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Abstract. In our previous study, the requirements for designing memorable
vibration patterns such as a rhythmical vibration pattern called “vibration
rhythm” were proposed. However, almost all participants, regardless of their
age, could only recognize a few vibration patterns. Therefore, we attempted to
determine a method to create memorable vibration patterns that enabled the
users to understand the meaning of the many vibration patterns presented. In this
study, a method, designing the vibration patterns with language rhythms implied
the Japanese pronunciation of the corresponding message, were tried. The
method was evaluated through experiments, and its validity was verified by
comparing its results with a working memory system proposed by Baddeley.
From the results, we concluded that the method can help the user improve his
learning skills and memory. Consequently, our proposed new method is a better
option to create memorable vibration patterns.
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1 Introduction

Recently, vibratory tactile interfaces such as pagers and mobile phones, which inform
their users about incoming messages or calls, have been widely used. The vibration
stimuli of the tactile interfaces can convey messages confidentially and silently. Users
who suffer from auditory dysfunction can perceive the information from the vibrating
communication devices. Although tactile stimuli as a communication medium was
considered in the 1950 s, many recent vibratory devices would rather send a simple
message than multiple messages. For example, Geldard’s fundamental article about the
perceptual characteristics of vibration stimuli [4] referred to vibratory intensity dis-
crimination, temporal discrimination, and learning curves for communication using
“vibratese language.” The letters or some prepositions of the “vibratese language” were
represented by five thoracic buzzes representing vibration stimuli composed of two
dimensions such as intensity and duration. There are some researches that focus on
improving the efficiency of communication through tactile and haptic sensory
modalities [10, 11].

In practice, almost all mobile devices, including an actuator such as a vibrating
motor with eccentric mass, and the sensation of the oscillatory vibration presented by
the mobile devices, are at a constant intensity. Thus, the vibration pattern presenting
messages should be composed of constant intensity durations as it is in Morse code.
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However, it is not feasible to make mobile device users learn Morse code in order to
gain a wider range of capabilities from the viewpoint of accessibility. The concept of
representing messages by vibration patterns requires not only spelling alphabets such as
Morse code but also a method of imaging the message.

The Japanese use phonograms, in which the pronunciation and the letter coincide,
and they also use ideographs, i.e., Kanji characters of Chinese origin. To learn many
ideographic Kanji characters is difficult for children; however, the ideographs represent
their own definitions. In other words, the form of an ideogram that suggests the
meaning is a key to an understanding the letter’s message.

In this regard, the feasibility of “tactons” or “tactile icons” are part of the concept of
an ideograph. The tacton is a type of vibration stimuli made from audial rhythms, and
has been researched from the physiological and sensory viewpoints [2, 3]. However,
almost all researchers evaluated the vibration stimuli by attaching a linear tactile
actuator or “tactor” to a young subject’s skin. These tactile actuators generate vibration
with a simple waveform and stimulate the skin. However, the represented waveform of
the vibration by the devices, including a vibrating motor, depends on the device
chassis. Rough waveforms are observed at the surface of the devices.

The upper portion of Fig. 1 shows an example of a waveform observed at the
surface of a computer mouse that included a vibrating motor. Although the vibrating
motor was rotated at approximately 65 rpm at 0.7 V, the frequency of the vibration
during acceleration was approximately 116 Hz according to a digital oscilloscope
(Tektronix DPO2024B) via the vibration sensor of a vibrometer (MotherTool VB-

Fig. 1. Represented vibration waveform on surface of vibration mouse with (top) vibrating
motor and (bottom) voltage powering the vibrating motor [9]
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8205SD). Further, the amplitude changed according to the voltage level, with a delay.
These results suggested that not much was known about the perceptual characteristics
of such rough vibration stimuli. Investigation of the perceptual characteristics of
devices that included a vibrating motor was required. We took up the challenge of
researching the perceptual characteristics of young as well as older adults.

In this regard, ISO 9241-910 [6], a framework for tactile and haptic interaction,
pointed out that it is important to consider the age of potential users of tactile/haptic
devices, because there is a considerable decline in haptic sensitivity with age. In this
regard, the relation between vibration perception threshold and age and height has been
investigated using a biothesiometer [12]. The biothesiometer, which measures the large
nerve fiber function of patients, produces vibrations with varied amplitudes. As a result,
the significant factor for the vibration perception threshold was age rather than sex;
therefore, it is assumed that a higher amplitude of vibration, or a higher vibration
velocity, is perceptible in other parts of an older person’s body such as the palms.

In our previous study [8, 9], the factors of appropriate vibration patterns for the
older person were determined from the perceptual and cognitive viewpoints, to some
extent. For example, the minimum perceptible gap and the minimum vibration duration
were studied through experiments with young and older adults. We determined that the
minimum vibration duration included in the vibration pattern of a vibration mouse is
50 ms in round figures, and that the minimum gap between vibration durations was
determined to be 20 ms. Further, we found that higher amplitudes of vibration were
useful for older persons to recognize the vibration patterns. Thus, we designed
vibration patterns based on the results of this study.

We are yet to find an effective method of designing vibration patterns reminding the
representing message. Although we attempted to create distinguishable vibration pat-
terns that had musical rhythm characteristics, almost all participants were able to
identify only two vibration patterns, regardless of the participant’s age. The participants
said that they had difficulty with learning the messages corresponding to the respective
vibration patterns. Thus, it was assumed that vibration patterns with musical rhythm
characteristics are not effective in reminding the representing message. Therefore,
owing to the abovementioned reasons, in this study, we search for an alternate method
to design vibration patterns.

2 Method

To develop a method to design vibration patterns that represent messages from an
information technology device such as a vibrating mobile phone, we conducted
experiments under three conditions using our custom-built vibration mouse (see Fig. 2).
The three conditions were defined by using vibration patterns characterized by different
cues implying a corresponding message, and included our previous method of using
vibration patterns that had characteristics of musical rhythms.
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2.1 Vibration Mouse

The vibration mouse can present vibration stimuli with an average vibrational wave
velocity of 2.3 mm/s. The power voltage for activating the vibration motor was con-
trolled using a high-precision analog I/O terminal (CONTEC AIO-160802AY-USB)
and a personal computer (DELL XPS 8300) running Windows 8 Pro Japanese edition.
The voltage applied to the vibration motor was controlled by the I/O terminal with our
custom software. In addition, the vibration mouse also functioned as a computer
mouse, with two buttons and a scroll wheel.

2.2 Participants

Considering the intended use of information technology devices, vibration patterns are
for young as well as aged users. Thus, the participants should have been selected from
the young and elderly age groups. However, our previous study suggested that the
cognitive characteristics of elderly groups were as strong as the younger group’s
cognitive characteristics, although the sensitivity was different between the groups.
Therefore, we randomly chose 21 students, including 16 males ranging from 20 to 23
years of age (mean = 21.9, SD = 0.5) and 5 females ranging from 21 to 28 years of age
(mean = 22.8, SD = 2.9). All participants were physically unimpaired, could perceive
the vibration stimuli from the vibration mouse, and could feel the vibration patterns.

2.3 Experimental Conditions and Procedure

The experiment was conducted under three conditions (A, B, and C) using a within-
participants design. Condition-A was identical to the condition of our previous study as
described later [9]; therefore, we considered condition-A as the control condition in this
study. In condition-A, seven vibration patterns with a musical rhythm characteristic
were created, and they corresponded to a message randomly for respective vibration
patterns. The messages were, for example, “The battery has run out,” and “You have a
call.” The participants had to learn seven messages related to respective vibration
patterns using the learning software. The software featured a window for the

Fig. 2. Vibration mouse used in this study
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participants on the screen and included seven buttons, each with a message. The
corresponding vibration patterns were indicated by the vibration mouse when the
participant pressed a button.

The participants learned the messages of the seven vibration patterns using the
learning software repeatedly. Next, the seven vibration patterns were randomly pre-
sented to the participants one by one, and the participants attempted to identify the
vibration pattern’s message by answering orally. Each of the participants’ answers were
verified by an observer.

After taking enough break at the participant’s request, the participants learned
another set of seven messages using vibration patterns, this time under condition-B.
However, the vibration patterns with language rhythms were created. In this regard, the
vibration pattern implied the Japanese pronunciation of the corresponding message.
After learning seven vibration patterns, the subject attempted to identify the randomly
presented vibration rhythms and answered orally. The participant’s answers were
verified by the observer.

In condition-C, taking enough break at the participant’s request, every participant
created vibration patterns using the software under the requirements of condition-B.
Every participant created the seven vibration patterns by clicking the button on the
vibration mouse. The duration of the respective vibration patterns was 2 s each. Fur-
ther, we allowed the subjects to redesign the patterns as per their comfort. After the
subjects made the vibration patterns, the observer questioned the respective subjects
how to characterize the vibration patterns in order to easily remember the corre-
sponding message. Then, we randomly presented the seven vibration patterns, which
the participants made sequentially, and the participants attempted to identify and orally
answered the corresponding message. The observer checked their answers.

The goal of the experiment was to research a method to design vibration patterns
for sending messages to the users of a vibrating device. Therefore, we investigated how
to create vibration patterns based on the rhythm of the language, and examined better
ways to create these patterns. After we completed the trials under condition-C, we
interviewed the participants about the method for making vibration patterns and
gathered their opinions about the experiment.

3 Result

To measure the memorability of a vibration pattern’s meaning, we counted the number
of correct answers by the participants under all three conditions and compared the
results. The number of the participants’ correct answers were averaged and statistically
compared. The averaged numbers of correct answers and two-sided 95 % confidence
intervals under the three conditions are shown in Fig. 3.

Figure 3 indicates that the differences between the number of correct answers
among the three conditions were statistically significant. Therefore, the vibration pat-
terns, which were characterized by rhythms implying the pronunciation of messages or
the other way the participant thought of, affected the learning of the vibrating messages
instead of the vibration patterns that had characteristics of musical rhythms. In addition,
the number of correct answers under condition-A was approximately two. This was
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approximately the same as the result of our previous research [9] described above.
Therefore, we can say that a more effective method of designing vibration patterns was
developed in this study. In this regard, the number of correct answers under condition-
C was the highest; however, the method of designing vibration patterns by the par-
ticipants varied.

From the interviews with the participants, we found that 13 of the 21 participants
adopted the method for creating vibration patterns utilizing the Japanese pronunciation
of the message. On the other hand, 5 of 21 participants utilized the pronunciation and
the sound associated with the message. The other two participants ranked the message
according to importance and created vibration patterns based on that importance of the
message for them. One participant utilized vibration patterns in his smartphone.
However, this strategy may not be effective regardless of the messages. In addition, the
number of correct answers was not different between the strategies regardless of the
strategies used in condition-C.

Therefore, it is assumed that the method to utilize a speech message in Japanese
and/or the sound associated with the message could be effective for Japanese partici-
pants in any case. Meanwhile, the appropriate method to create vibration patterns could
depend on the person. Therefore, the vibration patterns for sending messages should be
created by the user of the vibrating device.

Fig. 3. Comparison of the number of collect answers (n = 21) between the following three
conditions: Condition-A is the case of learning vibration patterns that have musical rhythm
characteristics. Condition-B is the case of learning vibration patterns that have rhythms implying
the Japanese pronunciation of the corresponding message. Condition-C is the case of using
vibration patterns that were created by each participant.
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4 Discussion

Although it is not clear that creating vibration patterns based on pronunciation in other
languages such as English is appropriate, the experimental results show that creating
the vibration pattern based on the pronunciation of the message in Japanese is more
appropriate than utilizing musical rhythms. However, the results under condition-B
were significantly less accurate than those under condition-C. According to the par-
ticipants who were unable to correctly answer the meaning of some vibration patterns,
the vibration pattern under condition-B was created based on Japanese pronunciation
by a young Japanese but the participant’s; therefore, it was difficult to infer the mes-
sages from some vibration patterns. This could be relevant to our working memory.

The model of a working memory system proposed by Baddeley includes a “vis-
uospatial scratch pad” and “articulatory loop” or “phonological loop” [1]. In addition, it
was suggested that there are similarities in the manner in which speech and rhythms are
processed that appear to extend beyond reliance on temporal coding mechanisms [5].
With regard to tactual information processing, Kass et al. suggested that many working
memory tasks with tactual input might draw on more general supramodal spatial or
verbal working memory processes, either primary or along with tactual coding. Further,
the tasks with tactual input are especially relevant if a task can be solved on the basis of
high-order “non-tactual” information rather than based on the original tactual charac-
teristics [7].

As can be inferred from the above knowledge, if there is an association between a
vibration pattern and its meanings (such as the case under condition-A), both the
vibration pattern’s meaning and musical rhythm represented by the vibration pattern
must be processed by working memory. In particular, a message with a vibration
pattern’s meaning is considered to be processed by a phonological loop for mainte-
nance rehearsal. On the other hand, musical rhythms are also processed by the pho-
nological loop for maintenance rehearsal. Therefore, these two processes are related to
the phonological process of working memory. According to the knowledge about
working memory proposed by Baddeley, respective capacities of the visuospatial
scratch pad and the phonological loop are limited. Hence, two processes of the pho-
nological loop could interfere with each other, and then the meaning of a vibration
pattern characterized by musical rhythm is difficult to memory.

In creating vibration patterns based on one’s own pronunciation of the message
(such as participants under condition-C), the characteristics of vibration patterns rep-
resent the pronunciations of the messages. Thus, it is required to learn either the
vibration pattern or the pronunciation of the message. Therefore, it could be easy to
learn the vibration pattern’s meaning, and then this memory strategy can encourage the
participants to understand more messages under condition-C. However, if the vibration
patterns are created from pronunciations by anyone else (such as the case under con-
dition-B), some participants may find it difficult to extract the phonological charac-
teristics from the vibration patterns, especially if the participant’s pronunciation is
different from the pronunciation of the person who created the vibration patterns.
Therefore, it is assumed that the number of correct answers under condition-C was
higher than those under condition-B.
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5 Conclusion

In this study, we researched a method of designing memorable vibration patterns. It is
expected that memorable vibration patterns enable users to understand the meanings of
many vibration patterns presented, so that the users can easily understand the messages
conveyed by the vibrating device. Thus, we proposed a method for designing vibration
patterns that are characterized by the message’s pronunciation, and we evaluated the
method in an experiment. Further, other strategies were attempted in the experiment.

From the results, we found that our method affected the number of recognized
vibration patterns, although we did not find another effective method through the
experiment. In addition, we found that it is crucial for the users to be able to create
memorable vibration patterns by using their own pronunciations of the messages
corresponding to the vibration pattern.

Considering the above results, we assumed that, from the viewpoint of Baddeley’s
working memory system, vibration patterns based on the message pronunciation are
easy to obtain through the working memory. Considering the process of the phono-
logical loop of working memory, it could be difficult for the users to learn the vibration
patterns based on musical rhythm.

Consequently, we found that our new method for making memorable vibration
patterns was more effective than the method using musical rhythm.
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