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Abstract. This study suggests a novel method to clarify interpersonal
proximity from the area occupied by a target person in the visual field.
We use the size of the area as an index of interpersonal proximity to
support therapeutic activities for the developmental support for chil-
dren with ASD. We investigate the relationship between physical and
interpersonal distance and its proximity as a sense of distance. Head-
mounted camera and Mask-RCNN used as the measurement. The pilot
experiment shows the possibility of measurement and experimentation
in actual therapy showed a difference between interpersonal distance and
interpersonal proximity.
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1 Introduction

Interpersonal proximity (a sense of distance) is an element of nonverbal commu-
nication and indicates aan dequate physical and social distance from communi-
cation targets. The concept of interpersonal distance as the physical distance was
proposed by Hall [1] which is measured via the stop-distance and observation
methods. It is widely used as one of evaluation of communications in psychology
and sociology. To maintain a reasonable degree of distance from others requires
spatial awareness that is regarded as the link between understanding proximity
to others (interpersonal proximity) and social contexts. The concept is related
to a sense of direction and spatial cognition [2]. However, it is known that the
physical distance between two parsons is related to interpersonal proximity, but
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these two factors are not the same. The interpersonal proximity is considered
even in verbal communication and does not necessarily depend only on physical
distance.

Children with autism spectrum disorder (ASD) experience difficulties in
establishing social communication and interpersonal interaction with restricted
interests and repetitive behaviors, which is defined in the Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth Edition published by the American Psy-
chiatric Association [3]. Moreover, it has become clear that social communication
skills can be improved by providing appropriate comprehensive developmental
support for children with ASD [4].

In order to support the development of communication skills, it is important
to assess the communication in terms of behavior and interaction in a quantita-
tive manner. Previous work has been studied about physical and interpersonal
distance that is measured as the target and used as an evaluation index. There
are several therapeutic activities to help children to control the interpersonal
distance to the appropriate degree in order to support the development of chil-
dren with ASD. As an attempt to quantify the interpersonal proximity has been
reported in the research on the interpersonal distance on VR space, which is orig-
inated from Bailenson [5]. It clarified that the interpersonal proximity is highly
dependent upon visual perception. We consider that it is helpful for therapists
or caregivers to observe to change the interpersonal proximity during sessions.
We then try to explore a computational model to estimate the interpersonal
proximity based on the measured interpersonal distance between two persons.

The main contribution in this study is to find a certain correlation between
the image size of the target person in the image sequence obtained from first-
person view and the physical interpersonal distance obtained by the motion
capture system. The current study aimed to quantify interpersonal proximity to
support the development of children with ASD. To this end, we aimed to identify
a method via which to clarify interpersonal proximity from the area occupied by
a target in the visual field of a first-person viewing camera.

2 Method

2.1 Interpersonal Proximity

Interpersonal distance refers to the physical distance between two persons and
should be established to build interpersonal relationships. Hall divided personal
space into close, individual, social, and public distance [1]. As the intimacy
between the two persons increases, this distance decreases. Reducing distance,
rather than intimacy, could cause others to experience strong discomfort. Chil-
dren with ASD are often closer to or further away from each other relative to
typically developing children. However, it is difficult to adjust their interpersonal
distance or create appropriate distance from them [6,7].

The concept of interpersonal distance also exists in VR space involving the
manipulation of interpersonal distance and behavior change [5]. The manipula-
tion of interpersonal distance, using augmented reality in the real world, reduces
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A) Stop distance B) Motion capture cap C) Proposed

Fig. 1. Previous and proposed measurement methods

discomfort or pressure [8]. It is noted that interpersonal distance is perceived
and recognized mainly via vision, because visual interpersonal distance manip-
ulation, using a head-mounted display, affects recognition and behavior in the
actual interpersonal distance.

However, it is not simply considered to be another representation of interper-
sonal distance but is evaluated subjectively based on more types of information
rather than physical distance. The term of interpersonal proximity is also used
in the remote exchange of text information. It may be possible to obtain differ-
ent interpersonal proximity to two persons maintaining the same interpersonal
distance. Interpersonal proximity can be acquired even in communication in a
virtual space, using only visual information; therefore, it is possible to clarify
interpersonal proximity using visual information. We assume that an index of
interpersonal proximity can be described in relation to the peer within the field
of view from the participant.

2.2 Proposed System

We proposed the use of the area around the person in a first-person view as a
method for estimating interpersonal proximity between two people. The images
from the first-person viewpoint is acquired from the head-mounted camera.
Figure 1 shows an overview of previous methods and the proposed method com-
pared to conventional methods.

The conventional method to measure the interpersonal distance in a quan-
titative manner is the stop-distance method shown in Fig. 1A [9]. This method
requires two persons to approach one another until they feel discomfort or
unpleasantness; the distance between their toe positions at the final point is then
measured. Although this method enabled quantitative measurement of inter-
personal distance, it was difficult to measure changes in interpersonal distance
dynamically during activity.

Then, a method using the motion capture system [10], allows us to measure
the interpersonal distance in several activities, as illustrated in Fig. 1B. It mea-
sures the distance between the heads of two persons. However, this was limited to
physical distance measurement and did not allow consideration of the influence
of the field of view.
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On the other hand, in the proposed method as illustrated in Fig.1C, the
head-mounted camera is used to acquire the first-person view field and the area
occupied by the target person. We consider that we can estimate the interper-
sonal proximity that reflects actual feelings most closely.

2.3 Measuring Human Area

Mask-RCNN [11] is an object-recognition method using deep learning. The pro-
posed system used this method to calculate the area occupied by the target
person in the image sequence from a first-person view. The outline of the pro-
cess is shown in Fig. 2. In Fig. 2, X means the position of each person, D means
the distance between two persons and S means the area occupied by the target
person in each frame. The area around each object each the image is calculated
by processing the first-person view images taken with the head-mounted camera,
using Mask-RCNN. Learning models use Common Objects in Context Dataset
[12]. The only area occupied by the target person (the largest human tagged
by the mask) is used as the index of interpersonal proximity. In addition, inter-
personal distance measurement in motion capture was performed, to compare it
with the existing method.
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Fig. 2. Overview of system

3 Experiments

An experiment was conducted to verify the proposed method. In the experi-
ment, the eye gaze and first-person images are acquired by using Tobii glass
(Tobii Technology K.K.) [13] that is a glasses-type, head-mounted, first-person
viewpoint camera with a small burden on the experiment participants. The
motion capture marker cap used in a previous study was attached and inter-
personal distance measurement was conducted at the same time. We will show
the relationship between interpersonal distance and interpersonal proximity was
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examined using the proposed method. The experiment was conducted with two
participants wearing the Tobii glass and marker caps. Participants were asked
to perform the stop-distance method as a classical measurement of interper-
sonal distance. One participant was standing or sitting, and the other moved
to approach him until discomfort was felt by one participant. The approaching
participant stopped upon feeling discomfort or when the standing/sitting person
raised a hand to indicate discomfort.

3.1 Result

Figure3 shows the plots that represent interpersonal distance measured via
motion capture and the area obtained by the proposed method. Blue lines repre-
sent the closest position. Table 1 shows the measurement results obtained via the
stop-distance method. The interpersonal distance measured via motion capture
and the frame obtained by the proposed method were acquired every second.
Figure 4 shows the correlation between interpersonal distance and interpersonal
proximity for the standing/sitting participants. Both correlation coefficients were
higher than .50.
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Fig. 3. Result of preliminary experiment
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Fig. 4. Correlation between interpersonal distance and interpersonal proximity in pre-
liminary experiments

Table 1. Result of each method

Standing/Sitting | Standing Sitting

Limit decision Approaching | Non-approaching | Approaching | Non-approaching
Stop distance 43 cm 25cm 40 cm 15cm

Motion capture |35.72cm 26.02 cm 37.05cm 27.00cm
Proposed 29.8% 40.59% 41.18% 57.99%

4 User Study with Children with ASD

We conducted an experiment for actual therapy for children with ASD. Partic-
ipants in such therapy are children diagnosed with ASD. The chronological age
was 5 years, 1 month, while the developmental age was 3 years, 4 months. The
developmental age was calculated via the Kyoto Scale of Psychological Devel-
opment [14], which is used in Japan as the standardized diagnosis scale. This
experiment was approved by the Institutional Review Board of Anonymous Insti-
tute, and participants joined the experiment after providing informed consent.

4.1 Result

Figure 5 shows the results for interpersonal distance and interpersonal proximity.
Figure 6 shows the correlation between interpersonal distance and interpersonal
proximity. The correlation coefficient was .33.

4.2 Discussion

From the result of the pilot experiments, a certain correlation between the inter-
personal distance obtained from motion capture and the proposed method was
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Fig. 5. Result of actual therapy Fig. 6. Correration between interper-
sonal distance and interpersonal prox-
imity of actual therapy

observed, as shown in Fig. 4. This result explains the target person looks larger
as the distance is shorter when the target person appears within the field of
view. We carefully checked if the head-mounted camera disturbed the therapeu-
tic activities, but there was no critical problem during the experiment.

On the other hand, the results of the user study did not show a strong
negative correlation compared to the pilot experiment, as shown in Fig.6. We
consider that there are several times when the participant was not looking at
the therapist although they are actually at a close distance. However, except for
that area which is illustrated the upper gray circle, a certain correlation also
appears in the lower gray-circle area in Fig. 6. We assume that the participant
may consider close proximity, although the target person does not appear in the
field of view, the participant may consider close proximity if s/he knows well
the target person stands behind or beside. However, its proximity may decrease
compared with the target person standing in front of them. We may develop
a time-varying algorithm that includes temporal characteristics of proximity.
Although further analysis is needed, our findings provide insights between the
interpersonal distance and interpersonal proximity.

5 Conclusion

In this study, we proposed a method via which to measure interpersonal proxim-
ity using an image sequence from a first-person view. From experimental results,
we found high feasibility to use the system for therapeutic activities and also
the possibility to estimate interpersonal proximity from the computer vision
approach. In the future, we will conduct long-term therapy measurements to
determine whether the proposed method can be used to measure changes in
interpersonal proximity in therapy and verify the resultant effects.
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