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Toward Designing Haptic Displays for Desired
Touch Targets: A Study of User Expectation for

Haptic Properties via Crowdsourcing
Yusuke Ujitoko, and Yuki Ban

Abstract—Things that people desire to touch in daily life are
known to be limited to a number of specific targets (e.g., cats).
The utilization of haptic displays to provide the experience of
touching such desired targets is expected to enhance people’s
quality of life. However, it is currently unclear which haptic
properties (e.g., hardness and weight) of desired targets should
be rendered with haptic displays, and how they should be
rendered. To address these issues, we conducted an experiment
with 600 Japanese participants via crowdsourcing. Among the
600 participants, we identified potential users of haptic displays
and analyzed their responses for each target. For each desired
target, we identified the haptic properties in relation to which a
“need for consistency” was felt by potential users between their
expectations and actual impressions during touching. We also
identified the haptic properties in relation to which a “biased
impression” was held by potential users for each target. For
example, potential users responded that cats were soft and that
the actual impression of softness during touching needed to be
consistent with their impression. Our results provide insights
into the design of haptic displays for realizing desired touch
experiences.

Index Terms—Haptic property, Touch desire, Haptic display,
Biased impression, Need for consistency, Potential user.

I. INTRODUCTION

In our daily lives, we can consume application services
which involve our senses whenever we desire, for example, by
listening to music or watching movies [1]. However, currently,
there are no compelling consumer applications that provide
the experience of touching targets (e.g., animals or objects)
that people commonly desire to touch. Our aim is to use
haptic technology to provide this desired touch experience and
improve people’s quality of life.

To provide desired touch experiences, it is crucial to un-
derstand people’s touch desire. Our previous study analyzed
touch desire using Twitter [2]. Our findings indicated that
people’s touch desires are concentrated on a limited range of
targets, even though there are an infinite number of possible
targets for physical touch in the real world. Developing haptic
technologies that can simulate the experience of touching
these desired targets has the potential to satisfy people’s touch
desire.
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Two important questions need to be addressed if we are
to develop haptic technologies that provide touch experiences
for desired targets. Firstly, it is crucial to determine which
haptic properties (e.g., weight and hardness) of a target (e.g.,
a cat) should be rendered. People with touch desires may have
specific impressions for certain haptic properties, although
not all rendered properties need be consistent with these
imagined impressions. Therefore, it is important to investigate
the “need for consistency” for each property to identify which
properties need to be aligned with user impressions in order to
create a satisfying haptic experience. For instance, accurately
controlling only the hardness and fine roughness properties of
a virtual cushion may suffice if individuals who desire to touch
cushions only need consistency regarding these two properties
for an effective haptic experience.

Secondly, it is essential to clarify how haptic properties
should be rendered with haptic displays. A “biased impres-
sion” refers to a preconceived notion or expectation that users
have about the haptic properties of a specific target, which may
not necessarily align with the actual properties of the target. If
we know that people have a “biased impression” in relation to
certain haptic properties of a specific target, we can control the
presentation of the touch experience with haptic technology
in a way that is consistent with the biased impression. For
example, if users have an expectation that a cushion will be
soft, we should present an experience of softness when they
touch virtual cushions. While people generally prefer softer
and smoother targets over hard and rough ones [3], and dislike
and avoid moist targets [4], it is unclear whether these general
rules can be applied to the properties of each of the most
highly desired targets.

We conducted an online experiment with 600 Japanese
participants recruited via crowdsourcing. 18 touch targets that
are commonly touched in daily life were carefully selected
for subjects to respond to in the experiment. We extracted
the potential users of haptic displays from among the 600
participants and analyzed only their responses. We clarified
the need for consistency and biased impressions for each
desired touch target. Fig. 1(A) shows the scope of the present
study. The study’s findings provide valuable insights for haptic
researchers and engineers as to which haptic properties of a
target should be rendered and how to render them using haptic
technology (see Fig. 1(B)).
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Fig. 1. (A) Investigation of user expectation among potential users of haptic displays, which is the principal focus of this study. We clarified the biased
impressions and the need for consistency for each property and each desired touch target. (B) Getting insights into which haptic properties should be rendered,
how they should be rendered, and designing haptic displays based on these insights.

II. RELATED WORK

First, we introduce some previous studies investigating
touch desire. Then, we introduce some previous studies that
have developed haptic displays that can provide the experience
of touching specific targets.

A. Investigation of Touch Desire
Touch desire in the context of purchasing has already

been investigated. Touch is an important factor in increasing
perceptions of quality and raising purchase likelihood [5], [6],
[7], [8], but individuals differ in their need to touch products
before purchasing [9], [10]. Peck and Childers created a scale
that records individual preferences in terms of the need for
touch (NFT), which consists of two subscales: instrumental
NFT and autotelic NFT [9]. Our previous study [2] suggests
that touch desire in daily life is usually dominated by the
affective aspect of touch, which means that it is somewhat
autotelic.

We have investigated people’s desire to touch targets in
daily life and found that animate targets, such as humans
and animals, are more popular touch targets than inanimate
objects [2]. After the COVID-19 outbreak, touch desire toward
such animate targets became more intense in Japan [11]. Based
on these previous studies, the present study focuses on how
each haptic property should be presented when a haptic display
aims to provide the experience of touching such highly desired
targets.

Laboratory experiments have shown that certain haptic
properties are generally important for activating people’s touch
desire [12], [3], [13], [14], [15], [16]. For example, Klatzky
et al. found that abstract objects with smooth surfaces and
simple shapes received higher “touch-ability” scores compared
to those with rough surfaces or complex shapes [3]. Nagano
et al. focused on textural properties and found that glossiness
and surface shape affected the degree of haptic invitation [12].
Note that since their experiment was conducted focusing on
certain experimentally-specific targets, their results cannot be
directly extrapolated to other targets – such as the human body,
animals, or other objects – that people commonly want to
touch in daily life.

B. Providing Experience of Touching Specific Targets using
Haptic Displays

There have been previous studies relating to the devel-
opment of haptic displays that can provide users with the
experience of touching specific targets [17], [18], [19]. For
example, Lee et al. developed HairTouch, which allows users
to feel the sensation of touching a hairy surface by actuating
real brush hairs [20]. The display can control the perceived
roughness and stiffness of the hair. Similarly, Takahashi and
Kim used 3D-printed hairs to present the roughness and
stiffness of fur [21]. Zhu et al. developed TapeTouch, a display
that allows users to experience touching soft objects such
as pillows and human ears [22]. The display is capable of
providing users with multiple variations of shape and levels
of softness. Zhang and Kajimoto developed a haptic display
that can reproduce the roughness of human cheek skin [23].
They attempted to replicate the frictional force and roughness
experienced when touching the skin using a DC motor and
audio speakers. Culbertson and Kuchenbecker focused on
hardness, slipperiness, and roughness properties in creating the
feel of a surface, such as a blanket [24]. Punpongsanon et al.
manipulated visual information relating to surface indentation
and color to control the impression of the softness of fabric
objects such as towels or cushions [25]. Lin et al. used
an electrotactile display to control the roughness of cat fur
experienced when users stroked it with their palm [26].

The targets presented in these previous studies were popular
targets that people commonly desire to touch in daily life,
as has been revealed by previous research [2]. However,
the haptic properties presented in these studies may not
necessarily align with the expectations of potential users. To
avoid user dissatisfaction and ensure a more immersive and
realistic experience, potential discrepancies between users’
imagined expectations for certain haptic properties and their
actual experiences should be considered and minimized [27].
For example, in addition to the hardness, slipperiness, and
roughness properties which were presented by Culbertson and
Kuchenbecker’s system [24], certain other haptic properties
(e.g., warmth and dryness) may also be important to control
if we are to satisfy a person’s desire to touch a blanket.
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To address this gap in our knowledge, we investigated user
expectations for specific haptic properties of desired targets,
with the aim of using this information to design and develop
haptic technology that enhances user satisfaction.

III. METHOD

A. Participant

In total, 600 Japanese people participated in the experiment.
Each age group (20s, 30s, 40s, 50s, 60s, and 70s) consisted
of 50 male and 50 female participants. The participants were
recruited online by a crowdsourcing research agent in Japan
and were paid for their participation. Only people with access
to their own smartphone or personal computer were recruited
for participation, and they were unaware of the specific pur-
pose of the experiment. Ethical approval for this study was
obtained from the ethics committee at Nippon Telegraph and
Telephone Corporation (Approval number: R02-009 by NTT
Communication Science Laboratories Ethics Committee). The
experiments were conducted according to principles that have
their origin in the Helsinki Declaration. Written informed
consent was obtained from all participants in this study. The
investigation was performed in September 2022.

B. Selection of Touch Targets

To minimize the overall experiment duration, we limited
our investigation in the main experiment to commonly desired
targets that people frequently expressed a desire to touch.
In order to identify such popular targets, we conducted a
preliminary experiment.

As reported in our previous study [11], popular desired
targets can be classified into three main categories: the human
body parts, animals, and objects. Touch targets outside these
categories (e.g., plants) were not found to be popular, as shown
in Supplementary Figure 1, which displays the occurrence
probability of the 50 most popular targets calculated from
the data in our previous study. To determine which targets
participants desired to touch in each category, we used the
method described in Supplementary Note 1. We extracted the
10 most popular targets for each category, resulting in a total
of 30 targets; Supplementary Figure 2 provides a detailed
presentation of the top 10 targets for each category. Based
on the following rationale, we selected 18 targets from the 30
ones as stimuli in the main experiment. Table I shows the 18
selected targets.

• In respect of human body targets, we included all body
parts except for breasts and buttocks, as shown in Sup-
plementary Figure 2(A). This decision was based on
the concern that asking participants to respond to these
targets could make some individuals uncomfortable and
could even bias their responses for other targets.

• In respect of animal targets, we included only a dog and a
cat because they received more than 80% of all responses,
and other animals were found to be significantly less
popular. Please refer to Supplementary Figure 2(B).

• In respect of other objects, we included all targets as
shown in Supplementary Figure 2(C) except for smart-
phones and personal computers (PCs). We made this

exception because, in Japanese, the phrase “want to touch
smartphone/PC (smartphone/PC ni sawaritai)” can refer
not only to physical contact with these devices but also
to their normal use, and this ambiguity may lead to
confusion in interpreting the results.

TABLE I
THE TOUCH TARGET IN THE MAIN EXPERIMENT. THESE 18 TARGETS

WERE SELECTED BASED ON THE RESULTS OF THE PRELIMINARY
EXPERIMENT.

human body hand, cheek, hair, arm, face, muscle, ear, head

animal dog, cat

object
cushion, blanket, slime, plush toy, futon, ball,
towel, cloth

C. Haptic Object Properties

Referring to the taxonomy of haptic properties in previous
studies [28], [29], [30], [31], [32], [3], we investigated the
properties shown in the second column of Table II. We de-
fined the texture-related properties according to the perceptual
texture dimensions summarized by Okamoto et al. [28]. Then,
we added weight, size, and shape properties, which are all
sensed by exploratory procedures [29]. This categorization of
haptic properties does not contradict those introduced in other
papers [31], [32].

The tactile adjective pairs are shown in the third column
of the Table. Note that we did not configure tactile adjectives
for shape. There are many possible tactile adjective pairs for
each aspect of shape (e.g., “round - angular”, “complex -
simple”, or “symmetric - asymmetric”), and there was not
enough time to allow participants to provide answers for all
the possibly relevant tactile adjective pairs regarding shape.
Thus, in the present experiment, we decided not to configure
tactile adjectives for shape.

TABLE II
THE HAPTIC PROPERTIES USED IN OUR QUESTIONNAIRE.

category of
haptic property haptic property tactile adjective

1 texture hardness soft - hard

2 texture fine roughness smooth - rough

3 texture macro roughness flat - bumpy

4 texture warmth warm - cold

5 texture moisture dry - moist

6 texture stickiness slippery - sticky

7 weight weight light - heavy

8 size (volume) size (volume) small - large

9 shape shape

D. Questions

For each target, each participant was required to answer four
types of questions. All questions and answers were conducted
through Japanese text.
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1) Q1: Question on Touch Desire for Target: First, par-
ticipants were asked to imagine a specific target. Then, they
were asked to rate the degree of their touch desire for the
target by selecting one option from the following: “do not
want to touch”, “neutral”, and “do want to touch”. There could
be many variations in how participants might imagine each
target. For example, when considering hands as touch targets,
participants might imagine parents’, children’s, friends’, or
lovers’ hands. Thus, we instructed them to imagine the one
they would most like to touch.

2) Q2: Question on Desire to Own Haptic Display for
Target: Participants were asked whether they would want to
own a device that could provide an ideal feeling of touching a
specific target whenever they wanted to experience it, if such
a device existed. The options were: “would not want to own”,
“neutral”, and “would want to own”.

Since the participants were naive to haptic displays in
general, we did not refer to the technology as a “haptic
display” due to the probable unfamiliarity of this terminology.
Instead, we referred to it as a “device”.

3) Q3: Question on Impression of Haptic Object Property:
Participants were asked to give ratings on a 5-point scale to
describe their impression of each haptic property of the target.
For example, for the haptic property of “hardness”, participants
chose one of the following ratings [-2:“soft”, -1:“slightly soft”,
0:“neutral”, 1:“slightly hard”, 2:“hard”] (see the right-most
column in Table II). No question was given to participants
about their impression of the haptic property of “shape”.

4) Q4: Question on Need for Consistency between Actual
Impression and Imagined One for Haptic Object Property:
Participants were asked to rate the importance of the con-
sistency between the actual impression of touch they would
receive from the touch device and their imagined expectation
on a 5-point scale from [-2:“not important at all”, -1:“ not
terribly important”, 0:“neutral”, 1:“slightly important”, 2:“very
important”].

E. Procedure

iteration for 
6 targets

iteration for 
9 haptic 
properties

Question on touch desire for target

Question on impression
of each haptic property 

Question on need for consistency
of each haptic property 

Question on desire to own haptic display

iteration for 
18 targets

start

end

Q2

Q3

Q4

Q1

Fig. 2. The flow of questions.

Fig. 2 shows the flow of questions per participant. First,
participants were asked to answer the questions on touch desire
(Q1) and their desire (or lack of) to own a haptic display (Q2)

for each of the 18 targets shown in Table I. The order of the
18 targets was randomized.

Next, participants were asked to answer impression ques-
tions (Q3) and need for consistency questions (Q4) for the
haptic properties of six targets. The reason for limiting the
number of targets to six was that there were 17 questions on
haptic properties for each target (Q3 and Q4), and thus if we
did not limit the targets, too much time would be needed to
answer all the questions. The total number of questions per
participant was 138 (= 18 for Q1 + 18 for Q2 + 6 targets ×
(17 questions for Q3 and Q4)).

These six targets were randomly selected from the group
of targets which participants had indicated a desire to touch
while also expressing a desire to own a haptic display that
could simulate that touch experience, as assessed in questions
Q1 and Q2, respectively. Since this study aimed to investigate
the haptic properties of targets based on the responses from
potential users of haptic displays (see detailed explanation in
the next section), we prioritized the collection of responses
about targets that participants indicated desire for in Q1 and
Q2, as this would yield more relevant and useful data. If the
number of such targets was fewer than six, additional targets
were randomly selected from the remaining targets to make
a total of six. This method of adding targets, even if the
participant did not express a desire to touch them or a desire
to own a haptic display, was employed to maintain consistent
experimental time among participants. Note that the responses
to the undesired targets were not used in our analyses.

IV. RESULTS

A. Extraction of Answers from Potential Users (using Answers
to Q1 and Q2)

Our objective is to acquire knowledge that can provide
hints as to the optimal design of a haptic display that can
satisfy a user’s touch desire. To this end, we have decided
to focus on analyzing responses solely from potential users
of such a display. We regarded participants who express
both touch desire and the desire to own a haptic display as
potential users. Among the participants who report a desire to
touch, some may not have a strong enough desire to justify
owning a haptic display. We wanted to exclude responses
from such participants, who we would not regard as potential
users. We also wanted to exclude responses from participants
who expressed a lack of desire to touch certain targets since
they clearly would not be potential users of haptic displays
satisfying touch desire for those targets. Thus, we narrowed
down the responses using these two criteria (i.e., desire to
touch and desire to own a haptic display).

The probabilities of the presence of both touch desire and
the desire to own a haptic display are shown in Figs. 3(A)(B).
Pearson’s correlation coefficient was r = 0.99 (p < 0.001),
showing their strong relationship. This indicates that the
number of participants who reported that they desire to touch
the target but do not desire to own a haptic display is small.

The number of potential users among participants is shown
in Fig. 4. The subsequent analyses were conducted using only
answers from this group. Although the sample size varied
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Fig. 3. (A) The probability that the participant wants to touch each target.
This is based on answers to Q1. (B) The probability that the participant
wants to own a haptic display rendering the target. This is based on answers
to Q2. (C) The relationship between them.
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Fig. 4. The number of potential users. These are participants who express
both a desire to touch and a desire to own a haptic display capable of
rendering the target.

depending on the target, there were always at least 28 samples,
which we deemed sufficient for analysis. To obtain robust
results even with relatively small sample sizes, we utilized
the nonparametric bootstrapping method.

B. Analysis Results of Biased Impressions (using Answers to
Q3)

Figs. 5(A)(B) and (C) show the mean rating scores for
the imagined impressions in relation to combinations of each
target and each haptic property. To identify whether there
was a significantly biased impression, we calculated 10,000
mean scores from bootstrap samples [33] of the scores. If
the Bonferroni-corrected 95% confidence interval (CI) did
not overlap zero (i.e., the neutral point on the rating scale),
we could conclude that the subjective rating for the haptic
property was significantly biased. See Supplementary Note 2
and Supplementary Figure 3 for further explanation of the
statistical analysis. When the rating was significantly biased,
the characteristic adjective term has been provided in the
relevant cell in Table IV. For example, in the case of the hand
as a touch target, the rating scores regarding hardness were
significantly less than zero (i.e., “neutral”), which means that
potential users rated it soft to a significant degree. In addition
to the hardness property, the rating scores for fine roughness,
macro roughness, and warmth were also significantly biased.
That is, they rated the hand as soft, smooth, flat, and warm.

The number of cells in Table III that were significant was
81, amounting to half of all cells (162 = 18×9). The adjective
terms in the cells generally showed consistency. For example,
the adjective terms for hardness and fine roughness properties
were always “soft” and “smooth”.

The number of significant properties for each target is shown
in the right-most columns. This shows that there were fewer
significant properties for the human body than for animals and
objects generally. The number of significant targets for each
property is shown in the bottom row.

We conducted supplementary analyses for certain factors
that do not strictly fall within the main scope of the present
study. First, we thought it would be informative to show
readers about the difference in imagined impressions between
potential and non-potential users. We added these results in
Supplementary Figure 4 and Supplementary Table 1. Second,
since the sex or age of potential users influence their touch
behavior [34], [35], it seemed plausible that touch desire,
which may be the driving force behind a specific touch
behavior, may also vary accordingly. However, we could not
find a significant effect of sex or age on the impression.

C. Analysis Results of Need for Consistency (using Answers
to Q4)

Figs. 6(A)(B) and (C) show the mean rating scores for
the need for consistency between a haptic property’s actual
impression and a potential user’s imagined expectation. To
identify whether there was a significant need for consistency
for each target and each property, we calculated 10,000
mean scores from bootstrap samples [33]. If the Bonferroni-
corrected 95% CI were more than zero (i.e., “neutral”), we
could conclude that the need for consistency was significant.
The asterisks in Table IV indicate statistical significance. For
example, in the case of the hand as a touch target, there
were significant needs for consistency in respect of hardness
and shape properties. If the potential users’ impression of the
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Fig. 5. (A-C) Mean scores for the impression of haptic property rated by potential users of haptic displays. (A) Mean rating scores for the human
body. (B) Mean rating scores for objects. (C) Mean rating scores for animals. Error bar denotes Bonferroni-corrected 95% CI of the mean rating
scores calculated by nonparametric bootstrapping.

TABLE III
THE RESULT OF THE STATISTICAL TEST TO DETERMINE WHETHER THE MEAN RATING SCORE FOR IMAGINED IMPRESSIONS IN RELATION TO A

COMBINATION OF EACH HAPTIC PROPERTY AND EACH TARGET WAS SIGNIFICANTLY BIASED. THE TACTILE ADJECTIVE TEXT IN THE CELL
INDICATES A BIASED IMPRESSION. CELLS WITH NO TACTILE ADJECTIVE TEXT INDICATE THAT THERE WAS NO SIGNIFICANT BIAS.

hardness
fine

roughness
macro

roughness warmth moisture stickiness weight size
number of significant

properties for each target

hand soft smooth flat warm 4

cheek soft smooth flat warm slippery 5

face soft smooth warm slippery 4

arm soft smooth warm 3

hair soft smooth flat slippery 4

head warm 1

ear soft smooth 2

muscle 0

dog soft smooth flat warm dry slippery 6

cat soft smooth warm dry slippery small 6

blanket soft smooth flat warm dry slippery light large 8

towel soft smooth flat dry slippery light large 7

cushion soft smooth flat dry slippery light large 7

futon soft smooth flat warm dry slippery light large 8

plush toy soft smooth warm dry slippery 5

cloth soft smooth flat dry slippery light 6

ball dry 1

slime soft smooth flat cold 4

number of
significant
targets for

each property

15 15 10 11 9 11 5 5
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(A) human body

(C) animal

(B) object
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Fig. 6. (A-C) Mean scores for the need for consistency between a haptic property’s actual impression and the participant’s imagined expectation. (A)
Mean rating scores for the human body parts. (B) Mean rating scores for objects. (C) Mean rating scores for animals. Error bar denotes Bonferroni-
corrected 95% CI of the mean rating scores.

TABLE IV
THE RESULT OF A STATISTICAL TEST TO DETERMINE WHETHER THE MEAN RATING SCORE FOR THE NEED FOR CONSISTENCY BETWEEN A

HAPTIC PROPERTY’S ACTUAL IMPRESSION AND A POTENTIAL USER’S IMAGINED EXPECTATION WAS SIGNIFICANTLY BIASED. WHEN
THERE WAS A SIGNIFICANCE FOR THE COMBINATION OF TARGET AND PROPERTY, AN ASTERISK WAS PLACED IN THE CORRESPONDING

CELL. IN ADDITION, THE BIASED IMPRESSION IS INDICATED IN BRACKETS IF THAT IS ALSO SIGNIFICANT.

hardness
fine

roughness
macro

roughness warmth moisture stickiness weight size shape
number of significant

properties for each target

hand *(soft) *(smooth) *(flat) *(warm) * * * * 8

cheek *(soft) *(smooth) *(flat) *(warm) * *(slippery) * 7

face *(soft) *(smooth) * *(warm) * *(slippery) * * 8

arm *(soft) *(smooth) * *(warm) * * * * * 9

hair *(soft) *(smooth) *(flat) * * *(slippery) * * 8

head * * 2

ear *(smooth) * 2

muscle * 1

dog *(soft) *(smooth) *(flat) *(warm) *(dry) *(slippery) * * * 9

cat *(soft) *(smooth) * *(warm) *(dry) *(slippery) * *(small) * 9

blanket *(soft) *(smooth) *(flat) *(warm) *(dry) *(slippery) *(light) *(large) * 9

towel *(soft) *(smooth) *(flat) * *(dry) *(slippery) *(light) *(large) * 9

cushion *(soft) *(smooth) *(flat) * *(dry) *(slippery) *(light) *(large) * 9

futon *(soft) *(smooth) *(flat) *(warm) *(dry) *(slippery) *(light) *(large) * 9

plush toy *(soft) *(smooth) * *(warm) *(dry) *(slippery) * * * 9

cloth *(soft) *(smooth) *(flat) * *(dry) *(slippery) *(light) * * 9

ball * 1

slime *(soft) *(smooth) *(flat) *(cold) * * * * 8

number of
significant
targets for

each property

15 16 14 14 15 16 10 12 14
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property was significantly biased, as described in the previous
section (see Table III), that biased impression is also indicated
by text in brackets in the relevant cells.

The number of significant properties in terms of the need for
consistency for each target is shown in the right-most columns.
The number of significant targets for each property is shown
in the bottom-most row.

While it does not fall within the main scope of the present
study, we thought it would be informative to show readers
about the difference in the need for consistency between
potential and non-potential users. We added these results
in Supplementary Figure 5 and Supplementary Table 2. In
addition, we analyzed the effect of sex and age on the need
for consistency, but could not find any significant effect.

V. DISCUSSION

By utilizing crowdsourcing, we obtained the rating scores
for biased impression and the need for consistency for each
haptic property of the 18 highly desired targets.

A. Discussion of Need for Consistency

The findings of our study on the need for consistency in
haptic properties, as presented in Table IV, provide researchers
and engineers with insights into which properties they should
prioritize to accurately control haptic impressions. For in-
stance, our results demonstrate that potential users who desire
to touch another person’s head require haptic displays to render
impressions that consistently match expectations of the fine
roughness and moistness of the head.

It should be noted that a lack of significance for a specific
combination of target and property does not necessarily mean
that it is not necessary to render that haptic property for the
target. It means only that we could not find a significant
need for consistency for that combination. Therefore, it is
possible that presenting such a property, even if not exactly as
imagined, could improve the user experience.

The number of significant properties per target in terms of
the need for consistency can be regarded as an indicator of the
difficulty of designing the haptic display. Haptic displays for
presenting the experience of touching targets such as arms,
cats, or blankets are relatively difficult to design since the
number of significant properties is relatively high. In contrast,
haptic displays for presenting the experience of touching
heads, ears, muscles, or balls, are relatively easy to design.

There were no significant properties for muscle as a target.
This suggests the possibility that precise control of the impres-
sions for haptic properties for muscle may not be needed, and
that rough control of impressions might suffice for presentation
to potential users. One point to note is that the variation in
the rating scores was relatively large (as shown in Fig. 6).
One of the causes of the large variation might be that the
touch situation that participants imagined varied. By providing
a more limited situational context in the instructions given
to participants, this variation could be reduced. For example,
while we did not specify whether the muscle target belonged
to a male or female, adding this information to the instructions
could help to limit the situational context and reduce variation

in the need for consistency ratings, potentially leading to a
more significant need for consistency. It is important to note
that the situational context includes not only information about
the person being touched but also other aspects such as the
time, location, and manner of the touch.

The number of significant targets per property may indicate
the importance of that property in terms of the need for
consistency among properties. For example, the number of
significant targets related to surface impressions, such as hard-
ness, was higher than the number related to weight and size.
This suggests that consistency in surface-related properties was
generally more important for meeting users’ expectations than
consistency in weight and size properties.

B. Discussion of Biased Impression

Also, by referring to our results on biased impressions
(specifically, Table III), researchers and engineers can gain
insights into how to design the haptic stimuli. Where certain
combinations of target and property are shown to be significant
in terms of both the need for consistency and biased impres-
sion, it would be better to include the biased impression in the
presentation provided by a haptic display. For example, we
found that participants who wanted to touch a cat expected
the cat’s skin to feel soft when touched. In this case, when
researchers and engineers develop a haptic display to present
the feeling of touching a cat, the softness impression should
be precisely controlled with the display.

In contrast, for specific combinations of targets and prop-
erties, there was a significant need for consistency, but no
significant biased impressions were observed. For example,
the macro roughness of a cat was important in respect of
the need for consistency but was not significantly associated
with a biased impression. This suggests that participants want
to experience the macro roughness of a cat as they imagine
it should feel, but the variation in the imagined impression
of macro roughness might be considerable. This substantial
variation could potentially stem from differences in the kind
of touch imagined by the participant, such as which part
of the cat’s body they are imagining touching or how they
are imagining touching it. It would be worth investigating
whether limiting the situations that participants imagine, such
as “which part to touch” or “how to touch” would reduce the
variation in the impression of properties. If the variation of
the impression could be reduced, it would become easier to
present haptic sensations to users in a way that aligns with
how they imagine those sensations should feel.

The biased impressions for each property were generally
consistent. For example, the impressions for hardness and
fine roughness properties were consistently rated as soft and
smooth. This can be related to previous studies showing that
people prefer softness [36] or smoothness [3]. On the other
hand, there are differences depending on target categories.

Regarding human body parts (see rows colored in blue in
Table III), potential users generally rated the targets as soft,
smooth, and warm rather than hard, rough, and cold. Note
that not all human body parts were significantly rated as soft,
smooth, and warm. Some specific targets such as hand, cheek,
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and hair were rated as flat and slippery. Potential users did not
rate body parts as significantly biased for moisture, weight,
and size properties, potentially due to the inherent variability
of these properties among different individuals.

As for animals (see rows colored in green in Table III),
potential users rated the targets as dry in addition to soft,
smooth, warm, and slippery. For animate targets such as the
human body and animals, the impression of dryness was
characteristic of animals. This might be attributed to the fact
that most dogs’ or cats’ skin is covered with hair, making it
less likely that humans would commonly be aware of skin
moistness when touching dogs or cats. In contrast, human
skin is relatively hairless, making moisture on human skin
more easily recognizable. There was a significant difference
between dogs and cats concerning properties of size, which
are consistent with their size difference in the real world.
Additionally, there was a significant difference between them
in respect of properties of macro roughness, but the specific
reason for this difference remains unclear.

Regarding objects (see rows colored in red in Table III),
potential users generally rated the targets as soft, smooth, flat,
warm, dry, and slippery, exhibiting similar biased properties
as observed for animals as targets. In contrast, in respect of
weight and size properties, participants rated several target
objects as both light and large, qualities which were specific
to certain objects used as stimuli but not characteristic in the
case of the human body or animals. Also, attention should be
paid to slime. Those who wanted to touch slime rated it as
cold, which contrasted with other target objects.

C. Limitations

It should be noted that the findings in the present study do
not guarantee that users would rate the impression of the tar-
get’s property as important when using a haptic display. Also,
the findings do not guarantee that users would be satisfied with
the touch experience. This study investigated only imagined
expectations, and the findings could serve as a guide for
haptic display design. However, it is unclear how users would
feel about the experience when it is rendered based on their
expectations. Currently, there is no haptic display available that
can simultaneously control specific haptic properties, making
it difficult to conduct experiments with actual haptic displays.
This is a limitation that we hope future research will address.

Next, our investigation into touch desire was limited in that
we were unable to manipulate the reasons for touch desire or
the situations in which it may arise. Thus, our findings provide
a general understanding of touch desire without focusing on
specific reasons or contexts. However, if we aim to compre-
hensively comprehend the application of touch experience to a
particular target, investigating specific contexts or reasons for
touch is going to be crucial. Building upon our results, future
research should explore how the findings may vary depending
on different contextual situations or reasons for touch.

In the case of humans as touch targets, we would expect
the results to change due to the relationship between the
toucher and the touched targets. For example, it is known
that the frequency of touch events or allowance for touch is

influenced by the relationship between those involved [37].
Our study did not manipulate the relationship between the
toucher and the touched, which means our findings may not
fully capture the influence of such relationships on touch desire
and expectations. Based on our results, further study is needed
to investigate this direction.

Finally, it should be also noted that our findings may be
limited to the Japanese cultural context. The survey used
in this study was conducted with Japanese participants, and
it is possible that cultural biases may have influenced their
responses. An earlier study reported that the role of touch
could vary significantly across cultures, with different cultural
norms and practices shaping how people perceive and engage
in haptic interactions [38]; for example, in Italy, hugging
and kissing on the cheeks are common forms of greeting,
while in Japan, physical contact is generally avoided, and
bowing is a more common greeting [39], [40]. Therefore, the
results of this study may not be generalizable to other cultural
contexts. Future studies are needed to better understand how
cultural factors shape people’s expectations regarding haptic
experiences.
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