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ABSTRACT

This paper explores how human perceptions, actions, and
interactions can be changed through an embodied and active
experience of being a smaller person in a real-world environ-
ment, which we call an egocentric smaller person experience.
We developed a wearable visual translator that provides the
perspective of a smaller person by shifting the wearer’s eye-
sight level down to their waist using a head-mounted display
and a stereo camera module, while allowing for field of view
control through head movements. In this study, we inves-
tigated how the developed device can modify the wearer’s
body representation and experiences based on a field study
conducted at a nursing school and museums, and through
lab studies. It was observed that the participants changed
their perceptions, actions, and interactions because they are
considered to have perceived themselves as being smaller.
Using this device, designers and teachers can understand the
perspectives of other people in an existing environment.
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1 INTRODUCTION

With the recent advancements in wearable technologies and
virtual reality techniques, human’s embodied experiences are
being augmented beyond the limitations of space and time.
Wearable devices have already achieved an extension of the
user’s presence in a remote place by sharing their first-person
perspective [1] or by surrogating one’s body into a robot [2]
or other person as an actuator [3, 4]. Recent studies have
also allowed users to not only extend their presence but also
extend their sense of ownership into an another person’s
body [12] or another life form [5], to gaining knowledge
by sharing multiple visual perspectives among people [6],
or to provide a third eye on their back to see behind them
[7]. Interestingly, it was mentioned that changing bodily
sensations through such technologies also changes one’s
perceptions, actions, and interactions [21].

If it becomes possible to change one’s body representa-
tion and perspective in a real-world environment, a more
empathic and active experience will be provided for product
designers and educational staff when trying to design living
environments or communicating with other people. Video
materials [10], an illusion technique used for extending the
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sense of ownership to a small doll [13], or an immersive
virtual reality technique for converting the user’s body into
a smaller avatar [15] have been used to create the sense of
being a smaller person, through which the user’s experience
may feel passive.

Therefore, in this research, we provide the experience of
a smaller person in an embodied and active manner in a
real world environment, by changing the user’s body repre-
sentation, such as their visual and haptic perspectives, into
that of a small-person on the user’s body by means of a
wearable system. With this form, the user’s fundamental
interaction capabilities, including reaching, walking, touch-
ing, and carrying on a conversation voluntarily would be
preserved; thus it would provide more egocentric experience.

In this paper, we 1) established and finalized the device
configurations in which the spatial correspondence between
the wearer and device, and its usability, were enhanced, 2)
conducted a field study at a nursing school, and lab studies
to explore how a wearer’s experience regarding perceptions
(study 1), actions (study 2), and interactions (study 3) can be
changed, and 3) included definitions of the concept applied as
well as discussions regarding how active visual and motor ex-
periences in a real environment contribute to a modification
of one’s self-representation.

A preliminary prototype [8, 9] have been presented. These
papers focus on system implementations of an early proto-
type developed in 2014, and do not include dedicated studies
on the understanding of users, whereas the present paper
focuses on how users perceive and behave when using a
more sophisticated device. We describe the improvements
achieved in the implementation section.

2 RELATED WORKS

There are several attempts to simulate or reproduce the sense
of being a smaller-person in a virtual environment (VE) or
in a real world environment (RE).

Passive Visual Experience in RE

A hand-held video camera placed at a child’s eye level was
used for recording a smaller person’s perspective in order to
investigate the usability of objects and the architecture in a
public space [10]. The users observed a bookstore, a grocery
store, and vending machines from a lower perspective, and
reported that such new tools helped in exploring and finding
new discoveries in an existing environment. Under this sce-
nario, the camera direction was fixed, and this passive and
allocentric visual experience did not provide any somatosen-
sory feedback such as a sense of position or muscle fatigue
from the head orientation (Fig.2 (1)).
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Figure 2: Related Works

Passive Visual and Tactile Experience in RE

Several studies have used visual feedback through a head-
mounted display (HMD) and a video camera, along with the
rubber hand illusion (RHI) [11] for creating a sense of being
another person [12], a small doll [13], and even a ghost [14]
(Fig.2 (2)). These psychological studies have reported that
changing one’s body representation modifies their percep-
tion toward humans and objects because our bodies are used
as a reference in the visual perception of size and distance.
For instance, when a participant’s ownership was extended
to the body of a small doll by means of the RHI, the partic-
ipant perceived objects to be larger and farther away [13].
Although these studies achieved a change in body representa-
tion to that of another body in a real environment, the users
had to sit or lay down to receive a passive visual and tactile
stimulation for creating a stable illusion, and to keep body
posture for preserving the effect of illusion. Thus, their inter-
action would be in a passive manner. We also explore how
our egocentric small-person experience contribute to the
change of the wearer’s perception, especially the perception
toward human in study 1.

Active Visual and Proprioceptive Experience in VE

Virtual reality (VR) techniques are also used for produc-
ing a smaller height [15] [16] or a smaller hand [17, 18].
These systems achieved the experience of being a smaller
person through visual and motor experience in a VE (Fig.2
(3)). Changing the bodily sensation in a VE also changes
perceptions and actions. Reducing person’s height in a social
situation such as a VR train ride resulted in more negative
views of the self and an increase of the occurrence of para-
noia [19]. Participants assigned taller avatars in a VE behaved
more confidently in a negotiation task than participants as-
signed shorter avatars [20]. Having a different skin color on
one’s virtual avatar reduces implicit racial bias [21, 22]. Our
study attempts to change the body representation in a RE;
therefore, not only will the actions of the wearer change,
so will the actions the surrounding people. We also discuss
this topic based on observations conducted through the user
studies, demonstrations, and exhibitions in science museums.
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Active Visual and Proprioceptive Experience in RE

Several studies have achieved to reproduce one’s bodily sen-
sation into that of elderly or impaired individuals [23-25]
in a RE by visual, haptic, or kinesthetic systems. Child vi-
sion kit (distributed by Honda Motor Co., Ltd.) reproduces
static child vision properties including narrow horizontal
and vertical fields of view (FOVs) using cardboard goggles
[26]. This kit aims to gain the awareness and knowledge of
a child, and to encourage safe driving. MIT’s wearable suit,
called AGNES, is capable of reproducing the interactions of
an elderly person on the wearer’s body by inducing motor
and visual impairments [27, 28]. Using this suit, the wearers
can explore the difficulty in seeing traffic signs in a public
transportation system or picking up objects at a grocery
store. These studies indicated that reproducing one’s embod-
ied experience on a wearer’s body helped to acquire one’s
embodied knowledge with more emotional and subjective
memories, allowing them to gain empathy for other people.

3 EGOCENTRIC SMALL-PERSON EXPERIENCE

In this study, we attempts to change the wearer’s body repre-
sentation to have a small-person’s perspective in a RE, with a
capability of full body interaction by using wearable devices
(Fig.2 (4)). We investigate the feasibility and properties of
active small-person experience in RE through both field and
lab studies, and discuss its challenges and opportunities. To
allow this, the concept of a body representation transforma-
tion into a smaller person using a wearable VR device has
been proposed [8, 9], as depicted in Fig. 3. Visual stimuli
plays an important role in recognizing the relationship be-
tween a user’s own body representation [29-32]. Changing
the height of the eye level to a lower position while allowing
for FOV control will allow an egocentric visual perspective
of a smaller person to be achieved. Tiny hands and a shorter
length of the upper limbs are other important factors enhanc-
ing the sense of being smaller. In this paper, we investigated
the visual perspective solely to more clearly determine its
effect in changing a user’s perceptions and actions.
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Figure 4: Overview of the Developed Wearable Device

Design Consideration

To make our interactions egocentric in a real-world environ-
ment, we focused on the following design goals.

Wearable form. This allows users to freely walk around
and explore a real environment, to reach and interact with
objects, and to have conversations with other people based
on their own intention, action, and timing. Allowing visual
and proprioceptive feedback to be received would foster
a modification of the body representation, in addition to
enhancing the sense of presence and immersion [34, 35].
Such reachability and intentional actions will encourage
explorative actions of the user.

Spatial correspondence. Spatial correspondence between
the user’s actions and the device control should be estab-
lished to allow the wearer to easily understand how to con-
trol their viewpoint in the system, which is a natural head
orientation in our configuration.

Modality correspondence. Modality correspondence be-
tween the real and presented environment should be matched.
In our system, the real world is presented in an immersive
manner, and thus the wearers are able to recognize their
space, objects, and other people by using their own existing
social and motor knowledge. This will make it easier to de-
fine their physical and social relationships, and enhance the
feeling of presence and the reality of people and objects.

Temporal correspondence. Temporal correspondence be-
tween the user’s input and the device’s output plays an im-
portant role in preserving the sense of agency. We carefully
designed and evaluated the latency of the camera-HMD sys-
tem so that the wearer can feel that the presented images
are associated with the wearer’s action, and that the device
is a part of the wearer’s body.
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Figure 5: System Architecture

4 DEVICE IMPLEMENTATION

To realize the concept of changing a body representation
into that of a smaller person, we have been developing a
wearable device to change the visual perspective, as shown
in Fig. 4. The visual translator comprises an HMD, a stereo
camera module, a sensor belt, a single-board computer with
processing software, and a mobile battery (Fig. 5).

Device Configuration

We use an Oculus HMD (Development Kit 2, Oculus, Inc.)
to provide an immersive experience. The HMD is connected
to a single-board computer (Intel Compute Stick, Intel, Inc.)
or a laptop (MacBook Pro, Apple, Inc.). The wearer’s head
orientation can be captured in yaw-pitch-roll format. Figure
6 shows the developed stereo camera module and the sensor
belt, which is equipped with two fish-eye cameras (ELP-
USBFHD01M-L180, Ailipu Technology Co., Ltd, HD@601ps).
Each camera module has a 180° fish-eye lens.The two camera
modules are placed at a distance of 62 mm. Their dimensions
are 148 X 44 X 18 mm (depth), and the total weight is 107 g.
The wearer attaches the sensor belt at their waist position. It
has a nine-axis motion sensor (MPU-9250, Invensense, Inc.)
and a microcontroller (Atmel SAMD21, Atmel) for measuring
the wearer’s waist orientation in the yaw-pitch-roll format. It
also has a hook and loop tape for securing the stereo camera
module such that the wear can move their eyes from the
HMD position to the belt position. This interaction causes
a strong feeling of being a smaller. The dimensions are 97
X 66X 12 mm (depth), and the total mass is 146 g. Figure 7
shows a wearer’s normal view, and a reproduced view of a
smaller person. Two microphones are also embedded into
the camera module to transfer the captured sound around
the wearer’s waist to a headphone.

Image Processing

The images are captured from 180° lenses, and thus they
should be transformed into rectilinear images, as shown in
Fig. 7. We configured the rendering software, which can
map the captured spherical image onto a 3D sphere model
as a texture, and then project onto a 2D image using an
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Figure 6: System Configuration of the Visual Translator

openFrameworks environment. We measured the FOV of the
developed device as +40° for the horizontal axis and +80° for
the vertical axis. Because the corrected images are cropped
to a ratio of 16 X 9 and then rotated by 90°, the horizontal
FOV is slightly limited compared with that of the vertical
axis. However, the wearers tend to look up when someone is
facing them because they are perceived as being bigger, and
thus a wider FOV on the vertical axis is preferred. A system
latency was tested using a high-speed camera (240 fps). The
duration between the LED light emission in front of the
camera module and its display on the HMD was measured
(mean=117.6 ms; SD=15.8ms; N=10).

Figure 7: Visual Perspectives: (a) Captured image (b) Usual
level (c) Waist level (d) Looking up from the waist level

System advantages: In the related preliminary prototype
[8, 9], a pan-tilt mechanism composed of servo motors was
used to change the viewpoint; however, this makes the device
much larger, resulting in a 20 cm distance created between
the cameras and the waist, which reduces the spatial corre-
spondence along the horizontal axis between the device and
the human eye, thereby decreasing the feeling of integration
with the device. In addition, the total weight of the device
was heavy at 600 g, resulting in reducing the responsiveness
and lifetime of the pan-tilt. The wearer requires help from
another person when attaching the device. In this paper, we
solved these problems by using a pair of fish eye cameras,
allowing a reduction in the total weight and allowing a sim-
ple structure and easy attachment by a single person. We
also implemented high-pass (0.05 rad/s), low-pass (1.74 rad/s)
filters, and a digital image stabilizer to reduce both angular
drift in the sensors and fluctuations caused by walking.
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To investigate how the wearer’s perceptions, actions, and in-
teractions can be modified through the proposed egocentric
experience of a smaller person, we investigated the follow-
ing three factors, which are essential for the understanding
of the users: 1) wearer’s perception on social relationship
with other humans by measuring their personal space, 2)
wearer’s action during handshake task, and 3) wearer’s
interaction with people and objects through observations
during the demonstrations and experiments. (Fig. 8)

1. Wearer’s Perception
Objective

To observe the changes in social relationship through the
egocentric experience of a smaller person, we measured
the wearer’s personal space. A personal space is the physi-
cal space surrounding an individual, an encroachment into
which can feel threatening or uncomfortable [36]. Previous
studies have demonstrated that the size of one’s own sensed
body, triggered by visual perception, directly influences the
perception of object sizes and distances when the partici-
pants laid on a bed during the experiment [13]. Another
study investigated one’s personal space toward different
persons and objects in a virtual environment [37]. We exam-
ined whether such phenomena are also effective when the
wearer’s body representation is modified using our wearable
devices in a real environment. We focused particularly on
the perception of size and distance toward people, as a way
to investigate how the proposed experience can change the
relationship between two persons, which would be valuable
knowledge for an educational staff. We used a stop-distance
method for measuring the personal space. This method is typ-
ically used in psychological studies [38], and many studies
have been conducted to investigate differences in personal
space between people under various conditions such as age,
gender [39], or with/without disease [40].

We especially focus on how the personal space can be
changed by two conditions; when the camera is placed at
HMD (usual POV, condition (3)); and at the waist (lower POV,
condition (5)), to observe the effect of eye level in shaping
personal space in a RE.
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Task

In this study, the experimenter approached each participant
until the participant said stop, as shown in Fig. 9 (a, b). The
distance between their toes was measured using a ruler on
the floor. We tested five conditions, as illustrated in Fig. 9 (c):
without the device while standing ((1) EY_STA) or sitting ((2)
EY_SIT); wearing the HMD and the camera module placed at
the HMD (see-through mode) while standing ((3) HC_STA)
or sitting ((4) HC_SIT); and wearing the HMD and the camera
module at the participant’s waist position ((5) WC_STA).

Setup

The participants were instructed to call out stop when the
encroachment of the experimenter felt threatening. The gen-
ders of the experimenter and the participant were matched,
and the conditions were arranged in a random manner. The
participants tried on the device for 5 min before the study.

Participants

Nine healthy caregivers from a nursing school participated in
a total of 180 trials (9 participants with 4 repetitions for each
condition), 8 female and 1 male. The minimum and maximum
height were 146cm and 174cm respectively (mean=160.5cm,
SD=7.7cm). No participants had any experience using an
HMD prior to the experiment. The trials required approx-
imately 20 min per participant. They were able to control
FOV by their head orientations under all conditions.

Results

Figure 10 shows the results of the personal space experiment.
A Friedman test was performed (y?=23.2, p < 0.001). A p-
value adjustment was applied using the Benjamini-Hochberg
method in which the false-discovery rate (FDR) was set to
0.10 [41, 42]. The results of a Wilcoxon signed rank test

showed that there is a significant difference between (5)WC_STA
and (3)HC_STA (p = 0.036), (2)EY_SIT (p = 0.017), and (1)EYE_STA

(p = 0.012).
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Figure 10: Wearer’s Perception: Experiment Results

(5)WC_STA condition: Under the (5) WC_STA condi-
tion, in which the participants were asked to observe their
surroundings from a lower POV, the largest amount of per-
sonal space (116.0 cm) was observed. The participants re-
ported that the approaching experimenter looked bigger than
in reality. Although the difference was not significant, several
of the participants mentioned that, under the (5) WC_STA
condition, the experimenter looked bigger when compared
with the (4) HC_SIT condition.

STA and SIT conditions: In comparison with the stand-
ing conditions, the participants reported a larger distance
when sitting and looking up at the approaching experimenter
((2)EY_SIT > (1)EY_STA; and (4)HC_SIT > (3)HC_STA).

2. Wearer’s Action

Objective

Based on our observations through conference demonstra-
tions and exhibitions, it was often observed that when the ex-
hibitor extended their hand for a handshake with the wearer,
the wearer raised their hand much higher than that of the
exhibitor, as shown in Fig. 11 (b). This could be have oc-
curred because the wearers recognized that they had become
smaller from the visual feedback, and tried to grab the ex-
hibitor’s hand, which they perceived to be positioned at their
shoulder height. Such hand adjustment in the air, in which
changes to one’s bodily sensations create a new spatial re-
lationship between the user and surrounding objects, can
become visible through the user’s own actions. We hypoth-
esized that this adjustment action can be used as evidence
that the wearer’s body representation changed into that of a
smaller person.

Therefore, in this study, we investigated whether adjust-
ment action can occur under a controlled stimulation and
environment with a larger number of participants. We are
particularly interested in the effects of agency in viewpoint
control on the strength of the adjustment action; therefore,
we set up a control condition utilizing a video player in which
the wearer simply watches a handshake video from a lower
stature, and the wearer’s head orientation does not affect
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the viewpoint control. If there is a difference in the height
of a handshake between the condition of the video and the
condition of a smaller person, the effect of FOV control based
on the head orientation in a changing body representation
in a RE can be discussed.

Task

We instructed the participants to stand up and try to shake
hands with the experimenter under the following two con-
ditions: (1) Video condition: A video was recorded from a
waist-level perspective, during which an experimenter tried
to shake hands with a participant, and is played on the HMD,
(2) Smaller person condition: The participant is able to
observe the experimenter through the camera module at-
tached at the waist, and to change their viewpoint using
their head orientations. The wearer’s head orientations, and
first- and third-person videos, were recorded to compare the
height of the participant’s hand between two conditions.

Setup

The conditions were arranged in a random manner. The par-
ticipants tried on the device for 10 s before the experiment
started. The distance between the two people was set to
73 cm, which was determined based on previous literature
[36] that defines the far phase of personal distance (starting
from 75cm) as the distance at which humans can touch each
other’s fingers when he/she extends their arms. The positions
of the two persons were fixed during all sessions. The partic-
ipant used their dominant hand to conduct a handshake. All
instructions were given by a secondary experimenter sitting
2 m away from the participant. The second experimenter
validated the first experimenter’s hand position to confirm
whether they performed the motion at the same position
each time (fidelity check). Three video cameras were placed
to record the participant’s handshake from the front and
side. The hand height was measured by counting the pixels
between the camera module and the wrist in the recorded
image under both conditions, as shown in Fig 11.

Page 6



CHI 2019 Paper

Hand Height [pixel]

p <0.05
300 ]

360

240
180
120

60

Video Smaller-person

Figure 12: Wearer’s Action: Experiment Results

Participants

Fifteen healthy participants from our local organization par-
ticipated in a total of 30 trials (15 participants X 2 conditions,
mean height = 170.6 cm, SD = 5.67 cm). They have never
tried the system before. The trials required approximately
15 min per participant.

Results

Figure 12 shows the hand height in both conditions. Under
both conditions, the participants raised their hand higher
than usual. When comparing these two conditions, twelve of
the participants raised their hand higher under the smaller
person condition. A paired T test showed that there is a
significant difference between the two conditions (p < 0.05).

3. Wearer’s Interaction

Objective

In addition to the previous quantitative studies, we also
observed the wearer’s interactions in the experiment and
demonstration spaces, for investigating interactions in a dif-
ferent scenario such as the wearer versus multiple persons,
moving objects, or different actions. The venue includes
two science museums, a university hospital, two conference
demonstrations and two art exhibitions.

Task and Participants

Twenty-five participants who joined the previous experi-
ments (mean height = 166.5 cm, SD = 8.1 cm) were asked to
answer five questions on a 5-point scale (0 = disagree, 4 =
agree), as shown in Fig. 13. We also asked them to answer
another questionnaire regarding how the smaller person ex-
perience had changed the participant’s body representation,
as shown in Fig. 14. Comment feedback, and the actions
and interactions of the demonstration visitors were recorded
onto video.
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Results
Questionnaire using the Likert Scale

As show in Fig. 13, the questionnaire results indicate that
the participants had a feeling of being a smaller person (Q;;
score=3.12, SD=1.21), and felt that the surrounding objects
and people looked bigger (Q,; score=2.88, SD=1.27). Based
on their answers to Q3 and Qq, they tended to experience an
oppressive feeling (score=2.24, SD=1.48) rather than an open
feeling (score=0.84, SD=0.83).

Questionnaire about a body representation

Figure 14 depicts six states of body representations as fol-
lows: (a) nothing have changed; (b) my legs felt under the
ground; (c) only my head moved to the waist position; (d)
my entire body became smaller; (e) my upper body shrank;
and (f) my legs shrank. For (g), the participant drew a figure
representing their own body.

As a result, all participants chose from (c) through (g),
which indicates that their eye level moved to a lower posi-
tion while standing. Ten participants chose (c), mentioning
that they saw their arms through the camera, and reported
that this visual feedback affected the physical relationship
between their eyes and arms. Another participant who chose
(f) reported that they did not experience a strange feeling
when seeing their arms from the side, which occurred be-
cause the participant is familiar with first-person gaming,
which also displays arms close to the player’s face.
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Figure 15: Wearer’s Interaction: Interaction Observation

Observation and Comment Feedbacks

Participant and Setup: We observed interactions and col-
lected comments from not only the 25 participants of the
previous studies but also the visitors at a conference, mu-
seum, and hospital, which totals more than 500 people. The
experience duration ranges from 3 to 5 minutes.

Results: In most of the cases, the wearers first expressed
their surprise toward the difference in perspective, as shown
in Fig. 15 (a). Because they perceived their surroundings
has having become bigger and themselves as having become
smaller, many of the participants and visitors felt afraid when
the experimenter or exhibitor suddenly moved close to them.
As a reaction to such an encroachment, some wearers bent
backward (Fig. 15 (b)), or performed protective pose toward
the exhibitor (Fig. 15 (c, d)). It was also observed that some
visitors behaved like a child, such as talking as if the wear
had become a child or posing their arms like a baby, when
surrounded by adults (Fig. 15 (e)). During a user study of per-
sonal space conducted at a nursing school, a teacher spoke
loudly to another teacher wearing the device in an oppressive
manner by looking down at the wearer (Fig. 15 (f)). Interest-
ingly, the surrounding people including young students also
treated the wearer as a child, and changed their behavior
into that of a teacher or parent by acting in an overbearing
manner with comments such as “Bring me candies right now
I", “Hey, I'm taller than you now." The children were observed
a few times trying to talk to the camera module positioned
at their parent’s waist (Fig. 15 (g)). In a demonstration, neu-
rosurgical doctors were asked to wear the device and walk
around in a children’s ward in a hospital. A medical staff
noted that a bracing strut in a floor looked much bigger and
it gave a strong oppressive feeling. An approaching cart also
gave a scary feeling to a medic (Fig. 15 (d)(h)). They stated
the importance of maintaining the same eye level with that
of a smaller person, and securing a certain distance when
trying to talk to them to avoid an oppressive impression.
They also mentioned that it was difficult to talk with the
receptionists face to face because the monitors placed on the
desk prevented the doctors from seeing the receptionist’s
face (Fig. 18 (a)). Collected comments suggested the experi-
ence provided empathic and proprioceptive understanding
of a small-person. One mother stated, “Wow, you see the world
like this ...?", one father said “They live such a hard place !",
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one grandmother claimed “My neck hurts." These interactions
and comments were observed across all demo places.

6 DISCUSSIONS
1. Wearer’s Perception
Eye level affected the personal space

From the result, the eye level of the participant affected the
perception of interpersonal distance because there is a signif-
icant difference between (3)HC_STA and (5)WC_STA condi-
tions. The difference in eye level would create an oppressive
feeling toward the approaching experimenter. In addition,
the large neck angle in pitch axis also affected the percep-
tion of social relationship with the experimenter, because
the nursing teachers usually interact with 5-years-old chil-
dren. One participant reported that he/she has a frustrating
feeling rather than an oppressive or scary feeling, because
the participant could not move the perspective higher since
their legs were already fully extended. It is also presumed
that their internal body representation also contributed to
the change of personal space.

According to a related literature, lowering eye height in
a VE enlarges perceived distance [32]. This could result in
minimizing personal space, whereas our results showed that
lowering eye height increased personal space. The oppressive
feeling toward the approaching experimenter could strongly
affect the perception of interpersonal distance.

There were significant difference between with and with-
out wearing the HMD condition, as similar to a previous
study that reported perceived distances are underestimated
compared to RE estimates [33].

Comparison in standing and sitting conditions

When the participants were sitting on the chair during the ex-
periment, they reported a slightly larger distance in personal
space than when they were standing. This could be caused by
an over-estimation of the experimenter’s height through the
visual stimuli because the participants also had to look up. In
addition to this, several actions, such as standing up, are re-
quired to react toward the approaching experimenter while
sitting on a chair. Such expectation of future interaction also
contributed to enlarging personal space.
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Figure 16: Horizontal error was also observed in 8 partici-
pants, which would suggest their perceived arm length was
shortened

2. Wearer’s Action
Perceived arm length and distance

As shown in Fig. 16, it was observed that when the partici-
pants tried to shake hands with the experimenter, they ex-
tended their arm longer and missed the experimenter’s hand.
This could have occurred because the participants thought
their arm length had become shorter, as had their height,
resulting in an increase in the perceived distance between
hands. A similar phenomenon was also reported in which
the arm length changed the perceived distance in a virtual
environment [43]. It is noted that seeing an environment
through HMD could affect the perception of distance at the
same time.

Familiar objects as a reference

Several participants stated that they realized the change in
eye level only after they saw the experimenter facing them,
although they had visited the experiment room several times
before and saw the desks positioned 2 m away from the stand-
ing location during the experiment. From such comments, it
is assumed that the participants used more familiar objects
as a reference to recognize the physical relationship between
their body and space. It should be noted that the participants
knew the height of the experimenter and had sufficient expe-
rience with each other through conversations because they
are from the same local organization. The recorded head ori-
entations also showed that the participants looked up higher
under (2) smaller person condition than under (1) video con-
dition (a paired T test was performed as p < 0.05, as shown
in Fig. 17). From the result and observations, many partici-
pants looked at the experimenters face before the handshake,
suggesting that the level of face could be used as a refer-
ence. Such existing knowledge based on motor and social
experience could help the wearers recognize their space and
physical relationship.

Hand Adjustment in the Air

We found that the adjustment action has a unique and prac-
tical aspect in that the timing for observing its effect can be
initiated by the experimenter, and its strength can be exposed
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Figure 17: 13 participants looked up higher under (2) smaller
person condition than under (1) video condition

by the participant’s voluntary action, which is measurable
in a visual and quantitative manner when using the track-
ing systems. This measurement method can also be used to
evaluate a different type of change in body representation,
such as an increasing height.

3. Wearer’s Interaction

From the observation at the demo and experiment space,
most of the participants found it easy to become familiar
with the visual translator. The latency of the developed visual
translator (117.6ms) is smaller than the latency of 125ms in
which the wearer’s feeling of agency decreased [44] [45].

Some wearers behaved like a child and the surrounding
people also behaved like a taller or authoritative person. It
appears that the proposed experience allowed not only the
wearer, but also the surrounding people to perceive as the
wearer became a smaller person. These new social contex-
tual cues including an oppressive conversation, protective
posture, a conceited look, longer interpersonal distance, and
supportive actions from the surrounding people, contributed
to shaping the body representation repeatedly.

7 FUTURE WORKS
Another Form of Changing Body Representation

Because the change of eye level created significant differ-
ences in a wearer’s perception, action, and interaction, chang-
ing the body representation larger or higher would be an-
other form factor to investigate. The measurement of per-
sonal space and hand adjustment action could be used for
evaluating the changes in social and physical relationship in
this scenario as well. An appropriate range for inducing the
sense of being a smaller or taller could be investigated to re-
veal the relationship between the eye level and the strength
of ownership toward modified body representation. As we
tested several posture conditions in study 1, further stud-
ies include more investigation into how the somatosensory
feedback provided by various postures and leg conditions af-
fects the visual perception, and likewise research suggesting
that the perceived size and distance are affected by an inver-
sion of the body orientation, and not by the retinal image
orientation [46].
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Figure 18: Possible Scenarios: (a) Educational tool for medi-
cal staff and nursing teachers (b) Design tool for spatial and
product designers

Peripheral Visual Field

In the developed visual translator, the wearer’s head orien-
tation and the line of sight in a spherical image are syn-
chronized. However, the rotational centers of the human
eyes and the developed visual translator are not matched.
During our experiments, the participants did not report an
unusual feeling when they rotated their head to the maxi-
mum angle. Previous work in the field of telepresence uses
an omnidirectional multi-stereo camera system to match
the rotational center [2]. In addition, recent feature tracking
techniques enable reconstructing three-dimensional views
from monoscopic 360°videos, and to observe through rota-
tional and translational motions of the viewpoint [47]. These
techniques can be applied to our system to provide a more
accurate peripheral visual field on the HMD.

Motion Sickness

Approximately two or three in ten participants stated that
they felt dizzy while or after using the device for 3-5 minutes.
From their comments, this could be caused by not only the
rendering latency (117.6ms) but also fluctuations in the cam-
era module at their waist induced by walking. Using a small
camera gimbal for stabilizing the camera module, and using
a wireless HMD with a high-performance desktop computer
for reducing the latency could be possible solutions.

Possible Scenarios

Educational Tool. The device could be used as an educa-
tional tool for caregivers and teachers in a hospital and nurs-
ing school. Figure 18 (a) represents a pilot study as an ed-
ucational tool in a hospital. The devices can also be used
for new employee training programs in amusement parks,
public transportation, and hotels.

Design Tool. The device also could be used as an assistive
tool for spatial and product design (Fig. 18 (b)). The place-
ment of posters or objects at a reception desk, or in a store
layout, can be optimized through the perspective of a smaller
person.

Paper 696

CHI 2019, May 4-9, 2019, Glasgow, Scotland, UK

Amusement Tool. Since the smaller person experience changes

interactions of the wearer and the surrounding people, the
device can be used as an amusement tool to enhance the
play among parents and their children. Parents can explore
a maze or treasure hunting game from the same perspective
as their children to find the exit, as an example. A lower
perspective can give us new inspiration, allowing us to find
an object under a structure, and enabling parents and their
children to cooperate and play together.

8 CONCLUSION

In this paper, we explored how human perceptions and ac-
tions can be changed through the experience of a smaller
person in a real world environment. To achieve this, we
have developed a wearable visual translator that changes the
wearer’s body representation into that of a small-person, by
shifting the wearer’s eyesight level down to their waist level
by using a HMD and a stereo camera module, while allow-
ing for FOV control through head movements. Three user
studies were conducted to investigate the wearer’s changes
in their social and physical relationships, and to observe a
feedback experience.

From study 1, which was a personal space evaluation,
when the participant felt smaller using the developed device,
the largest personal distance was observed. This could have
been caused by an oppressive feeling toward the approaching
experimenter induced by the feeling of being small.

In study 2, it was observed that the participants raised their
hands higher than usual when trying to shake hands with
the experimenter because they perceived their own body
representation as being smaller. It was confirmed that the
experience of being a smaller person changed the physical
relationship of the wearer and the surroundings.

In study 3, we observed the wearer’s interactions during
demonstrations at conferences and exhibitions. It was often
observed that the visitors behaved like a child, such as per-
forming a protective pose when surrounded by adults, or
talking like a baby. Interestingly, surrounding people such
as young students also treated the wearers like a child, and
behaved as teachers or parents by acting in an overbearing
manner.

These findings, challenges, and design considerations will
benefit further studies on the design of user experiences
based on changes in body representation while preserving
active and embodied interactions in a real-world environ-
ment.
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