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Abstract. In the COVID-19 pandemic, control measures including wearing
masks, ensuring hand hygiene, and maintaining a physical distance of at least
1 m were recommended to prevent the spread of virus. The purpose of this study
was to investigate the influence of face mask, approach pattern and participants’
gender on interpersonal distance in the pandemic environment. Virtual reality
(VR) technology was applied to build the experimental environment. This study
recruited 31 participants including 17 males and 14 females, who were asked to
interact with virtual confederates with and without a face mask. The interpersonal
distance was recorded when participants actively walk towards the virtual con-
federate or approached passively by the confederate. Three-way ANOVA results
showed that face mask and approach pattern had significant effects on interper-
sonal distance. The distance when facing the confederate with a face mask was
significantly closer than without a face mask. Moreover, participants preferred a
significantly larger distance in the passive pattern than in the active pattern. The
participants’ gender showed no significant effect on interpersonal distance and no
interaction effects were found. The findings in this study helped to further investi-
gate the nature of interpersonal distance and contributed to a better understanding
of the human behaviors in the pandemic environment.
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1 Introduction

The COVID-19 pandemic is still spreading around the whole world and poses a threat
to global health. In order to reduce the risk of virus transmission [1], World Health
Organization (WHO) recommended that people have to maintain a certain physical
distance and wear face masks in public places, which changed people’s lifestyle and
social behavior. Interpersonal distance was defined by social psychology as the safety
buffer maintained by individuals between themselves and others [2–4]. Interpersonal
distance will expand when people feel uncomfortable or dangerous and decrease when
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people feel safe and comfortable. Ruggiero et al. [5] and Cartaud et al. [6] found that
interpersonal distance increasedwhenpeople sawan angry facial expression than a happy
one. Another study found that interpersonal distance increased when people heard an
aggressive conversation than a neutral one [7]. After the outbreak of the pandemic,
whether the interpersonal distance changed in the background of the epidemic needs to
be studied, and the impact of wearing masks and active and passive needs to be further
studied.

There were four common measurement methods to collect interpersonal distance,
including real measurement, virtual reality simulation, video method, and paper and pen
test [8, 9]. Yu et al. [10] measured the interpersonal distance in eight directions in the
real environment. However, the real environment measurement may increase the face-
to-face interaction between people and increase the risk of infection in the epidemic.
The questionnaire method was used in the study of Wang et al. [11], which showed that
interpersonal distance would be reduced when participants faced confederate who wore
face masks, but this method could not enable participants to experience the feelings of
true interaction. However, VR technology allows participants to immerse in the virtual
environment and interact with the virtual confederate, which can bring the true feelings
in the social activities. One of themain advantages of VR simulation is its immersion and
interactivity. Besides, VR simulation can fully control the experimental variables. For
example, the characteristics and behaviors of virtual confederates such as walking speed,
eye gaze, facial expressions, etc. [12], can be controlled by researchers. In addition,
communication between participants and researchers can be decreased to reduce the
risk of infection in the epidemic.

Therefore, the purpose of this study was to further explore the interpersonal distance
in the epidemic and evaluate the effects of wearing masks, approach pattern and gender
of participants on the interpersonal distance in the background of the epidemic. The
findings of this paper contribute to further study the nature of interpersonal distance and
help to better understand the human behaviors in the epidemic.

2 Method

2.1 Participants

Thirty-one college students (14 females) ageing 19 to 27 years old (M = 21.6, SD =
2.17) were recruited. Each participant had a normal or corrected vision, and no cognitive
impairment or any other disease was found according to their self-reporting. Besides,
all participants were not familiar with the virtual confederate and were not aware of the
purpose of the experiment.

2.2 Experimental Environment

The experiment was carried out in a 6 * 8 * 4 m3 laboratory with no obstacles. The
experimental VR device was Oculus Quest2 which equipped with an LCD display. The
VR headset has a single-eye resolution of 1832 * 1920 and supports the refresh rate of
90 Hz, which could realize controller-free gesture tracking. Unity software was used
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to simulate the virtual environment scenes and build the confederate model. Wearing
VR glasses, participants will see an open square with three buildings on the left and a
playground on the right. There was a yellow line on the ground to guide participants
towards the front. A virtual confederate with a height of 175 cm who was standing 4 m
in front of the participants. The virtual confederate wore a white shirt and black jeans.
During the experiment, there were two conditions: one confederate wearing a face mask
and the other did not wear a face mask. The virtual environment was shown in Fig. 1.

Fig. 1. Virtual reality experimental environment and virtual confederate with or without a face
mask.

2.3 Procedure

Before the formal experiment, experimenter helped participants wear the VR device and
the physical environment around themwas isolated. Accordingly, participants can famil-
iarize themselves with the virtual environment under the guidance of the experimenter
including watching and walking freely in the virtual lab for about 2 min. Two trails were
provided to participants to be familiar with the experimental procedure before the formal
experiment. In active pattern, participants were required to approach the virtual character
actively. When participants felt uncomfortable due to the proximity they stopped and
pressed the button on handle to affirm the position, then the distance between the middle
of virtual confederate and the participant was calculated and saved automatedly. In the
passive pattern in which the virtual character walked towards the participant at the speed
of 0.5 m/s, when the participants felt uncomfortable, the virtual character can be stopped
by pressing the handle similarly. Once the handle was pressed during the experiment, the
distance between the participant and the virtual character will be automatically recorded.

The experiment was conducted in two approach patterns and two face mask states.
The experiment sequence was random and balanced, and a 2-min break between every
two experiments was offered for participants to have a rest. Each trail was repeated
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twice, and a total of 8 measurements were required for each participant. During the
formal experiment, as shown in Fig. 2, participants conducted the experiment according
to oral instructions of experimenter.

Fig. 2. The experiment procedure: the participant is walking towards the confederate in VR
environment

2.4 Statistical Analysis

Each experiment trail was repeated twice, and the average was calculated and used for
the analysis of variance (ANOVA). In the study, data were analyzed using SPSS 25.0,
and a three-way ANOVA was performed to clarify the relationship between indepen-
dent variables (mask wearing, approach pattern and participants’ gender) and dependent
variables (interpersonal distance).

3 Results

As shown in Table 1, results of ANOVA showed that face mask had a significant effect
on interpersonal distance (F = 7.924, p = 0.006, η2

p = 0.062). In Fig. 3, the interper-
sonal distance of participants when facing the virtual confederate with face mask (M
= 123.60 cm, SD = 39.03 cm) was significantly smaller than that of facing the virtual
confederate without face mask (M = 142.51 cm, SD = 36.12 cm). The approach pat-
tern had a significant influence on interpersonal distance (F = 10.947, p = 0.001, η2

p =
0.084). When participants approached the virtual confederate actively (M= 121.21 cm,
SD = 29.78 cm), the interpersonal distance was significantly smaller than that when
participants were approached by the virtual confederate passively (M= 143.87 cm, SD
= 42.94 cm). In contrast, gender had no significant effect on interpersonal distance (F
= 0.255, p = 0.615, η2

p = 0.002), and no significant interaction effects were found.
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Table 1. Three-way ANOVA results of face mask, approach pattern and gender

Terms F df p-value η2p

Face mask 8.273 1 0.005 0.068

Approach pattern 10.928 1 0.001 0.088

Gender 0.255 1 0.615 0.002

Face mask* Approach pattern 0.000 1 1.000 0.000

Face mask* Gender 1.728 1 0.191 0.015

Approach pattern* Gender 0.004 1 0.950 0.000

Face mask* Approach pattern* Gender 0.199 1 0.657 0.002

Fig. 3. The interpersonal distance under each main effect including face mask (A), approach
pattern (B) and gender (C).

4 Discussion

The results showed that face mask and approach pattern had a significant effect on the
interpersonal distance. Participants showed a larger interpersonal distance when they
faced a confederate without a face mask than with a face mask, which was consistent
with the research results of Wang et al. [11] and Lee et al. [13]. They compared the
interpersonal distance of participants facing confederate with and without masks by
using online survey. The reason of this phenomenon might be that people felt more
dangerous and uncomfortable when they faced a confederate not wearing a face mask.
Lisi et al. [14] found a reduction in the interpersonal distance when participants faced
mask wearers who tested negative for COVID-19. Importantly, even when COVID-19
test results were unknown or positive, the interpersonal distance from amember wearing
a face mask remained shorter. It could be seen that in the context of the epidemic, to
some extent, wearing face mask enhanced a sense of security and shortens the social
distance between people.

Participants preferred a greater distance when they were approached passively than
the case when they actively approached the confederate. This findingwas consistent with
that of Iachini et al. [15, 16]. When participants were unable to move, they kept a greater
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distance, which reflected that controlling the virtual confederate in the passive approach
could increase the sense of security. These results further supported the finding that the
conditions of motion proximity play a key role in spatial regulation [5]. In the passive
approach, a sense of invasion and uncomfortable feeling was generated, leading to a
larger interpersonal distance. Different from the results of Lee et al. [13] who adopted
the online survey method, which had no real sense of experience. Participants had no
chance to feel the sense of pressure when the virtual confederates approached. While
usingVR technologymeasurement, participants were immersed in the real experience of
passive pressure. Similarly, the results of Lee et al. [12] showed that the comfort distance
and reachability distance measured in the VR environment were basically consistent
with those measured in the real environment, which indicated that VR technology can
simulate the real environment.

The gender of the participants had no significant effect on the interpersonal distance
of the virtual confederates. Yu et al. [10] explored interpersonal distance in eight direc-
tions, and the gender of participants showed no significant difference, which was in
accordance with the results of this study. Therefore, gender differences in the perception
of interpersonal distance were not significant, both male and female participants showed
a similar interpersonal distance to virtual confederate.

5 Conclusion

To summery, the effects of face mask, approach pattern and participants’ gender on
interpersonal distance in the COVID 19 pandemic were explored in this study. VR tech-
nology was used to simulate the experimental scenes and build the virtual confederate.
Participants preferred larger interpersonal distance when they faced a virtual confederate
with no face mask than with a face mask due to the feelings of insecurity and invasion.
People were not allowed to move their body in the passive pattern, leading to a larger
interpersonal distance than in the active case. However, participants’ gender showed
no significant effects, and no significant interaction term was found. The current study
further investigates the interpersonal distance and individuals’ social behaviors in the
pandemic context, which contribute to the deeper understanding of the motor nature of
this psychological cognitive distance. Based on the constriction of experiment condi-
tions, there are still some shortcomings in this study. The participants recruited were
all college students with a relatively young age. In the future studies, the age group
of participants will be expanded, and the impact of other anti-epidemic measures on
interpersonal distance can be further discussed.

Compliance with Ethical Standards. The study was approved by the Logistics Department for
Civilian Ethics Committee of South China University of Technology.

All subjects who participated in the experiment were provided with and signed an informed
consent form.

All relevant ethical safeguards have been met with regard to subject protection.
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