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ABSTRACT The aim of this paper is to investigate the potential of virtual reality images as a means of
reducing pain and fear in children, through the use of projection technology. While body-worn immersive
displays have been previously suggested for this purpose, head-mounted displays have been found to be
unsuitable due to their lack of interactivity. To address this issue, we propose a simple and cost-effective
two-screen projection system that can be installed in a hospital room without interfering with communication
and without compromising the immersive experience. By projecting onto screens installed on the wall and
floor, an immersive digital space can be created visually. Our experiments, in which we measured o-amylase
activity in saliva, showed that the proposed two-screen projection significantly reduced stress levels in
healthy adults when compared to one-screen projection. Additionally, we conducted an experiment using the
KOKORO scale as a subjective measure, which revealed that children with medical complexity experienced
a significant reduction in stress levels after viewing the two-screen projection compared to before viewing.
These findings suggest that the proposed system could serve as an ideal distraction in pediatric nursing,
thereby providing much-needed nursing support to children and their families.

INDEX TERMS Projection, distraction, children with medical complexity and pediatric nursing.

I. INTRODUCTION

Children with medical complexity (CMC) [1], [2] and their
families often experience stress due to the numerous restric-
tions and interventions that are a part of their daily lives.
Specifically, children who require medical devices such as
ventilators and suctioning are often isolated from diverse
environments, which hinders their social development [3].
According to parental reports, 96.8% of these children wish
to “go out and travel with the family” in their daily lives,
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but only 17.2% have the opportunity to do so, highlighting
the need for nursing support to enhance the availability of
enjoyable activities and medical care [4].

Distraction techniques [5] have been recognized in pedi-
atric nursing as a way to alleviate stress in children receiving
medical care, and the value of promoting ingenuity in nursing
practice has been emphasized [6]. Recently, virtual reality
(VR) with head-mounted displays (HMDs) has emerged as a
promising distraction technique that effectively reduces pain
and fear in pediatric nursing [7], [8], [9], [10].

In order to effectively provide VR distraction using HMDs
to CMC who undergo long-term hospitalization and have
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behavioral limitations, a comprehensive understanding of
their illnesses, symptoms, treatments, and medical equipment
is crucial. Considering these factors, it may be possible for
CMC to wear HMDs, but the difficulty in communicating
with others while experiencing VR distractions will be a
major challenge. In particular, nurses emphasize the useful-
ness of nonverbal cues such as facial expressions and eye
contact as strategies for facilitating communication with oth-
ers, and the importance of observation to read from facial
expressions that the other person is at ease [11]. If children
with developmental disabilities are provided with sufficient
communication and distractions, they can become calmer and
more cooperative even in stressful situations or circumstances
that introduce additional stressors [12], [13].

Immersion promotes positive factors such as empathy,
extraversion, and willingness to participate [14], [15], [16].
Our group anticipated that the highly immersive experience
provided by two-way communication would be an effective
distraction in pediatric nursing. Therefore, we experimen-
tally tested the hypothesis that the immersion obtained
through two-screen projection, which utilizes a simple and
cost-effective projection method, has a distracting effect that
reduces stress.

In this paper, we present evidence that the two-screen
projection distraction method is effective in reducing stress
in both healthy adults and CMC. The two-screen projection
method we propose is a cost-effective solution that allows
CMC and their families experiencing long-term hospital-
ization or behavioral limitations to create a sense of being
outside the hospital or facility and effortlessly share these
experiences with others.

Il. RELATED STUDIES
In recent years, VR has gained popularity as a technology

that can simulate a realistic experience. Rheingold defines
VR as an experience in which a person is surrounded by
computer-generated three-dimensional representations from
various angles and can move around a virtual world [17].
Bullinger et al. discuss display devices for VR, includ-
ing immersive projection technology, which uses a high-
definition stereoscopic projector to create a highly immersive
virtual world with a wide field of view [18]. Immersion,
referring to the objective level of sensory fidelity provided
by a VR system, is a key component of VR according to
Meehan et al. [19].

There are two main types of interfaces for visual reproduc-
tion of an immersive digital space: those that use wearable
immersive displays and those that use the surrounding space
as a display. One example of a wearable immersive display is
an HMD, which covers the user’s field of vision and allows
for increased immersion in the virtual space [20]. However,
Gupta et al. and Viirre have reported problems with HMDs,
including functional blindness in the real world, deprivation
of auditory stimuli, distraction by the virtual scene, and col-
lision with real objects or wiring in the VR system [21], [22].
Mon-Williams et al. conducted a study investigating the
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effects of HMDs on users [23] and reported symptoms such as
headache, eyestrain, nausea, and signs of stress in both eyes
due to oblique changes and increased near point convergence.
The binocular stress signs identified by Mon-Williams and
Pascal suggest a fundamental discrepancy between presenta-
tion distance and focal adjustment due to convergence [24].
Golding and Gresty suggested antiemetic drugs as a generally
effective measure for VR-induced nausea [25], but Koch et al.
reported that the side effects of antiemetic drugs may cause
severe dizziness and fatigue [26].

As a tool for experiencing VR, HMDs possess several
advantages, including low cost, portability, and power-saving
features. However, due to their physical burden and stress-
inducing elements, HMDs are challenging to use for active
interactive communication. On the other hand, projection
of images onto a screen is another technique for creating
an immersive digital space that employs the surrounding
space as a display device. One prominent example of this is
the cave automatic virtual environment (CAVE) reported by
Cruz-Neira et al., which displays computer-generated images
on a screen and projects them onto a cube-shaped space
approximately 3 meters square to enhance immersion [27].
This technology uses an active shutter system that synchro-
nizes binocular disparity images with LCD shutter glasses
to create a virtual space and has numerous applications in
fields such as education [28], medicine [29], nature [30],
games [31], and vehicles [32].

Currently, the w-CAVE, a three-dimensional stereoscopic
visualization device, can efficiently analyze complex CAVE
simulation data in a space measuring 3 meters high x
3 meters deep x 7.8 meters wide [33]. In contrast to the stan-
dard CAVE, where multiple programs are switched from a
computer outside the room, Kageyama and Tomiyama devel-
oped Multiverse [34], which enables users to interact with
programs while being immersed in the space. The system
comprises three wall screens and four floor screens, using six
projectors for projection and ten cameras for tracking, and
can provide VR for up to 20 people simultaneously.

The CAVE is an excellent facility for natural interactive
communication as an interface device for experiencing VR.
However, constructing a large and costly visual environment
that requires a large space, multiple screens, projectors, and
cameras presents various challenges. Therefore, in recent
years, many systems have been proposed to enable the trans-
formation of a surrounding space into a display device, even
in ordinary homes. For example, RoomAlive, reported by
Jones et al., employs projector depth camera units coupled
via a scalable distributed framework to transform any room
into an immersive augmented entertainment experience [35].
Razer’s Ariana [36], which comes equipped with a 3D cam-
era, recognizes the surrounding environment placed on the
projection object and allows proper projection without dis-
tortion, even when furniture or sundries are placed on it,
enhancing the immersive experience.

There have been various attempts to promote sensory stim-
ulation through video projection, including the introduction
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of VR into snoezelen, a treatment delivery method for autism
spectrum disorder (ASD) [37]. SnoezelenCAVE, proposed
by Perhakaran et al., integrates a hand-motion device and
a speech recognition system to provide VR that stimulates
visual learning, auditory techniques, and natural free-hand
interaction methods [38]. More recently, Joan et al. reported
Lands of Fog and Takahashi et al. reported FUTUREGYM,
both of which encourage social interaction among chil-
dren with ASD through whole-body interaction systems that
provide a multi-user experience [39], [40]. Additionally,
Garzotto and Mirko et al. reported the Magic Room, which
supports multimodal experiential interaction by providing
controllable stimulation to vestibular and proprioceptive
senses for neurodevelopmental disorders [41].

In another study, it was found that the implementation of
projection mapping in a sterile room where patients were
treated resulted in a decrease in anxiety levels before and
after the intervention [42]. This study highlighted the sig-
nificance of projection mapping in terms of space, presence,
and usability. Additionally, GestureTek Health’s immersive
gesture control technology was identified as a flexible hard-
ware solution that allows for multi-touch interactivity on any
surface, regardless of size [43]. This system can be installed
in a variety of locations, including entrances, halls, common
areas, patient rooms, waiting rooms, treatment rooms, and
hospital wards.

1ll. PROPOSED METHOD
While various projection methods, such as CAVE, exist,

the rationale behind our proposal for a two-screen projec-
tion method is to minimize preparation time and personnel
requirements while allowing projection in versatile environ-
ments, including hospital rooms. Moreover, this portable
solution offers an immersive visual experience without hin-
dering communication among multiple occupants within a
hospital setting, and eliminating the need for patients to wear
additional equipment or devices. Thus, the two-screen pro-
jection system presented in this study stands out as a unique
approach, distinguishing itself significantly from existing
implementations in other settings. This paper provides a com-
prehensive overview of the two-screen projection system and
highlights its distinctive features and benefits.

A. PROJECTION ARRANGEMENT
The Facility Guidelines Institute in the United States has
defined that a hospital room must have an area of at least
11.5 square meters per patient [44]. In Japan, Article 16 of
the Enforcement Regulations of the Medical Service Act
requires that hospital rooms be at least 6.4 square meters
with no more than four beds in a room [45]. In order to
project immersive images in such hospital rooms, it is crucial
to place the equipment appropriately and set the screen size
quantitatively. Specifically, to selecting the optimal screen
size, the size of the room must be taken into account, and
the projector must be positioned correctly.

The Field of View (FOV), which is the area that can be
seen by a human without moving their viewpoint, is around
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FIGURE 1. Wall and floor screen settings according to viewing angle.

180 degrees for both eyes, and an FOV of 60-90 degrees is
necessary to enhance the immersive experience [46]. It is also
important to consider the field of view that will provide an
effective range of information acceptance, which is gener-
ally 45-70 degrees vertically and 60-90 degrees horizontally.
Therefore, we selected a setting that would provide a high
degree of immersion for a 6-year-old girl [47] with a median
height of 1155 mm.

As shown in Figure 1, a screen size of approximately
3000 mm x 2000 mm is required to achieve a horizontal
field of view (HFOV) of 90 degrees and a vertical field of
view (VFOV) of 70 degrees at a distance of approximately
1500 mm from the wall surface. It is essential to consider
these factors to project immersive images in a hospital room
effectively.

Assessing the level of immersion in VR experiences can
be achieved through the measurement of center-of-gravity
sway resulting from vection, which refers to the sensation
of movement in a stationary individual caused by visual
stimuli [48], [49]. Postural response is a useful method for
measuring this self-motion illusion, and the magnitude of
center-of-gravity sway can be used to predict the intensity
of vection in individuals [50], [51], [52]. Previous research
has demonstrated that the magnitude of center-of-gravity
sway induced by visual stimuli increases as the viewing
angle of the image presentation expands, with the lower
region of the visual field being more influential than the
upper region [53], [54]. Furthermore, given that the human
binocular field of vision is wider downwards [55], visual
information from below is crucial for maintaining an upright
posture, and thus, it is necessary to include the feet in the
image presentation area to enhance the immersive experience.

To enhance the sense of immersion in the VR experience,
the proposed projection arrangement in this study necessi-
tates a wall screen that considers HFOV and VFOV and a
floor screen in the lower region that provides strong visual
stimulation. This two-screen projection technique on both the
wall and floor screens is crucial because it meets the require-
ments for an immersive experience in a restricted space.

Considering the constraints imposed by room size, it is
crucial to allocate a designated space for projection within
a hospital room. In order to tackle this issue, in the present
study, we relocated two beds from a four-bed hospital room
and investigated the feasibility of implementing a two-screen
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FIGURE 2. Two-screen projection arrangement in a hospital room.
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FIGURE 3. Two-screen projection limited by equipment installation space.

projection setup within the room. Two-screen projection
entails the utilization of two projectors, one projecting onto
the wall and the other onto the floor, as depicted in Figure 2,
thereby enabling an immersive experience within the hospital
room.

We installed a laptop computer, a wall projector, and a floor
projector in an equipment installation space of 4500 mm x
3500 mm, assuming a 4-person hospital room of 4500 mm x
6000 mm. The wall and floor projectors were placed within
a projection space of 3000 mm x 2000 mm, positioned at an
angle that minimized the reflection of the person’s shadow
being projected. The resulting two-screen projection system,
shown in Figure 3, provided an immersive VR experience
within the limited space available.

B. PROJECTION PROCEDURE

Figure 4 depicts the step-by-step process involved in per-
forming a two-screen projection, while Figure 5 displays an
actual photograph of a two-screen projection. The necessary
equipment and materials required for executing a two-screen
projection are commercially available, easily accessible, and
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FIGURE 5. Photo of beach with two-screen projection.

appropriate for use in mobile settings. The process itself
is uncomplicated, and it takes around 15 minutes from the
preparation stage to the projection stage.

The first step involves installing the stand and background
fabric. To accomplish this, a stand width of 3000 mm and
height of 2000 mm were determined. After deciding on the
stand dimensions, the background cloth was raised to a height
of 2000 mm.

The next step involves adjusting the angle between the wall
and floor screens and installing the necessary equipment in
the specified location. It is necessary to ensure that the angle
between the wall and floor screens is precisely 90 degrees to
achieve the desired projection outcome.

C. PROJECTIVE TECHNIQUE

The projection method used in this study presents a chal-
lenge in that the shape of the projected image does not align
with the surface of the object being projected, owing to the
projector’s placement at an angle to the projection surface.
To address this issue, an image transformation technique
known as homography transformation was applied to the
projected image. Homography transformation corresponds to
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FIGURE 6. Homography transformation.
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FIGURE 7. Image at the time of shooting.

the projection of one plane onto another plane by a projective
transformation. In the context of this study, it pertains to the
transformation between the projected image from the projec-
tor and the corresponding surface. Figure 6 demonstrates that
the transformation matrix of the entire image can be derived
from the correspondence of four points in the image through
homography transformation. To achieve an image aligned
with the projection plane for projection, the four corner points
of the transformed image were aligned with the projection
plane.

In this study, images were created using a 360-degree
camera (RICOH THETA V) to capture 360-degree images,
and images for the wall and floor surfaces were obtained by
cropping the 360-degree images to a 90-degree angle of view.
This method ensured that the boundary surfaces of the images
projected on the wall and the floor were matched. To capture
the images, the 360-degree camera was mounted on the end of
arod and tilted as illustrated in Figure 7. This filming method
was implemented to prevent the boundary of the 360-degree
camera from appearing on the wall surface and to prevent the
photographer’s image from appearing on the floor surface.

IV. EXPERIMENTS

The purpose of this study was to investigate the effectiveness
of a simple and low-cost two-screen projection system that
does not interfere with group communication, is suitable for
stress reduction, and does not require the use of equipment to
maintain a sense of immersion. In Experiment 1, we aimed
to obtain objective evidence on whether the immersiveness
of two-screen projection can reduce stress in healthy adults
compared to one-screen projection. This experiment was
designed to understand the effects of two-screen projection by
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TABLE 1. Experimental procedure for pattern A and pattern B.

Pattern 0-3min 3-4.5min 4.5-6min 6-7.5min
A One-screen Two-screen
Mental 15t SAA projection  2ndsAA Mental 31 sAA projection

7.5-10.5min  10.5-12min 12-13.5min  13.5-15min

4th sAA
measurement

B T 0
projection projection

One-screen projection

Two-screen projection

FIGURE 8. Experiments underway for one-screen and two-screen
projection.

restricting visual information and extracting the psychosocial
stress component.

Based on the results of Experiment 1, Experiment 2 was
conducted with CMC, parents, and staff as subjects. The
aim was to evaluate the emotional impact of the two-screen
projection and to determine whether it is effective in reducing
stress based on subjective feedback. Additionally, we sought
to gain insight into the suitability of two-screen projection as
a platform for interactive communication.

A. EXPERIMENT 1
1) PARTICIPANTS
The test subjects consisted of 30 adult-aged students and
faculty members who were enrolled at University A and

agreed to participate in the experiment between November
2021 and April 2022.

2) MEASUREMENT METHOD

The stress reduction effect of the distraction technique using
two-screen projection was evaluated through the measure-
ment of salivary o-amylase activity (SAA). SAA is an enzyme
that can predict plasma catecholamine concentrations, par-
ticularly norepinephrine, under various stress conditions,
making it a more direct and simpler marker of catecholamine
activity than changes in heart rate [56]. Additionally, SAA is
a reliable noninvasive biomarker, as it is increased by acute
psychosocial stress [57], [58]. To measure sAA, we used a
salivary amylase monitor manufactured by Nipro [59]. The
salivary amylase monitor detects the activity of SAA in saliva,
with higher levels indicating higher levels of stress. Con-
versely, lower levels of sAA are indicative of lower levels
of stress. Therefore, in this study, the SAA levels were used
to determine the stress reduction effect of the two-screen
projection technique.

3) EXPERIMENTAL PROCEDURE
The experimental procedure was composed of multiple steps,
and the detailed information is provided in Table 1. Initially,
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the subjects performed a mental arithmetic task for 3 minutes
that required them to add and subtract two to three digits.
The first sAA measurement was recorded at this point. Then,
the participants watched a beach video for 1 minute and
30 seconds, either in Pattern A or Pattern B. After this, the
second sAA measurement was recorded. Next, the subjects
were asked to perform another 3-minute mental arithmetic
task that involved adding and subtracting two to three digits,
and the third sAA measurement was taken. Finally, one or two
screens were projected, and the fourth sAA measurement was
recorded. Throughout this process, participants were seated
in the position illustrated in Figure 8 and allowed to move
around freely during the projection. To avoid distractions
from ambient noise, they wore headphones that played white
noise, and they were only provided with visual information.
The participants were divided into two groups based on
whether their assigned number was even or odd, and the
experiment was conducted alternatively using Pattern A and
Pattern B.

4) ANALYSIS METHOD

The sAA was measured four times in total: a before one-
screen projection, o’ after one-screen projection, b before
two-screen projection, and b’ after two-screen projection. The
difference in sAA between after one-screen projection and
before one-screen projection is denoted as @’ — a = ¢, while
the difference in SAA between after two-screen projection
and before two-screen projection is denoted as b’ — b = ¢;.
The difference in sAA between two-screen projection and
one-screen projection is given by cp—c1 = c¢3, and the mean
value of c3 is represented as ¢3. The normality of the data
was assessed using the Kolmogorov-Smirnov’s and Shapiro-
Wilk’s tests, and was analyzed using the corresponding t-test
and Wilcoxon’s signed rank test.

5) ETHICAL CONSIDERATIONS
Experiment 1 was conducted with the approval of the Ethical

Review Board for Medical Research Involving Human Sub-
jects of Gunma University (HS2021-112).

B. EXPERIMENT 2

1) PARTICIPANTS

The study recruited a total of 24 participants, includ-
ing 9 CMC, 3 parents, and 12 staff members, who were using

a multifunctional day care facility from December 2022 to
April 2023.

2) MEASUREMENT METHOD

The study measured the stress reduction effect of the
two-screen projection distraction technique using the
KOKORO scale. The KOKORO scale is a mood measurement
system developed by the Institute of Physical and Chemical
Research to quantify and monitor changes in human emotions
and feelings. The scale consists of a four-quadrant matrix,
quantified as a two-axis mood scale with Anxiety-Relief on
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FIGURE 10. 11-step face scale modified for CMC.

the horizontal axis and Lethargy-Motivation on the vertical
axis in a four-way two-dimensional space [60], [61]. Figure 9
illustrates that the center point is 0, the horizontal axis ranges
from —100 (anxiety) to 100 (relief), and the vertical axis
ranges from —100 (lethargy) to 100 (motivation).

This study aimed to enhance the comprehension of CMC
by creating an 11-step face scale, as depicted in Figure 10,
which was derived from the Faces Pain Scale-11 [62].
We then integrated this information into the KOKORO scale.
Because it is challenging to quantify the emotions of CMC
through this process, we needed to convert their emotions into
facial expressions. Furthermore, it was crucial to allow the
CMC to choose from familiar facial expressions, considering
the difficulty of translating emotions into facial expressions
in the existing Faces Pain Scale-11 [62].

Each participant was requested to provide answers to a set
of three queries, which included: whether they experienced
the feeling of having visited a particular place, whether they
sensed that they had visited a place in the company of some-
one else, and whether they would be interested in undergoing
the two-screen projection experience again. Additionally, the
participants were given the opportunity to freely express their
thoughts and opinions on the matter at hand.

3) EXPERIMENTAL PROCEDURE

Table 2 displays a comprehensive overview of the experi-
mental process. Prior to the experiment, each participant was
provided with an explanation of the procedure in layman’s
terms. Additionally, particular attention was given to ensuring
that CMC had a familiar parent or staff member present to
offer an explanation, if necessary. The initial KOKORO scale
measurement was taken within 60 seconds before the start
of the two-screen projection. Subsequently, the participants
viewed the two-screen projection for a duration of 10 minutes.
Lastly, the final KOKORO scale measurement was taken
within a minute to conclude the experiment. The experimen-
tal setting is illustrated in Figure 11.
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TABLE 2. Time schedule of KOKORO scale measurement before and after
two-screen projection.

0-1min 1-11min 11-12min

1st KOKORO scale
measurement

2nd KOKORO scale

2-screen projection
measurement

FIGURE 11. Actual view of a subject viewing a two-screen projection.

degree 12

<-60 (-60,-40] (-40, -20] (-20,0] (0,20] (20, 40] (40,60] sAA(KIU/L)

FIGURE 12. Difference in sAA between two-screen and one-screen
projection.

4) ANALYSIS METHOD

In the KOKORO scale measurement, Anxiety-Relief was
denoted as d before and d’ after the two-screen projection,
while Lethargy-Motivation was denoted as e before and ¢
after the two-screen projection. The differences between the
after and before measurements of the two-screen projection
were defined as d’ —d = fi and ¢’ — e = f5, respectively. The
mean values of these differences were represented as f; and
f>, and each subject was analyzed using the Wilcoxon signed-
rank test.

5) ETHICAL CONSIDERATIONS
Experiment 2 was conducted with the approval of the Ethical

Review Board for Medical Research Involving Human Sub-
jects of Gunma University (HS2022-095).

V. RESULTS

A. EXPERIMENT 1

1) PARTICIPANT CHARACTERISTICS

The mean age of the 30 subjects was 27.8 £ 12.9 years, and
the mean sleep duration was 6.7 £ 1.1 hours. All subjects
were in good physical condition, and 90.0% of them experi-
enced two-screen projection for the first time.

2) ANALYZE SAA BY CORRESPONDING t -TEST
The histogram of c3 is shown in Figure 12, with ¢3 being
-16.83 and variance 1346.28.
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The Kolmogorov-Smirnov test resulted in a p-value of
0.191, and the Shapiro-Wilk test yielded a p-value of 0.053.
These results indicate that the distribution of ¢3 values can
be considered normal, as the p-values are greater than 0.05.
Therefore, assuming the normality of ¢3, a t-test was con-
ducted to determine if the mean value ¢3 is significantly
less than 0, which would imply that two-screen projection
is more effective in reducing stress compared to one-screen
projection. The null hypothesis (HO) states that there is
no difference in sSAA between one-screen and two-screen
projection, suggesting that SAA was not decreased by two-
screen projection. The alternative hypothesis (H1) states that
two-screen projection causes a difference in SAA, indicating
that SAA was decreased by two-screen projection.

Using the unbiased variance 52, a t-statistic was calculated
with u representing the population mean of the difference
between two-screen projection and one-screen projection
SAA, and n representing the sample size. The significance
level () was set at 0.05. The critical value was determined
from the t-distribution with n-1 degrees of freedom, resulting
in 1.699 for a one-tailed test at « = 0.05. Calculating the
t-value as -2.513, we rejected the null hypothesis (HO) as it
falls outside the rejection range of -1.699. Therefore, it can be
concluded that sAA was significantly reduced by two-screen
projection (p < 0.05).

3) ANALYSIS OF sAA BY WILCOXON'S SIGNED RANK TEST
Regarding the normality of the difference in sSAA between
the two-screen and one-screen projections, Shapiro-Wilk’s
test yielded a p-value of 0.053, which was close to 0.05.
To ensure the validity of the analysis, a nonparametric test
was also conducted. The null hypothesis (HO) and the alterna-
tive hypothesis (H1) were set up as in the corresponding t-test.
The test statistic for ¢3 was 108.5, and based on the stan-
dardized test statistic of -2.551, a two-tailed test confirmed
a p-value of 0.011. Consequently, the null hypothesis HO was
rejected, indicating that SAA was significantly reduced by
two-screen projection (p < 0.05).

4) FREE TEXT RESPONSES
The responses for Pattern A, in which the one-screen projec-
tion is viewed followed by the two-screen projection, are as
follows:
-The images on the lower part of the screen were more
realistic and gave me a genuine feeling of being in the
ocean.
-The two-screen projection induced a greater sense of
relaxation.
-I felt drowsy while watching the one-screen projection,
but
I became more alert when the two-screen projection began.
The responses for Pattern B, in which the two-screen pro-
jection is viewed followed by the one-screen projection, are
as follows:
-After watching the video with the interlocked lower area,
viewing the wall surface only felt slightly uncomfortable
and left me with a sense of unease.
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FIGURE 13. Scatter plots of the KOKORO scale measured before and after
two-screen projection for each subject.

-The two-screen projection filled my entire field of view
with the sea, creating a more immersive and dynamic
experience compared to the one-screen projection.
-During the two-screen projection, I distinctly felt the
sensation of waves on my legs.

-The one-screen projection evoked a strong feeling that I
was being presented with something.

B. EXPERIMENT 2

1) PARTICIPANT CHARACTERISTICS

The mean age of the 9 CMC was 5.22 + 2.64 years, and the
mean sleep duration was 8.36 = 1.03 hours, with 2 cases
where sleep duration was unknown. The types of care pro-
vided for CMC included ventilator support, tracheostomy
care, oxygen therapy, suctioning, inhalation, tube feeding,
defecation management, and seizure management. All CMC
reported feeling well and not tired; 77.8% of them experi-
enced two-screen projection for the first time.

The mean age of the three parents was 37.67 &= 1.53 years,
and the mean sleep duration was 7.67 £ 0.58 hours. All
parents reported feeling well and not tired; 66.7% of them
experienced two-screen projection for the first time.

The 12 staff members had an average age of 38.33 +
7.44 years and slept an average of 6.79 & 1.16 hours. All
staff members reported feeling well, but 58.3% of them
reported feeling tired. The staff included nurses, midwives,
physical therapists, occupational therapists, caregivers, child
care workers, child guidance workers, and managers, with an
average length of service of 8.40 £ 5.73 years. Among the
staff, 58.3% experienced two-screen projection for the first
time.

2) KOKORO SCALE MEASUREMENT BEFORE AND AFTER
TWO-SCREEN PROJECTION

The measurements of Anxiety-Relief and Lethargy-
Motivation on the KOKORO scale before and after
two-screen projection are depicted in Figure 13.

3) ANALYSIS OF THE KOKORO SCALE BY WILCOXON'S
SIGNED RANK TEST

Due to the limited sample size, nonparametric tests were
employed to examine the differences before and after the
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TABLE 3. KOKORO scale measurement results before and after
two-screen projection.

# (Anxiety-Relief) £, (Lethargy-Motivation)

Participant test standardized test standardized
statistic  test statistic P statistic  test statistic 4
CMC (n=8) 21.0 2.207 0.027 15.0 2.032 0.042
CMC Parents (n=3) 3.00 1.342 0.180 1.00 1.000 0.317
Staff (n=12) 28.0 2.388 0.017 215 0.503 0.615
L I} |
cme
Feeling like you've cme I ‘ ‘ |
been someplace else? Parents i ‘ | |
Staff .
cme '
Feeling like you've been cme I ‘ ‘ |
somewhere else with someone?  Parents I ! 1 ‘
Staff
I I I
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into your daily life?

Staff
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m | felt it very much I felt it a little Didn't feel much

FIGURE 14. Reactions to the two-screen projection as experienced by
participants, including CMC (n=9), CMC Parents (n=3), and Staff (n=12).

two-screen projection. One CMC outlier, who reported -100
for both Anxiety-Relief and Lethargy-Motivation after the
two-screen projection, was excluded from the analysis.

The null hypothesis H2 states that “Anxiety-Relief scores
before and after the two-screen projection are equal = the
two-screen projection did not induce feelings of relief,”
while the alternative hypothesis H3 suggests that “‘the two-
screen projection caused a difference in Anxiety-Relief =
the two-screen projection made me feel relieved.” Similarly,
the null hypothesis H4 assumes that “‘Lethargy-Motivation
scores before and after the two-screen projection are equal =
motivation was not increased by the two-screen projection,”
while the alternative hypothesis HS states that “Lethargy-
Motivation differed due to the two-screen projection =
motivation increased due to the two-screen projection.” Fur-
thermore, if both null hypotheses H2 and H4 were rejected,
it was assumed that ‘“‘the two-screen projection produced
stress reduction effects.”” The f; and f> test statistics for each
subject, the standardized test statistics, and the P-values from
the two-tailed test are presented in Table 3.

CMC exhibited a significant stress reduction effect with
two-screen projection (p < 0.05), as evidenced by the rejec-
tion of null hypotheses H2 and H4. On the other hand,
parents of CMC did not reject the null hypotheses H2 and
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H4, indicating that they did not experience a stress reduc-
tion effect from the two-screen projection. Among the staff
members, the rejection of null hypothesis H2 (p < 0.05)
indicated that they felt reassured by the two-screen projec-
tion. However, there was no rejection of null hypothesis H2,
suggesting that the two-screen projection did not significantly
increase their motivation. These findings remained consistent
when considering staff fatigue and whether it was their first
experience or not.

4) INDIVIDUAL EXPERIENCES OF TWO-SCREEN
PROJECTION

The responses to the two-screen projection experienced by
each participant are depicted in Figure 14.

Approximately 90% of the CMC respondents expressed
their desire to experience the two-screen projection again.
Some of them mentioned, ““I thoroughly enjoyed the sense
of wonder when I first saw it,” and “I wished I could
have watched it for a longer duration.” The respondents
also reported a temporary increase in their pulse rate upon
starting the projection, followed by a decrease, and noticed
a calming effect on their voices and facial expressions while
immersed in the projection. Popular destinations that CMC
and their parents expressed interest in visiting included zoos,
aquariums, amusement parks, and parks. CMC parents sug-
gested that incorporating sensory elements such as wind
could enhance the overall experience.

Staff members shared that witnessing the children’s enjoy-
ment helped them relax, fostering a sense of everyone playing
together in the ocean. Some respondents suggested that the
two-screen projection could be beneficial for children who
are unable to go out, have difficulty sleeping, or experience
agitation. They also highlighted its potential application in
palliative care settings, creating a soothing environment for
children. Additionally, some respondents requested ‘‘more
vivid images,” “‘the inclusion of theme parks for children
who cannot go out,” and ‘“‘enhanced sensory stimulation with
each projected content.”

VI. DISCUSSION

Our low-cost and simple two-screen projection method was
found to be more effective than one-screen projection in
reducing stress levels among healthy adults. Furthermore,
the two-screen projection, which does not require additional
equipment and does not compromise immersion or hinder
communication among multiple individuals, demonstrated its
effectiveness in reducing stress among CMC after the pro-
jection compared to before. These study results highlight the
innovative use of distraction techniques in pediatric nursing
and suggest that the two-screen projection could serve as an
ideal new tool for CMC and their families who experience
long-term hospitalization and behavioral limitations. In this
section, we will provide a detailed overview of the findings
from Experiments 1 and 2 and discuss the significance of the
two-screen projection method.

VOLUME 11, 2023

In Experiment 1, involving healthy adults, the two-screen
projection demonstrated a lower likelihood of increasing sAA
levels and a higher likelihood of decreasing SAA compared
to the one-screen projection. These findings suggest that the
two-screen projection has a more positive impact on reducing
stress. This conclusion is further supported by previous stud-
ies [57], [58] that consistently reported the stress-reducing
effects of two-screen projection, as evidenced by the reduc-
tion in SAA levels during psychosocial stress. Participants’
subjective impressions indicated that the two-screen projec-
tion was perceived as more realistic, dynamic, and relaxing.
Conversely, individuals who viewed the one-screen projec-
tion following the two-screen projection with the lower part
linked reported feeling somewhat uncomfortable and uneasy.

These findings serve as evidence supporting the suitability
of the projection arrangement, projection range, and pro-
jection method proposed in this study for enhancing the
immersive experience in humans. Specifically, a HFOV of
70 degrees and VFOV of 90 degrees [44], which are known
to contribute to high immersion, were achieved, confirming
the effective utilization of the floor screen in the lower area.
This lower area provides intense visual stimulation [53], [54],
[55]. In other words, the two-screen projection configuration
exerted a significant impact on visual stimulation, inducing
vection-related center-of-gravity sway and fostering a sense
of immersion [48], [49], [50], [51], [52]. These outcomes
further support the results obtained in this study.

In Experiment 2, the subjective evaluation of CMC, par-
ents, and staff was conducted using the KOKORO scale
before and after the two-screen projection, which was previ-
ously found to be effective in reducing stress in Experiment 1.
Following the two-screen projection, it was observed that
CMC leaned more towards Relief than Anxiety and Moti-
vation than Lethargy. This suggests that the two-screen
projection was more effective in reducing stress in CMC
after the projection compared to before. The findings from
Experiment 2, including the free responses from CMC, indi-
cate that the parasympathomimetic stimulating effects of
the two-screen projection promoted a sense of pleasantness
and heightened exhilaration. This is consistent with previous
studies that have demonstrated a clear correlation between
subjective effect and cardiac autonomic regulation [63], [64].

However, it is important to note that some CMC may
experience surprise or discomfort due to the realism of the
two-screen projection. Therefore, in addition to careful expla-
nations, it is crucial to familiarize them with the projected
images to help alleviate any discomfort.

After the two-screen projection, the staff exhibited a shift
towards Relief rather than Anxiety, while Lethargy-Motivation
remained unchanged before and after the projection. Par-
ents showed no changes in Anxiety-Relief and Lethargy-
Motivation before and after the two-screen projection. Given
that parents and staff have more life experience than CMC,
they tend to approach the projection more objectively and
may find it less engaging. While this experiment had a small
sample size and individual differences are expected, it is
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important to consider providing real-time images that can
maintain interest without becoming boring.

This study proposed a two-screen projection as a solu-
tion to the challenge of achieving interactive communication,
which has been problematic for HMDs used for visually
reproducing immersive digital environments [14], [15], [16].
This proposal facilitates a level of interactivity that was chal-
lenging to achieve, even with the recently announced Apple
Vision Pro at the Apple Worldwide Developers Conference
2023 [65]. Through the experiences of CMC, parents, and
staff, many positive impressions of the two-screen projection
were confirmed. In particular, CMC expressed their enjoy-
ment while interacting with parents and staff through the
two-screen projection, and the staff themselves appeared to
relax when they witnessed the CMC’s enjoyment. Addition-
ally, the staff mentioned that the two-screen projection holds
potential for children with chronic insomnia or agitation,
as well as for palliative care, indicating its practical use as
a nursing tool. Furthermore, the use of sea images in Exper-
iments 1 and 2 may have provided a simulated experience
of being in contact with the natural environment, resulting in
reduced negative emotions such as stress and fear [66], [67],
[68] and potentially having a healing effect.

These results are in line with a previous study that dis-
cussed a decrease in anxiety following projection mapping
in a sterile room [42], and we believe that this study con-
tributes a low-cost and straightforward two-screen projection
method that is expected to effectively reduce stress. More-
over, this two-screen projection technique has the potential
to offer numerous advantages in medical facilities, including
enhanced mobility and reduced setup time.

Vil. SUMMARY

In this study, we proposed a two-screen projection method
using projectors on both a wall and the floor and demonstrated
the feasibility of projecting images in a typical hospital ward
through quantitative settings. The two-screen projection tech-
nique serves as an ideal tool for mitigating stress in children
undergoing medical treatment, offering a highly immersive
experience tailored to their specific treatment situation and
hospital stay. The setup for projecting images on two sur-
faces is simple and cost-effective, enabling accessibility for
individuals with basic knowledge of operation and layout.

Moreover, we presented how the two-screen projection
can facilitate interactive communication. Children who face
environments that hinder their social development can greatly
benefit from the opportunity provided by the two-screen pro-
jection to experience diverse environments. This represents
a crucial form of nursing support sought after by children
receiving medical care and their families, and it holds sig-
nificant potential for implementation as a creative approach
to distraction in pediatric nursing.

Looking to the future, our goals include reducing stress
even further by expanding and improving the capabilities of
the two-screen projection device. Additionally, we aim to
offer real-time content instead of pre-recorded material.
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