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As smartwatches gain popularity in the marketplace, various smartwatch context studies have been conducted. *e use of
smartwatches can be divided into situations with and without constraint both physically and psychologically. Notably, in
constrained situations, if the user wants to check the information received in the smartwatch visually, a high cognitive load is
involved. To solve this problem, we propose a method to encode and transmit information from the smartwatch with haptic
pulses. First, we determine the informational category of the smartwatch and generate various haptic pulses. Next, we propose and
verify a haptic pulse set that can represent the informational category of the smartwatch. Using the proposed haptic pulse set, users
can receive smartwatch information in constraint situations. *e use of encoded haptic pulses needs to be considered to provide
information effectively from the smartwatch to the wearer.

1. Introduction

Smartwatches are gaining popularity in the marketplace [1],
which has led to studies identifying lifestyles using smart-
watch sensing data [2, 3] and studies on the context of using
smartwatches. In particular, research on the context of using
smartwatches has been actively conducted and can be di-
vided into situations with and without physical and psy-
chological constraint [4–7]. A situation with physical
constraint refers to a situation where the wrist with a
smartwatch is not readily available due to tasks such as
driving a car or working with tools. A situation with psy-
chological constraint refers to a situation where there is a
restriction on the use of the smartwatch due to psychological
pressure, such as being in a meeting or having communi-
cation with others. Visually identifying the information
received on the smartwatch in the context of physical or
psychological constraints can result in a high cognitive load
on the user and can result in misrecognition of the infor-
mation received [8]. *erefore, we are going to explore a
method to transmit information to smartwatch users which
does not require visual attention.

When there is visual overload, a haptic interface allows
information to be delivered without a sizeable cognitive load

[9]. In this context, studies transmitting information
through tactile sense alone were conducted. *ese studies
were divided into three directions: the one that distinguished
information through tactile sense [10–12], the one that
recognized direction through tactile sense [13–15], and the
one that recognized space through tactile sense [16, 17].
Among the research completed for distinguishing infor-
mation through tactile senses, there was an idea developed to
provide different haptic feedback depending on the appli-
cation so that the user could know what the application is by
vibration [12]. However, there was a problem that it was
impossible to design richly because it only used three levels
of vibration intensity (Long, Short, and Pause). Although it
was not a study that distinguished information by providing
vibration, there was also a study that designed light pulses
representing each informational category of smartphone
[18]. However, the use of light pulses has a limitation in that
it cannot transmit information unless the user is looking
directly at the light-emitting diode (LED). In summary, the
study that delivers the information of smartwatch to the user
only by vibration has a problem that the implemented pulse
is limited, and the study that encodes the information into
various pulses does not use the vibration, so it is difficult to
convey the information in the constraint situation.
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*erefore, we need to design a haptic pulse that can rep-
resent each informational category on the smartwatch based
on the advantages of the two previous ideas.

*e purpose of this study is to design haptic pulses suitable
for representing the information transmitted by the smart-
watch so that it can be understood without looking at the
smartwatch. Section 2 deals with the process of finding and
generating various haptic pulses before deriving pulses suitable
for each informational category of smartwatch. Section 3 ex-
plains the experiments to obtain haptic pulses suitable for each
informational category of smartwatch, and Section 4 describes
the results of the experiments. In Section 5, we show that the
information of the smartwatch can be distinguished only by
haptic pulses in constraint situations. Section 6 discusses the
results, and Section 7 concludes our study.

2. Design of Haptic Pulses

Before deriving a haptic pulse for each informational category
on a smartwatch, the haptic pulse was collected and refined.
To make it easier to understand the process of collecting and
deriving pulses, the entire process is shown in Figure 1.

2.1. Pulse Collection. Apple Watch and Samsung Galaxy
Gear, which are the most popular smartwatches on the
market, offer only a few haptic pulses. If the number of
haptic pulses provided by the smartwatch is insufficient, it is
difficult to encode the informational category of each
smartwatch with unique vibrations. *erefore, to collect
various haptic pulses, we searched for a study that encodes
information through waveforms. Most haptic pulse studies
were performed with microscopic vibration unit studies
[19, 20], so we examined light pulse studies to collect long
pulses that could be used for smartwatch vibration. Starting
from the light pulse study of Harrison et al. [18], a total of 57
light pulses were collected from five studies [18, 21–24]. *e
accumulated light pulses must be refined before conversion
to haptic pulses because some waveforms and light flashes
are not eligible for conversion.

2.2.PrimaryFilteringofLightPulses. *ree criteria were used
to filter the 57 light pulses. First, seven random pulses that
cannot be generalized (Figure 2(a)) and two simple on-off
pulses were removed (Figure 2(b)). Next, after removing the
light pulses with similar waveforms, only one was left
(Figure 2(c)), resulting in a total of three light pulses re-
moved. Last, three light pulses contained a light flash, which
is difficult to be expressed by vibration motors, so it was
removed (Figure 2(d)). An example of light pulses filtered by
the above three criteria is shown in Figure 2. *e primary
filtering removed 15 light pulses, resulting in only 42 light
pulses remaining.

2.3. Classification and Duration Determination of Haptic
Pulses. Pulses can be classified into periodic pulses and
nonperiodic pulses depending on their waveform [22]. A
periodic pulse is the one whose waveform is repeated at

equal intervals; 20 of the collected light pulses fell into this
category, the rectangle, triangle, and sinusoidal waveforms
(Figure 3). A nonperiodic pulse is the one whose waveform
has no repetition and has a specific shape; 22 of the collected
light pulses were considered to be similar to nonperiodic
pulses.

Since periodic pulses repeat the same waveform, dif-
ferent pulses can be generated based upon how many times
per unit time they are repeated. *at is, if the duration of a
pulse is determined, a periodic pulse can be generated by
determining the number of repetitions within the period. As
a result, all 20 periodic pulses were removed and integrated
into the three types (rectangle, triangle, and sinusoidal).
However, when providing discrete vibration levels, the
triangle waveform and the sinusoidal waveform can be
treated as the same haptic pulse.*erefore, for simplicity, we
removed the sinusoidal waveform, leaving only the rectangle
and triangle waveforms in the periodic pulse. It was then
necessary to determine the duration of the pulse before
generating the haptic pulse; we used 22 nonperiodic pulses
for this purpose.

A 75mA eccentric rotating mass- (ERM-) type motor
and an Arduino Uno main board with pulse wide modu-
lation (PWM) pin were used to adjust the vibration intensity
for the haptic pulse provided by a 5-volt battery. *e pro-
totype used in the experiment is written in C language and is
shown in Figure 4. To implement the 22 nonperiodic pulses
without overlapping, we needed to have a vibration strength
of at least 5 levels. *erefore, all waveforms were imple-
mented with 5 levels of quantized vibration intensity. *e
vibration was implemented by using Arduino’s analogWrite
function. Table 1 shows the voltage and current values for
each vibration intensity.

In the duration determination experiment, the 7 par-
ticipants watched the waveform of the haptic pulse by eye,
felt the haptic pulse with their wrist by wearing a strap with
the vibration motor, and evaluated the degree of corre-
spondence between the visual waveform and the vibration
provided. *e experiment took an average of 30 minutes.
*e goal of the experiment was to determine the duration
that allowed as many haptic pulses as possible to be rec-
ognized when the 22 nonperiodic pulses were implemented
as haptic pulses with the same duration. *e independent
variable was pulse duration and it was divided into four
levels: 1.3, 2.1, 2.9, and 3.7 s. When the haptic pulse was
provided to the motor, it was designed to determine the
approximate duration by setting 1.3 s at the lowest level,
where vibration intensity starts to be distinguished; the levels
then increased at intervals of 0.8 s. *e dependent variable
was the degree to which the visual waveform and vibration
were the same and was measured on a 5-Likert scale. After
experiencing each haptic pulse twice, participants assessed
the correspondence of 22 haptic pulses. An example of the
questionnaire used in the experiment is shown in Figure 5.

At a significance level of 0.05, the ANOVA result for the
duration determination experiment showed a significant
difference about the duration (F(3,612) � 35.273, p< 0.001).
As a result of the post hoc analysis at a significance level of
0.05, it was divided into three groups, and duration of 2.9 s

2 Mobile Information Systems



and 3.7 s was grouped into upper groups (Figure 6). Many
participants stated that “the shorter the duration is at the
level at which vibration is perceived, the better.” Based on
these comments, the shorter duration of 2.9 s in the upper
group was chosen.

Next, the same experiment was further subdivided into
0.2 s units based on the duration of 2.9 s. *e duration of the

second experiment consisted of five levels: 2.5 s, 2.7 s, 2.9 s,
3.1 s, and 3.3 s. At a significance level of 0.05, the ANOVA
result for the second duration determination experiment
showed no significant difference in the duration
(F(4,765) � 2.345, p � 0.053). Finally, 2.5 s, which is the
shortest duration in the group, was determined as the du-
ration to be used in the main experiment.
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Figure 1: Haptic pulse design process.
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Figure 2: Example of light pulse removal criteria: (a) random pulses that cannot be generalized; (b) simple on-off light pulses; (c) light pulses
of similar waveforms are removed, and only one is left; (d) pulses that contain light flash that is difficult to be expressed by vibration motors.
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2.4. Haptic Pulse to Be Used in the Main Experiment.
According to the previous experiment, the best length of the
haptic pulse was determined to be 2.5 s. At the same time,
among the 22 nonperiodic pulses, 6 pulses with an average
score of less than 3 at 2.5 s were regarded as a pulse that the
user could not recognize and were removed. Next, a total of
four periodic pulses were generated, two rectangle and two
triangle waveforms. *e generated periodic pulses are re-
peated 2 or 4 times within a duration of 2.5 s. *e 16
nonperiodic pulses and 4 periodic pulses are shown in
Figure 7. Blink slow and blink fast appear at the right end
and are the rectangle waveform and pulse slow and pulse
quickly are the triangle waveform.

3. Methods

We investigated smartphone informational categories and
smartwatch usage behaviors to determine the relevant

informational categories for smartwatches. According to
Harrison et al. [18], there are five such categories for
smartphone: Notification, Active, Unable, Low-Energy State,
and Turning On. Notification can be subdivided into four
applications: e-mail, instant message (IM), call, and
healthcare [21, 25–27]. Active is defined as the status of data
transmission-reception and operation-monitoring. Unable
is defined as unconnectable status and user command de-
nied status. Low-energy state is defined as low-battery status,
standby mode, and sleep mode. Turning On is defined as
booting the device. Since the five informational categories of
smartphones can apply to smartwatches [21, 25], we will use
the categories in this study. Table 2 summarizes the results of
searching the informational category of smartwatches.

For smartwatch users to be able to distinguish smart-
watch information only with a haptic pulse, it is necessary to
find out which haptic pulse is suitable for each informational
category. *erefore, we designed an experiment to find a
correlation between haptic pulses and informational cate-
gories. Tests were divided into two parts. First, we investi-
gated the relationship between five informational categories
(Notification, Active, Unable, Low-Energy State, and Turning
On) and 20 haptic pulses. Next, we subdivided Notification
into application categories (e-mail, IM, call, and healthcare)
and investigated the relationship between four application
categories and 20 haptic pulses. Participants were asked to
give evaluation at the same level throughout the experiment.

3.1. Devices. *e experimental device is the same as the
prototype used in the duration determination experiment,
and the participants wore the strap with an ERM-type vi-
bration motor on their wrist. *e experimental device and
environment are shown in Figure 8.

3.2. Task Domain. In the two-part experiment, the partic-
ipants were asked to feel the vibration and perform a task to
assess the extent to which the haptic pulse was appropriate
for each category. Participants experienced 20 haptic pulses
once in a row and evaluated the five informational categories
of smartwatch. After a second round of 20 haptic pulses,
participants evaluated the four categories of Notification. As
a result, each participant felt a total of 40 vibrations.

3.3. Subjects. A total of 30 participants (16 males and 14
females) were recruited using in-house advertising. *e
mean age of participants was 24.5 years and the standard
deviation was 2.36. *e experiment took an average of 25
minutes and participants received $5 as compensation.

3.4. IndependentVariables. In this experiment, two variables
act as independent variables. First, when analyzing the fit-
ness of haptic pulse for each category, haptic pulses act as
independent variables and consist of 20 levels. We ask
whether the pulses are appropriate for each category using a
5-Likert scale. Next, when analyzing the eligibility of the
category for each haptic pulse by changing the axis, the
categories themselves act as an independent variable.

Periodic

Rectangle waveform

Triangle waveform

Sinusoidal waveform

Figure 3: *ree types of periodic pulse.

Figure 4: Prototype and control board with ERM-type motor.

Table 1: Voltage and current by level of vibration intensity.

Vibration intensity V mA
Level 5 5.0 69.0
Level 4 4.3 59.5
Level 3 3.6 50.5
Level 2 2.9 41.0
Level 1 0.0 0.0
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Q. I think the vibration provided on the wrist is the same as the waveform on the screen

Strongly disagree
(1)

Disagree
(2)

Neutral
(3)

Agree
(4)

Strongly agree
(5)

Figure 5: Example of questionnaire used in duration determination experiment.
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Figure 6: *e result of the posttest of the duration determination experiment.

Fast in, slow out Fade in HeartbeatLightning Blink slow

Blink twice Gradual build Blink increasingTransmission
fixed intensity

Blink fast

SOS blink Dark flash RaindropsStaircase
continuous

Pulse slow

Blink thrice Blink decreasing Transmission
random intensity

Staircase blink Pulse fast

Figure 7: Twenty haptic pulses to be used in the main experiment (four of the rightmost columns are periodic pulses). (a) Fast in slow out.
(b) Fade in. (c) Lightning. (d) Heartbeat. (e) Blink slow. (f ) Blink twice. (g) Gradual build. (h) Transmission fixed intensity. (i) Blink
increasing. (j) Blink fast. (k) SOS blink. (l) Dark flash. (m) Staircase continuous. (n) Raindrops. (o) Pulse slow. (p) Blink thrice. (q) Blink
decreasing. (r) Staircase blink. (s) Transmission random intensity. (t) Pulse fast.
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Participants rate how proper the informational categories are
for each pulse using a 5-Likert scale. *e level of the category
is determined based on the analysis of the haptic pulse.

3.5. Dependent Variables. *e fitness score of the haptic
pulse about the category of smartwatch acts as a dependent
variable. *e fitness score is collected after each participant
experiences each vibration and evaluates it based on a 5-
Likert scale. *e closer the fitness score is to 5, the more
appropriate the given vibration is for the category, and the
closer the fitness score is to 1, the less appropriate the given
vibration is for the category.

3.6. Experimental Design. *e experiment was designed as a
one-way design, and all independent variables acted as
within-subjects. To remove the order effect, the order of
providing the haptic pulse was random.

3.7. Procedure. Each participant performed the fitness
evaluation of haptic pulse for five informational categories
and four Notification application categories. *e participant
wrote his or her demographic information before the ex-
periment and then listened to the experiment coordinator
regarding the category being judged. Next, the participant
evaluated the fitness of the haptic pulse for the five infor-
mational categories. After the previous evaluation was over,
the participant assessed the fitness of the haptic pulse for the
four Notification application categories. Participant’s com-
ments were collected at the end of the experiment (Table 3).

4. Results

After gathering the initial results and analyzing the haptic
pulse scores within each informational category, we changed
the axis to compare scores between informational categories
for each haptic pulse. Next, we proposed a haptic pulse
suitable for representing each informational category of
smartwatch.

4.1. Score of Haptic Pulse for Each Informational Category.
First, we analyzed the fitness of haptic pulses for each of the 5
informational categories of smartwatch. In each category,
haptic pulses were analyzed as independent variables and
one-way ANOVA was performed. At a significance level of
0.05, haptic pulse (F(19,580) � 4.026, p< 0.001) had a signif-
icant effect on the Notification category score. Tukey’s HSD
post hoc analysis was performed and there was no significant
difference between haptic pulses with high scores at the 0.05
significance level. *e majority of participants also noted
that the Notification category was associated with many
applications and gave a high score to most haptic pulses.
*erefore, the Notification category cannot use these results;
application-specific haptic pulses will be covered in Section
4.2. *e average score of the haptic pulses in the Notification
category is shown in Figure 9.

At a significance level of 0.05, haptic pulse
(F(19,580) � 1.482, p � 0.085) did not have a significant effect
on the Active category score. Analysis of the reasons why no

Table 2: Informational categories of smartwatch.

Category Informational states

Notification

E-mail Notifications from the e-mail application
Instant message (IM) Notifications from the IM application
Call Notifications from the call application
Healthcare Notifications from the healthcare application

Active Transmitting or receiving data
Active, monitoring, . . ., or progressing

Unable Unable to connect
Unable to accept user input or command

Low-energy state Low battery
Sleeping, suspended

Turning on Turning on, booting, or warming up

Figure 8: Experimental environment and devices.

Table 3: Experimental procedure.
Period 0 Step 1: get the participant’s demographic information

Period 1 Step 2: describe the informational category of
smartwatch

Period 2

Step 3: perform experiments on 5 informational
categories

1st haptic pulse provided
5 informational categories’ evaluation

2nd haptic pulse provided
. . .. . .. . .. . .. . .

20th haptic pulse provided
5 informational categories’ evaluation

Period 3 Step 3: perform experiments on 4 informational
categories (Notification application)

Period 4 Step 4: collect comments from participants
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significant results were obtained through participant com-
ments revealed that most participants did not want to be
provided with vibrations in the Active category. *erefore,
we propose that the Active category should not provide
vibration. *e average scores of the haptic pulses in the
Active category are shown in Figure 10.

At a significance level of 0.05, haptic pulse
(F(19,580) � 1.91, p � 0.011) had a significant effect on the
Unable category score. Next, at a significance level of 0.05,
haptic pulse (F(19,580) � 2.26, p � 0.002) had a significant
effect on the Low-Energy State category score. Next, at a
significance level of 0.05, haptic pulse (F(19,580) � 5.069,
p< 0.001) had a significant effect on the Turning On category
score. However, Tukey’s HSD post hoc analysis for each of
the Unable, Low-Energy State, and Turning On categories
showed no significant differences between the high score
haptic pulses at the 0.05 significance level. *erefore, it was
not possible to propose a haptic pulse that represents the
informational category simply by ranking the average score.
Figures 11–13 show graphs of haptic pulses within the
Unable, Low-Energy State, and Turning On categories,
respectively.

As discussed previously, theNotification category should
be analyzed for each application. At a significance level of
0.05, haptic pulse (F(19,580) � 10.57, p< 0.001) had a signif-
icant effect on the e-mail application score in theNotification
category. Next, at a significance level of 0.05, haptic pulse
(F(19,580) � 12.39, p< 0.001) had a significant effect on the IM
application score. In addition, at a significance level of 0.05,
haptic pulse (F(19,580) � 7.982, p< 0.001) had a significant
effect on the Call application score. However, Tukey’s HSD
post hoc analysis for each of the e-mail, IM, and Call

categories showed no significant differences between the
high score haptic pulses at the 0.05 significance level.
*erefore, it was not possible to propose a haptic pulse that
represents the informational category simply by ranking the
average score. Figures 14–16 show graphs of haptic pulses
within the e-mail, IM, and Call categories, respectively.

Finally, at a significance level of 0.05, haptic pulse
(F(19,580) � 0.833, p< 0.668) did not have a significant effect
on the Healthcare application score in the Notification
category. As a result of analyzing participants’ comments on
the reason for the above findings, it was found that most
participants did not have a mental model for Healthcare
application. In the human-computer interaction (HCI) field,
a mental model refers to the dynamic model that users have
in their minds about the function, structure, and value of a
particular system [28]. *erefore, we could not propose a
haptic pulse in Healthcare application as a result of this
experiment. Figure 17 shows a graph of haptic pulse score in
Healthcare application.

4.2. Score of Informational Categories for Each Haptic Pulse.
In Section 4.1, we looked at the score of the haptic pulse
within each informational category of smartwatch, and it is
difficult to propose a haptic pulse for each based solely on the
results of this analysis. *erefore, we changed the axis of
analysis and compared the scores by informational category
based on each haptic pulse. Before the analysis, we excluded
three informational categories: Notification for which we
cannot propose haptic pulses, Active that does not provide
vibration, and Healthcare that does not have a significant
difference since no mental models have been built.

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
Lightning

Fade in
Pulse slow
Heartbeat

Blink increasing
Gradual build

Pulse fast
Raindrops

Staircase continuous
Transmission fixed intensity

Blink thrice
Transmission random intensity

SOS blink
Blink slow
Dark flash

Blink decreasing
Staircase blink

Blink fast
Blink twice

Fast in slow out

Notification

Figure 9: Rating of haptic pulses in indicating the notification category.
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*erefore, we performed the analysis with only the
remaining six informational categories. ANOVA analysis
and Tukey’s HSD post hoc analysis were performed for each
of the 20 haptic pulses, which are shown in Table 4. Of the 20
haptic pulses, only three haptic pulses, fade in, gradual build,
and SOS blink, showed no significant difference at the 0.05
significance level, and the remaining 17 haptic pulses
showed significant differences at the 0.05 significance level.
*e group with the highest score of Tukey’s HSD was A, and
the group with significant difference at the level of 0.05 was

B, while the group with no significant difference from both
groups A and B was AB. Also, the group with significant
differences from both groups A and B was C, while the group
with no significant difference from both groups B and C was
BC.

Based on the post hoc analysis, the informational cat-
egories that were significantly different from the high-
scoring informational categories group in each haptic pulse
in Table 4 were as follows. Blink decreasing had the highest
score in the Call category (4.03) and was significantly

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Blink fast
Fade in

Blink slow
Dark flash

Pulse slow
Gradual build

Blink thrice
Lightning

Blink increasing
Raindrops

Transmission random intensity
Heartbeat

Staircase continuous
SOS blink

Pulse fast
Transmission fixed intensity

Fast in slow out
Blink decreasing

Blink twice
Staircase blink

Active

Figure 10: Rating of haptic pulses in indicating the active category.

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Blink decreasing

Blink twice

Fast in slow out
Transmission fixed intensity

Gradual build
Lightning

Blink thrice
Pulse slow

Blink increasing
Transmission random intensity

Fade in
Pulse fast

Raindrops

Heartbeat
SOS blink

Staircase blink
Dark flash

Staircase continuous
Blink fast

Blink slow
Unable

Figure 11: Rating of haptic pulses in indicating the Unable category.
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different from the other five categories. Next, the blink fast
score was the highest in the IM category (4.27) and was
significantly different from the three categories: Turning On,
Low-Energy State, and Call. Blink increasing had the highest
score in the Low-Energy State (2.93) and Call (3.27) and was
significantly different from the two categories: IM and
e-mail. Blink slow was classified as a group with high scores
in the Unable (3.57), Low-Energy State (3.70), IM (4.07), and
e-mail (3.80) categories, respectively. *is group was sig-
nificantly different from the two informational categories of
Turning On and Call. Next, the blink thrice score was the
highest in the Turning On (3.80) and IM (3.80) categories
and was significantly different from the three categories:

Unable, Low-Energy State, and Call. Blink twice had the
highest score in Call (3.93) and a significant disparity from
the four categories: Unable, Low-Energy State, IM, and
e-mail. Next, the dark flash score was the highest in the IM
(3.87) and e-mail (3.83) categories and was significantly
different from the Call category. Fast in slow out had the
highest score in the IM category (3.57) and was significantly
different from theUnable category. Next, the heartbeat score
was the highest in the Low-Energy State (3.40) and was
significantly different from three categories: Turning on, IM,
and e-mail. Lightning had the highest score in the Low-
Energy State category (2.93) and was significantly different
from the e-mail category. Pulse fast had the highest score in

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Pulse slow

Blink twice
Transmission random intensity

Blink decreasing
Raindrops

Transmission fixed intensity
Blink thrice

Staircase blink
Staircase continuous

Fade in

Blink increasing
Gradual build

Lightning
Pulse fast

SOS blink

Fast in slow out
Dark flash
Blink fast
Heartbeat
Blink slow

Low-energy state

Figure 12: Rating of haptic pulses in indicating the Low-Energy State category.

Blink fast
Transmission fixed intensity

Fast in slow out
Staircase blink

Blink decreasing
Dark flash

Blink twice
Raindrops

Blink thrice
Turning on

0.00 0.50 1.00 1.50 2.00 2.50 3.00 4.003.50
Heartbeat
Pulse slow
Lightning

Fade in
Gradual build

SOS blink
Transmissioon random intensity

Blink increasing
Blink slow

Staircase continuous

Pulse fast

Figure 13: Rating of haptic pulses in indicating the Turning On category.
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the Call category (3.53) and was significantly different from
the two classes: Turning On and e-mail. Next, the pulse slow
score was the highest in Call (3.23) and was significantly
different from four categories: Turning on, Low-Energy State,
IM, and e-mail. According to the ANOVA results, raindrops
showed a significant difference in the informational category
at the 0.05 significance level with a p value� 0.011, but
Tukey’s HSD test showed no significant difference at the 0.05
significance level. Staircase blink had the highest score in the
Call category (3.83) and was significantly different from the
four categories: Unable, Turning On, Low-Energy State, and
e-mail. Next, the staircase continuous score was the highest

in Call (3.53) and was significantly different from the two
categories: Turning On and e-mail. Finally, the transmission
fixed intensity and the transmission random intensity were
classified into the group with a high score of 3.97 and 3.93,
and the Call category showed a significant difference from
the other five categories.

4.3. Haptic Pulse by Informational Categories in
Smartwatches. We proposed dominant haptic pulse in the
smartwatch for each informational category. *is is shown
in Table 4, representing the statistical difference that was
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Figure 14: Rating of haptic pulses in indicating the e-mail application.
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Figure 15: Rating of haptic pulses in indicating the IM application.
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used as a judgment criterion. Since the dominant haptic
pulse in each informational category should be clearly
distinguished from other informational categories, the
higher the number of statistically significantly lower cat-
egories than the score of the reference category was, the
more we judged it as the dominant haptic pulse in the
criterion category. Also, to avoid assigning the same haptic
pulse to different informational categories, if there was only
one dominant haptic pulse in each informational category,
we assigned a haptic pulse to this informational category so
that it did not overlap with the other informational
categories.

In the e-mail informational category, both haptic pulses
of blink fast and blink slow were significantly higher than
those of theCall and Turning On informational categories. In
the IM informational category, the blink fast was

substantially higher than the scores of the three informa-
tional categories of Turning On, Low-Energy State, and Call,
and blink thrice was significantly higher than the scores of
the three informational categories of Unable, Low-Energy
State, and Call. Next, in the Call informational category,
blink decreasing, transmission fixed intensity, and trans-
mission random intensity were significantly higher than those
of the other five categories. In the Unable informational
category, blink fast and blink slow were markedly higher than
the scores for Turning On and Call. Next, in the Low-Energy
State informational category, the heartbeat was significantly
higher than the three categories: Turning On, IM, and e-mail.
Finally, in the Turning On category, the blink thrice was
considerably higher than the other three informational cat-
egories:Unable, Low-Energy State, andCall. Table 5 shows the
dominant haptic pulse for each informational category.
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Figure 17: Rating of haptic pulses in indicating the Healthcare application.
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Figure 16: Rating of haptic pulses in indicating the Call application.
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Based on Table 5, we assigned haptic pulses to each
information category so that they were not duplicated and
preferentially assigned haptic pulses to information cate-
gories with only one dominant haptic pulse. In the Low-
Energy State, a heartbeat was assigned because only one
heartbeat was a dominant haptic pulse. Next, since Turning
On category has only one dominant haptic pulse as blink
thrice, blink thrice was assigned to Turning On. *e Call
informational category has no overlap with the dominant
haptic pulses of other informational categories, so blink
decreasing, transmission fixed intensity, and transmission
random intensity were assigned to the Call informational
category. Next, the dominant haptic pulses in the IM in-
formational category were blink fast except for the blink
thrice previously assigned to Turning On, so only blink fast
was assigned to the IM informational category. E-mail and
Unable informational categories had the same dominant
haptic pulses. However, removing the blink fast assigned to
the IM informational category left only blink slow. In this
case, blink slow could be assigned only to one of the cat-
egories of e-mail and Unable. *erefore, although not sta-
tistically significant, we assigned blink slow to the e-mail

informational category, which had a higher score of 3.80.
Finally, haptic pulses dominant in the Unable information
category were all assigned to different categories of infor-
mation. *us, as a second-best option, pulse slow was
assigned to the Unable informational category. Pulse slow
was significantly higher in the Unable informational cate-
gory than in the e-mail informational category. Table 6
shows the final haptic pulse set, which represents each
smartwatch informational category without overlap.

5. Verification Experiment of a
Haptic Pulse Set by Informational
Categories of Smartwatch

For the haptic pulse set proposed in Section 4 to have
meaning, the user should be able to distinguish the
smartwatch’s informational category with only haptic pulses
in constraint situations. *erefore, to verify the haptic pulse
set, the experimental environment was made a constraint
condition, and the experiment was performed to distinguish
the informational category by vibration only. Among the
haptic pulse sets in Table 6, there are three haptic pulses in
the Call application. Since there is no significant difference
between these haptic pulses, blink decreasing was arbitrarily
selected to construct the experimental haptic pulse set.

A total of 10 participants (5 males and 5 females) were
recruited for this experiment. *e average age of the par-
ticipants was 24.1 years, and the standard deviation was 1.52.
*e experiment took an average of 50 minutes, and the
reward was about $-10. *e device was the same as that used
for the previous experiments, and the experiment coordi-
nator made up the constraint situation by doing twenty
questions with the participants. After filling out the basic

Table 4: Results of ANOVA and Tukey’s HSD test for each haptic pulse.

Haptic pulses
Groups and scores divided through Tukey’s HSD test ANOVA

results
Unable Turning On Low-Energy State Instant Message (IM) E-mail Call p value

Blink decreasing 2.43 (B) 2.97 (B) 2.63 (B) 2.73 (B) 2.63 (B) 4.03 (A) <0.001∗
Blink fast 3.53 (AB) 2.47 (C) 3.37 (B) 4.27 (A) 3.93 (AB) 1.70 (C) <0.001∗
Blink increasing 2.63 (AB) 2.37 (AB) 2.93 (A) 1.80 (B) 2.00 (B) 3.27 (A) <0.001∗
Blink slow 3.57 (A) 2.37 (B) 3.70 (A) 4.07 (A) 3.80 (A) 2.13 (B) <0.001∗
Blink thrice 2.60 (B) 3.80 (A) 2.77 (B) 3.80 (A) 3.57 (AB) 2.30 (B) <0.001∗
Blink twice 2.47 (B) 3.17 (AB) 2.43 (B) 2.87 (B) 2.90 (B) 3.93 (A) <0.001∗
Dark flash 3.00 (AB) 3.07 (AB) 3.33 (AB) 3.87 (A) 3.83 (A) 2.83 (B) 0.002∗
Fade in 2.70 (A) 2.27 (A) 2.87 (A) 2.50 (A) 2.23 (A) 3.07 (A) 0.063
Fast in slow out 2.53 (B) 2.63 (AB) 2.97 (AB) 3.57 (A) 3.27 (AB) 3.03 (AB) 0.030∗
Gradual build 2.57 (A) 2.27 (A) 2.93 (A) 2.47 (A) 2.40 (A) 3.10 (A) 0.106
Heartbeat 2.80 (AB) 1.90 (B) 3.40 (A) 2.07 (B) 2.20 (B) 2.83 (AB) <0.001∗
Lightning 2.57 (AB) 2.13 (AB) 2.93 (A) 2.20 (AB) 2.03 (B) 2.73 (AB) 0.013∗
Pulse fast 2.73 (AB) 2.43 (B) 2.93 (AB) 2.80 (AB) 2.47 (B) 3.53 (A) 0.006∗
Pulse slow 2.60 (AB) 2.03 (BC) 2.36 (BC) 1.93 (BC) 1.73 (C) 3.23 (A) <0.001∗
Raindrops 2.77 (A) 3.67 (A) 2.63 (A) 2.70 (A) 2.73 (A) 3.47 (A) 0.011∗
SOS blink 2.80 (A) 2.33 (A) 2.93 (A) 2.83 (A) 2.57 (A) 3.20 (A) 0.093
Staircase blink 2.87 (B) 2.90 (B) 2.80 (B) 3.27 (AB) 2.83 (B) 3.83 (A) 0.006∗
Staircase continuous 3.20 (AB) 2.37 (B) 2.83 (AB) 2.73 (AB) 2.30 (B) 3.53 (A) <0.001∗
Transmission fixed intensity 2.53 (B) 2.57 (B) 2.70 (B) 2.43 (B) 2.20 (B) 3.97 (A) <0.001∗
Transmission random intensity 2.63 (B) 2.33 (B) 2.40 (B) 2.10 (B) 2.00 (B) 3.93 (A) <0.001∗
∗Different letters indicate significant differences between groups (significant at α� 0.05).

Table 5: Dominant haptic pulses of each informational category.

Informational
category Haptic pulses

Notification

E-mail Blink fast, blink slow
IM Blink fast, blink thrice

Call Blink decreasing, transmission fixed
intensity, transmission random intensity

Unable Blink fast, blink slow
Low-Energy State Heartbeat
Turning On Blink thrice
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personal information, the participants were informed of the
meaning of six informational categories of smartwatches.
Next, the participant was given 25 minutes to familiarize
themselves with the “informational category—haptic pulse
set.” After having learned the haptic pulse set, the experi-
ment coordinator performed twenty questions and, at the
same time, provided a total of 12 haptic pulses (two for each
informational category) to the participants. Under these
constraints, participants determined the informational
category for a haptic pulse and checked it on the evaluation
sheet. *e 12 haptic pulses were given in random order to
remove the order effect, and the participants’ comments
were collected after the experiment. *is experiment mea-
sured the accuracy of correctly distinguishing informational
categories with only haptic pulses.

Experimental results show that only 6 out of 120 times
the participants wrongly checked the smartwatch’s infor-
mational category, and overall accuracy was as high as 95%.
In addition, 5 out of 10 participants classified informational
categories with 100% accuracy. *erefore, using the haptic
pulse set proposed in this study, it was confirmed that the
user could distinguish the informational category only by the
haptic pulse in the constraint situation.

6. Discussion

To investigate the relationship between the smartwatch’s
informational category and haptic pulse, we experimented
as presented in Section 3. In the analysis based on the
smartwatch’s informational category, there were statis-
tically significant differences in the haptic pulses in the
Notification category. Since multiple applications in this
category resulted in mixed assessments, we decided to
analyze it separately for each application. Among other
informational categories, Active was excluded from the
final analysis because there were no significant differences
in the haptic pulses, and the user did not want to receive
haptic feedback about it. Also, the Healthcare application
of the Notification informational category did not show a
statistically significant difference because users did not yet
have a mental model, and, as a result, the Healthcare
application was excluded from the analysis. *e reason
why the mental model was not built might be that users
are not familiar with the Healthcare application in
comparison with other applications such as e-mail.
*erefore, only the six informational categories were used
for analysis.

Table 6: A set of “smartwatch informational category—haptic pulse.”

Informational category Waveform of the haptic pulse Name

Notification

E-mail Blink slow Blink slow

IM Blink fast Blink fast

Call

Blink decreasing

Blink decreasing, transmission fixed intensity,
transmission random intensity

Transmission, 
fixed intensity 

Transmission, 
random intensity

Unable Pulse slow Pulse slow

Low-Energy State Heartbeat Heartbeat

Turning On Blink thrice Blink thrice
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Next, a dominant haptic pulse set was derived for each
informational category. *is haptic pulse set was composed
of haptic pulses with high scores in each information cat-
egory. Interestingly, haptic pulses in four informational
categories, e-mail, IM, Low-Energy State, and Turning On,
consist of only a maximum intensity vibration and a min-
imum intensity vibration in five levels of vibration intensity.
Participants noted that their mobile phones and smart-
phones delivered this information in a two-step vibration.
*erefore, it can be seen from these prior experiences that
users prefer familiar vibrations consisting of only two steps.
Also, blink decreasing, transmission fixed intensity, and
transmission random intensity have been adopted as haptic
pulses representing the Call application, and these haptic
pulses have been adopted to provide rhythmical and con-
tinuous vibration due to the experience of past mobile
phones and smartphones.

Finally, based on the haptic pulse set derived in this
study, we experimented to confirm whether a smartwatch’s
informational categories can be distinguished only by haptic
feedback without visual attention in constraint situations.
Experimental results showed that participants could identify
informational categories with high accuracy of 95%. It was
proven that the proposed haptic pulse set is valid.

7. Conclusions

*is study proposes a method to encode and provide
smartwatch information with various haptic pulses to solve
the problems that cause high cognitive load when the user
checks their smartwatch information in constraint situa-
tions. To do this, we investigated the informational category
of smartwatches and generated various haptic pulses and
analyzed the relationship between informational categories
and haptic pulses. Haptic pulse sets, which represent the
smartwatch’s informational categories, were derived
through several experiments.

Finally, we conducted a verification experiment of the
haptic pulse set and showed that smartwatch users could
distinguish information from their watch with only haptic
pulses.*e haptic pulse set proposed in this study has versatility
that can be applied to all smartwatches equipped with vibration
motors and is expected to provide insight to developers.

In addition, haptic pulses representing Healthcare ap-
plications could not be proposed because most participants
do not have a mental model for Healthcare applications at
this time. *erefore, further study will be needed to derive a
haptic pulse when Healthcare applications in smartwatches
are more common.
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