materials
except for Matte–Glossy. The differences between C65P35
and C50P50 showed similar results which were relatively higher
than those of other materials. The difference of P60C40 was
relatively small, but some items (rough–smooth, course–deli-
cate, and formal–casual) showed minus values, meaning the
image showed higher values than the actual ones. For linen
100%, hard–soft showed huge differences. The higher values
of the fabric images than ones of the actual fabric will have a

Figure 1. Experimental environment with a light chamber (a) and angle of the light source relative to the sample surface (Modified JIS L 0801) (b).

Figure 2. Evaluation samples in the image evaluation (left: standard, right: sample 3).
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Figure 3. Comparison of average evaluations between actual fabrics and their images: (a) Hard–soft, (b) Rough–Smooth, (c) Thin–Thick,
(d) Light–Heavy, (e) Cool–Warm, (f) Matte–Glossy, (g) Dark–Bright, (h) Coarse–Delicate, (i) Not beautiful–Beautiful, (j) Casual–Formal, and
(k) Vulgar–Elegant.
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positive effect on e-commerce. However, when we consider e-
commerce, the difference could cause consumers’ dissatisfaction.
Thus, the differences need to be considered in e-commerce. Figure
6 shows the difference between estimated prices of actual fabric and
their images depending on the materials. The price differences of

C100 were the highest which means images estimated cheaply.
The price differences of P60C40 was minus, which means the
image’s estimated prices are higher than those of actual fabrics.
Thus, evaluation items (rough–smooth, course–delicate, and formal–
casual) could affect the price estimation.

Figure 7 shows the effect of structure on the differences in
evaluation average between actual fabrics and their images.
Dobby showed relatively higher differences compared to other
structures. Regardless of structures, matte–glossy and dark–bright
showed larger differences. Thus, it was considered that it is difficult
to show the glossiness and brightness of white fabric. Figure 8 shows
the difference between estimated prices of actual fabric and their
images depending on structure. Oxford showed larger price
differences. However, it is only one sample, so it is difficult to
discuss the relation. Except for the Oxford, there were no
estimated price differences among the structures.

T-tests were conducted to compare the actual fabric and image
evaluations. There are significant differences of a p-value less
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Figure 6. Relationship between fabric material and the difference between estimated prices of actual fabrics and their images.
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Figure 7. The effect of structures on the difference of evaluation
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Figure 8. Relationship between fabric structure and the difference
between estimated prices of actual fabrics and their images.
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than 0.05 for the Matte–Glossy item and a p-value less than
0.01 for the Dark–Bright item. It means there are differences
between actual fabric and image evaluations for Matte–Glossy
and Dark–Bright. Actual fabrics are highly evaluated in terms of
glossiness and brightness compared to their images. Correlation
analysis of the Matte–Glossy and Dark–Bright items reveals
positive correlations as shown in Figures 9 and 10. It means
there were differences between the average evaluated values
but the linear relationships were observed. Although the evalua-
tions show strong positive correlations, the average impressions
of glossiness and brightness differ between the actual fabric and
image, in that the actual fabrics are rated higher in terms of
glossiness and brightness. These differences are the result of
the difference in media (i.e., direct viewing versus image dis-
play), although the visual environment of lighting and displays
could also have had an effect.

Table 4 shows the correlation between “the difference between
estimated prices of actual fabrics and their images” and “the
difference between estimation average of actual fabrics and
their images.” Rough–Smooth showed the highest strong cor-
relation coefficient, 0.66 (p < 0.01). Matte–Glossy and Formal–
Casual showed the second highest correlation coefficient, 0.59
(p < 0.01). Coarse–Delicate showed the fourth highest correla-
tion coefficient, 0.54 (p < 0.01). Thus, when the difference in
estimation values between the actual fabric and the image
fabric for Rough–Smooth, Matte–Glossy, Formal–Casual, and
Coarse–Delicate is small, the difference in estimated prices is
also considered to be small.

Figure 11 shows the correlation between the average value of
dark–bright for actual and measured brightness L* of actual
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Table 4.Correlation between “the difference between estimated prices
of actual fabrics and their images” and “the difference between eva-
luation average of actual fabrics and their images” (**p-value <0.01,
*p-value <0.05)

Evaluation item Correlation coefficient

Hard–Soft 0.03

Rough–Smooth 0.66**

Thin–Thick 0.16

Light–Heavy 0.24

Cool–Warm 0.31

Matte–Glossy 0.59**

Dark–Bright 0.36

Coarse–Delicate 0.54**

Not beautiful–Beautiful 0.52**

Formal–Casual 0.59**

Vulgar–Elegant 0.48*
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fabric. The correlation coefficient was 0.6, indicating a strong
positive correlation. Therefore, it was found that the brightness
evaluation of the fabric was related to the value of brightness
L*. However, it was not directly related to the price estimation.
Figure 12 shows the relationship between estimated prices and
Whiteness. There was no clear relationship. There was no clear
relationship between the color features measured (such as a*,
b*, andWhiteness) in this study and the estimated prices. Other
physical properties or texture properties would be necessary to
understand the characteristics of fabric texture related to the
prices.

3.2. Comparison of principal components between actual
fabrics and their images

The calculated average values of each evaluation item were
used in the principal component analysis. The 100% linen fab-
rics (samples 71 and 79) were excluded because they had the
largest negative values for most sensory evaluation items,

which caused difficulty in observing the differences among
the other fabrics. Tables 5 and 6 show descriptive statistics of
PCs for the actual fabrics and their images. Figures 13 and 14
show component loadings of the first and second principal com-
ponents for the actual fabrics and their images. The first and
second principal components had a cumulative contribution rate
exceeding 88%. In the case of the images, the Coarse–Delicate,
Not beautiful–Beautiful, Vulgar–Elegant, Matte–Glossy, Casual–
Formal, Rough–Smooth, and Dark–Bright items were adopted as
the first principal components, and the Cool–Warm, Light–Heavy,
and Thin–Thick items were adopted as the second principal com-
ponents. In the case of actual fabrics, the Vulgar–Elegant, Not
beautiful–Beautiful, Coarse–Delicate, Matte–Glossy, Casual–Formal,
Dark–Bright, and Rough–Smooth items were adopted as the first
principal components, and the Hard–Soft, Cool–Warm, Light–Heavy,
and Thin–Thick items were adopted as the second principal compo-
nents. The first principal component was named Delicateness and
Glossiness for both actual fabrics and their images because of the
strong relationship between delicate, beautiful, elegant, glossy,

Table 5. Descriptive statistics of PCs for images of fabrics

Principal component Eigenvalue Contribution rate (%) Cumulative contribution rate (%)

1 7.097 64.52 64.52

2 1.795 16.32 80.83

3 0.995 9.05 89.88

4 0.444 4.03 93.91

5 0.191 1.73 95.64

6 0.166 1.51 97.15

7 0.139 1.27 98.42

8 0.090 0.82 99.23

9 0.040 0.36 99.59

10 0.028 0.25 99.85

11 0.017 0.15 100.00

Table 6. Descriptive statistics of PCs for actual fabrics

Principal component Eigenvalue Contribution rate (%) Cumulative contribution rate (%)

1 7.167 65.16 65.16

2 2.518 22.89 88.04

3 0.456 4.14 92.19

4 0.297 2.70 94.88

5 0.172 1.56 96.44

6 0.142 1.29 97.73

7 0.094 0.85 98.59

8 0.067 0.61 99.20

9 0.045 0.40 99.60

10 0.026 0.23 99.83

11 0.018 0.17 100.00
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formal, smooth, and brightness attributes. The second principal com-
ponent was named Lightness and Coolness for the images of fabrics
and Lightness, Coolness, and Softness for the actual fabrics. Hard–
soft is the fourth in the second principal loading, and although the
absolute value of loading is not small, it was not selected as a prin-
cipal component. It is thought this was an evaluation based on
appearance, and hard-softnesswas difficult to estimate. In the results
with plain fabric with various materials by Lee and Sato [10], the
Matte–Glossy was extracted as the third principal component. How-
ever, theMatte–Glossywasextractedas the first principal component
in this study regardless of the images or actual fabrics. This is due to
the fabric type for shirt items, which are different from their fabrics
(including wool and silk) for various items.

3.3. Relationships between the fabric properties and
principal component analysis results for actual fabrics and
their images

Figure 15 shows plots of the first and second principal compo-
nent scores for actual fabrics and their images. Fabrics were
grouped by the estimated price of the shirt. The fabric with higher
Delicateness and Glossiness was evaluated to be higher in the
estimated price for both actual fabrics and their images. The fab-
rics with the lowest values of Delicateness and Glossiness were
samples 3, 21, 36, 38, and 80 for both the actual fabrics and their
images. Those materials are cotton 50%, polyester 50% (3, 21,
36, and 38), cotton 60%, and polyester 40% (80).

Figure 13. Component loadings for images of fabrics: (a) first principal component and (b) second principal component.

Figure 14. Component loadings for actual fabrics: (a) first principal component and (b) second principal component.
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Figure 16 shows the grouping by material. Fabrics of 100%
cotton were evaluated as having higher values of Delicateness
and Glossiness. Figure 17 shows the grouping by weave.
Poplin was evaluated as being high in Delicateness and Glos-
siness. A comparison of Figures 16 and 17 shows that poplin
fabrics made from 100% cotton were evaluated as having high
Delicateness and Glossiness; these fabrics were also evalu-
ated as being expensive as shown in Figure 15.

There was no clear relationship between the evaluation results
of fabrics and processing methods. The processing was
applied to the fabrics for adding functional effects such as
anti-wrinkles or deodorant rather than color changes. Thus, it
was considered that the visual evaluation was not affected by
the processing.

Figure 18 shows the correlation between the first principal com-
ponent scores and the average expected price. Tables 7 and 8
give details of samples with higher and lower estimated prices.
The coefficient of correlation between the value of Delicateness
and Glossiness and the average evaluated price was 0.9, indi-
cating a strong positive correlation seen in Figure 18, and most
fabrics with a higher value of Delicateness and Glossiness
were made from at least 95% cotton and had a poplin weave.
In addition, fabrics with lower Delicateness and Glossiness
values, namely samples 3, 21, and 36, were cotton–polyester
blended fabrics with uneven surfaces; sample 80 was a fabric
made of 60% cotton and 40% linen. Table 7 reveals that cot-
ton–polyester blended fabrics and linen mixed fabrics were
evaluated as having lower Delicateness and Glossiness values
and low prices. These fabrics have uneven surfaces and rib

Figure 16. Sample plot of the first and second principal components grouped by material: (a) Images of fabrics and (b) actual fabrics.

Figure 15. Sample plot of the first and second principal components grouped by estimated price: (a) Images of fabrics and (b) actual fabrics.
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patterns. However, cotton–polyester blended fabrics with diag-
onal patterns such as stripes and checks are valued more
highly, as shown in Table 8. In other words, a cotton–polyester
blended fabric may be valued more highly if the fabric has a
diagonal pattern such as stripes and checks rather than an
uneven surface or rib pattern.

4. Conclusion

We investigated the relationship between the price estimation
and visual evaluation of white fabrics used in making dress
shirts for the actual fabrics and their photographic images con-
sidering E-commerce. We also carried out a principal compo-
nent analysis of those impressions to examine the relationship
between the principal component analysis results, weave struc-
tures, and fabric materials and price estimation. It was found
that the estimated prices of actual fabrics and their images did
not necessarily match. The impression of glossiness and
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Figure 18. Correlation between first principal component scores and
the average expected price.

Table 7. Samples with lower estimated prices

Sample no. 3 21 36 80

Surface picture

Material C50P50 C50P50 C50P50 C60L 40

Weaving Dobby Dobby Dobby Dobby

First principal
component

score

−4 −4.6 −4.8 −5.9

Average
estimated price

3,120 JPY (26.8 USD) 3,035 JPY (26.0 USD) 3,185 JPY (27.3 USD) 2,910 JPY (25.0 USD)

Figure 17. Sample plot of the first and second principal components grouped by weave structure: (a) Images of fabrics and (b) actual fabrics.
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brightness differed between the actual fabric and image evalua-
tions, with the actual fabrics being rated significantly higher in
terms of glossiness and brightness. These differences are the
result of the difference in media, although the visual environ-
ment of the lighting and displays may have also had an effect.
However, the measured fabric brightness, chromaticity, and
Whiteness did not affect the price estimation. Other physical
properties would be necessary to predict the prices.

The principal components for evaluating actual fabric and their
images were also clarified. The first principal component was
labelled as Delicateness and Glossiness (Coarse–Delicate, Not
beautiful–Beautiful, Vulgar–Elegant, Matte–Glossy, Casual–Formal,
Rough–Smooth, and Dark–Bright for images of fabrics; Vulgar–
Elegant, Not beautiful–Beautiful, Coarse–Delicate, Matte–Glossy,
Casual–Formal, Dark–Bright, and Rough–Smooth for actual fabrics)
for both actual fabrics and their images. The second principal com-
ponent was labelled as Lightness and Coolness (Cool–Warm,
Light–Heavy, and Thin–Thick) for the images of fabrics and
Lightness, Coolness, and Softness (Hard–Soft, Cool–Warm,
Light–Heavy, and Thin–Thick) for the actual fabrics. Fabrics eval-
uated highly in the first principal component were estimated as
having a high price. It was thus clearly shown that Delicateness
and Glossiness affected the price evaluation for both actual white
fabrics and their images.

The relationship between price estimation and textile materials
also became clear. Fabrics with a high value of Delicateness
and Glossiness were poplin fabrics made of at least 95% cotton.
In contrast, fabrics containing linen with an uneven texture or rib
pattern were evaluated as having low Delicateness and
Glossiness and were assessed at a lower price. Additionally,
even for blended fabrics such as a cotton–polyester fabric, the
expected price was high in the case of diagonal patterns, such
as stripe and check patterns. It is necessary to consider those
materials and patterns for efficient making and selecting clothing.

It is concluded from the results of the study that the reproduci-
bility of brightness and glossiness is an essential factor of a
high price estimation which is an important factor for making
and selling clothing. The price evaluation may be higher for
fabrics having a poplin weave and being at least 95% cotton,
and even for cotton–polyester fabrics with diagonal patterns

such as stripes and checks rather than a small repeating dobby
pattern with roughness. Considering the essential factor, apparel
companies can make clothing and textiles at more highly esti-
mated prices. On the other hand, a textile with characteristics
of a lowly estimated price needs to be added information to add
the reasons for the high price. These results will be helpful in the
procurement of fabrics with which to make clothing and in the
marketing of clothing to Japanese consumers in their twenties
(the demographic of the participants of this study).

From our results, the impression differences between actual
fabric and their images and the relationship between those
impressions and price estimation became clear. However, it
also shows the difficulty of visual estimation, such as hard-soft-
ness from the images of plane shapes. It will be necessary for
other studies related to images with three-dimensional shapes.
Our research will be connected to developing a more effective
fabric or clothing presentation method in e-commerce.
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