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Abstract. Products can be promoted by improving their value using
shitsukan, that is, feelings or impressions of the perception of their
material appearance. Particularly, products made of leather are
generally attractive to consumers. Although the number of products
made from artificial leather has been increasing in recent years,
the impression of their appearance is different from that of products
made of genuine leather. This study investigates the impression
elicited by leather and proposes a model to assess people’s
feeling of its authenticity. We developed a measurement system
and conducted subjective evaluation experiments on two groups
of participants divided according to whether they were familiar
with leather. The proposed evaluation model is based on a visual
perception mechanism. We first investigated the correlation between
characteristics of image samples and impression factors estimated
by using factor analysis. Then, we confirmed the correlation among
the impression factors and values of the feeling of authenticity.
The R-squared value between subjective values of the feeling of
authenticity and our proposed assessment values was approximately
0.8. c© 2020 Society for Imaging Science and Technology.
[DOI: 10.2352/J.Percept.Imaging.2020.3.2.020501]

1. INTRODUCTION
We encounter a variety of objects in daily life, and many
of them vary in their shitsukan, that is, in our feelings or
impressions evoked by their material appearance. In recent
years, many studies have focused on the visual perception of
materials [4, 5]. When consumers purchase a product, they
choose it based not only on price and performance but also
on whether they are attracted by its appearance. Therefore,
the appearance of products has become a more important
aspect of product design, especially differentiated from
competing products due tomature product performance. It is
thus important to be able to quantify and control a product’s
shitsukan. However, material appearance depends on many
factors such as physical properties, lighting, object (shape),
and previous experience (i.e., familiarity [16]).
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Consequently, previous studies have focused on various
material appearances [11, 15, 19, 20]. This study focuses on
the appearance of leather as it is used for various products
such as car interiors, clothes, and bags. The appearance of
genuine leather provides consumers with an impression of
luxury and a feeling of trust in the quality of the product.
Although product designers want to use genuine leather
for various products because of its superior quality, they
often use artificial leather for these products owing to high
prices and concerns for animal rights. Artificial leather is
made from either polyurethane or vinyl chloride. Therefore,
it has the advantage of easy maintenance. Moreover, the
surface of artificial leather is manufactured to resemble
genuine leather. However, the appearance of products made
from artificial leather may leave different impressions on
consumers compared with productsmade of genuine leather.

If we can identify the perceptual properties of genuine
leather, this would help in producing more convincing artifi-
cial leather. However, as mentioned above, we assume that
the observer’s impression of leather is different depending
on prior familiarity with it. Therefore, the aim of this study
is to investigate the impressions of leather of two groups of
participants—groups 1 and 2, where participants of group
1 were familiar with leather and those of group 2 were
not—to evaluate the subjective ‘‘feeling of authenticity.’’ To
achieve this purpose, we constructed a hierarchy of subjective
response layers and examined the relationships between
layers.

The remainder of this article is structured as follows.We
describe a visual perceptionmechanism from the perspective
of brain science and the hierarchy of subjective responses
constructed from this mechanism. We then describe the
measurement system and measurement methods that were
applied. We detail the methods used in the subjective
experiment involving leather samples and discuss the results
of a statistical analysis of the results. Next, we detail the
examination of the correlation between subjective evaluation
scores and measurement values. Finally, we provide a
discussion of the results and present the conclusions of this
study.
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2. VISUAL PERCEPTIONMECHANISM
The perception of the visual appearance of an object
involves various factors, including surface color, gloss, and
texture. A previous study strongly correlated brain activity
in the initial visual cortex, such as V1 and V2, with image
features, whereas activity in the higher-order areas of the
ventral pathway was strongly correlated with perceptual
impressions [8]. These results indicate that the impression
of a material is formed in the course of processing within
the ventral path. In the results of a recent study involving
experiments using monkeys, the activity of the ventral visual
pathway indicates that a conversion from image features into
a perceptual impression occurs [6].

Based on these studies, it was suggested that the
informationwe obtain fromour eyes is perceived as shitsukan
after being hierarchically processed. Therefore, as shown
in Figure 1, we constructed the hierarchy of subjective
responses and confirmed the correlation between measured
values and subjective evaluation scores. Also, in a study on
tactile sensation, Hashim et al. have proposed the layered
subjective responses based on the biological structure of
human perception [7]. Other studies have also reported
approaches using a hierarchical structure of subjective
responses [2, 13]. Since we perceive tactile sensation as well
as visual appearance through hierarchical processing, we
considered a hierarchical approach as suitable for evaluating
human sensibilities.

Image characteristics were obtained through measure-
ment experiments.Data on the impression factor and feelings
of authenticity were obtained from a subjective evaluation
experiment, where the impression factor is an estimate of
representative impressions of leather.

3. MEASUREMENT EXPERIMENTS
To obtain an evaluation model for the feeling of authenticity,
it was necessary to obtain image characteristics of leather.
Because the appearance of leather changes with the ob-
servation angle, we constructed a goniophotometer system.
Moreover, we used a commercial measurement device. Three
measurement experiments were conducted to obtain the
image characteristics. We defined each image characteristic
value as the average values of all three measurements. Ten
samples consisting of artificial (6) and genuine (4) leather
were prepared for the experiments. The leather used was
cowhide. Figure 2 shows the leather samples used in the
subjective evaluation. The samples were black in color, and
they had dimensions of 210 mm × 300 mm. These RGB
images were captured under the D65 diffuse illumination
condition.

3.1 Color Measurement
Figure 3 shows a schematic illustration of the color measure-
ment system. The system comprises a spectral camera and a
lighting device. The spectral camera recorded spectral images
in 31 bands with a 10-bit depth. The size of the captured
image was 600 pixels× 600 pixels. The image resolution was
approximately 1,000 dpi (25 µm/pixel). Because the camera

Figure 1. Relationship between measurement values and subjective
responses.

recorded spectral images, the images could be converted into
the L∗a∗b∗ format. The spectral images were normalized
by using spectral images of a standard white target. The
lighting device had a xenon light source. The measurement
angle was 45◦, and the illumination angles were −15◦, 0◦,
20◦, 30◦, and 45◦ toward the normal direction (geometry
of −15◦/45◦, 0◦/45◦, 20◦/45◦, 30◦/45◦, and 45◦/45◦). We
set these angles with reference to commonly used color
measurement angles [1, 12]. In addition to L∗a∗b∗, kurtosis
and skewness were calculated for each geometry as image
characteristics.

3.2 Measurement of Surface Characteristics
Figure 4 shows a schematic illustration of the surface
characteristic measurement system. The system comprises
a digital single-lens reflex camera (PENTAX K3-II, RICOH
IMAGING COMPANY, LTD., Tokyo, Japan) and a lighting
device. The raw images had a depth of 14 bits, and they
were converted into L∗ images. The raw images were then
normalized by using images of a standard white target. The
size of the captured image was trimmed to 3,000 pixels
× 3, 000 pixels. The image resolution was approximately
1000 dpi (25 µm/pixel). The measurement angle was 0◦ and
the illumination angles were 15◦, 25◦, 45◦, and 60◦ toward
the normal direction (geometry of 15◦/0◦, 25◦/0◦, 45◦/0◦,
and 60◦/0◦).We set these angles with reference to commonly
used surface measurement angles [1].

To obtain the surface characteristics, characteristics
of the spatial frequency of the deviation L∗ image were
first calculated from the Fourier transform. For conversion
into the one-dimensional (1D) characteristics of spatial
frequency, the cyclic average values for each spatial frequency
(cycles/mm) were then calculated [9]. Figure 5 shows
this step. In the graph, the vertical axis is the amplitude
and the horizontal axis is units of cycles per millimeter.
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Figure 2. Sample surface.

Figure 3. Color measurement system.

The characteristics were then weighted based on the
characteristics of the human visual system, namely, the
contrast sensitivity function (CSF). The CSF is the frequency
response characteristic of human vision that represents
changes in the resolution of human vision with observation
distance. In this study, the observation distance was 300mm.
Although different CSF models were proposed in the previ-
ous studies, we used the basic model proposed by Dooley
and Shaw [3]. The surface of leather has various frequency
bands because of the surface irregularity and grain size.
Thus, we calculated several surface characteristics. Integrals
of 1D spatial frequency values within the ranges 0–0.1,
0.1–1.0, and 1.0–4.0 cycles per millimeter were defined as
surface characteristics. These values corresponded to surface
irregularity and large/small grains, respectively. These spatial
frequency ranges were determined based on their actual
measured size and image resolution (25 µm/pixel).

3.3 Measurement of L∗ Gradient
The reflection characteristics of leather change depending
on the observation angle. Moreover, the gradient of change
varies according to the surface condition of the leather. To
measure the gradient of the characteristics, we measured
them using a gonio-spectrophotometer (GCMS-11, Mu-
rakami Color Research Laboratory, Tokyo, Japan). This mea-
surement device can measure the bidirectional reflectance

Figure 4. Surface characteristic measurement system.

distribution function. Figure 6 shows the measurement
conditions in this experiment. The measurement angle was
45◦, and the illumination angles were in the range of 0–55◦

toward the normal direction, measured every 1◦ (geometry
of 0◦/45◦ to 55◦/45◦).We also set these angles with reference
to commonly used color measurement angles. However,
since the shade angle (diffuse reflection condition away from
specular reflection) has almost no change in L∗ value, we
did not measure the −15◦/45◦ condition. In this study, the
L∗ value of the surface of the leather in each geometry was
measured. We then calculated the gradient value. Figure 7
shows the calculation method. We determined the gradient
value as a slope from the peak value of L∗ to half the value
of L∗ from the peak because the difference in gradient well
appeared. In Fig. 7, gradientA is slight and gradient B is steep.
In other words, the value of gradient A is smaller than that
of gradient B. Table I lists the characteristics obtained in the
three measurement experiments.

4. SUBJECTIVE EVALUATION EXPERIMENTS
4.1 Impression Factor
4.1.1 Experimental Conditions
Values of the impression factor, that is, the representative
impressions we perceive from leather, were obtained from
factor analysis using the result of subjective evaluation
experiments. The analysis estimated the representative
impressions we perceived from the appearance of leather.
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Figure 5. Calculation of characteristics of spatial frequency of the L∗ image.

Figure 6. Conditions for the measurement of the gradient of the reflection
characteristics.

Figure 7. Example of method to calculate the value of the L∗ gradient.

Figure 8 shows the observation conditions of subjective
evaluation experiments. Because the appearance of the
leather varies with the observation angle, the participants
observed the samples in a curved state. The experimentswere
conducted using a standard light source (SpectraLight QC;
X-Rite, MA, USA). The observation distance was 300 mm.
Participants observed a curved leather sample while fixing
the observation position by steading their forehead.

4.1.2 Methods and Analyses
To determine the proper evaluation words for use in the
analysis, we conducted three experiments: an impression
word extraction test, an impression word appropriateness
test, and a rating word distance measurement test [17].

Table I. List of measurement characteristics.

From the impression word appropriateness test, we divided
participants into two groups.

The impression word extraction test was conducted
to extract general impressions of the leather samples. Ten
participants observed the leather samples and wrote down as
manywords they could think of to describe their impressions.
As a result, we obtained 232 words and extracted 92 words
with duplicate words removed. We assumed that extracted
impression words were pretty general for leather because the
duplication rate of thewords by the 10th participantwas 84%.

For selecting the words to be used in the following
experiments from the 92words, we conducted the impression
word appropriateness test. In this test, 20 participants
(eight familiar and 12 unfamiliar with leather) evaluated the
appropriateness of the 92 words using a scale from 1 (very
inappropriate) to 7 (very appropriate). The participants who
responded that they have leather products (i.e., had many
opportunities to observe leather products) and that theywere
interested in leather belonged to the familiar group. We then
calculated the average and standard deviation of each word
score. The participants judged theword appropriateness with
respect to all samples at once (92 ratings) while observing
the samples. We considered that words with high scores
and small variability among the participants were more
appropriate for evaluation. Therefore, first, the words with
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Figure 8. Observation conditions.

Table II. Representative words. (a) The participants familiar with leather products.
(b) The group of participants unfamiliar with them.

(a) (b)
Word name Word name

Profound feeling Sturdy Jet black Fine
Granular Stretchy Uneven Shiny
Matte Smooth Wrinkly Sturdy
Texture Wrinkly Luxurious feeling Resilient

Artificial

an average score of more than 5 (appropriate) were chosen.
Furthermore, words that had the standard deviation scores of
lower than the average standard deviation score +1σ of the
above chosen appropriate words group were extracted. As a
result, we extracted 24 words appropriate for the impressions
of leather in the familiar group. On the other hand, we
extracted 28 words in the unfamiliar group.

To scale the distance between meanings of the im-
pression words, we conducted a rating word distance
measurement test, where a word pair with a ‘‘short distance’’
indicated similarity and that with a ‘‘long distance’’ indicated
dissimilarity. The two groups judged whether each word pair
distance was short or long. In this test, we did not present
the samples because they judged only the similarity of the
words. Also, the test was conducted using an Excel sheet
which was randomly listed 24C2 and 28C2 word pairs. The
distance then corresponded to the similarity of impressions
between pairs of the 24 and 28 words. Therefore, the rate
at which the participants answered ‘‘long distance’’ for each
word pair was defined as the normalized distance between
words. In other words, if all participants answered ‘‘long
distance,’’ the normalized distance was ‘‘1.’’ If they answered
‘‘short distance,’’ the normalized distance was ‘‘0.’’ We then
plotted the words using multidimensional scaling for the

normalized distance between members of each sample pair.
The words were plotted in 23- and 27-dimensional spaces.
Finally, hierarchical cluster analysis was applied usingWard’s
method to the dimensionally plotted words of groups 23 and
27. In general, we can cluster words that are close. There
are various ways to reduce the total number of clusters. In
this study, we defined some clusters that were closer than
the average distance of all clusters as a new cluster. The 24
and 28 impression words were divided into eight and nine
clusters based on the average distance between each cluster.
In each new cluster, we defined the word with the highest
average score at the word appropriateness experiment as the
representative word (Table II). These words were evaluated
on the Likert scale.

4.1.3 Results
Finally, the participants evaluated the impression of each
sample using the representative words on a seven-point
scale from −3 (not felt at all) to 3 (very strongly felt). The
samples were shown in random order to each participant. To
extract the principal impression factors, the average scores
were calculated and factor analysis was conducted [21].
A quartimin rotation was used to rotate the factors.
Table III shows the final results of the factor analysis. In
the group of participants who had had previous experience
of leather products, ‘‘Matte’’ was eliminated because of
double loading, a phenomenon with large loading values
for multiple factors. In subsequent analyses, ‘‘Stretchy’’ was
eliminated because no factors had a large loading value. The
cumulative contribution ratio up to the second factor was
approximately 0.89. The first factor consisted of the words
‘‘Wrinkly,’’ ‘‘Granular,’’ ‘‘Sturdy,’’ and ‘‘Smooth.’’ The second
factor consisted of ‘‘Texture’’ meaning feel of a surface and
‘‘Profound feeling.’’ We determined that the first factor was
a ‘‘surface shape’’ because it corresponded to the surface
roughness and grain.

The second factor was determined to be the ‘‘impression
of stateliness’’ meaning formal and elegant quality because it
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Figure 9. Results of correspondence analysis. (a) Results for the familiar group. (b) Results for the unfamiliar group.

corresponded to a profound impression. To the contrary, in
the group of participants who had had no prior experience
with leather, ‘‘Artificial’’ was eliminated because of its
similarity inmeaning to the feeling of authenticity.Moreover,
‘‘Fine’’ was eliminated due to double loading. The cumulative
contribution ratio up to the second factor was approximately
0.88. The first factor contained ‘‘Jet black,’’ ‘‘Uneven,’’
‘‘Wrinkly,’’ ‘‘Luxurious feel,’’ and ‘‘Shiny.’’ The second factor
contained ‘‘Sturdy’’ and ‘‘Resilient.’’ We determined the first
factor was a ‘‘Jet black’’ because the factor was related to
surface uniformity, black color, and gloss. The second factor
was determined as ‘‘sturdiness’’ because it corresponded to
an impression of toughness.

4.2 Feeling of Authenticity
4.2.1 Method
To obtain scores for the feeling of authenticity of the leather
samples as provided by the participants, Scheffe’s paired
comparison method was applied [14]. In each trial, a pair
of test samples were chosen at random. The participants
compared and evaluated them according to the seven
ranks from ‘‘-3 (not authentic at all)’’ to ‘‘3 (very strongly
authentic).’’ The above comparison was conducted for 10C2
pairs. Scheffe’s paired comparison method can identify small
differences between samples.

4.2.2 Results
The subjective scores were scaled through a correspondence
analysis [10]. In this study, we obtained 6 (7 ranks −1)-
dimensional results in the analysis. Figure 9 shows the
results between dimension 1 and dimension 2. In familiar
groups, we visually confirmed that subjective sample scores
and rank scores are plotted in a horseshoe shape. This
shape plot suggests that the subjective sample score is a
1D structure [18]. In fact, dimension 1 was dominant and
the R-squared value was 0.69. Furthermore, the figures
show that dimension 1 corresponds to the rating ranks
used in the experiments (see green and orange plot). That

Table III. Result of factor analysis. (a) Results for the group of participants who had had
previous experience of leather products (hereinafter, ‘‘the familiar group’’). (b) Results
for the group unfamiliar with them (hereinafter, ‘‘the unfamiliar group’’).

is, dimensions 2–6 corresponded to other factors, such as
evaluation variation among participants. From the above,
we defined dimension 1’s sample scores as subjective the
feeling of authenticity scores. On the other hand, in the
unfamiliar group, subjective sample scores plotted on the
horseshoe shape. Also, the R-squared values of dimensions
1 and 2 were 0.55 and 0.26, respectively, and dimension 1
was not dominant. In other words, we could not infer the
1D structure of the sample scores. Therefore, we examined
the quantification of the feeling of authenticity using only the
results of the familiar group. Table IV shows the 1D subjective
scores of the familiar group. The magnitude of the score
represents the strength of the feeling.
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Table IV. Subjective scores of the feeling of authenticity for the familiar group.

Sample No. Subjective score

7 (genuine) 0.70
8 (genuine) 0.61
9 (genuine) 0.25
4 (artificial) 0.21
6 (artificial) −0.02
1 (artificial) −0.02
3 (artificial) −0.12
2 (artificial) −0.52
5 (artificial) −0.54
10 (genuine) −0.55

5. ESTIMATION RESULTS
The feeling of authenticity was structurally evaluated. We
confirmed two types of correlations: those between the
image characteristics and the impression factor, and between
the impression factor and the feeling of authenticity. The
feeling of authenticity could thus be evaluated from image
characteristics.

5.1 Image Characteristics and Impression Factor
5.1.1 Familiar Group
We derived equations to estimate the impression factors
using multiple regression analyses with a forward stepwise
method. In the method, we selected explanatory variables
with minimizing the Akaike Information Criteria corrected
(AICc) value. A smaller AICc value indicates a better
estimation model in terms of robustness and the correlation
with the data. In some cases, explanatory variables are highly
correlated (for example, L∗ values under 20◦/45◦ conditions
and 30◦/45◦ conditions). However, in this study, we defined
variables with smaller AICc value as the variable particularly
relevant to our perception of leather. In the analyses, scores
of the impression factors were used as objective variables and
image characteristics as explanatory variables. The values of
the image characteristics had dissimilar ranges. Therefore, we
used their standardized Z-scores as explanatory variables.

The ‘‘surface shape’’ was estimated as in Eq. (1).

I1 = 0.76 · x11− 0.31 · x12, (1)

where I1 is the ‘‘surface shape.’’ x11 and x12 are ‘‘the spatial
frequency values at 60◦/0◦ within the range 0.1–1.0 cycles
per millimeter,’’ and ‘‘the L∗ value at 45◦/45◦’’ (p < 0.05),
respectively. Figure 10 shows the correlation among values
estimated in Eq. (1) and the subjective factor scores for the
‘‘surface shape.’’ In this figure, the horizontal axis represents
the estimated scores and the vertical axis the subjective scores
for the impression. There was a strong positive correlation,
and an R-squared value of 0.91 was obtained (p<0.001).
In addition, we found that ‘‘the spatial frequency values at
60◦/0◦ within the range 0.1–1.0 cycles per millimeter’’ and
‘‘the L∗ value at 45◦/45◦’’ were highly correlated with ‘‘the

Figure 10. Estimated values and subjective scores for the surface shape.

spatial frequency values at 45◦/0◦ within the same range’’
(R2
= 0.91) and ‘‘the spatial frequency values at 15◦/0◦

within the range 0–0.1 cycles per millimeter’’ (R2
= 0.67),

respectively. From these results, it was inferred that ‘‘surface
shape’’ was perceived mainly by large grains in the shade
angle region. In addition, since large grains could not be
observed when the L∗ value was large, the L∗ value had a
negative effect on the impression.

The ‘‘impression of stateliness’’ was estimated using
Eq. (2).

I2 = 0.71 · x21+ 0.24 · x22− 0.44 · x23, (2)

where I2 is the ‘‘impression of stateliness.’’ x21, x22, and x23
are ‘‘the spatial frequency values at 60◦/0◦ within the range
0–0.1 cycles per millimeter,’’ ‘‘the spatial frequency values
at 15◦/0◦ within the same range,’’ and ‘‘the kurtosis value
at −15◦/45◦’’ (p < 0.05), respectively. Figure 11 shows the
correlation among the values estimated in Eq. (2) and scores
of the subjective factor for the ‘‘impression of stateliness.’’
In this figure, the horizontal axis represents the estimated
scores and the vertical axis is subjective scores for the
impression. There was a strong positive correlation, and
an R-squared value of 0.96 was obtained (p < 0.001). In
addition, we found that ‘‘the spatial frequency values at
15◦/0◦ within the range 0–0.1 cycles permillimeter’’ and ‘‘the
kurtosis value at−15◦/45◦’’ were highly correlated with ‘‘the
spatial frequency values at 25◦/0◦ within the same range’’
(R2
= 0.77) and ‘‘the kurtosis value at 0◦/45◦’’ (R2

= 0.84),
respectively. We did not find a characteristic with high
correlation with ‘‘the spatial frequency values at 60◦/0◦

within the range 0–0.1 cycles per millimeter.’’ From these
results, it was inferred that ‘‘impression of stateliness’’ was
mainly perceived by the surface irregularity under multiple
observation angle conditions. Also, the large kurtosis value
at the shade angle indicated that the surface L∗ value was
uniform, that is, there was no irregularity on the surface.
Therefore, the kurtosis value had a negative effect on the
impression.
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Figure 11. Estimated value and subjective score for the impression of
stateliness.

5.1.2 Unfamiliar group
The ‘‘jet black’’ was estimated as in Eq. (3).

I3 = 0.45 · y11− 0.95 · y12, (3)

where I3 represents the ‘‘jet black.’’ y11 and y12 are ‘‘the
gradients of L∗’’ and ‘‘the 45◦/0◦ spatial frequency values
within the range 1.0–4.0 cycles per millimeter’’ (p < 0.05).
Figure 12 shows the correlation among the values estimated
in Eq. (3) and scores of the subjective factor for the ‘‘jet
black.’’ In this figure, the horizontal axis represents the
estimated scores and the vertical axis subjective scores for the
impression. There was a strong positive correlation and an
R-squared value of 0.90 was obtained (p<0.001), although
the estimated values were dichotomized.

In addition, we found that ‘‘the gradients of L∗’’ and
‘‘the 45◦/0◦ spatial frequency values within the range 1.0–4.0
cycles per millimeter’’ were correlated with ‘‘the L∗ value
at 45◦/45◦’’ (R2

= 0.49) and ‘‘the 60◦/0◦ spatial frequency
values within the same range’’ (R2

= 0.89), respectively.
From these results, it was inferred that‘‘jet black’’ was mainly
perceived when there were no small grains in the shade angle
region. Also, the sample which had large gradients indicated
that the surface was glossy, not matte, and the suggestion was
supported by the correlation with the specular L∗ value. We
assumed that the sample with a high L∗ gradient and a flat
surface looked like a lacquer.

The ‘‘sturdiness’’ was estimated as in Eq. (4).

I4 = 0.77 · y21+ 0.46 · y22+ 0.72 · y23, (4)

where I4 is ‘‘sturdiness.’’ y21, y22, and y23 are ‘‘the gradient of
L∗,’’ ‘‘the ratio of 15◦/0◦ spatial frequency values within the
range 0–0.1 cycles per millimeter,’’ and ‘‘the ratio of 15◦/0◦

spatial frequency values within the range 0.1–1.0 cycles
per millimeter’’ (p < 0.05), respectively. Figure 13 shows

Figure 12. Estimated values and subjective scores for the jet black.

the correlation among the values estimated in Eq. (4) and
subjective factor scores for the ‘‘sturdiness.’’ In this figure,
the horizontal axis represents the estimated scores and the
vertical axis subjective scores for the impression. There was
a strong positive correlation and an R-squared value of 0.91
was obtained (p< 0.01). In addition, we found that ‘‘the ratio
of 15◦/0◦ spatial frequency values within the range 0.1–1.0
cycles per millimeter’’ was highly correlated with ‘‘the ratio
of 25◦/0◦ spatial frequency values within the range 0.1–1.0
cycles per millimeter’’ (R2

= 0.86). The characteristics that
have high correlation with the remaining two characteristics
are as described above. From these results, it was inferred
that ‘‘sturdiness’’ was mainly perceived by the macro-surface
properties in the highlight region. The drastic change of the
L∗ value with the observation angle seems to be also related
to the impression.

5.2 Impression Factors and Feeling of Authenticity
We evaluated the feeling of authenticity using impression
factors estimated from the image characteristics. We first in-
vestigated the relationship between the feeling of authenticity
and the impression factors (Figure 14). In Fig. 14, the blue,
orange, and black bars represent impression factors 1, 2, and
the feeling of authenticity, respectively. In this figure, the
relation between the feeling of authenticity and impression
factor 1 can be confirmed, whereby the feeling of authenticity
of the given sample was evoked in the participants when the
factor had large positive and negative values, that is, absolute
values were larger (R2

= 0.50). It was assumed that the
participants experience a smooth or rough impression of the
surface of genuine leather. The relation between the feeling of
authenticity and impression factor 2 was confirmed as well
because the larger the positive value of impression factor 2
was, the stronger was the feeling of authenticity evoked in
the subject concerning the given sample (R2

= 0.46). We
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Figure 13. Estimated values and subjective scores for sturdiness.

devised an evaluation model from the factors. Furthermore,
standardized Z-scores of the factors were used as explanatory
variables. The feeling of authenticity was estimated using
Eq. (5).

I5 = 0.59 · |x31| + 0.56 · x32, (5)

where I5 is the feeling of authenticity. x31 and x32 are
impression factor 1 and impression factor 2 (p < 0.05).
Impression factor 1 was converted into its absolute value
from the results shown in Fig. 14. Figure 15 shows the
correlation among the values estimated in Eq. (5) and
subjective scores for the feeling of authenticity. In this figure,
the horizontal axis represents the estimated scores and the
vertical axis subjective scores for the feeling of authenticity.
There was a strong positive correlation, and an R-squared
value of 0.80 was obtained (p < 0.01). The results show
that the feeling of authenticity was positively influenced by
the absolute value of impression factors 1 and 2. Although
sample No. 10 was genuine leather, its subjective score
was the lowest of the prepared leather samples because its
impression factor 2 was small. Whereas, although No. 4
was artificial leather, the subjective score of the feeling was
large. Therefore, we speculated that artificial leather also
could make people perceive the feeling depending on the
impression of the surface.

5.3 Verification Experiment
Although the estimated model of the feeling of authenticity
obtained a good correlation with the subjective score, the
model based on ten samples and eight participants might
not generalize. Therefore, we included a separate verification
experiment with additional samples and participants to
confirm the robustness of the model. We considered that
it could be regarded as a general conclusion about leather
if the robustness of the model for unknown samples
could be confirmed. Figure 16 shows the additional 12

Figure 14. Relationship between the feeling of authenticity and impression
factors.

Figure 15. Estimated values and subjective scores for the feeling of
authenticity.

leather samples consisting of artificial (6) and genuine (6)
leather. The samples were black in color, had dimensions
of 210 mm × 300 mm. These RGB images were captured
under D65 diffuse illumination condition. The subjective
scores of the feeling of authenticity of the samples were
obtained from comparisons with the ten leather samples
used before in the experiments. We collected subjective
scores from 15 participants (added new participants). The
measurement experiments were then conducted to obtain
image characteristics. The estimated values were calculated
using Eqs. (1), (2), and (5).

Figure 17 shows the correlation with values of the feeling
of authenticity estimated in Eq. (5) and the subjective factor
scores for the feeling of authenticity of the leather samples.
In this figure, the horizontal axis represents the estimated
scores and the vertical axis subjective scores for the feeling
of authenticity. The black plots are the 10 samples used
in the estimated model and the red plots are the leather
samples used for verification. Also, the black lines are the
95% prediction interval. As a result, the estimated values of
the additional samples were within a 95% prediction interval
(the accuracy of the additional sample by the new seven
participants was R2

= 0.47). Therefore, the proposed model
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Figure 16. Additional samples surface.

Figure 17. Verification results.

can estimate the feeling of authenticity. We also confirmed
the robustness of the estimation model.

6. CONCLUSIONS
Using the idea of shitsukan, this article examined the
difference between people’s impressions of genuine leather
and artificial leather.

Based on this, we hypothesized that artificial leather can
induce the feeling of authenticity in the participant similar
to that provided by genuine leather if the impressions made
by each can be identified and quantified. Therefore, we
investigated these impressions and the feeling of authenticity
evoked in the participants. We then quantified the feeling by
using the structured hierarchy of subjective responses. We
conducted experiments involving the subjective evaluation
of impressions of leather and its feeling of authenticity,
and measured the participants’ impressions of the leather
samples.

The results confirmed that participants who had been
familiar with leather perceived ‘‘surface shape’’ and ‘‘impres-
sion of stateliness’’ in leather.

These findings suggested that the feeling of authenticity
of leather is not affected by its surface color, indicating
that the evaluation model did not depend on this factor.
To confirm this hypothesis, additional experiments are
needed. The feeling of authenticity was estimated from the
representative impressions. The results revealed that the
proposed model can evaluate the feeling of authenticity
with an R-squared value of 0.80. We verified the accuracy
of the proposed model through a verification experiment
with additional samples and participants to confirm the
robustness of the model. The results indicated that the
estimated values of the additional samples were within a
95% prediction interval. Therefore, we considered that the
proposed model is suitable for estimating the feeling of
authenticity of the leather. On the other hand, although
participants unfamiliar with leather perceived its ‘‘jet black’’
and ‘‘sturdiness’’ representatively, we could not derive the
estimate equation of the feeling of its authenticity based on
the results of correspondence analysis. The result suggested
that impressions of the leather samples differed according to
whether the groups had already been familiar with leather,
supporting the hypothesis presented.

The feeling of authenticity was particularly affected
by both the impression factors almost equally in the
familiar group. This result suggested that changing surface
irregularities and large grain in artificial leather products are
important for inducing the impression of genuine leather.
However, we could not derive the feeling of authenticity
estimation equation in the unfamiliar group. We speculated
that this was because of the evaluation variability in the
feeling due to the lack of experience of observing leather
rather than the fact that they were not able to perceive the
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feeling of authenticity. We estimated that as the experience
of observing leather increased, their evaluation of the feeling
would be close to that of the familiar group.

In future work, we will test other types of shitsukan using
this method of structural evaluation. Moreover, we plan to
model the feeling of authenticity for cross-modal phenomena
using other senses, such as the tactile sense.
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