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ABSTRACT

The ability of texture perception is important to estimate the ma-
terials and properties of objects. However, the ways how multi-
modal information can be applied to texture recognition has yet to
be fully elucidated. In this research study, we modeled the rela-
tionship among visual, haptic, and visuo-haptic impressions using
multiple-regressions analysis. Some of the models demonstrated
that the product of scored visual and haptic impressions plays an
important role in multimodal texture perception. This result sug-
gests that a multimodal texture perception can greatly change the
impressions of texture more than we imagined.

Index Terms: Human-centered computing—Interaction design—
Interaction design theory, concepts and paradigms

1 INTRODUCTION

Various studies have been conducted on texture perception related
to a single modality [1]. However, in our lives, we often use mul-
timodal information. Recently, multisensory studies have become
more common, but quantitative analyses of the integration of mul-
timodal information are few in number. Additionally, almost all of
them focus on one or certain specific physical properties [2, 4] and
differences in materials [3], so the mechanisms of the integration of
multimodal impressions are still not completely understood.

In this research study, we focused on impressions regarding the
visual and haptic texture perceptions of synthetic resins, and we
modeled impression structures for the visual, haptic, and visuo-
haptic modalities. This will enable us to estimate impressions felt
from a texture, and will be helpful for adjusting the texture that have
desire impressions in the field of product design and virtual reality.

2 SUBJECTIVE EVALUATION EXPERIMENTS

We conducted subjective evaluation experiments to investigate dif-
ferences in texture recognition for various sensory systems. We
performed the experiments for three conditions: visual, haptic, and
visuo-haptic (Fig. 1). We used 20 synthetic resin samples (Fig.
2) with various textures as stimuli. Prior to these experiments, we
collected words to evaluate, via a free-description experiment, the
impressions felt from the stimuli (visual condition only and hap-
tic condition only). Then, we excluded any unfit words based on
the result of goodness-of-fit experiment. Moreover, we conducted
a word-similarity rating procedure and used the multidimensional
scaling method and hierarchical cluster analysis to select words that
ensured representativeness and completeness. Finally, we selected
19 words as evaluation words for each of two of the conditions:
the visual condition and the haptic condition. In the visuo-haptic
condition, we used the same words as those in the visual condition.
They were actually Japanese words.
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(a) visual condition; (b) haptic condition; (c) visuo-haptic condition.

Figure 1: The three conditions used in the experiments.

Figure 2: Examples of stimuli.

2.1 Method

The visual condition had 19 participants (17 men and two women)
with an average age of 21.45 (SD = 0.75); the haptic condition had
20 participants (19 men and one woman) with an average age of
21.5 (SD = 0.74); the visuo-haptic condition had 20 participants
(18 men and two women) with an average age of 21.55 (SD = 0.75).
They evaluated the strength of the impression felt from the stimulus
on a five-point scale.

2.2 Results and Discussion

We scored the rating data from 0 to 100, and we contracted three-
dimensional data (stimuli×evaluation words×participants) to two-
dimensional data (stimuli×evaluation words) by taking the average
of each participant. Then, we performed a factor analysis with the
data using the maximum likelihood method and the Promax rota-
tion. Based on the Kaiser-Guttman criterion, three factors each for
the visual and visuo-haptic conditions were extracted. At the same
time, for haptic condition, two factors were extracted (see the lists
in Table 1). We interpreted these factors as shown in Table 2. Ac-
cording to the these interpretation, the similarities and differences
in the visual and visuo-haptic conditions demonstrate the superior-
ity of the visual modality and the influence of the haptic modality
on visuo-haptic condition.

3 MODELING

We performed a linear multiple-regression analysis to model the
relationships among visual, haptic, and visuo-haptic impressions.

3.1 Method

We calculated a multiple linear regression to predict the visuo-
haptic rating of a model based on its components’ visual and haptic
rating. The regression model is depicted in Equation 1 (wherein V ,
H, and V H are the scored visual, haptic, and visuo-haptic ratings;
and α and β are the regression weights for V and H). We used
data extracted from the same stimulus for 14 participants (all men)
with an average age of 21.57 (SD = 0.72) who participated in all
of the conditions. We analyzed five evaluation words that all of the



Table 1: Results of factor analysis.

(a) visual condition; (b) haptic condition;

(c) visuo-haptic condition.

Table 2: Interpretation of factors.

conditions shared: “regular,” “sporty,” “uneven,” “progressive,” and
“youthful.”

V H = αV +βH (1)

3.2 Results and Discussion
As a result of the analysis, we obtained 100 models (20 stimuli×5
evaluation words). The average absolute value of standardized par-
tial regression coefficient for the visual terms was 0.35, and the av-
erage for the haptic terms was 0.25. Therefore, we confirmed that
haptic information is essentially as important as visual information.
However, only seven of the 100 models had high coefficients of de-
termination (over 0.6), and 27 had very low coefficients (less than
0.1). This suggests that the relationships among the visual, haptic,
and visuo-haptic modalities cannot be simulated completely with a
simple linear regression model.
4 MODIFIED MODEL

In the previous section, it was revealed that a simple linear regres-
sion model cannot fully express the integration of visual and haptic

Figure 3: The most improved model.

impressions. Therefore, we modified the regression equation.

4.1 Method
The modified equation is depicted in Equation 2.

V H = αV +βH + γ(V ×H) (2)

Here, we added the product of V×H (the scored visual rating
multiplied by the scored haptic rating) to Equation 1 as an inde-
pendent variable (γ indicate the regression weight for V×H). The
product divided by 100 was used for matching the scale with each
variable. We compared this model with the unmodified model using
the Akaike information criterion.

4.2 Results and Discussion
In 28 models (out of 100), a decrease in the Akaike information
criterion were confirmed. The most improved model is revealed in
Fig. 3, which depicts a large increase in the coefficient of determi-
nation. Moreover, the average absolute value of standardized partial
regression coefficient is 0.71 for the visual terms, 0.73 for the hap-
tic terms, and 0.94 for their interaction. This result suggests that the
impression felt from texture changes is mainly based on visual and
haptic interaction.

5 CONCLUSION

We have modeled the relationships among the visual, haptic, and
visuo-haptic impressions. The results indicated that the integration
of visual and haptic impressions cannot be expressed with a simple
linear regression model; in addition, the influence of the interac-
tion between the visual and haptic modalities was stronger than we
imagined. Hence, we can control the visual impression felt from
texture by using haptic information. Further consideration will be
needed to reproduce the interaction of the visual and haptic modal-
ities in the field of product design and virtual reality.
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