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Influence of Wearing Surgical Mask on Interpersonal Space Perception Between Mainland Chinese and Taiwanese People
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Wearing face masks and maintaining social distancing of 1.5m are two common preventive measures against the spread of COVID-19. However, the interaction of these preventive measures in interpersonal space (IPS) perception remains unknown. This study evaluated the effects of wearing surgical masks, sex dyads, and approaching patterns on IPS judgment. Data were collected from participants from Mainland China (n=100) and Taiwan (n=100) through an online survey. Therefore, the regional differences were also examined. A smaller IPS was observed when participants faced confederates wearing surgical masks than in the no-mask condition. Female dyads tended to maintain a smaller IPS than did both male and mixed-sex dyads, and Taiwanese participants maintained a significantly larger IPS than did Mainland Chinese participants. No significant difference was observed between the active and passive pattern. Moreover, the interaction between region and mask had a significant influence on IPS perception. Among all test combinations, only the IPS perceived by Taiwanese participants facing confederates without surgical masks exceeded 1.5m. This study revealed that the wearing of surgical masks for health protection during the pandemic influences IPS perception in different regions. The current findings may provide useful information for social interaction and environmental design during the COVID-19 pandemic.
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INTRODUCTION

As of the beginning of 2021, more than 100 million confirmed COVID-19 cases have been recorded worldwide. To combat the pandemic, the WHO recommends several methods to prevent the spread of COVID-19, including washing hands frequently and correctly, maintaining social distancing of approximately 1.5m and 1.0m indoors and outdoors, respectively, and wearing a face mask when going out and staying indoor environments (Khosronejad et al., 2020). Among these preventive measures, maintaining a distance of 1.5m from others has been mandated in many public areas. This rule was imposed because respiratory viruses, such as coronaviruses and influenza, infect people through droplet inhalation (Sajed and Amgain, 2020) and aerosol transmissions (Santarpia et al., 2020; Tang et al., 2020).

With regard to social distancing, Chu et al. (2020) conducted a meta-analysis and reported that maintaining a larger distance (>1m) could effectively improve self-protection and reduce the risk of infection. Another recommended measure for self-protection is to wear a surgical mask (Johnson et al., 2009). Studies that have assessed the effect of face mask wearing on the spread of COVID-19 in the clinical and medical fields have consistently found that using face masks is an effective method to contain the spread of the virus (Bae et al., 2020; Matuschek et al., 2020). Chu et al. (2020) reported that wearing a face mask, especially N95 masks, can significantly reduce the risk of infection. Although the aforementioned preventive measures seem to be effective, their implementation has resulted in changes to people’s lifestyles and habits. People’s facial expressions are covered when they use a face mask, which in turn, affects their feelings and cognitions during social interaction (Cartaud et al., 2020a). In the context of widespread COVID-19 infections, people have become accustomed to wearing face masks and maintaining a 1.5-m social distance in daily life. The changed behaviors led to discomfort, heightened arousal, and limited social signaling (Welsch et al., 2020), as well as affected to the interpersonal space (IPS) perception (Cartaud et al., 2020a; Coello and Cartaud, 2021; Iachini et al., 2021).

The concept of IPS, which was first proposed by Hall (1966), refers to the limit of comfortable distance between people and has been widely studied in the field of psychology, environmental design, and human–machine interaction. IPS perception is mainly affected by visual cues. Factors influencing IPS can be roughly classified into three categories, namely, participant characteristics, confederate features, and environmental conditions. Regarding participant characteristics, studies have indicated that women maintain a greater IPS than males do (Remland et al., 1995; Uzzell and Horne, 2006; Iachini et al., 2016; Yu et al., 2020). Furthermore, participants’ feelings (Iachini et al., 2015) and type of gaze (Ioannou et al., 2014; Sicorello et al., 2019) affect IPS measurements. The IPS maintained by participants with autism spectrum disorders or restrictive-type anorexia has also been studied (Gessaroli et al., 2013; Nandrino et al., 2017) and used for further treatment and prediction. Confederate features, such as sex (Uzzell and Horne, 2006; Ruggiero et al., 2019), facial expression (Cartaud et al., 2018), height (D’Angelo et al., 2019), age (Iachini et al., 2016), body shape (Bailenson et al., 2003), and occupation (Aliakbari et al., 2011), have also been investigated. Moreover, research has examined environmental factors, such as approaching direction (Hecht et al., 2019; Yu et al., 2020; Candini et al., 2021) and pattern (Iachini et al., 2014; Yu et al., 2020), music type (Tajadura-Jiménez et al., 2011), temperature (Ruggiero et al., 2019), virtual environment (Iachini et al., 2014, 2016), and culture (Remland et al., 1995). The results of these studies have contributed substantially to clarifying the effects of human psychology, interaction, and environmental factors on IPS. Coello and Cartaud (2021) also proposed a theory to express the relationship between the degree of threat and IPS based on psychophysiological evidence. When people feel threatened or insecure, they maintain a larger IPS as a self-protection mechanism. When a face mask is worn, the confederate presents a risky, dangerous, and negative impression (Abney, 2018) that leads to psychological barriers (Burgess and Horii, 2012). Because people are expected to comply with WHO guidelines regarding the wearing of surgical masks during the COVID-19 pandemic, atypical behaviors may influence IPS. Research on the impact of wearing surgical masks on perceptual IPS is scarce.


Cartaud et al. (2020b) first employed online interviews to evaluate the effects of wearing face masks and the consequent facial expressions on the IPS of 457 French participants; the results showed that IPS was significantly reduced when confederates were wearing a face mask, as the participants were perceived as more trustworthy compared to the other conditions. Calbi et al. (2021) conducted an online survey on face covering on a sample of 96 Italians and found that people react to various types of protective face covering in different manners. Generally, cultural norms are a crucial factor affecting IPS (Hall, 1966), and contact cultures typically exhibit a smaller IPS than do noncontact culture (Hall, 1966; Baldassare and Feller, 1975). IPS perceptions also differ by ethnicity (Beaulieu, 2004; Sorokowska et al., 2017; Sicorello et al., 2019). People who live in Mainland China and Taiwan have the same ethnic background and belong to noncontact cultures. The lifestyle, risk cognition, and culture for both groups still differ. This motivated us to examine the regional differences in the behavioral changes (IPS in the study) under the threatening environments, particularly the pandemic first outbreak in Mainland China.

Even though factors influencing IPS have been identified, uncertainty remains regarding the impact of wearing surgical masks on IPS judgment. Therefore, this study examined the effects of region, surgical mask wearing, sex dyads, and approaching pattern on IPS perception. Understanding the changes in IPS on the basis of these variables may provide useful information on human interaction during the COVID-19 pandemic.



MATERIALS AND METHODS


Participants

Two hundred participants were recruited in the study. Among them, 100 participants were Mainland Chinese (50 women), and their age and height were 23.38±1.47years and 175.30±3.76cm for male participants and 22.42±1.73years and 162.82±5.39cm for female participants. The remaining 100 male and female participants (50 each) were Taiwanese, and their age and height were 22.96±2.13years and 174.10±6.50cm for male participants and 22.44±1.63years and 161.30±5.42cm for female participants. To evaluate the differences in age and height between Mainland Chinese and Taiwanese participants, the independent t-test was applied. The results showed that no significant differences in age (t=0.790, degree of freedom=198, p=0.430) and height (t=1.160, degree of freedom=198, p=0.248) between the two groups were found. The data were collected from June to November, 2020. All participants reported normal vision and no cognitive or mental problems. Furthermore, all participants were right-handed and not familiar with the confederates in the experiment. Participants were fully informed of the testing procedure and were asked to sign a consent form before the data collection. The South China University of Technology Institutional Ethics Committee approved the experimental procedures. These two groups were selected for comparison because COVID-19 first appeared in Mainland China and the pandemic situation in Taiwan was relatively stable in terms of epidemic control.



Experimental Setting

Because of the COVID-19 pandemic, the study was forced to use an online survey to collect data on IPS to avoid human-to-human transmission (Ruggiero et al., 2019; Calbi et al., 2021). The online survey was adapted from the paper-and-pencil test utilized in the research of Hayduk (1983) and Xiong et al. (2020). An online survey is an effective method for collecting data on IPS in different countries and is widely used in clinical and practical investigations (Iachini et al., 2016). The paper-and-pencil test was regarded as a projective measurement in which participants were instructed to imagine that they were the people on the paper, as illustrated in Figure 1. A computer with the Axure RP rapid prototyping tool (Axure Software Solutions, Inc., San Diego, CA, United States) was used to conduct the survey. Moreover, an experimenter used video conference system and remote desktop connection software to execute the online test. All the materials were shown on the desktop of the experimenter’s computer. Each participant was asked to use the remote desktop connection to control the experimenter’s computer. The video conference system was used for communication, and the remote desktop connection software was applied for monitoring. The above two technologies were employed to guide the participants one-by-one to minimize the testing bias. During the test, participants were instructed to use the mouse cursor to move the virtual subject (avatar) to approach the confederate in the active pattern and to move the digital confederate to approach the digital participant in the passive pattern (Figure 1). When a participant started to move the avatar, the arrow guiding the movement direction between the two avatars was hidden to avoid affecting the participant’s distance judgment. That is, no reference was provided for the distance between the two avatars during the IPS determination, except for the changes in spatial perception caused by moving the avatar. The participants were asked to imagine and then determine the IPS by moving the avatar to a position that still felt comfortable but had just started to feel uncomfortable. The IPS was defined as in previous studies (Hayduk, 1983; Adams and Zuckerman, 1991; Nandrino et al., 2017; Yu et al., 2020). Subsequently, the distance between the two avatars was transformed at a 1:30 ratio to obtain the psychological interpersonal distance (Sorokowska et al., 2017). The distance between the two avatars was originally set at 13.33cm, which means that the initial distance between the participant and the confederate was approximately 4m in the real world (Yu et al., 2020). Prior to the test, the experimenter confirmed the experimental settings (e.g., voice quality, mouse cursor controls, and displays) with each participant because the remote desktop connection software was applied in the test. The reliability of the measurement used in the test was examined through a pilot study. The intraclass correlation coefficients (ICC) estimates and their 95% confident intervals were calculated using SPSS statistical package version 23 (SPSS Inc., Chicago, IL, United States) based on a single-measure, absolute-agreement, and 2-way mixed-effects model ICC (3,1) as indicated by Koo and Li (2016). The results reported that the ICCs between the repetitions were 0.85 and 0.79 in the active and passive patterns, respectively. According to the standard proposed by Koo and Li (2016), an ICC value ranging from 0.75 to 0.90 indicates good reliability. Thus, the measurement used in the study had satisfactory reliability.
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FIGURE 1. Screenshots of the online survey under various conditions.




Confederates

A man and a woman aged 23years with typical Chinese appearance were selected as confederates. The heights of the male and female confederates were 174.3 and 161.7cm, respectively. The confederates were dressed in casual clothing (jeans and a white t-shirt) without any accessories. A digital camera (Sony HDR-XR260; Sony Corporation, Minato, Tokyo, Japan) was used to capture the sagittal view of the two confederates under two conditions: with and without surgical mask wearing. The sagittal images were served as digital confederates in the online survey. The confederates were requested to maintain a neutral expression during the image capture and were not known to the participants. The heights of the digital male and female confederates on the screen were scaled down to 58.1mm and 53.9mm, respectively. The surgical mask used in the test was blue and without any decoration, which represents the type of face mask commonly recommended during the COVID-19 pandemic.



Procedure

Before the test, the experimenter explained the survey procedure to the participants. A 2-min video produced by Stanford Medicine was used to introduce the COVID-19 pandemic to the participants to enable them to recall how they felt during the pandemic. Furthermore, the sagittal view of the confederates with and without a surgical mask was displayed for the corresponding condition when the participants made the perceptual distance judgment. The images were used to help the participants imagine the feeling of facing the confederates under various situations to ensure IPS data quality. Each participant was requested to complete three repetitions, and the average value of the trials was calculated for the analysis. A minimum 3-min rest period was provided to each participant between the trials. The trials were presented one-by-one for IPS judgment and were randomly arranged. For the IPS judgment, the participants used the mouse to move the avatar to a position where they psychologically felt close to uncomfortable but still comfortable. Each participant had the opportunity to make slight adjustments to the position of their avatar to confirm the perceived distance. Once the participant determined the IPS, the computer automatically calculated and recorded the distance between the chins of the two avatars (Yu et al., 2020). The same procedures and materials were used to perform the tests on Mainland Chinese and Taiwanese participants. As a result, 1,600 data samples (200 participants × 2 confederates × 2 mask conditions × 2 approach patterns) were collected in the study for subsequent analysis.



Statistical Analysis

The independent variables in the study were region (Mainland Chinese or Taiwanese), sex dyads (male–male, mixed sex, and female–female), face mask (with or without), and approach patterns (active or passive). The dependent variable was the IPS distance in centimeters. Data were analyzed using SPSS 23.0 (SPSS Inc., Chicago, IL, United States) and the significance level (α) was set at 0.05. Four-way ANOVA was conducted to evaluate the effect of independent variables, and the Scheffé method was used for post-hoc comparisons. The effect size was determined using η2 value for each significant effect. Beforehand, the Kolomogorov-Smimov test was used to verify the compliance of numerical variables with the normal distribution, while the Levene’s test was used to verify the homogeneity of variances.




RESULTS

Through Kolmogorov–Smirnov test, the IPS data collected in the study were normally distributed (D(1600)=0.009, p=0.052) meanwhile Levene’s test showed the data were homogenous (F(23,1,576)=1.238, p=0.201). Table 1 presents the four-way ANOVA results of the IPS measurements. Region (F(1,1,576)=27.210, p<0.001, η2=0.017), sex dyads (F(2,1,576)=8.126, p<0.001, η2=0.010), and face mask wearing (F(1,1,576)=316.483, p<0.001, η2=0.167) significantly influenced the IPS, whereas the approach variable (active or passive pattern) did not result in a difference in IPS. The Taiwanese participants exhibited a significantly larger IPS than did the Mainland Chinese participants (Figure 2A). The Taiwanese and Mainland Chinese IPS were 139.24±58.28cm and 123.95±71.86cm, respectively. The difference in IPS between the two regions was 15.25±2.9cm (95%CI: 9.53–20.97, p<0.001) for both sexes. Participants maintained a significantly longer distance when facing a confederate who was not wearing a surgical mask (156.32±60.7cm) than when the surgical mask was worn (106.83±44.79cm), with a difference of 49.49±2.67cm (95%CI: 44.26–54.72, p<0.001; Figure 2B). For the post-hoc test results, female dyads maintained a significantly smaller IPS (122.67±59.17cm) than the male dyads (136.64±55.65cm, with a difference of 13.97±3.72cm, 95%CI: 4.86–23.07, p<0.01) and the mixed dyads (133.50±59.71cm, with a difference of 10.82±3.22cm, 95%CI: 2.94–18.71, p<0.01; Figure 2C). No significant difference in IPS was observed between the male dyads and the mixed dyads.



TABLE 1. Four-way ANOVA results on interpersonal distance.
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FIGURE 2. Mean interpersonal distance with the standard deviations under each main effect including (A) region, (B) face mask, and (C) sex dyads compared using the Scheffé’s method.


No significant interaction effect was observed, except for region × face mask (F(1, 1,576)=5.892, p<0.05, η2=0.004; Table 1). The largest IPS was noted in the condition of Taiwanese participants facing confederates without a surgical mask (167.50±57.17cm), followed by Mainland Chinese participants facing confederates without a surgical mask (145.13±62.11cm), Taiwanese participants facing confederates with a surgical mask (110.90±44.05cm), and Mainland Chinese participants facing confederates with a surgical mask (102.76±45.20cm; Figure 3). No significant difference was observed between the two groups when facing confederates wearing a surgical mask.

[image: Figure 3]

FIGURE 3. Interaction effect of region and face mask on interpersonal space perceptions.




DISCUSSION

During the COVID-19 pandemic, in addition to frequent hand washing, wearing face masks and maintaining social distance (1.5m) have become the two main self-protection methods; these measures were suggested from the perspectives of physical and individual hygiene. Even though the spread of COVID-19 has slowed with the development of vaccines, these preventive measures may continue to change people’s lifestyle and work. IPS plays a vital role in influencing the behaviors pertaining to human communication and interaction. Although people’s lifestyles and working conditions have changed, comprehensive information on IPS remains scarce. Therefore, this study conducted online surveys to evaluate the effects of factors influencing IPS perception during the COVID-19 pandemic.

In the research of Hall (1966) and Baldassare and Feller (1975), cultural norms (contact and noncontact) are a crucial factor affecting IPS. Moreover, significant differences have been observed in IPS perception among regions and ethnicities (Beaulieu, 2004; Sorokowska et al., 2017; Sicorello et al., 2019). Although people in Mainland China and Taiwan have the same ethnic background and belong to noncontact cultures, this study found that the Taiwanese participants preferred maintaining a significantly larger IPS than did the Mainland Chinese participants. On average, the difference in IPS observed between these two regional participant groups was approximately 15cm. Yu et al. (2020) compared the IPS maintained by ethnic Chinese people with that maintained by other ethnicities and reported that external environmental factors and lifestyle are potential factors affecting IPS. Compared with Taiwanese participants, the Mainland Chinese participants were more accustomed to crowds because of the large number of people in some public areas. Therefore, they were used to maintaining a shorter distance from strangers in public (e.g., on busses, in queues, and on the subway). This is one of the possible reasons for the difference in IPS between these two groups. However, Welsch et al. (2020) indicated that people have tended to maintain a larger IPS during the COVID-19 pandemic. This pandemic first appeared in Mainland China in December 2019, and after a few months, it gradually subsided in both Mainland China and Taiwan. The data collection period of this study was June–November 2020. The current results highlight a considerable region effect on IPS (i.e., Taiwanese IPS > Mainland Chinese IPS), indicating that the Taiwanese participants tended to be more conservative in terms of IPS during the COVID-19 pandemic than the Mainland Chinese participants. IPS data from before and during the COVID-19 pandemic should be further compared in order to obtain a more comprehensive understanding of the changes in human behaviors.

Previous studies have investigated the effect of sex dyads on IPS but no consistent results have been obtained. Consistent with previous research (Caplan and Goldman, 1981; Aliakbari et al., 2011), Yu et al. (2020) reported that male dyads maintained the largest IPS and female dyads maintained the smallest one. By contrast, Baxter (1970) and Evans and Howard (1973) revealed that the smallest IPS was observed in mixed-sex dyads. Furthermore, Hecht et al. (2019) found that the IPS maintained by mixed-sex dyads was no significant difference to that maintained by same-sex dyads. Zhou et al. (2019) reported that the social interaction distance between people was related to perceptual judgments concerning social grouping; Chinese participants tended to maintain a longer distance in mixed-sex dyads because they felt insecure and shy (Yang, 1988). The results of the current study are in line with related findings that participants maintained greater distance when they are in mixed-sex dyads and that the shortest distance was maintained in female dyads.

When people feel threatened, such as facing the confederates with angry or invisible facial expressions, they subconsciously adjust their IPS to feel psychologically comfortable (Ruggiero et al., 2017, 2021; Cartaud et al., 2018, 2020a). Feeling comfortable and safe by increasing IPS are a psychological adjustment mechanism (Coello and Cartaud, 2021). For example, a larger IPS was reported when participants faced confederates with a gaze (Sicorello et al., 2019), negative expressions (Iachini et al., 2015), aggressive emotions (Tajadura-Jiménez et al., 2011), tall stature (D’Angelo et al., 2019), and large body size (Bailenson et al., 2003). The social impression cast by face masks was investigated by Abney (2018) and Burgess and Horii (2012). Their results indicated that people wearing face masks generated feelings of risk, danger, and harm; that is, negative emotions may cause people to maintain a greater IPS. Among relevant investigations, Cartaud et al. (2020b), employing a questionnaire, were the first to report that wearing a face mask as a preventive measure against COVID-19 resulted in a reduction of IPS distance among French participants. Similarly, the present study results indicate that confederates with or without a surgical mask significantly influenced IPS judgments, regardless of the region variable. Notably, participants facing the confederate without a surgical mask reported a significantly larger IPS, with an increment of 50% (with/without surgical mask: 106.83cm/156.32cm). Most participants in this study reported that they experienced a strong sense of aggression and insecurity when facing the confederate without a surgical mask, which resulted in a larger IPS. The results could be attributed to the disease-avoidance mechanisms. There is a unique system composed of various cognitive and affective processes and behaviors with the main goal of protecting the organism from coming into contact with the infectious disease in the first place. Such as the behavioral immune system, as defined by Schaller (2006), plays a unique role in shaping a variety of human behaviors, from basic avoidance of rotten food to social cognitions. By contrast, participants tended to maintain a shorter social distance from the confederate wearing a surgical mask. This means that the use of surgical masks may provide a sense of safety to people (Cartaud et al., 2020a) due to the emotion of the confederate might be less detected (Carbon, 2020). Notably, the psychological feelings and impressions generated by the wearing of a face mask during the COVID-19 pandemic are the exact opposite of past experience. These findings imply that the external environment, social atmosphere, and health knowledge may induce changes in humans’ perception of specific products, in turn altering human behavior.


Iachini et al. (2014, 2016) conducted simulations in a virtual reality environment and reported that the comfortable distance in the passive pattern was larger than that in the active pattern. In the present study, however, no significant difference in IPS was noted between the patterns. The use of different measurement methods may have caused the inconsistent results. In the passive pattern, participants were generally requested to say “stop” to make the confederate stand at the point at which the participants started to feel uncomfortable. The participants were immobile and passive when determining their IPS in a given situation. A feeling of insecurity and pressure was thus induced, which affected IPS perceptions (Ruggiero et al., 2017). In our study, avatars were used to represent the participants according to their sex, and sagittal view images of real confederates were used for evaluation (Figure 1). Participants were asked to use their imagination to determine their IPS when moving the avatar toward the confederate’s image in the active pattern and when moving the confederate’s image toward the avatar in the passive pattern. The use of a questionnaire to collect data on IPS has been widely employed in related investigations (Hayduk, 1983; Iachini et al., 2016; Xiong et al., 2020) and our measurement was reliable (ICC=0.82); thus, the absence of visual cues, body somatosensory information, and interactivity may explain the inconsistent results. Nevertheless, the current findings are consistent with those of Hecht et al. (2019), who indicated that the approach patterns had no effect on IPS perception when participants were facing a simplified avatar. Notably, diverse measurement methods may produce different results when determining the psychologically comfortable distance. To compare the present study’s IPS results with those of previous studies, the measurement of IPS should be considered. Clarifying the differences among the measurements of IPS judgment is thus essential.

This study has some limitations. Because of the pandemic, an online survey was employed for the evaluation. The IPS data obtained under this situation may thus be inconsistent with those obtained in real-world measurement. In addition, only blue surgical masks were used in the study. The effects of face masks of various types and colors on IPS perception should be further investigated to provide more information pertaining to social distancing assessment, social interaction enhancement, and environmental design improvement.



CONCLUSION

The effects of region, presence or absence of a face mask, sex dyads, and approach pattern on IPS were evaluated in this study. All main effects had a significant influence on IPS determination, except the approach pattern. The Taiwanese participants required a greater distance for psychological comfort than the Mainland Chinese participants did. When facing a confederate who did not wear a face mask, the participants tended to maintain a larger IPS. Female dyads maintained a shorter distance than did male and mixed-sex dyads. The results of the interaction of region and face mask demonstrated that Taiwanese participants maintained the longest distance from a confederate without a face mask, whereas the Mainland Chinese participants maintained the shortest distance when encountering a masked confederate. People’s lifestyles and habits have undeniably been affected by the COVID-19 pandemic. Changes in behavior may affect people’s performance pertaining to psychological, physiological, and social interaction. More in-depth and extensive investigations will be practically valuable for clarifying the differences in and the application of human behaviors during the COVID-19 pandemic.
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