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Abstract— Virtual reality (VR) experiences are increasingly
employed as tools for pain management. Conventional VR-based
pain reduction strategies rely on distraction of the user’s attention
from the source of the stimulus. However, these strategies are less
effective for individuals with difficulty shifting their attention,
highlighting the need for alternative methods. This study
introduces a novel approach to pain reduction by modifying the
appearance of the stimulus source, altering the context as less
unpleasant (contextual modification). This method let users to
misinterpret the source of the stimulus. The experiment used an
animation of a cat scratching a user as a new context, and
investigated whether the discomfort threshold, stimulus
interpretation, discomfort level, and intensity of discomfort
generated by electrical stimulation could be affected. We
conducted this evaluation in both VR and augmented reality (AR)
environments. Results indicated that the simultaneous
presentation of cat animation synchronized with stimulus
increased the discomfort threshold and reduced discomfort and
pain compared to the presentation of electrical stimuli alone. The
effectiveness of this intervention diminished when a temporal
delay was set between the stimulus and the animation.
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I. INTRODUCTION

Virtual reality (VR) has been established as an effective tool
for pain management [1], [2]. Nociceptive stimuli activate
cortical and subcortical brain regions collectively termed the
“pain matrix” [3]. It is hypothesized that the multisensory
signals generated within VR environments consume the neural
processing resources of these regions, thereby diminishing the
brain's capacity to process pain signals.

Virtual reality (VR)-based methods for pain reduction
primarily operate by diverting the subject's attention to mitigate
pain and anxiety [4], [5], [6]. These approaches have been
extensively studied within the medical field to reduce pain
perception and anxiety, particularly during invasive or painful
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medical procedures [7], [8], [9], [10], [11]. They have also been
employed in studies involving pediatric populations [12], [13],
[14], [15] as well as patients suffering from chronic pain [16],
[17],[18].

Methods to reduce pain and discomfort through the
integration of multiple senses with the visual VR experience
have been proposed [19], [20]. In a study investigating
emotional responses to injections, VR conditions incorporating
tactile interactions were found to be preferable to conditions
involving mere visual observation of a needle[20]. These results
suggest that multisensory stimuli are effective in promoting
participants' sense of well-being by offering distraction in
stressful or anxiety-inducing scenarios. There is also another
method to reduce pain and discomfort by modifying the users’
appearance within the VR environment [21].

As previously stated, VR-based pain management
techniques have demonstrated varying degrees of success.
However, their effectiveness is limited in specific populations.
For example, the distraction method has been reported to be
ineffective for individuals with heightened fear of pain, as their
attention cannot be easily diverted [22]. Therefore, the
development of a new pain management approach that does not
rely on diverting attention from the source of the stimulus is
warranted.

This study aimed to propose and examine the effectiveness
of a new pain reduction method using “context modification.”
The approach is intended for a wider population, including
individuals who find it difficult to divert their attention from the
source of the pain. The strategy involves mitigating subjective
pain by substituting the source of pain with content that is
visually non-aversive to the users.

To investigate the effectiveness of this method, the proposed
method employs "cat scratching animation"” as a visual cue. Cats
were selected due to their inclusion in the study that informed



the design of this research [23]. We evaluated its effectiveness
in managing pain caused by electrical stimulation, in both VR
and AR environments. Validation conducted in the VR space
examines the method's applicability in environments akin to
conventional pain management approaches. Furthermore,
validation in the AR space investigates the method's feasibility
for use not only in medical settings but also in everyday
scenarios, including activities such as shaving or hair removal,
highlighting its practical utility.

II. EXPERIMENTS WITH VR ENVIRONMENT

A. Setup

Experiments 1 and 2 evaluated the effectiveness of the
proposed method in a VR space. In Experiment 1, the threshold
of discomfort was measured to determine whether it is
influenced by the presentation of the "cat scratching" video. In
Experiment 2, the change in sensation was analyzed through a
more detailed questionnaire survey.

The experimental setup included a Vive tracker for hand
tracking, a head-mounted display (Quest3, Meta) for displaying
VR content, a control PC, and an electro-tactile device for
the
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experimental setup is presented in Fig. 1.
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Fig. 1 Setup of experiments 1 and 2.

1) Electro-tactile Device

The electro-tactile device deliver a pain stimulus to the
subject through electrical stimulation. The electro-tactile
stimulation was selected as the source of pain because it can
reliably generate a pain sensation [24], and the intensity of
electrical stimulation can be adjusted in real time. The
stimulating electrode has a diameter of 1 mm, with a 2.5 mm
distance between the centers of the electrodes, and consists of
64 points. As illustrated in Fig. 2, the electrode is positioned
directly beneath the Vive tracker, which is mounted on the right
wrist.

The stimulation pattern consists of a horizontal row of
electrodes that are stimulated nearly simultaneously.
Specifically, at one moment only one electrode is selected as the
anode, while all other electrodes serve as the cathodes (GND).
By rapidly switching this configuration at around 200 ps, a
horizontal row pattern is generated. The row of stimuli moves
upward incrementally every 30 ms to create the sensation of
movement. In this experiment, one “loop” is defined as the
movement of the horizontal row of stimuli from bottom to top,
and the duration of one loop is 30 ms. The pulse width in this
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experiment is fixed at 50 us, with pulse height reaching up to 10
mA. The electro-tactile device is controlled by an ESP32
microcontroller, which communicates with a PC through USB
2.0.

Fig. 2 Left: Stimulation electrodes. Right: Placement of the electrodes.

2) VR Space

Using the head-mounted display (HMD), subjects are
immersed in a virtual reality (VR) environment featuring a full-
body avatar and a cat (Fig. 3). The VR space was developed
using the Unity 3D game engine and displays only the avatar,
cat, chair, and desk. Subjects can interact with the VR space by
moving their heads and hands.

The 3D avatar was tracked at three points: the hands and
head. The lower half of the body was fixed in a seated position
on a chair in the VR space to align the posture with that of the
real space. The head was tracked using the positional data from
the head-mounted display (HMD), and the hands were tracked
using the positional data from the Vive trackers attached to the
wrists. Due to limitations in tracking the fingers, they were
instructed to align the avatar's hand shape in the VR space with
their own hand shape in real space as closely as possible. The
avatar was designed to be simple and neutral to minimize the
effect of gender differences among subjects.

A cat is placed in the 3D space, where it can scratch the
subject with its right paw. In response to this motion, an
electrical stimulus is presented.

3) Subjects

Thirteen subjects (2 females and 11 males), aged 21 to 24
years, participated in the experiment. The Ethical Review
Committee of the University of Electro-
Communications(No.H24013) approved the study. Prior to
participation, all subjects provided informed consent. All
experiments in this study were conducted with the same
subjects.

Fig. 3 VR Space.

B. Experiment 1. Method

The purpose of Experiment 1 was to test whether the
threshold of stimuli that produce discomfort is influenced by
“scratching by the cat.” Prior to the main conditions, several
preparatory tasks were performed. The subjects were instructed
to sit on a chair in real space while wearing the HMD, the Vive
tracker, and the electro-tactile device, as shown in Fig. 1. A
reaching task in VR space, in which the subject repeatedly



touched a floating cube with the hand closer to the cube, was
conducted for 1 minute. This was to ensure the sense of
subjectivity in VR space [25]. They were then instructed to
adjust their hand position so that the paw of the scratching cat
would contact the right wrist, where the stimulating electrode
was attached.

The experiment included three conditions. In each condition,
a loop of electrical stimulation was applied to the subjects' right
wrist every 3 seconds. The electrical stimulation began at 0 mA
and increased to a maximum of 10 mA. The output was raised
by 0.1 mA with each loop of stimulation. The amount of
electrical stimulation was recorded at the point when the
subjects verbally reported discomfort under each condition. In
this experiment, the level of stimulus applied was defined as the
threshold for discomfort. They were instructed to focus on the
right wrist, where the electrodes were located, throughout the
experiment.

The three conditions were as follows.

®  Condition 1: No cat was displayed in the VR space, and
only the electrical stimulation was applied.

Condition 2: A cat was displayed on the desk in the VR
space, and the cat made a scratching motion against the
subjects’ right wrist during the electrical stimulation.
Each cat animation lasted 0.25 seconds and
synchronized with the electrical stimulation.
Condition 3: Similar to Condition 2, but the cat's
scratching behavior occurred 1 second before the
electrical stimulation, indicating a lack of temporal
synchronization.

These conditions are referred to as “nothing,” “cat,” and
“lag,” respectively. Each condition was performed once with
randomized order to minimize discomfort for the subjects during
the experiment.

C. Experiment2: Method

The purpose of Experiment 2 was to clarify the differences
in sensation between conditions using a more detailed
questionnaire. In Experiment 1, a gradually increasing stimulus
was employed to determine the threshold of discomfort, while
in this experiment, participants were asked to provide feedback
on the quality of sensation in response to a constant stimulus.

LR I3 2

In this experiment, the amount of electrical stimulation was
determined before the main procedure. After performing the
reaching task as in Experiment 1, the subjects were asked to rate
their preference for the cat using a 7-point Likert scale (1: not at
all, 7: favorable). The discomfort threshold was determined with
the same procedure in the “nothing” condition of Experiment 1,
where the cat was not displayed in the VR space. The recorded
electrical stimulation level served as the fixed value of electrical
stimulation in this experiment.

The experiment involved the same three conditions as in
Experiment 1. In the “nothing” condition, the cat was not
displayed. In the cat condition, the cat was displayed on the desk,
and its scratching behavior coincided with the electrical
stimulation. In the lag condition, a time lag was introduced
between the electrical stimulus and the cat's movements. Unlike
Experiment 1, the amount of electrical stimulation was fixed at
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the previously described standard. In each condition, electrical
stimulation was administered for five loops, with one loop
occurring every three seconds. The stimulation location was
consistent with that of Experiment 1.

In each condition, the following perception and hand
ownership [26] questionnaires were administered after the
electrical stimulation. A 7-point Likert scale was used for all
responses.

Q1: Did the stimulus feel like an electric stimulus? (1: don't feel
it at all, 7: feel it very much)

Q2: Did the stimulus feel like a cat scratch? (1: don't feel it at all,
7: feel it very much)

Q3: How uncomfortable was the stimulus?
uncomfortable; 7: extremely uncomfortable)

not

(1:

Q4: Intensity of the pain (1: weak; 7: strong)
Q5: Did you feel the presence of the cat? (1: no; 7: yes)

Q6: Did the stimulus correspond to the scratching of the cat? (1:
no correspondence; 7: correspondence)

Q7: Did the virtual hand feel like a real hand? (1: no; 7: yes)

In the present study, the electrical stimuli that the subjects
reported as unpleasant in the “nothing” condition served as the
reference. Therefore, for Q3, the subjects were asked to regard
the response value for the “nothing” condition as 4, and
relatively rate the other conditions.

While Experiment 1 assessed discomfort, Experiment 2
examined both discomfort (Q3) and pain (Q4) separately. This
distinction was made to explore whether the subjects considered
pain and discomfort as separate experiences. The rationale for
treating the perception of the stimulus as a cat scratch (Q2) and
the correspondence between the stimulus and the cat's scratch
(Q6) as separate questions was to investigate whether the two
aspects of perception were viewed as distinct, specifically in
terms of the quality of the stimuli and their perceived
correspondence.

D. Result

1) Experiment 1

A Shapiro-Wilk test was conducted on the data from
Experiment 1. The results revealed a significant difference
(p<0.05, W =0.92365), indicating that the data deviated from a
normal distribution. A nonparametric Friedman test was
performed to assess differences between conditions, and
significant differences were confirmed (p<0.05, X square
7.9565). Multiple comparisons were performed using a two-
sided Wilcoxon signed rank test for each condition, with
Bonferroni corrections applied.

The amount of electrical stimulation that caused discomfort
was compared across conditions (Fig. 4). Response of one
subject whose responses were affected by image disturbances
during the experiment were excluded from the data. A
significant difference was observed between the “nothing” and
“cat” conditions (p<0.05, W: nothing-cat = 54, nothing-lag =32,
cat-lag = 12.5), while no significant difference was found
between the “nothing” and “lag” conditions. These findings



suggest that the presentation of a cat scratching video
synchronized with the timing of the electrical stimulus raised the
threshold of discomfort, while a distinct time delay between the
stimulus and video diminished this effect.
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Fig. 4 Results of Experiment 1.

2) Experiment 2

The data collected in Experiment 2 were based on a Likert
scale, which is an ordinal scale. A nonparametric Friedman test
was performed to confirm significant differences (p<0.05, X
square: Q1 =12.286, Q2 = 22.533, Q3 = 11.15, Q4 = 14.389,
Q5 = 22.545, Q6 = 23.532, Q7 = 8). Multiple comparisons
between conditions were conducted using a two-sided Wilcoxon
signed-rank test, and the Bonferroni method was applied to
adjust for multiple comparisons.

Fig. 5 presents the response values for each condition and
question. The average score for liking the cat before the
experiment was 5.75, and no subject provided a response lower
than 4. Therefore, the subjects appeared to interpret the presence
of the catas a positive influence.
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Fig. 5 Results of Experiment 2.

A significant difference was found only between "nothing"
and "cat" in whether the stimulus was perceived as an electrical
stimulus (Q1) (p<0.05, W: nothing-cat = 0, nothing-lag = 0, cat-
lag = 19). The results suggest that presenting the cat scratching
video synchronized with the timing of the electrical stimulus
made it more challenging for participants to identify the cause
of the stimulus as electrical.

Significant differences were found between "nothing" and
"cat," "nothing" and "lag," and "cat" and "lag" (p<0.01, p<0.05,
and p<0.05, respectively, W: nothing-cat = 78, nothing-lag =66,
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cat-lag = 0) in the perception of the stimuli as cat scratches (Q2).
The results suggest that presenting a cat scratching video
synchronized with the electrical stimulation led subjects to
interpret the stimulus as caused by cat scratching. The strength
of this effect decreased when a time lag was introduced between
the electrical stimulation and the cat scratching video.

Significant differences were found between "nothing" and
"cat," and between "cat" and "lag," in the discomfort level of the
stimuli (Q3) (p<0.05, p<0.05, respectively, W: nothing-cat = 0,
nothing-lag = 21, cat-lag = 51). The results suggest that
presenting a cat scratching video synchronized with the
electrical stimulation reduced discomfort, while a time lag
between the video and stimulation diminished this effect.

A significant difference in pain intensity (Q4) was found
between “nothing” and “cat” (p<0.05, W: nothing-cat = 0,
nothing-lag 0, cat-lag = 37). The results suggest that
presenting the cat scratching video synchronized with the
electrical stimulation reduced pain perception.

Significant differences were found between “nothing” and
“cat,” “nothing” and “lag,” and “cat” and “lag” (p<0.01, p<0.01,
and p<0.05, respectively, W: nothing-cat = 78, nothing-lag =78,
cat-lag = 0) regarding the presence of the cat (QS5). The results
suggest that synchronization of the cat scratching video and the
electrical stimulation enhanced the realism of the experience.

Significant differences were found between “nothing” and
“cat,” “nothing” and “lag,” and “cat” and “lag” (p<0.01, p<0.01,
p<0.01, respectively, W: nothing-cat = 78, nothing-lag = 66, cat-
lag = 0) regarding the statement, “the stimulus was felt like it
corresponded to a cat scratch” (Q6). The results suggest that the
subjects understood the time difference between the “cat” and
“lag” conditions. Although similar to Q2, clearer distinctions
were observed between the conditions.

No significant difference was found among the conditions in
the feeling that the virtual hand had become a real hand (Q7).

I1I. EXPERIMENTS WITH AR ENVIRONMENT

A. Setup

Experiments 3 and 4 were conducted in an AR space (Fig.
6). The head-mounted display used to present AR content, the
electro-tactile device for providing electric stimulation, and the
PC were identical to those used in Experiments 1 and 2, with the
key difference being that the subject could view their arm
through the video see-through function of the HMD. The goal of
these experiments is to assess the effectiveness of the proposed
method in an AR environment where the subject can observe
their own arm, to determine its potential for application in daily
life, and to compare any differences between the proposed
method and a VR environment.
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Fig. 6 left: setup of experiments 3 and 4, right: standard for hand placement.

B. Experiment 3: Method

This experiment is a variation of Experiment 1 conducted in
an AR environment. The subjects were asked to sit on a chair in
real space while wearing the HMD and the electro-tactile device,
as shown on the left side of Fig. 6. They were then instructed to
place their right wrist at the crossed-out position on the desk, as
indicated on the right side of Fig. 6. The same cat scratching
video from Experiment 1 was presented to the subject at this
position.

The experimental conditions were consistent with those in
Experiment 1: “nothing,” “cat,” and “lag” in the AR space.
Subjects verbally indicated when they perceived the electrical
stimulation as unpleasant, and the corresponding amount of
stimulation was recorded. The AR space was as shown in Fig. 7.

C. Experiment 4: Method

This experiment represents an AR-based version of
Experiment 2. The experimental procedure and conditions were
consistent with those of Experiment 2. However, as we observe
our own arms, Q7 was omitted, and participants were instructed
to answer questions Q1 through Q6.

Fig. 7 AR Space

D. Result

1) Experiment 3

A Shapiro-Wilk test was applied to the data from
Experiment 3. The results revealed a significant difference
(p<0.05, W =0.79435), leading to the rejection of normality. To
assess differences between conditions, a nonparametric
Friedman test was performed, confirming significant differences
(p<0.05, X square = 7.0909). Multiple comparisons were
conducted using a two-sided Wilcoxon signed-rank test for each
condition, with Bonferroni corrections applied.

As shown in Fig. 8, a statistically significant difference was
observed in the amount of electrical stimulation between the
"nothing" and "cat" conditions (p<0.05, W: nothing-cat = 70,
nothing-lag = 49, cat-lag = 3). No significant difference was
found between the "nothing" and "lag" conditions. These
findings suggest that the presentation of a cat scratching video
synchronized with the timing of the electrical stimulus raised the
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threshold of discomfort, while a distinct time delay diminished
this effect.
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Fig. 8 Results of Experiment 3.

2) Experiment 4

The data collected in Experiment 4 consisted of Likert scale
responses, which are ordinal in nature. The Friedman test, a
nonparametric test, was performed to assess significant
differences (p<0.05, X square: Q1 =16.217, Q2 =25.529, Q3 =
17.745, Q4 = 11.405, Q5 = 23.244, Q6 = 23.13). A two-sided
Wilcoxon signed rank test was subsequently used for multiple
comparisons between the conditions, with the Bonferroni
correction applied.

Fig. 9 illustrates the response values for each condition and
question. A significant difference was observed between
“nothing” and “cat,” and between “nothing” and “lag,” for the
question of whether the stimulus felt like an electrical stimulus
(Q1) (p<0.01, p<0.05, W: nothing-cat = 3, nothing-lag =0, cat-
lag = 47). Thus, the presence of the cat in the AR space
decreased the likelihood of interpreting the stimulus as an
electrical stimulus, regardless of the synchronization between
the electrical stimulus and the cat's scratching video.

Significant differences were found between "nothing" and
"cat," "nothing" and "lag," and "cat" and "lag" (p<0.005,
p<0.005, p<0.01, W: nothing-cat = 91, nothing-lag =91, cat-lag
= 0) in whether the stimuli felt like cat scratches (Q2). Therefore,
presenting a cat scratching video synchronized with the
electrical stimulation can be seen as the cause of the stimulus,
while a lag between the electrical stimulation and the cat
scratching video weakens this interpretation.

Significant differences were observed between “nothing”
and “cat” and between “cat” and “lag” in the discomfort level
(Q3) of the stimuli (p<0.005, p<0.05, W: nothing-cat = 0,
nothing-lag =27.5, cat-lag = 55). Therefore, as in Experiment 2
in the VR environment, the discomfort level decreased when the
cat scratching video was synchronized with the electrical
stimulation, while this effect was diminished when a time lag
was introduced.

Unlike the experimental results in the VR environment, no
significant differences were found in pain intensity (Q4)
between the conditions. However, significant trends were
observed between “nothing” and “cat” and between “cat” and
“lag” (p<0.08, p<0.08, W: nothing-cat = 6, nothing-lag =8, cat-
lag =41).

Significant differences were observed between “nothing”
and “cat” and “nothing” and “lag” in whether the cat felt as
though it were present (Q5) (p<0.005, p<0.005, W: nothing-cat
= 91, nothing-lag =91, cat-lag = 2.5). Therefore, it is suggested



that placing the cat in the AR space may create the sensation that
the cat is present, regardless of the timing of the electric stimulus
and the cat's scratching video.

Significant differences were observed between “nothing”
and “cat,” “nothing” and “lag,” and “cat” and “lag” (p<0.005,
p<0.05, p<0.05, W: nothing-cat = 91, nothing-lag =45, cat-lag =
0) for whether the stimuli corresponded to cat scratches (Q6).
Therefore, as in Experiment 2, it can be confirmed that the
subjects understood the time difference between the “cat” and
“lag” conditions.
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Fig. 9 Results of Experiment 4.

IV. DISCUSSION

The results of Experiments 1 and 2 indicate that the effect of
context modification was most noticeable in the "cat" condition,
where the stimulus and the video were presented
simultancously. Five participants indicated that the cat-
scratching video, presented in response to the -electrical
stimulus, was more convincing. In contrast, some participants
reported that the time delay between the video and the stimulus
created discomfort, making it difficult to perceive the scratching.
Several participants found the "nothing" condition to be the most
unpleasant. This may be attributed to the presence or absence of
the cat, or perhaps to the lack of timing prediction due to the
absence of the cat. Although the cat's presence may have
reduced pain by diverting attention, the comments noted above
and the unchanged threshold in the condition lag suggest that the
pain reduction in the condition cat resulted not from simple
distraction, but from the effect of the proposed ‘“context
modification.”

The results of Experiment 2 support the interpretation that
the stimulus was caused by a cat scratch in the "cat" condition
(Q1, 2, 6). Comparison with the "lag" condition further
emphasizes the importance of temporal synchrony. Previous
studies have consistently shown that synchronized visual and
tactile presentations significantly enhance the sense of presence
[27], [28], [29].
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The difference in discomfort and pain reduction appeared to
be larger in the “nothing-cat” group when subjects were
categorized based on their responses to the cat liking
questionnaire before the experiment: those who answered “4 or
57 and those who answered “6 or 7.” However, the small sample
size precluded statistical analysis in this case. This represents a
potential area for further research.

The results of Experiment 2 also indicated that participants
had differing interpretations of the “lag” condition. Some
participants reported that the “lag” condition enabled them to
anticipate the stimulus based on the cat's actions, which reduced
pain, while others indicated that they experienced more pain
because the stimulus did not occur at the expected time in the
video. In the former group, the response values for condition
“lag” were similar to those for condition “cat”, whereas in the
latter group, the response values for condition “nothing”
resembled those for condition “cat”. This may account for the
larger variance observed in condition “lag” compared to the
other conditions.

Experiments 3 and 4 conducted in the AR environment
yielded results similar to those of Experiments 1 and 2
conducted in the VR environment, although certain factors were
found to be more pronounced in the AR environment. One
participant reported that the AR condition was more realistic and
less unpleasant than the VR condition. Another participant noted
that the onset of the electrical stimulus in Experiment 3 was
perceived slower than in Experiment 1 in the VR condition,
although we did not change the setup. These observations were
attributed to the shift in the experimental environment from VR
to AR, in which the surrounding environment and the hand
receiving the stimuli became physical. This change likely
enhanced the sense of realism and improved subjects'
understanding of the modified context. It is possible that the
increased realism contributed to a significant difference in
discomfort levels (Q3) between the “cat” and “lag” conditions
in Experiment 4, which was larger than the difference observed
in Experiment 2. In the “cat” condition, the factors involved
heightened the sense of presence and certainty of the stimuli,
which reduced discomfort. However, in the “lag” condition, the
discomfort caused by the temporal discrepancy between stimuli
diverged from the certainty provided by the surrounding
environment, potentially diminishing the sense of presence and
certainty of the stimuli, thus increasing discomfort levels.

V. FUTURE WORK

Future research will clarify the relationship between content
preference and pain reduction. The effects will be further
examined in various body areas, and the differences in responses
based on the type of pain (Sharp pain, dull pain, invasive pain,
heat-induced pain) will be investigated. In addition, the present
experiment was limited by gender and age bias, a small sample
size, and the absence of a control experiment using a model other
than cats. These issues will be addressed in future research. This
study included a broader range of participants and was not
limited to those who had difficulty diverting their attention from
the cause of the stimulus. Future research will recruit
participants suitable for this type of test and evaluate the
effectiveness of the method.
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