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This study explores the interpersonal space (IPS) and peripersonal space (PPS) of Chinese people and evaluates the relationship between the two spaces for different directions and genders. Seventy-one participants were recruited for this study. Participants were required to determine their IPS in eight directions (0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°) when approached by male or female confederates in the comfort distance task. Each participant was also asked to judge their PPS in five directions (0°, 45°, 90°, 270°, 315°) following the same procedure. Results showed that their IPS was significantly influenced by direction (p < 0.05), with the largest distance in the front (0°) and the closest distance in the rear (135°, 180°, 225°), indicating non-circular IPS among Chinese subjects. Moreover, the PPS on the right side (90°) was larger than in other directions (0°, 45°, 270°, 315°). Participants maintained larger IPS than PPS in the front, but the IPS was closer than PPS on the right and left sides. When facing a female confederate, larger IPS was preferred than PPS, whereas the opposite held true when facing a male confederate. Comparison of participants’ arm length and PPS showed that the reachability distance was overestimated in the front but underestimated laterally. The findings of this study can be applied to environmental design, space utilization, and social interaction.
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INTRODUCTION

The space surrounding individuals is an important area because it is where people interact with social stimuli in the external environment. Social psychology and neurocognitive research has focused on the space around our bodies, indicating that there is a particular relationship between the interpersonal social space (comfort distance) and peripersonal action space (reachability distance) (Iachini et al., 2015; Ruggiero et al., 2017; Cartaud et al., 2018; D’Angelo et al., 2019; Spaccasassi et al., 2019). Interpersonal space (IPS) is defined by social psychology as a safety buffer zone that individuals maintain between themselves and others (Hall, 1966; Sommer, 1969; Hayduk, 1983). Intrusion into the IPS range could generate discomfort and arousal. People tend to keep a larger interpersonal distance from intruders in uncomfortable situations (Hayduk, 1983; Linkenauger et al., 2009; Holt et al., 2014). The typical method for measuring IPS is based on comfort distance judgments in which participants stop a confederate’s approach when they were comfortable but on the point of being uncomfortable (Hayduk, 1983; Adams and Zuckerman, 1991; Nandrino et al., 2017).

In the neurocognitive domain, this space is referred to as the peripersonal space (PPS). The PPS is represented by multisensory neurons including tactile, visual, and auditory stimuli near human bodies (Rizzolatti et al., 1981; Makin et al., 2007; Serino et al., 2011). Peripersonal space has been regarded as the interface where individuals can detect or predict interactions between themselves and the external environment (Colby, 1998; Grefkes and Fink, 2005). Previous studies demonstrated that the PPS boundary could be modulated by action manipulations, such as tool use (Farnè and Làdavas, 2000; De Vignemont and Iannetti, 2015). The reachable distance judgment was applied to determine the PPS size in several studies, where each participant was asked to estimate the reachable distance to a confederate (Delevoye-Turrell et al., 2011; Ruggiero et al., 2017). In addition, several studies have advanced the view that PPS is also affected by social interactions (Heed et al., 2010; Teneggi et al., 2013). In Teneggi et al. (2013), participants were asked to conduct a tactile detection task on their face while concurrent task-irrelevant sounds approached or receded from their faces. Peripersonal space was found to be larger when facing a mannequin than when facing another individual, indicating a link between sensorimotor processing and social cognition. De Vignemont and Iannetti (2015) suggested that the PPS could be interpreted as a goal-directed action area but also as a protective bubble. These two functions of the PPS require distinct sensory and motor processes.

Previous studies found the space surrounding individuals to be affected by many factors, such as culture, gender, age, and direction (Remland et al., 1995; Uzzell and Horne, 2006). In the theory of Hall (1966), the preferred social distance was most influenced by cultural norms. Early cross-cultural research on spatial behaviors reported that contact and non-contact cultures showed significant differences in IPS, and contact cultures preferred a closer distance (Hall, 1966; Baldassare and Feller, 1975). Sicorello et al. (2019) indicated that Japanese participants preferred overall larger IPS than German participants. Beaulieu (2004) evaluated the IPS of Anglo Saxons, Asians, Caucasians, Mediterraneans, and Latinos and found that Asians displayed the second largest comfort distance of all. Sorokowska et al. (2017) made a paper-and-pencil test to collect the preferred IPS from 42 countries, including China. The participants imagined that they were the people in the questionnaires, and only the direction in the front was elicited. Yu and Lee (2019) investigated the comfort distance of Chinese participants when they were asked to stand still. The results of the study indicated that the comfort distance of Chinese people in the front was significantly larger than in other directions. On the other hand, the PPS boundary has been evaluated in several different studies; however, the participants were all from Europe (Iachini et al., 2014, 2016; Nandrino et al., 2017; D’Angelo et al., 2019). Peripersonal space among the Chinese has not been investigated so far. Extensive investigation into IPS and PPS in Chinese culture in the actual environment is thus merited.

The IPS in different directions has been examined in several studies. Hayduk (1981) demonstrated that the shape of the IPS is non-circular, being slightly larger in the front than in the rear. Bailenson et al. (2003) conducted an IPS experiment in a virtual reality environment in which participants took a memory task when approaching a virtual agent from the front and rear. The results were consistent with the findings of Hayduk (1981). In contrast, participants in Hecht et al. (2019) were asked to approach another participant from different directions and stop at a distance for a comfortable conversation. The results showed that the IPS presented no significant difference in eight directions and thus was circular. Currently, there has been little discussion of the IPS among Chinese people in different directions. Some studies of the PPS concentrated only on the distance in the front direction (Ruggiero et al., 2017, 2019; D’Angelo et al., 2019). The PPS boundary in different directions also remains unclear.

Research on gender differences in the IPS is quite abundant. Several studies found that male dyads maintained the largest comfort distance and female dyads maintained the closest distance, whereas mixed-gender dyads maintained an intermediate distance (Caplan and Goldman, 1981; Aliakbari et al., 2011; Hecht et al., 2019). In other studies, the closest distance was found in mixed-gender dyads, followed by female dyads and male dyads (Baxter, 1970; Evans and Howard, 1973). White (1975) reported that female participants kept a closer distance to the confederate than male ones, but no significant effect was found of the confederate’s gender. Uzzell and Horne (2006) indicated that the gender role showed a significant main effect on IPS, but no significant effect appeared for biological sex and sexuality. Only a few studies investigated the gender difference in the PPS (Iachini et al., 2014, 2016; D’Angelo et al., 2019). There have been few detailed studies of gender differences in the IPS and PPS of Chinese participants.

Previous studies discussed the relationships between IPS and PPS. Iachini et al. (2014) examined the two spaces in the front direction (0°) in a virtual reality environment. Results showed that IPS was larger than PPS when the participants were approached passively, but IPS and PPS were similar when participants actively approached the confederate. The findings indicate that the two spaces share a common motor nature to different degrees. The IPS and PPS are not only physically similar in size but also sensitive to social stimuli. Iachini et al. (2016) evaluated gender and age effects under real conditions and in a virtual reality environment, finding that both the IPS and PPS expanded when facing a male confederate, but were reduced with a female confederate. Furthermore, participants tended to maintain larger IPS and PPS with adults than with children. Ruggiero et al. (2017) investigated whether facial expressions affected the IPS and PPS. An increasing IPS and PPS distance was found when seeing an angry face than a neutral or happy face, indicating that the IPS and PPS expanded in a threatening situation. Note that previous studies compared only the two kinds of distances in the front, and most of these studies were carried out in Europe. There is little information available on the relationship between IPS and PPS in the Chinese population in different directions.

Overall, cultural differences are one of the main factors affecting IPS and PPS. China is classified as a non-contact culture (Hasler and Friedman, 2012). In daily life, the subways, bus stations, and other public facilities in China are usually very crowded because China has the largest population in the world. Thus, the body space boundary of Chinese people might be different under specific environments. There is little information available on the IPS and PPS of Chinese people and the differences between the two spaces in the Chinese population. Hence, this study investigates the IPS and PPS of Chinese people in different directions and evaluates the relationships between the two spaces, taking gender effects into consideration. Participants were requested to determine their comfort and reachability distances when they were approached from different directions. The experimental paradigm was devised based on that of Iachini et al. (2014). This study contributes to a deeper understanding of the IPS and PPS near human bodies and provides important insights into the motor nature of IPS and PPS in Chinese culture. The IPS and PPS range data could be applied to environmental design, space utilization, and social interaction.



MATERIALS AND METHODS


Participants

Seventy-one participants (36 females), aged from 18 to 36 years old [mean = 21.0, standard deviation (SD) = 2.7], were recruited for this study. All participants were right-handed. Each participant had normal or corrected-to-normal vision. The average stature and body weight of male participants were 171.5 ± 6.1 cm and 60.3 ± 7.3 kg, respectively. The average stature and weight of female participants were 161.8 ± 4.2 cm and 53.2 ± 8.8 kg, respectively. The average arm length of males was 73.7 cm, whereas that of females was 68.2 cm. The average shoulder breadth and the bigonial width of all participants were 37.4 and 11.6 cm, respectively. None of them had cognitive impairment or other illnesses that might affect distance perception. This was confirmed by self-reporting by each participant. Participants had no prior knowledge of the scientific purpose of these experiments. Informed consent was obtained from each participant. The experimental procedures were approved by the Institutional Ethics Committee of South China University of Technology.



Experimental Setting and Confederates

These experiments were conducted in an empty room (4 m × 8 m × 4 m). Eight directions, equally spaced by 45° from 0° to 360°, were selected for evaluation. There were eight straight lines placed on the floor from a marked point to identify the eight approach directions for confederates. Participants were asked to stand upright with their feet shoulder-width apart on a marked point. A male and a female confederate with normal Chinese appearance were selected. The male and female confederates were 172.4 and 164.8 cm tall, respectively. Both confederates were unknown to all participants. During the experiment, confederates wore the same casual clothes without any accessories. Direct gaze has been found to generate a more intrusive response than averted gaze, and direct gaze could thus enlarge the interpersonal distance (Bailenson et al., 2003; Ioannou et al., 2014). In order to simulate a normal situation in daily life in the eight directions, confederates were required to maintain a neutral expression and maintain no eye contact with participants during each trial. The direction in front of participants was defined as 0°. Accordingly, the right, rear, and left sides of the participants were, respectively, defined as 90°, 180°, and 270°. The definitions of the eight directions around the participants are illustrated in Figure 1.
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FIGURE 1. The experimental setting of this study.




Apparatus and Measurements

A digital laser measurer (JM-G25240; JIMIHOME, Shanghai, China) with an accuracy of 2 mm and 0.05–40 m measuring range was applied to measure the distance between the participant and the confederate. The digital laser measurer was calibrated before each experimental trial to ensure accuracy. When the confederate approached the participants in the front area (0°, 45°, 315°), the distance was measured from the confederate’s chin to the participant’s mental protuberance. When the participant was approached from the right (90°) or left side (270°), the distance was recorded between the confederate’s chin and the right or left mandibular angle points of each participant. In the rear directions (135°, 180°, 225°), the distance from the confederate’s chin to the participant’s fifth cervical vertebra was collected. These measure definitions were drawn from previous studies (Iachini et al., 2014, 2016).



Procedure

Two tasks, comfort distance judgment (IPS) and reachability distance judgment (PPS), were conducted in this study. All experimental procedures were based on and modified from Iachini et al. (2014). Each participant received the experimental instructions and reported on their demographic data. The experimenter then described the experimental procedure orally to the participants. Before data collection, the arm length of each participant was measured for further analysis. In order to increase the accuracy and reliability of the distance measurements, four markers were attached to the surface of the participant’s mental protuberance, right and left mandibular angle points, and the fifth cervical vertebra.

For the comfort distance judgment task, participants were required to practice twice to familiarize themselves with the distance judgment. The participants were asked to stand at a point marked on the ground with their arms naturally at their sides. The initial distance between the participant and the confederate was 3 m. Either the male or female confederate approached the participants at a speed of 0.5 m per second from each of the eight directions. Participants were allowed to move their eyes to gauge the proximity of the confederate and were instructed to say “stop” at the moment they still felt comfortable but were about to feel uncomfortable due to the confederate’s approach. The confederate stopped immediately when the participant spoke out. All participants had a chance to slightly adjust the confederate’s position to reconfirm the comfort distance. The distance between the participant and the confederate was then collected by digital laser measurer. Each trial was repeated three times. The procedure was repeated for the male and female confederate in all eight directions. The 48 (8 directions × 2 confederates × 3 repetitions) trials were assigned in randomly order.

For the reachability distance judgment task, participants were instructed to raise their arms to feel the reachable distance around them (Linkenauger et al., 2009; Quesque et al., 2017). Similarly, all participants were asked to practice twice to familiarize themselves with the reachability distance judgment process. The male or female confederate walked toward the participants from one of five directions (0°, 45°, 90°, 270°, 315°) selected because PPS is represented primarily by visual, somatosensory, and proprioceptive modalities. The brain computes the positions of objects around the body through vision and judges whether they can be touched and manipulated with the arms through ontology perception (Holmes and Spence, 2004). A confederate approaching from behind is imperceptible via vision, so it is difficult for the participants to properly judge the PPS behind themselves. When people intend to grasp and manipulate objects behind them, they have to turn around and stand in front of the objects for better operation. Hence, only the distances in the front five directions were collected. Participants were instructed to say “stop” as soon as they felt they could touch the confederate. Participants also had the chance to slightly adjust the distance they chose. The distance between the confederate and participant was measured in the same way as the comfort distance judgment experiment. Each trial was repeated three times to ensure data quality. The procedure was repeated for the male and female confederates in the five directions. A total of 30 trials (5 directions × 2 confederates × 3 repetitions) were conducted and randomly assigned.

Each participant conducted a total of 78 trials in the whole experiment. A 10-min break was provided between the two tasks to avoid perception fatigue. The order of the two tasks was counterbalanced across the participants.



Statistical Analysis

The data were analyzed using SPSS 23.0 (SPSS Inc., Chicago, IL, United States) with the significance level set at 0.05. The IPS and PPS were measured in centimeters. The average distances in each trial were calculated for further analysis. A separate analysis of variance (ANOVA) was conducted for each comfort distance and reachability distance task. A 2 × 8 × 2 ANOVA with participant’s gender (male, female) as the between factor and two within factors of direction (eight angles) and confederate’s gender (male, female) was used for IPS, whereas PPS was analyzed using a 2 × 5 × 2 ANOVA with a between factor (participant’s gender) and two within factors (direction and confederate’s gender). The Tukey post hoc test was used for post hoc comparisons of the significant effects. To compare the differences between the comfort distance and reachability distance in the five directions in front of the body, a 2 (participant’s gender) × 5 (direction) × 2 (confederate’s gender) × 2 (comfort/reachability task) ANOVA was applied. Partial η2 was calculated to indicate the magnitude of the significant effects.



RESULTS


Results for Interpersonal Space

The significant ANOVA effects are shown in Table 1. Analysis of variance found a significant effect of participant’s gender [F(1, 1,056) = 12.12, p < 0.01, η2 = 0.11]. The male participants (mean = 61.6 cm, SD = 18.7 cm) maintained greater distances than female participants (mean = 58.8 cm, SD = 19.0 cm). A significant effect of confederate’s gender was found [F(1, 1,056) = 29.84, p < 0.001, η2 = 0.28]. A significantly larger distance was obtained when facing the male confederate (mean = 62.7 cm, SD = 19.7 cm) than the female confederate (mean = 57.6 cm, SD = 17.8 cm). Moreover, the effect of direction was significant [F(7, 1,056) = 80.24, p < 0.001, η2 = 0.39]. In the Tukey post hoc comparison, the distance in the front (0°) direction (mean = 73.9 cm, SD = 18.6 cm) was significantly larger than the other seven directions, whereas the distance in the rear (135°, 180°, 225°) was significantly closer than the other five directions. The eight directions were classified into three groups (all p < 0.05), as shown in Table 2. In addition, a significant interaction effect between participant’s gender and confederate’s gender was found [F(1, 1,056) = 13.27, p < 0.001, η2 = 0.13]. In Figure 2A, female participants maintained a significantly larger comfort distance from the male confederate than the female confederate (p < 0.001). However, the male participants showed no significant difference when facing the male or the female confederate. Other interaction terms of the ANOVA results were not significant.


TABLE 1. Significant ANOVA results and effect sizes for this experiment.
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TABLE 2. Means (SD) of interpersonal space (cm) results in the eight directions among genders.
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FIGURE 2. The effect of participant’s gender × confederate’s gender on IPS (A) and PPS (B).




Results for Peripersonal Space

The ANOVA results showed a significant effect of confederate’s gender [F(1, 735) = 6.61, p < 0.05, η2 = 0.11]. Participants maintained a larger reachability distance when facing the male confederate (mean = 70.4 cm, SD = 9.0 cm) than the female confederate (mean = 69.3 cm, SD = 8.9 cm). No significant effect was found for participant’s gender (p > 0.05). Furthermore, a main effect of direction was found [F(4, 735) = 5.68, p < 0.001, η2 = 0.031]. The Tukey post hoc test results showed that the reachability distances in the five directions could be divided into two groups (Table 3). Participants displayed a larger distance on the right-hand side (mean = 72.7 cm, SD = 9.2 cm, p < 0.05) than in the other four directions. The participant’s gender and confederate’s gender showed a significant interaction effect [F(1, 735) = 11.31, p < 0.01, η2 = 0.13], as shown in Figure 2B. For the female participants, a larger reachability distance was found when facing the male confederate than the female (p < 0.05). No significant difference appeared in male participants. Other ANOVA interaction terms were not significant.


TABLE 3. Means (SD) of the peripersonal space (cm) in the five directions among genders.
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Comparative Analysis of the Interpersonal and Peripersonal Spaces

Analysis of variance found no significant difference between IPS (mean = 69.1 cm, SD = 16.5 cm) and PPS (mean = 70.0 cm, SD = 9.0 cm) (Table 1). A significant direction × task interaction appeared [F(4, 1,410) = 6.15, p < 0.001, η2 = 0.18], as illustrated in Figure 3A. In the front direction (0°), the comfort distance (mean = 73.9 cm, SD = 18.6 cm) was significantly larger than the reachability distance (mean = 68.6 cm, SD = 9.2 cm) (p < 0.05). Contrariwise, participants maintained a closer comfort distance than reachability distance on both the left (270°) and right (90°) sides (p < 0.05). In addition, confederate’s gender significantly interacted with task [F(1, 1,410) = 30.83, p < 0.001, η2 = 0.22], as can be seen in Figure 3B. When facing a male confederate, participants preferred a larger comfort distance than reachability distance (p < 0.01). Moreover, the comfort distance was significantly closer than the reachability distance when facing a female confederate (p < 0.001).
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FIGURE 3. The IPS and PPS in different directions (A) and confederate’s genders (B).




DISCUSSION

This study found that the direction effect was significant in the IPS. The results showed that participants provided the largest comfort distance in front of their bodies, with the closest distance in the back and intermediate distances laterally. Thus, the shape of IPS around a Chinese person is non-circular (Figure 4). The results of this study were consistent with those of several other studies (Hayduk, 1981; Yang, 1988; Bailenson et al., 2003), but differed from the results of Hall (1966) and Hecht et al. (2019). Bailenson et al. (2003) reported that participants preferred a larger distance when they were in front of a virtual human than in the rear or side cases. Similarly, Hayduk (1981) suggested that the shape of IPS was non-circular, with declination from the largest in the front to the smallest in the rear. In contrast, Hecht et al. (2019) found the shape of the IPS to be circular, and no significant difference was found in the eight directions. These discrepancies could be attributed to different experimental methods. In Hecht et al. (2019), the active participants were required to choose a comfortable distance at which they can have a conversation with the passive participants. Hence, the appropriate talking distance could be relatively stable without varying by direction. In this study, the typical method of “stop distance” was applied, which better reflects the discomfort of the participants in a situation where their comfort zone was intruded upon (Dosey and Meisels, 1969; Hayduk, 1983; Adams and Zuckerman, 1991; Gessaroli et al., 2013). This research first classified the IPS of Chinese participants in eight directions into three groups: the front (0°), the lateral area (45°, 90°, 270°, 315°), and the rear area (135°, 180°, 225°). A possible reason for this finding is that the participants felt greater threat and pressure from a directly opposing impact. In addition, there was a low level of intimacy and less sensitivity when the participants were approached from behind. It was easier for participants to feel the confederate’s approach from front directions (such as 45°) than rear ones (such as 180°). Hence, the interpersonal distance in the rear area was shorter than in the front and lateral areas (Hayduk, 1981).
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FIGURE 4. The shape of interpersonal space around the Chinese participants in eight directions among genders (unit in centimeters). The direction 0° identifies the front of participants.


In comparison with other cultures, the IPS of Chinese people in the front (73.9 cm) was closer than those of the Japanese (134.6 cm) and German subjects (110.5 cm) measured in Sicorello et al. (2019). The comfort distances of Caucasian subjects (100.5 cm) reported by Hecht et al. (2019) were also larger than those found in the present study. These results indicate that although China is a non-contact culture, the IPS in the Chinese cultural background is closer than those of Caucasians and Japanese. We know that China has a huge population, leading to a very crowded social environment in public spaces. Chinese people have to maintain a smaller distance between themselves and others in daily life, especially in subways and bus stations. The findings of this study imply that IPS is influenced by the culture and the environment.

Regarding gender, the participants kept a larger IPS with male confederates than female ones. This finding was consistent with previous studies (Iachini et al., 2014, 2016). Female participants preferred a significantly shorter comfort distance when facing a female than a male confederate. For male participants, the comfort distances from male and female confederates were similar, and both were larger than in female dyads. These findings are contrary to Evans and Howard (1973), who found that mixed-gender dyads interacted more closely than female dyads. Moreover, Hecht et al. (2019) stated that there was no difference in the IPS between mixed-gender dyads and same-gender dyads. A possible explanation for the inconsistent results is cultural differences. In traditional Chinese culture, people were more conservative in opposite-sex relationships. Chinese participants felt sensitive and shy when an unfamiliar confederate of the opposite sex approached (Yang, 1988). Hence, longer IPS was maintained in the Chinese mixed-gender dyads to maintain comfort than in same-gender dyads.

This study found that Chinese participants’ PPS in the five directions showed a larger distance on the right-hand side (direction of 90°) than in the other four directions. This finding might be attributed to all participants being right-handed. The stronger capability of the dominant hand would increase the reachable distance (Linkenauger et al., 2009). The male participants displayed a similar reachability distance as the female participants, which corroborates Iachini et al. (2014). Similar to the comfort distance, participants maintained a greater reachability distance from a male confederate than from a female confederate. This finding was in agreement with Iachini et al. (2014). Additionally, female participants maintained a larger reachability distance from a male confederate than a female confederate. Male participants showed no significant differences between genders. These findings are similar to the interpersonal distance results identified in the present study, which indicates that both IPS and PPS are similarly sensitive to certain social aspects such as gender (Iachini et al., 2016).

The relationship between IPS and PPS has been discussed extensively in the proxemic and neurocognitive literature. Iachini et al. (2014) pointed out that IPS and PPS were similar when the participants actively approached the confederate but differed when participants were passively approached. Iachini et al. (2016) found that participants maintained larger IPS and PPS when facing male confederates than female confederates. The present research further investigated the relationships between the two spaces for Chinese participants in the five selected directions. The effects of task (IPS and PPS) showed no significant differences, but task interacted significantly with direction. The IPS was significantly larger than the PPS in the front direction (0°), whereas the IPSs on the right (90°) and left (270°) sides were closer than the PPSs. That means when facing confederates approaching from the front direction, a stronger feeling of insecurity and pressure was triggered. This might explain why a significant difference was found in the front direction between IPS and PPS, whereby participants stopped the confederates before they entered the reachable range because of feelings of discomfort. Laterally (90° and 270°), participants preferred a closer comfort distance than reachability distance, indicating that participants allowed others to walk into their reachable range in the lateral areas of their bodies. The IPS of participants was larger than the PPS when facing a male confederate, but the opposite was true when facing a female confederate. These findings could be related to a higher acceptability of females; participants showed a higher tolerance for female confederate proximity in the front, even within the reachable range (Cui, 2019).

The PPS is regarded as a multisensory visuomotor space in which individuals can touch objects (Rizzolatti et al., 1997, 2002; Grefkes and Fink, 2005). That is, the boundary of this area is the interface of the area where individuals are able to touch objects with their hands (Brozzoli et al., 2013; Teneggi et al., 2013; Iachini et al., 2016). The typical method for measuring this distance is for participants to stop approaching confederates when the participants feel that they could touch them (Iachini et al., 2014). In order to further explore the relationships between the participants’ arm length and the space they feel they could reach, the average arm length of participants was compared to the IPS and PPS. Figure 5 illustrates the space of arm length, IPS, and PPS when considering the participants’ shoulder breadth (37.4 cm) and the bigonial width (11.6 cm). It is interesting to note that participants tended to overestimate their reachability distance in the front (arm length: 70.8 cm; reachability distance: 74.4 cm), whereas the distance participants could reach laterally (45°, 90°, 270°, 315°) was underestimated. These findings suggest that individuals ignored the breadth of their shoulders. Participants might think of themselves as a particle without taking into account the fact that the lateral reachable distance is larger than in the front because of their shoulder breadth. Of the three spaces, two of them, IPS and PPS, pertain to psychological perception; the third, the arm length space, is related to physical ability. These spaces ranged from 65 to 80 cm around the individuals, which falls within the range of personal distance reported by Hall (1966).
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FIGURE 5. The arm reachability space, interpersonal space, and peripersonal space of Chinese participants in the five directions (unit in centimeters).


The findings of IPS and PPS in this study could be taken into consideration in environmental design. For example, when arranging the placement of tables and chairs in a space, the distance between the seats can be set according to the IPS boundary so as to maximize the space usage in order to ensure the users’ comfort. The PPS boundary and the arm length space can also guide human–machine interface design. The buttons on the interface should be placed in positions where users feel they can easily reach the buttons by considering the PPS distances in different directions.



CONCLUSION

This study investigated the IPS and PPS of Chinese participants in different directions and gender groups. The results indicate that the IPS of Chinese people is non-circular, with the distances in eight directions classified into three groups (the largest in the front and the closest in the rear). The PPS on the right side was larger than in the other directions. Participants maintained a larger IPS and PPS with a male confederate than a female confederate. Thus, the two kinds of spaces were similarly sensitive to social stimuli in some cases. Additionally, the confederate’s proximity in the front constitutes greater intrusion, so the IPS in front was beyond the reachability range. On the right and left sides, a closer comfort distance was allowed even within the reachable area. When facing a male confederate, a larger IPS was shown than PPS, whereas the IPS was closer than the PPS when facing a female confederate. The findings of this study strengthen the idea that the space surrounding individuals is regulated not only by the perception of external social valance but also the motor ability. It was interesting to note that participants overestimated their reachability distance in the front, while underestimating their reachability distance laterally. The findings in this study contribute to an understanding of the motor nature of the space near human bodies. Perception and action could collaborate in dealing with the space around the human body. The IPS and PPS boundaries could be applied in environmental design, space utilization, and social interaction.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

The experimental procedures were approved by the Institutional Ethics Committee of South China University of Technology, and the study was performed in accordance with the Declaration of Helsinky (2013). The participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

Y-CL contributed in building up the idea, experiment, proofreading and lead the project. XY and WX conducted the experiment and performed the statistical analysis. XY and Y-CL wrote the first draft of the manuscript. WX wrote portions of the manuscript.



FUNDING

This research was supported by the South China University of Technology (Grant numbers D6192270 and 2019PY24).



REFERENCES

Adams, L., and Zuckerman, D. (1991). The effect of lighting conditions on personal space requirements. J. Gen. Psychol. 118, 335–340. doi: 10.1080/00221309.1991.9917794

Aliakbari, M., Faraji, E., and Pourshakibaee, P. (2011). Investigation of the proxemic behavior of Iranian professors and university students: effects of gender and status. J. Pragmat. 43, 1392–1402. doi: 10.1016/j.pragma.2010.10.021

Bailenson, J. N., Blascovich, J., Beall, A. C., and Loomis, J. M. (2003). Interpersonal distance in immersive virtual environments. Pers. Soc. Psychol. Bull. 29, 819–833. doi: 10.1177/0146167203029007002

Baldassare, M., and Feller, S. (1975). Cultural variations in personal space: theory, methods, and evidence. Ethos 3, 481–503. doi: 10.1525/eth.1975.3.4.02a00020

Baxter, J. C. (1970). Interpersonal spacing in natural settings. Sociometry 33, 444–456.

Beaulieu, C. (2004). Intercultural study of personal space: a case study. J. Appl. Soc. Psychol. 34, 794–805. doi: 10.1111/j.1559-1816.2004.tb02571.x

Brozzoli, C., Gentile, G., Bergouignan, L., and Ehrsson, H. H. (2013). A shared representation of the space near oneself and others in the human premotor cortex. Curr. Biol. 23, 1764–1768. doi: 10.1016/j.cub.2013.07.004

Caplan, M. E., and Goldman, M. (1981). Personal space violations as a function of height. J. Soc. Psychol. 114, 167–171. doi: 10.1080/00224545.1981.9922746

Cartaud, A., Ruggiero, G., Ott, L., Iachini, T., and Coello, Y. (2018). Physiological response to facial expressions in peripersonal space determines interpersonal distance in a social interaction context. Front. Psychol. 9:657. doi: 10.3389/fpsyg.2018.00657

Colby, C. L. (1998). Action-oriented spatial reference frames in cortex. Neuron 20, 15–24. doi: 10.1016/s0896-6273(00)80429-8

Cui, J. (2019). Misreading of non-linguistic symbols in cross-cultural communication: a case study in women holding hands. Media Forum. 2:174.

D’Angelo, M., di Pellegrino, G., and Frassinetti, F. (2019). The illusion of having a tall or short body differently modulates interpersonal and peripersonal space. Behav. Brain Res. 375:112146. doi: 10.1016/j.bbr.2019.112146

De Vignemont, F., and Iannetti, G. (2015). How many peripersonal spaces? Neuropsychologia 70, 327–334. doi: 10.1016/j.neuropsychologia.2014.11.018

Delevoye-Turrell, Y., Vienne, C., and Coello, Y. (2011). Space boundaries in schizophrenia. Soc. Psychol. 42, 193–204. doi: 10.1027/1864-9335/a000063

Dosey, M. A., and Meisels, M. (1969). Personal space and self-protection. J. Pers. Soc. Psychol. 11, 93–97. doi: 10.1037/h0027040

Evans, G. W., and Howard, R. B. (1973). Personal space. Psychol. Bull. 80, 334–344. doi: 10.1037/h0034946

Farnè, A., and Làdavas, E. (2000). Dynamic size-change of hand peripersonal space following tool use. Neuroreport 11, 1645–1649. doi: 10.1097/00001756-200006050-00010

Gessaroli, E., Santelli, E., di Pellegrino, G., and Frassinetti, F. (2013). Personal space regulation in childhood autism spectrum disorders. PLoS One 8:e74959. doi: 10.1371/journal.pone.0074959

Grefkes, C., and Fink, G. R. (2005). The functional organization of the intraparietal sulcus in humans and monkeys. J. Anat. 207, 3–17. doi: 10.1111/j.1469-7580.2005.00426.x

Hall, E. T. (1966). The Hidden Dimension. New York, NY: Doubleday.

Hasler, B. S., and Friedman, D. A. (2012). Sociocultural conventions in avatar-mediated nonverbal communication: a cross-cultural analysis of virtual proxemics. J. Intercult. Commun. Res. 41, 238–259. doi: 10.1080/17475759.2012.728764

Hayduk, L. A. (1981). The shape of personal space: an experimental investigation. Can. J. Behav. Sci.-Rev. Can. Sci. Comport. 13, 87–93. doi: 10.1037/h0081114

Hayduk, L. A. (1983). Personal space: where we now stand. Psychol. Bull. 94, 293–335. doi: 10.1037/0033-2909.94.2.293

Hecht, H., Welsch, R., Viehoff, J., and Longo, M. R. (2019). The shape of personal space. Acta Psychol. 193, 113–122. doi: 10.1016/j.actpsy.2018.12.009

Heed, T., Habets, B., Sebanz, N., and Knoblich, G. (2010). Others’ actions reduce crossmodal integration in peripersonal space. Curr. Biol. 20, 1345–1349. doi: 10.1016/j.cub.2010.05.068

Holmes, N. P., and Spence, C. (2004). The body schema and multisensory representation(s) of peripersonal space. Cogn. Process. 5, 94–105. doi: 10.1007/s10339-004-0013-3

Holt, D. J., Cassidy, B. S., Yue, X., Rauch, S. L., Boeke, E. A., Nasr, S., et al. (2014). Neural correlates of personal space intrusion. J. Neurosci. 34, 4123–4134. doi: 10.1523/JNEUROSCI.0686-13.2014

Iachini, T., Coello, Y., Frassinetti, F., and Ruggiero, G. (2014). Body space in social interactions: a comparison of reaching and comfort distance in immersive virtual reality. PLoS One 9:e111511. doi: 10.1371/journal.pone.0111511

Iachini, T., Coello, Y., Frassinetti, F., Senese, V. P., Galante, F., and Ruggiero, G. (2016). Peripersonal and interpersonal space in virtual and real environments: effects of gender and age. J. Environ. Psychol. 45, 154–164. doi: 10.1016/j.jenvp.2016.01.004

Iachini, T., Pagliaro, S., and Ruggiero, G. (2015). Near or far? It depends on my impression: moral information and spatial behavior in virtual interactions. Acta Psychol. 192, 131–136. doi: 10.1016/j.actpsy.2015.09.003

Ioannou, S., Morris, P., Mercer, H., Baker, M., Gallese, V., and Reddy, V. (2014). Proximity and gaze influences facial temperature: a thermal infrared imaging study. Front. Psychol. 5:845. doi: 10.3389/fpsyg.2014.00845

Linkenauger, S. A., Witt, J. K., Stefanucci, J. K., Bakdash, J. Z., and Proffitt, D. R. (2009). The effects of handedness and reachability on perceived distance. J. Exp. Psychol. Hum. Percept. Perform. 35, 1649–1660. doi: 10.1037/a0016875

Makin, T. R., Holmes, N. P., and Zohary, E. (2007). Is that near my hand? Multisensory representation of peripersonal space in human intraparietal sulcus. J. Neurosci. 27, 731–740. doi: 10.1523/JNEUROSCI.3653-06.2007

Nandrino, J. L., Ducro, C., Iachini, T., and Coello, Y. (2017). Perception of peripersonal and Interpersonal Space in Patients with Restrictive-type Anorexia. Eur. Eat. Disord. Rev. 25, 179–187. doi: 10.1002/erv.2506

Quesque, F., Ruggiero, G., Mouta, S., Santos, J., Iachini, T., and Coello, Y. (2017). Keeping you at arm’s length: modifying peripersonal space influences interpersonal distance. Psychol. Res. Psychol. Forsch. 81, 709–720. doi: 10.1007/s00426-016-0782-1

Remland, M. S., Jones, T. S., and Brinkman, H. (1995). Interpersonal distance, body orientation, and touch: effects of culture, gender, and age. J. Soc. Psychol. 135, 281–297. doi: 10.1080/00224545.1995.9713958

Rizzolatti, G., Fadiga, L., Fogassi, L., and Gallese, V. (1997). The space around us. Science 277, 190–191. doi: 10.1126/science.277.5323.190

Rizzolatti, G., Fogassi, L., and Gallese, V. (2002). Motor and cognitive functions of the ventral premotor cortex. Curr. Opin. Neurobiol. 12, 149–154. doi: 10.1016/S0959-4388(02)00308-2

Rizzolatti, G., Scandolara, C., Matelli, M., and Gentilucci, M. (1981). Afferent properties of periarcuate neurons in macaque monkeys. II. visual responses. Behav. Brain Res. 2, 147–163. doi: 10.1016/0166-4328(81)90053-X

Ruggiero, G., Frassinetti, F., Coello, Y., Rapuano, M., di Cola, A. S., and Iachini, T. (2017). The effect of facial expressions on peripersonal and interpersonal spaces. Psychol. Res. Psychol. Forsch. 81, 1232–1240. doi: 10.1007/s00426-016-0806-x

Ruggiero, G., Rapuano, M., and Iachini, T. (2019). Perceived temperature modulates peripersonal and interpersonal spaces differently in men and women. J. Environ. Psychol. 63, 52–59. doi: 10.1016/j.jenvp.2019.04.004

Serino, A., Canzoneri, E., and Avenanti, A. (2011). Fronto-parietal areas necessary for a multisensory representation of peripersonal space in humans: an rTMS study. J. Cogn. Neurosci. 23, 2956–2967. doi: 10.1162/jocn_a_00006

Sicorello, M., Stevanov, J., Ashida, H., and Hecht, H. (2019). Effect of gaze on personal space: a japanese–german cross-cultural study. J. Cross Cult. Psychol. 50, 8–21. doi: 10.1177/0022022118798513

Sommer, R. (1969). Personal Space: The Behavioral Basis of Design. Englewood Cliffs, NJ: Prentice Hall.

Sorokowska, A., Sorokowski, P., Hilpert, P., Cantarero, K., Frackowiak, T., Ahmadi, K., et al. (2017). Preferred interpersonal distances: a global comparison. J. Cross-Cult. Psychol. 48, 577–592. doi: 10.1177/0022022117698039

Spaccasassi, C., Romano, D., and Maravita, A. (2019). Everything is worth when it is close to my body: how spatial proximity and stimulus valence affect visuo-tactile integration. Acta Psychol. 192, 42–51. doi: 10.1016/j.actpsy.2018.10.013

Teneggi, C., Canzoneri, E., di Pellegrino, G., and Serino, A. (2013). Social modulation of peripersonal space boundaries. Curr. Biol. 23, 406–411. doi: 10.1016/j.cub.2013.01.043

Uzzell, D., and Horne, N. (2006). The influence of biological sex, sexuality and gender role on interpersonal distance. Br. J. Soc. Psychol. 45, 579–597. doi: 10.1348/014466605X58384

White, M. J. (1975). Interpersonal distance as affected by room size, status, and sex. J. Soc. Psychol. 95, 241–249. doi: 10.1080/00224545.1975.9918710

Yang, Z. (1988). An experimental study of chinese adult space zone. Psychol. Sci. 2, 24–28.

Yu, X., and Lee, Y.-C. (2019). Investigating the comfort distance of chinese in eight directions. international conference on man-machine-environment system engineering. Springer Singapore 2019, 461–468. doi: 10.1007/978-981-13-8779-1_53

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Yu, Xiong and Lee. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-11-00981-g005.jpg
[ 1 Am Reachability Space

[ Interpersonal Space
Peripersonal Space





OPS/images/fpsyg-11-00981-t001.jpg
Effect

Comfort distance

Participant’s gender

Confederate’s gender

Direction

Participant’s gender x confederate’s gender
Reachability distance

Confederate’s gender

Direction

Participant’s gender x confederate’s gender
Distance

Participant’s gender

Confederate’s gender

Direction

Direction x task

Confederate’s gender x task

Participant’s gender x confederate’s gender

1212
29.84
94.64
13.27

6.61
5.76
11.31

8.54
9.63
3.51
6.15
30.83
25.21

df

O =

O U O

p value

0.001
0.000
0.000
0.000

0.010
0.000
0.001

0.004
0.002
0.007
0.000
0.000
0.000

0.11
0.28
0.39
0.13

0.11
0.03
0.15

0.06
0.07
0.01
0.18
0.22
0.18





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		An Investigation Into Interpersonal and Peripersonal Spaces of Chinese People for Different Directions and Genders



		INTRODUCTION



		MATERIALS AND METHODS



		Participants



		Experimental Setting and Confederates



		Apparatus and Measurements



		Procedure



		Statistical Analysis







		RESULTS



		Results for Interpersonal Space



		Results for Peripersonal Space



		Comparative Analysis of the Interpersonal and Peripersonal Spaces







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/cover.jpg
frontiers
in Psychology

An Investigation Into
Interpersonal and Peripersonal
Spaces of Chinese People
for Different Directions
and Genders









OPS/images/fpsyg-11-00981-g001.jpg
~ [] Participant
180° [ Confederate

h 0° 45°
315° 3m | /
P 4
\ l ] ,
\
[ V4
\
/7
Ny
270° &_ 90°
,’ RS
\
/7 |
\
V4 I N
7/
2250/ I S N 135°
/ I
I





OPS/images/fpsyg-11-00981-g002.jpg
65

D
(=

55

50

Comfort Distance (cm)

45

40

—— Male Confederate
- O - Female Confederate

Male

Female

Participant's Gender

Reachability Distance (cm)

75

70

65

60

35

50

—— Male Confederate
- O - Female Confederate

Male

Female

Participant's Gender






OPS/images/logo.jpg
’ frontiers
in Psychology





OPS/images/fpsyg-11-00981-g003.jpg
A 80

75

Distance (cm)
D ~
(V] ==

D
(e)

99

50

— & - Comfort Distance
—O— Reachability Distance

00

45°

90° 270°

Direction

315°

Distance (cm)

80

15

70

65

60

55

50

—&— Comfort Distance
—O-- Reachability Distance

Male Female

Confederate's Gender






OPS/images/fpsyg-11-00981-t002.jpg
Direction 0° 45° 90° 135° 180° 225° 270° 315°

Distance 73.9 (18.6) 68.6 (16.5) 68.4 (17.0) 45.0 (11.7) 44.2 (13.5) 47.6 (12.1) 67.1(15.1) 66.8 (14.4)
Group® A B B G G c B B

#Tukey range post hoc test results.





OPS/images/fpsyg-11-00981-g004.jpg
80 (o

[ | Interpersonal Space

1350 450

90°

180°





OPS/images/fpsyg-11-00981-t003.jpg
Direction 0° 45° 90° 270° 315°

Distance 68.6 (9.2) 70.1 8.1) 72.7(9.2) 70.4 (9.2) 68.4 (8.5)
Group® A A B A A

#Tukey range post hoc test results.





