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I. INTRODUCTION

While visual and auditory modalities are predominantly
used in communication, we occasionally exchange informa-
tion through the sense of touch. Accurate transmission of
information via tactile means can enrich human communi-
cation. In particular, when presenting shapes to the fingertips,
accurately reproducing features such as corners of a square
is essential for correct shape recognition.

In this study, we focus on electrotactile stimulation, a
method that directly activates tactile receptors using electrical
current. There are two types of this stimulation: anodic
stimulation, which primarily excites Meissner corpuscles
and induces a vibratory sensation, and cathodic stimulation,
which mainly stimulates Merkel cells and evokes a pressure
sensation [1]. However, cathodic stimulation has the disad-
vantage of often causing a spatial mismatch between the
location of stimulation and the perceived sensation, com-
pared to anodic stimulation [2]. Nevertheless, when using
only anodic stimulation to sequentially activate a series of
points at equal time intervals—effectively tracing a square
on the fingertip—participants frequently perceive an illusory
shape with rounded or missing corners. This suggests the
need to explore methods for preventing the perceived loss of
corners.

To address this issue, we propose two hypotheses. First,
we hypothesize that using both anodic and cathodic stimu-
lation may improve square-shape perception. By selectively
applying the appropriate type of stimulation to the under-
lying receptors, it may be possible to convey shapes more
accurately. Second, we hypothesize that introducing a pause
at the corners of the square may help preserve the perception
of corners. This hypothesis is based on the natural behavior
observed when humans draw squares—briefly pausing at the
corners to change the direction of motion.

II. EXPERIMENT

Fig. 1 shows the experimental setup and two examples of
electrode polarity arrangements of square shape stimulation.
The circuit of the electrotactile kit is described in [3]. The
electrodes are circular with a diameter of 1.4 mm, and the
distance between adjacent electrodes is 2.54 mm.
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Fig. 1. Electrotactile device (left), and electrode polarity arrangements for
cathodic or anodic stimulation presented at the corners of a square-shaped
trace (right)

The tracing direction was set to a clockwise sequence, and
the time interval between two electrodes for stimulated point
motion perception was 0.1 seconds, except for the corner
pause condition, where the stimulation time at each corner
was 0.5 seconds.

As shown in Table I, there were 2 [polarity at corner
(A: anodic, C: cathodic)] x2 [polarity at side (A, C)] x2
[corner pause (Y: yes, paused; N: no, not paused)] conditions.
Therefore, there were eight conditions in total, and the order
of presentation was randomized across participants. For each
condition, participants were asked to report whether the per-
ceived shape felt more like a square or a circle. Importantly,
the intended shape (a square) was disclosed to participants
prior to each trial to ensure consistent interpretation.

TABLE I
LIST OF EXPERIMENTAL CONDITIONS AND ABBREVIATIONS(A:ANODE,
C:CATHODE, Y:YES , N:NO)

No. | at corners | at sides | corner pause | Abbreviation
1 A C Y ACY
2 C A Y CAY
3 A C N ACN
4 C A N CAN
5 A A Y AAY
6 C C Y CCY
7 A A N AAN
8 C C N CCN

748



The participants consisted of three healthy individuals:
a 22-year-old right-handed male, a 25-year-old left-handed
male, and a 51-year-old right-handed female. Each par-
ticipant completed four sets of trials, experiencing each
condition once per set. This study was granted by Research
Ethics Committee of the Institute of Systems and Informa-
tion Engineering, University of Tsukuba (approval number:
2024R842).

To evaluate square-shape recognition accuracy, we cal-
culated the proportion of trials in which the participant
reported perceiving a square. This was done by dividing the
total number of “square” responses by the total number of
stimulus presentations (i.e., eight conditions X number of
participants) for each condition.

III. RESULTS AND DISCUSSION

The experimental results are presented in Fig. 2. When
comparing CAN and AAN or CAY and AAY, it is evident
that using both anodic and cathodic stimulation results in
a higher square-shape recognition rate than using anodic
stimulation alone. Participant comments consistently indi-
cated that cathodic stimulation produces a broader sensation
than anodic stimulation. It is presumed that the positional
accuracy of stimulation points is primarily determined by
the vibratory sensation induced by anodic stimulation, while
the directional movement between points is more clearly
conveyed through the pressure sensation induced by cathodic
stimulation. This combination likely clarifies the linear tran-
sitions from one corner to another.
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Fig. 2. Experimental result. Error bars indicate standard error.

Next, a comparison between AAY and AAN reveals that
incorporating a pause at the corners improves the accu-
racy of square-shape recognition. This is likely because
the temporary cessation of the stimulation vector at the
corners allows participants to perceive the vertices of the
square more distinctly. Then, the combined conditions ACY
and CAY exhibited significantly higher recognition rates
compared to all other conditions. These results suggest that
the simultaneous use of anodic and cathodic stimulation,
along with a pause at each corner, effectively prevents the
perceptual omission of the square’s corners and enhances the
clarity of shape representation.
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Fig. 3. Electrode configuration and outer sensation vectors in ACY and
CAY conditions

Finally, the reason why the square-shape recognition rate
was higher for CAY than for ACY is discussed with reference
to Fig. 3. A critical issue identified in this study is the
discrepancy between the intended movement vector of the
stimulation points and the perceived vector of tactile sen-
sation. When cathodic stimulation is applied at the corners,
the broader pressure sensation helps disperse the perceived
vector, even if the sensation vector tends to spread outward
along the edges. As a result, the transition from one edge to
the next becomes smoother, which may enable clearer per-
ception of the corners. In contrast, when anodic stimulation
is used at the corners—as in ACY—the stimulation tends to
produce a more concentrated vibratory sensation. However,
due to its narrower spatial range, it may cause the perceived
vector to expand outward at the midpoint of each edge. This
could lead to a distortion in the perceived shape, making it
more difficult to distinguish the square corners accurately.

IV. FUTURE WORK

In future studies, we plan to investigate the accuracy of
shape recognition when the size and form of the presented
shapes are varied. Moreover, similar to the study in [4]
that examined the effect of pulse width, we aim to assess
two-point discrimination capabilities using a combination of
anodic and cathodic stimulation, specifically to determine the
minimum distance at which participants can perceive the two
stimulation points as distinct.
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