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1.   Introduction

People can feel a variety of tactile sensations (e.g., 
hardness and roughness) by actively exploring the 
surface of an object with their hands and fingers. 
While haptic-display technology and product-surface 
design technology, which are applied to induce such 
a predetermined tactile sensation, have been attract-
ing attention, how these technologies actually create 
an end-user tactile sensation has received little atten-
tion. In fact, even if many people touch the same 
object, they will not all feel the same tactile sensation. 
For example, how surface roughness is perceived var-
ies from person to person [1], and the perceived 
roughness can change as the force of the fingers push-
ing the surface changes [2, 3]. Accordingly, even if 
people are using the same haptic display or touching 
the surface of the same object, the tactile sensation 
felt by each person is likely to change from person to 
person. One way to determine what type of tactile 
sensation a person actually felt is to actually ask 
them; however, from the viewpoint of an end user, 
having the person report their tactile sensation every 
time they touch something is inconvenient. It would 
therefore be useful if it were possible to estimate 

externally—by using an objective measurement 
index—how a person felt when touching an object. 

This article focuses on exploratory movement of a 
hand while touching an object as a source of informa-
tion (i.e., a measurement index) about a tactile sensa-
tion. In many previous tactile studies, such hand 
movements were treated as something that should be 
controlled, and the tactile ability of a stationary hand 
and a hand performing simple movements (such as 
linear ones) were investigated. However, they over-
looked the role of hand movements. It is known that 
how hands move on objects changes according to 
what type of tactile sensation is to be determined [4], 
and it is suggested that the movement of the hand 
plays the role of a window that reflects the tactile 
sensation. This article introduces my efforts to inves-
tigate how exploratory hand movements provide 
information about tactile sensation.

2.   People know the relationship between 
exploratory hand movements and tactile sensation

Do exploratory hand movements actually contain 
tactile information? If so, we might be able to use that 
information. In other words, by looking at the  
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hand movements of someone else touching an object, 
we might be able to imagine how that object feels 
when touched. Although this situation may seem 
strange, we are already familiar with it through televi-
sion (TV) commercials (Fig. 1). For example, we 
have seen scenes in which skin is stroked by a hand, 
a towel is pushed by a hand, or a plate is rubbed with 
a finger. Watching such scenes, we can imagine the 
smoothness of the skin after shaving, the softness of 
a towel washed using softener, and the frictional 
squeak of greasy plates that have been washed using 
detergent. This imaginative ability of people was pre-
viously investigated through psychophysical experi-
ments [5].

First, six participants (each called a toucher) 
touched an object (such as wood or glass) and evalu-
ated the tactile sensation they felt. The hand move-
ments of each toucher were recorded while he/she 
was touching his/her target object. Ten other partici-
pants (each called an observer) were asked to observe 
the touchers’ hand movements and guess how the 
touchers felt when they touched the target object. To 
investigate whether hand movement is actually used 
as an information source, a toucher’s hand movement 
was reproduced with moving light points that exclude 
information other than hand movement (e.g., skin 
deformation and nail color) (Fig. 2). The experimen-
tal results indicated that all ten observers responded 
in a similar manner. That is, when the observers 
watched the light-point hand movements of a toucher 
touching an object that the toucher felt was sticky, 
they tended to judge that the toucher was touching a 
sticky object. When the observers watched the light-
point hand movements of a toucher touching an 
object that the toucher felt was fluffy, they tended to 
judge that the toucher was touching a fluffy object. 
The results indicated that people can use a common 
strategy—based on hand movements—for estimating 
tactile sensations. It is thought that people possess 
such a common strategy because the movement of 
hands touching objects contains information on the 
tactile sensation felt by the toucher. 

3.   Analysis of exploratory hand movements

What exploratory hand movements actually contain 
certain tactile information? An experiment was con-
ducted in which participants were asked to touch 
various objects that they encounter on a daily basis 
and report their tactile sensations [6]. By analyzing 
the measured hand movements, what movements can 
explain these tactile sensations were determined. The 
experimental results revealed that the speed of a 
stroking hand and the magnitude of the hand’s push-
ing force contained information on the hardness, 
roughness, stickiness, and warmth felt by the partici-
pants. Two trends were identified: (i) the evaluations 
of hardness and temperature (related to pushing and 
static contact) are related to the magnitude of the 

Fig.1.   TV commercials use hand movements to convey a rich sensation of touch to viewers.

Rough-smooth
e.g. Skin after shaving

Hard-soft
e.g. Towel after washing

Sticky-slippery
e.g. Plate after washing

Fig. 2.    A scene from a video of hand movements of a 
toucher in a previous experiment [5]. The hand 
movements were drawn as moving light points and 
observed by observers.
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pushing force and (ii) the evaluation of roughness and 
stickiness (related to surface friction) is related to the 
speed of the stroking hand. Even more interesting is 
that active eye movements also contain tactile infor-
mation. The reason for this is still open to question, 
but exploratory eye movements might be related to 
the physical properties of the object surface. 

To estimate tactile sensations, it may be useful to 
combine measurements of hand speed and active eye 
movements. As shown in Fig. 3, active eye move-
ments contain information on hardness, warmth, and 
roughness, and the speed of the hand contains infor-
mation on stickiness, roughness, and warmth. From 
these results, it might be possible to specify which of 
the four main touch sensations—hardness-softness, 
roughness-smoothness, stickiness-slipperiness, and 
warmth-cold—are felt. For example, when a person 
moves his/her eyes and hands, he/she is feeling a 
smooth sensation (first quadrant in Fig. 3), and when 
a person is not moving his/her eyes but moving his/
her hands, he/she is feeling a warm sensation (fourth 
quadrant in Fig. 3).

4.   From perceived physical properties to 
evaluated preference

Hardness, roughness, stickiness, and warmth are 
tactile sensations that are closely related to the physi-

cal properties of an object. For example, perceived 
hardness is strongly affected by compliance [7, 8], 
and perceived roughness is strongly affected by fric-
tion [9–11]. Perception of these sensations is neces-
sary for properly adjusting movements, such as when 
a person is gripping an object. However, tactile sensa-
tion has not only this function but also a function that 
determines how favorable the touched object is to the 
person touching it. Differing from sight and hearing, 
tactile sensation is a perception that occurs when the 
body is directly in contact with an object, so this 
evaluation of tactile preference is important. I also 
investigated whether movements of a hand touching 
an object also contain this perception of preference 
[12]. First, I showed that the evaluation of preference 
can change if the manner of touching changes. For 
example, woody materials were evaluated as prefer-
able when being stroked but evaluated as less prefer-
able when being pressed. This means that there is a 
close relationship between how an object is touched 
and tactile sensation (preference evaluation). Next, I 
discussed the analysis of the movement of a hand 
touching an object and that the features related to 
stroking motion (such as hand speed) contained 
information on the evaluation of preference. On the 
contrary, the features related to pushing did not con-
tain such information. These results suggest that 
measuring stroking motion will allow us to estimate 

Fig. 3.    Correlation between active movements of the eyes and hands and evaluation of tactile sensation. For example, active 
eye movements (saccade motion) have a positive correlation with coldness, which indicates that the eyes move more 
actively when someone is touching an object judged as cold. On the contrary, the stroking motion of the hand has a 
negative correlation with coldness, which means that the hand moves more actively when someone is touching an 
object judged as warm.
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evaluated preference.

5.   Benefits of measuring hand movements and 
applying the measurement results

According to the results presented thus far, it may 
be possible to estimate how a person feels by measur-
ing his/her hand movements. Therefore, what are the 
benefits of measuring and analyzing hand movements 
and how does this differ from measuring and analyz-
ing physical properties (such as compliance and fric-
tion)? One benefit of measuring hand movements is 
making it possible to consider the effects of individu-
al differences and manner of touching, as described in 
the introduction. For example, individual differences 
due to differences in search strategies of end users 
cannot be determined by measuring the physical 
properties of touched objects; however, they might be 
determinable by measuring hand movements. In fact, 
which information is used preferentially, spatial 
information or temporal information regarding the 
perception of roughness, depends on the person [1]. 
Since it is also known that hand movements differ 
according to the manner in which such spatiotempo-
ral information is used [13], measuring such move-
ments might allow us to consider individual differ-
ences. As stated above, the tactile sensation (evalua-
tion of roughness or evaluation of preference) can 
change when the manner of touching an object 
changes even if the same person touches the object. 
This fact cannot be understood from measuring the 
physical properties of the object; instead, it could be 
understood by measuring hand movements. To ana-
lyze the physical properties of objects, we must mea-
sure the physical properties of all objects end users 
might touch. To analyze hand movements, however, 
all we need to do is attach a motion sensor to the 
hand. This approach has a high affinity with a haptic 
display worn on the arm; that is, attaching such a 
device to measure the movement of the arm makes it 
possible to continuously monitor the tactile sensation 

felt by the wearer. 

6.   Conclusion

Studies on whether hand movements contain infor-
mation on tactile sensation were introduced. The 
results of these studies are expected to contribute to 
not only establishing an objective method for estimat-
ing tactile sensation but also revealing human-tactile 
mechanisms that are still unknown.
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