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Abstract: Loneliness is a prevalent condition with adverse effects on physical and mental health.
Evolutionary theories suggest it evolved to drive people to reconnect. However, chronic loneli-
ness may result in a negative social bias and self-preservation behaviors, paradoxically driving
individuals away from social interactions. Lonely people often feel they are not close to anyone;
however, little is known about their interpersonal distance preferences. During COVID-19, many
experienced situational loneliness related to actual social isolation. Therefore, there was a unique
opportunity to examine both chronic and situational (COVID-19-related) loneliness. In the present
study, 479 participants completed an online task that experimentally assessed interpersonal distance
preferences in four conditions—passively being approached by a friend or a stranger, and actively
approaching a friend or a stranger. Results show that high chronic loneliness was related to a greater
preferred distance across conditions. Intriguingly, by contrast, high COVID-19-related loneliness was
related to a smaller preferred distance across conditions. These findings provide further support for
the evolutionary theory of loneliness: situational loneliness indeed seems to drive people towards
reconnection, while chronic loneliness seems to drive people away from it. Implications for the
amelioration of chronic loneliness are discussed based on these findings.

Keywords: loneliness; chronic loneliness; interpersonal distance; COVID-19; social interaction;
situational loneliness

1. Introduction

Loneliness is a painful experience, representing a subjective evaluation of one’s social
relations as either quantitatively or qualitatively lacking [1], or a chronic perception of social
isolation [2]. While highly correlated with other concepts, such as depression and anxiety,
loneliness was established as a separate construct [3,4]. The prevalence of loneliness is
considerable (e.g., [5–8]) and it has been shown to have harmful effects on physical and
mental health [9], including an increase in morbidity and mortality [10], increased risk for
coronary heart disease and stroke [11], depression [12], and dementia [13]. The importance
of tracking and acting against loneliness has gained public recognition, as reflected, for
example, by the inclusion of loneliness measurements in the U.S. Health and Retirement
Study (HRS) and the appointments of loneliness ministers in the UK and Japan.

From an evolutionary perspective, loneliness may have evolved as an aversive signal,
which drives people to reconnect with others, in the same way that hunger drives people to
search for food [14,15]. However, evolutionary theory also contends that chronic loneliness
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may result in a perception of the social environment as one that will not provide protection
and help, which then activates neural, neuroendocrine, and behavioral responses geared
towards self-preservation and survival [16]. Thus, paradoxically, loneliness may trap
individuals in an impossible situation, in which they crave connectedness but at the same
time turn away from it.

Indeed, in a recent study, lonely participants reported less craving and showed a
reduced midbrain response for social contact in response to positive social cues after isola-
tion [15]. Loneliness was associated with further functional differences, as lonely people
showed greater activity in brain areas related to visual attention in response to negative
social stimuli [17] and reduced reward-related activity in response to pleasant social pic-
tures [18]. Blunted reactivity of the right insular cortex to emotional faces was found to
mediate subjective isolation stress [19]. Loneliness was also linked to structural changes
in brain areas related to social cognition, empathy, theory of mind, and social alignment,
which suggests potentially impaired connectivity in broad neural circuits [20–22]. The right
prefrontal cortex and the right insular cortex respond to social exclusion and lesions to
these regions were significantly associated with decreased loneliness scores, suggesting
that these regions need to be intact to perceive loneliness [23]. See Reference [24] for a
recent review.

Lonely people often complain about not having anyone “close to them”. They rate
their feelings of connection to close others lower than non-lonely people [25] and also
report less intimacy, comfort, and understanding, as well as more caution and distrust in
their relationships [26]. When reflecting on the self or close others, lonely individuals show
a reduced representational similarity between the self and other on a neural level [27] and
they demonstrate a greater cognitive distance between the self and a friend [28]. However,
does this mean they have different preferences regarding interpersonal space and distance?
Interpersonal space is defined as “the area individual humans actively maintain around
themselves into which others cannot intrude without arousing discomfort” [29]. When
the expected interpersonal distance is intruded upon, people may feel threatened or
anxious [30,31]. However, a closer interpersonal space preference is related to feeling more
empathetic [32] and more comfortable with interpersonal emotional closeness [33]. There
is evidence for individual trait-related preferences for interpersonal distance. For example,
individuals with high social anxiety prefer greater distances [31], as do individuals with
post-traumatic stress disorder (PTSD) [34] and high sensory sensitivity [35]. Individuals
with autism spectrum disorder (ASD) demonstrate a greater variance in interpersonal
distance preferences [36,37].

In general, the preferred distance from a stranger is greater than the preferred distance
from a friend [38], and it seems that different neural circuits are involved in modulating
distance from friends and strangers, with areas that are relevant to social interest and
affiliation being activated when a friend is approaching as opposed to a stranger [35,39].
The difference between strangers and friends is particularly relevant to the discussion of
loneliness. Lonely people may show a negative cognitive bias such that they expect social
negative evaluation from their interactions [40], and therefore enter social interactions
with strangers with motivations that are primarily focused on avoidance and security.
Furthermore, higher levels of loneliness predicted greater reward-related brain activity in
response to seeing close others compared to strangers, while at lower levels of loneliness
there was no such difference [25]. The proposed interpretation of this finding was that
lonely people do not view strangers as possible targets of social connection, and therefore
they focus their ‘social craving’ on people they already feel close to.

If lonely people indeed crave more connection with their friends, it can be expected
that they would prefer to be even closer to friends when compared to non-lonely individu-
als. Similarly, if lonely people indeed tend to avoid strangers, it can be expected that they
would prefer a greater interpersonal distance from strangers when compared to non-lonely
individuals. Indeed, a preference for a greater interpersonal distance from an unfamiliar
person was found in highly lonely individuals [41]. In a questionnaire study, loneliness
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predicted preferences for greater interpersonal distance only within intimate space, but no
differences were found for distance preferences from strangers and from friends [42].

Interpersonal distance also depends on whether one is approaching someone or is
being approached. For instance, the hypothalamic peptide oxytocin (OT) significantly
increased the preferred distance from a stranger but not from a friend who was approaching
the participant [43,44]. Interestingly, the reversed pattern was found when the participant
was the one approaching [45]. These findings suggest that one variation (passively being
approached) activates the avoidance/threat system more, and the other variation (actively
approaching) activates the approach/reward system more. Indeed, it was shown that being
approached results in a greater distance than actively approaching [46,47]. However, no
study to date has examined loneliness in this context. Therefore, the first aim of the current
study was to characterize the preferred distance from friends vs. strangers in different
approach conditions in chronic loneliness.

Since the onset of the COVID-19 pandemic, many reports concerning increased loneli-
ness and its impact have emerged [48–51]. Unlike chronic loneliness discussed above, this
loneliness is more situational in nature and was also accompanied by social distancing and,
at times, complete isolation. As mentioned above, evolutionary models propose that tran-
sient loneliness is adaptive to the extent that it motivates social reconnection [4,52]. Indeed,
it was shown that social exclusion motivates reconnection and predicts positive evaluation
of future interaction partners [53], as well as increases attention to smiling faces [54]. In
line with this is the finding that acute isolation led to the craving of social connection [15].
However, other studies show contrasting results. For instance, the experimental induction
of state loneliness using hypnosis resulted in increased fear of negative evaluation, lowered
self-esteem, and increased shyness, which would be expected to reduce the chance of a
positive social interaction [4]. In a more recent study, state loneliness had complex effects,
leading to both increases and decreases in subsequent social interaction [55]. Therefore, the
second aim of the current study was to explore whether perceived situational loneliness
that is related to COVID-19 impacts interpersonal distance preferences differently than
chronic loneliness.

In the present study, we used a computerized interpersonal distance task, compar-
ing responses to strangers and friends in both approach types (being approached and
approaching). According to the view of chronic loneliness as inducing a self-preservation
state, we hypothesized that lonelier individuals would have a general preference for greater
interpersonal distances from strangers [41]. When comparing their reactions to friends,
there were two competing hypotheses. If lonelier people crave more connection with close
others, it can be expected that they would prefer to be even closer to friends. However, if
lonelier people do not feel as close to their friends, it may be reflected in a preference for a
greater distance from them.

In addition, as being approached seems to activate the threat system and approaching
others seems to activate the reward system, it was hypothesized that distances would
be greater in the passively being approached condition, and even more so for the lonely
individuals.

Finally, we examined situational COVID-19 loneliness. As conflicting results exist
about the relation between situational loneliness and social interaction, there were two
possible hypotheses. Building on studies showing that situational loneliness, as induced by
the COVID-19 pandemic, results in heightened needs for connection, preferred distances
are expected to be smaller. If, however, it results in negative perceptions relevant to social
interaction, preferred distances will be greater. Potential interactions between chronic and
situational loneliness were also explored.

2. Materials and Methods
2.1. Participants

Participants were recruited on Amazon MTurk. MTurk had been previously validated
for use in research [56]. All participants had a “master” status, a qualification that signifies
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an ability to consistently submit high-quality results, as indicated by approval rates and
other related factors. Out of a total of 564 participants, 30 participants encountered tech-
nical issues accessing the interpersonal distance task (mostly due to use of old operating
systems). Additionally, 31 participants were excluded from analysis due to partial data
submission and 24 participants were excluded from the analysis due to an extremely fast
response time in the interpersonal distance task, which signifies inattention to the task
itself (mean response time across conditions in the task = 2.68 s, SD = 0.70 s, participants
were excluded if mean response time across all conditions was more than two standard
deviations lower than the mean). The final sample therefore included 479 participants
(238 males, 241 females; age 24–78, mean age 43.13, SD = 10.87). Participants were recruited
from all countries and the final sample included participants from the U.S. (370 partici-
pants), India (93 participants), the UK (2 participants), and 1 participant from each of the
following countries: Afghanistan, Brazil, Canada, Colombia, Hong Kong, Italy, Kenya,
Mexico, Singapore, Sri Lanka, Thailand, Republic of North Macedonia, United Republic of
Tanzania, and Venezuela.

All participants passed basic attention checks (they were required to select a specific
response to assure they were reading the questionnaire’s text). Participants who completed
the study, or participants that could not complete the study due to technical issues, received
USD 3.

All participants gave informed consent prior to participating in the study. The study
was approved by the University of Haifa Ethics Committee.

2.2. Procedure

The study was conducted online via the Qualtrics survey platform (https://www.
qualtrics.com/, (accessed date: 17 June 2021)) and Pavlovia (https://pavlovia.org/, (ac-
cessed date: 17 June 2021)).

After recruitment via Mturk, participants received the Qualtrics questionnaire URL.
There, they provided informed consent, responded to demographic questions (sex, age,
country), the UCLA loneliness scale [57], and a question regarding COVID-19 loneliness.
They were then provided with a completion code for the first part of the study and the
URL to the second part of the study, hosted in Pavlovia. In Pavlovia, participants entered
the first part completion code and then performed the interpersonal distance task (see the
Measures Section below). Upon completion of the task, they received a second code, which
they had to enter back in Mturk to receive the payment. Codes were cross-checked and
participants were paid only if they completed both parts.

2.3. Measures
2.3.1. Interpersonal Distance Task

To measure interpersonal distance preferences in response to virtual persons, a pen
and pencil paradigm called the Comfortable Interpersonal Distance (CID) task was de-
veloped [58]. More recently, a computerized version of this task was developed in our
lab [31,37]. The current computerized animated version was built using PsychoPy 3.0 [59]
and was hosted online on Pavlovia.org. The participants were instructed to imagine them-
selves at the center of a room represented on a computer screen as a circle. They were then
requested to respond to a line-figure protagonist animation (either a stranger or a close
friend) approaching the center of the room. The animation stopped either at the end of
the trial (when reaching the center), or when the participant pressed the space key, which
stopped the figure’s approach at the preferred distance (see Figure 1). This computerized
task was previously validated in our lab as reflecting differences in the preferred interper-
sonal distance in real life [31]. In a variation of this task, the participants are instructed to
imagine themselves as the virtual person approaching another person (friends/stranger)
at the center of the virtual room.

Each trial consisted of a slide that was presented for 1 s stating “Friend” or “Stranger”,
followed by a presentation of the room and the approaching protagonist. The task was

https://www.qualtrics.com/
https://www.qualtrics.com/
https://pavlovia.org/
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designed to assure maximal attention and participation. First, audio instructions were
included in addition to the displayed text. Second, the maximum time of protagonist
movement was 4 s. If the participant did not press the space key at all during the trial,
a slide was presented verifying that the participant had indeed intended to select the
minimal distance. This was done to avoid a situation where the participant would leave
the computer and let the experiment run on its own. In addition, even if the participant
chose to stop the protagonist quickly, the trial would still last the full 4 s. This was designed
to prevent participants from pressing the space bar quickly regardless of the task in order
to rush the experiment.
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Figure 1. Interpersonal distance task.

The participants were first presented with three training trials. They were then
presented with a block of 16 trials, 8 for the friend and 8 for the stranger, and each
protagonist appeared once in one of the following radii—0◦, 45◦, 90◦, 135◦, 180◦, 225◦, 270◦,
and 315◦. The trials within the block were randomized.

The participants were then instructed to imagine themselves as the approaching
figure, approaching either a stranger or a friend at the center of the virtual room. They
were presented again with a randomized block of 16 trials, 8 for the friend and 8 for the
stranger; each protagonist appeared once in one of the following radii—0◦, 45◦, 90◦, 135◦,
180◦, 225◦, 270◦, and 315◦.

Response times were recorded. A faster response time equals a greater preferred
distance.

2.3.2. UCLA Loneliness Scale

Participants completed the UCLA scale questionnaire version 3 [57]. The UCLA scale
was initially developed in 1978 [60] and has since been revised twice to improve its validity
and reliability. In the current version, the respondent is asked to rate the frequency of
loneliness-related experiences. Some items refer to negative experiences, for example “How
often do you feel left out?” and some items refer to positive experiences, for example “How
often do you feel part of a group of friends?”. Each item is rated on a scale of 1 (never)
to 4 (often), and after reversing the questions that relate to positive experiences, a total
loneliness score (20–80) is calculated. The UCLA scale has high test-retest reliability [57,61]
and it is often used to measure chronic, trait-like loneliness [27,62]. The mean score in the
UCLA scale in the study was 42.84 (SD = 13.23) and the median score was 41.
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2.3.3. COVID-19 Loneliness

Participants were asked to indicate if there was a change in how lonely they have felt
during the COVID-19 pandemic (1—a lot less, 2—a bit less, 3—no change, 4—a bit more,
5—a lot more). The mean score was 3.38 (SD = 0.94) and the median score was 4.

2.4. Experimental Design

A within-subject design was employed with the protagonist (stranger/friend) and the
approach type (passive approach, i.e., participant being approached vs. active approach,
i.e., participant approaching) serving as within-subject independent variables, and the
level of loneliness and COVID-19 loneliness as between-subject independent variables. The
dependent variables were the response times in each of the four conditions.

We employed a linear mixed effects (LME) analysis using R language [63], that allows
for testing for interaction effects between two or more fixed factors and the slopes of
continuous covariates in mixed designs, while accounting for the dependency between
observations measured in the same participants. We employed an analysis to examine
the effects of approach type and protagonist as within-subject fixed factors and the slopes
of loneliness and COVID-19 loneliness as between-subject interaction terms on response
time. We then employed the same analysis with sex (male/female) or with country as an
additional interaction term. As most participants came from two countries (the U.S. and
India), we excluded 16 participants from other countries in the analysis with country as
an additional between-subject independent variable. In all models, subject was used as a
random factor in order to account for the dependency in performance between the task
conditions.

Additional statistical tests included t-tests and bi-variate Pearson correlations. Effect
sizes were estimated using Cohen’s d. Bonferroni corrections were used for multiple
comparisons.

Cronbach’s Alpha was calculated on the UCLA loneliness scale as a measure of its
reliability.

All statistical analyses were performed using SPSS 25.0 or R language version 1.4.1106,
using the LME4 package [64].

3. Results

The reliability of the UCLA Loneliness Scale was found to be excellent (Cronbach’s
Alpha = 0.96). Chronic loneliness positively correlated with COVID-19 loneliness (r(477) =
0.23, p < 0.001), see Figure 2. However, chronic and COVID-19 loneliness showed opposing
associations with interpersonal distance.

In our first LME analysis, we examined the effects of approach type (participant being
approached/participant approaching), protagonist (stranger/friend), chronic loneliness,
and COVID-19 loneliness on the response time (with the subject as a random effect).
Four models were constructed as follows: one examining main effects only, the second
adding two-way interactions, the third also examining the three-way interactions, and
the fourth examining all possible main effects and interactions. The predictive power of
each model was compared to the preceding model using Type II Wald chi-square tests [63].
Results showed that the two-way model yielded a significantly stronger prediction power
compared to the first model (χ2

(6) = 16.78, p < 0.05), whereas neither the three-way nor the
four-way models were significantly better. Therefore, the second (two-way) model was
used in further analyses.

Analyzing the two-way model (Type II ANOVA) revealed significant main effects
for the slope of loneliness (F(1472.12) = 18.24, p < 0.001), the slope of COVID-19 loneliness
(F(1485.07) = 11.20, p < 0.001), approach type (F(1,1434) = 21.33, p < 0.001), and protagonist
(F(1,1434) = 2319.85, p < 0.001). Across conditions, chronic loneliness as measured by the
UCLA scale was negatively correlated with response times (r(477) = −0.16, p < 0.001),
translating to overall greater preferred distance for participants who had higher UCLA
scores, while COVID-19 loneliness was positively correlated with response times (r(477)
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= 0.11, p = 0.02), translating to a smaller preferred distance for participants with higher
COVID-19 loneliness scores. These correlations were significantly different (z = 6.47,
p < 0.001). See Figure 3.
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loneliness.

Being approached (across both protagonist conditions) resulted in a slower response
(i.e., smaller distance) (M = 2.82 s, SD = 0.56 s) compared to actively approaching (M = 2.72 s,
SD = 0.60 s), and response to friends was slower (i.e., smaller distance) across both approach
types (M = 3.26 s, SD = 0.45 s) compared to strangers (M = 2.28 s, SD = 0.81 s). This result also
serves as a validation of the task, as it is expected that the preferred distance from a stranger
will be greater than from a friend. In addition, a significant interaction between protagonist
and COVID-19 loneliness was found (F(1,1434) = 11.83, p < 0.001). To further investigate
the source of this interaction, we analyzed the effect of the protagonist while adjusting for
the slope of COVID-19 loneliness with Bonferroni corrections in each condition separately.
We found a significant effect only in the stranger condition (t = 4.37, p < 0.001, SD = 0.65)
and not in the friend condition (t = 1.78, p > 0.05, SD = 0.65). No other main effects or
interactions were significant.

Exploratory post hoc correlation analyses showed that chronic loneliness was nega-
tively correlated with the distance from both the friend (r(477) = −0.17, p < 0.001) and the
stranger (r(477) = −0.12, p = 0.007). The correlation was larger with regards to the distance
from a friend; however, these two correlations were not significantly different (z = 1.16,
p = 0.12).

Furthermore, we repeated the LME analysis, with country as an additional between-
subject variable. Results showed that the two-way model yielded a significantly stronger
prediction power (χ2

(10) = 28.19, p < 0.005). Similar main effects of chronic and situational
loneliness, protagonist, and approach type were observed, as in the main analysis. In
addition, a significant interaction between country and protagonist was found (F(1,1383)
= 8.352, p < 0.005). In both countries, the difference between friend and stranger was
significant, but the effect was stronger for participants from India (χ2

(1) = 560.68, p < 0.001,
mean difference = 1.097) compared to participants from the U.S.: (χ2

(1) = 1686.79, p < 0.001,
mean difference = 0.947). There were no other significant main effects or interactions with
the country variable.



Brain Sci. 2021, 11, 1135 8 of 13

Brain Sci. 2021, 11, x FOR PEER REVIEW 8 of 14 
 

condition (t = 4.37, p < 0.001, SD = 0.65) and not in the friend condition (t = 1.78, p > 0.05, 
SD = 0.65). No other main effects or interactions were significant. 

 
Figure 3. (A). Higher chronic loneliness is associated with a faster response time (preference for a greater distance) across 
all conditions. (B). The reverse pattern exists for COVID-19 loneliness. Higher COVID-19 loneliness is associated with a 
slower response time (preference for a smaller distance) in all conditions. 

Exploratory post hoc correlation analyses showed that chronic loneliness was 
negatively correlated with the distance from both the friend (r(477) = −0.17, p < 0.001) and 
the stranger (r(477) = −0.12, p = 0.007). The correlation was larger with regards to the distance 
from a friend; however, these two correlations were not significantly different (z = 1.16, p 
= 0.12). 

Furthermore, we repeated the LME analysis, with country as an additional between-
subject variable. Results showed that the two-way model yielded a significantly stronger 
prediction power (χ2(10) = 28.19, p < 0.005). Similar main effects of chronic and situational 
loneliness, protagonist, and approach type were observed, as in the main analysis. In 
addition, a significant interaction between country and protagonist was found (F(1,1383) = 
8.352, p < 0.005). In both countries, the difference between friend and stranger was 
significant, but the effect was stronger for participants from India (χ2(1) = 560.68, p < 0.001, 
mean difference = 1.097) compared to participants from the U.S.: (χ2(1) = 1686.79, p < 0.001, 
mean difference = 0.947). There were no other significant main effects or interactions with 
the country variable. 

We then performed the LME analysis again, with sex as an additional between-factor 
variable. The results showed that the two-way model yielded a significantly stronger 
prediction power (χ2(10) = 36.537, p < 0.001). Again, similar main effects of chronic and 
situational loneliness, protagonist, and approach type were observed as in the main 
analysis. In addition, we observed a significant main effect of sex (F(1451.66) = 6.18, p < 0.05) 
and a significant interaction between sex and protagonist (F(1,1383.97) = 16.94, p < 0.001). Men 
showed slower response times across all conditions (i.e., a smaller preferred distance) (M 
= 2.8 4 s, SD = 0.56) compared to women (M = 2.70 s, SD = 0.56). Follow-up t-tests showed 
that this sex difference was significant for strangers but not for friends. When being 
approached by strangers, females had a faster response time, i.e., a greater preferred 
distance (M = 2.21 s, SD = 0.84 s) compared to males (M = 2.42 s, SD = 0.81 s) (t(1477) = 2.79, 
p = 0.005, Cohen’s d = 0.25, Bonferroni-correction for multiple comparisons). When 
approaching strangers, females also had a faster response time, i.e., a greater preferred 
distance (M = 2.13 s, SD = 0.85 s) compared to males (M = 2.37 s, SD = 0.82 s) (t(1477) = 3.15, 
p = 0.002, Cohen’s d = 0.29, Bonferroni-correction for multiple comparisons). 
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We then performed the LME analysis again, with sex as an additional between-factor
variable. The results showed that the two-way model yielded a significantly stronger
prediction power (χ2

(10) = 36.537, p < 0.001). Again, similar main effects of chronic and
situational loneliness, protagonist, and approach type were observed as in the main analysis.
In addition, we observed a significant main effect of sex (F(1451.66) = 6.18, p < 0.05) and a
significant interaction between sex and protagonist (F(1,1383.97) = 16.94, p < 0.001). Men
showed slower response times across all conditions (i.e., a smaller preferred distance)
(M = 2.84 s, SD = 0.56) compared to women (M = 2.70 s, SD = 0.56). Follow-up t-tests
showed that this sex difference was significant for strangers but not for friends. When
being approached by strangers, females had a faster response time, i.e., a greater preferred
distance (M = 2.21 s, SD = 0.84 s) compared to males (M = 2.42 s, SD = 0.81 s) (t(1477) =
2.79, p = 0.005, Cohen’s d = 0.25, Bonferroni-correction for multiple comparisons). When
approaching strangers, females also had a faster response time, i.e., a greater preferred
distance (M = 2.13 s, SD = 0.85 s) compared to males (M = 2.37 s, SD = 0.82 s) (t(1477) = 3.15,
p = 0.002, Cohen’s d = 0.29, Bonferroni-correction for multiple comparisons).

4. Discussion

This study was designed to examine interpersonal distance preferences in individuals
suffering from chronic or situational (specifically, COVID-19-related) loneliness. We used an
online computerized task that experimentally measured interpersonal distance preferences
in various conditions: (1) the participant is the one being passively approached or the one
actively approaching, and (2) the protagonist approaching or being approached by the
participant is a friend or a stranger.

Our initial hypothesis about chronic loneliness was confirmed, as loneliness was
found to be related to a general preference for a greater interpersonal distance. This
association was evident across all conditions and is consistent with previous findings based
on stop-distance measurements in highly lonely individuals [41].

Even though situational, COVID-19-related loneliness was positively correlated with
chronic loneliness, people who reported higher levels of COVID-19-related loneliness
showed the reverse pattern: across conditions their preferred distance was shorter. This
observation is in line with one of the competing hypotheses about situational loneliness,
namely that it would result in increased social motivation for connection [15,52]. Likewise,
elevated situational loneliness resulted in increases in prosocial behavior among older
adults who were low in loneliness [65].

The study provided a unique opportunity to examine chronic and situational lone-
liness in the same population and support a model that differentiates their impact. The
evolutionary theory of loneliness emphasizes the existence of conflicting motivations: on



Brain Sci. 2021, 11, 1135 9 of 13

the one hand, lonely people are motivated to approach, in order to repair or replace social
connections to assure self-preservation and, on the other hand, lonely people are motivated
to be alert and avoid social threats, again in service of their self-preservation. Therefore,
the evolutionary theory of loneliness (also referred to as ETL) predicts that loneliness
will result in a conflict around approach and avoidance [16]. In this study, we were able
to further deepen the understanding of this approach-avoidance conflict and differenti-
ate conditions in which loneliness will ultimately result in more approach versus more
avoidance behavior. Our findings support the notion that short-term, situation-related
loneliness functions as a signal that promotes reconnection efforts. It appears that under
these conditions, the approach motivation is stronger. However, when loneliness becomes
chronic, and is not situation-specific, the avoidance motivation becomes more prominent
and drives individuals away from social interaction.

The literature on approach and avoidance motivations demonstrates that chronic lone-
liness is associated with social avoidance motivations. Individuals with strong avoidance
motivations and goals attempt to avoid negative social outcomes. However, despite their
intentions, they actually experience increases in these negative outcomes, as avoidance
motivation leads to attending more to negative stimuli [66]. It was suggested that social
approach motivation is primarily linked to outcomes through exposure to positive social
events, whereas avoidance social motivation is associated with reactivity to negative social
events [67]. Studies found that lonely people show increased attention to negative social
cues [68–71]. Lonely people also report more negative subjective evaluations of their rela-
tionships, as reflected by a lower level of satisfaction, as well as more reported conflicts
and lower levels of closeness [72]. Such negative evaluations, according to this model of
approach and avoidance, would strengthen the avoidance motivation further. Our findings
support this model of approach-avoidance motivations, as it is quite likely that people who
suffer from long-term chronic loneliness, with stronger avoidance motivations, have been
exposed to less positive social events, and attend such positive social events less when
compared to people who report loneliness due to a specific situation, such as COVID-19.

Our hypothesis with regards to the differences between being passively approached
and actively approaching was not supported, as our findings point in the opposite direction.
Being actively approached resulted in a smaller interpersonal distance preference when
compared to actively approaching. One potential explanation is that COVID-19 specifically
impacted active approach, as people were encouraged not to get too close to others in
order to protect their own health as well as that of others. There is some preliminary
evidence that the preferred interpersonal distance potentially increased during the COVID-
19 pandemic [73,74]. Additional research is required to deepen the understanding of the
dynamics related to interpersonal distance preferences following COVID-19.

Across all conditions, females preferred a greater distance, and this sex difference
was more pronounced for strangers than friends. It should be noted that we did not
specify whether the protagonist was male or female and the participants could choose to
imagine either. Prior literature on interpersonal distance had identified sex differences
and, in general, it was claimed that females maintain smaller interpersonal distance during
interactions [75–77]. In many studies, no significant differences between males and females
in distance preference were found [78,79]. However, and most relevant to the current study,
it was shown that, while female friends stood closer together than male friends, female
strangers maintained a greater distance compared to male strangers [80]. Therefore, it
appears that the specific conditions (e.g., whether interacting with friends or strangers) are
critical for gender/sex differences in interpersonal distance preferences.

One limitation of this study is that it was conducted online with a recruitment process
that utilized Amazon Mturk. Mturk has been validated for use in academic research in the
past [56], and numerous measures were taken in order to assure the validity and reliability
of the data collected. These include requiring a “master” status from all participants, de-
signing the questionnaires with attention checks, and designing the interpersonal distance
task in a way that would prevent participants from letting it run in the background without
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attending to it, or from clicking too fast in order to advance it without attending to it.
Participants who showed inattention were not included in the analysis and the UCLA ques-
tionnaire showed excellent internal consistency. That said, future research is required to
also confirm the findings of this study in a face-to-face setting, potentially using additional
tasks that measure interpersonal distance preferences.

Another limitation of this study was that the measurement of COVID-19 loneliness
was based on a single question. While many studies that examine situational loneliness rely
on a single question to assess it (e.g., [62,81]), it would be preferable to measure it using a
more robust assessment tool in future studies. In addition, COVID-19-related loneliness
is a specific type of situational loneliness. Additional research is required to confirm the
findings of this study across different types of situations that induce situational loneliness.

5. Conclusions

In this study, chronic loneliness was associated with a preference for a greater inter-
personal distance. Although situational, COVID-related, loneliness was correlated with
chronic loneliness, it had the opposite association with interpersonal distance preferences.
This study supports the evolutionary theory of loneliness, according to which transient
and situational loneliness promotes social interaction, but chronic loneliness drives people
suffering from it away from reconnection.

The findings of this study have both theoretical and clinical implications. On the
theoretical level, they accentuate the requirement to carefully differentiate chronic and situ-
ational loneliness in academic studies. Although correlated, they represent very different
human experiences and can even result in contrasting effects. On the clinical level, the
study demonstrates that people who suffer from chronic loneliness may fail in initially
approaching others, even in everyday situations, and even with people they already feel
close to. Clinical interventions designed to ameliorate chronic loneliness should consider
that even simple, potentially unconscious social gestures, such as maintaining the proper
interpersonal distance from one’s friends, may be impaired among lonely people and in
general work towards reducing the negative biases they experience in social interactions.

Author Contributions: Conceptualization, N.S. and S.G.S.-T.; Data curation, N.S.; Formal analysis,
N.S., D.S. and S.G.S.-T.; Funding acquisition, D.S., R.H. and S.G.S.-T.; Investigation, N.S.; Methodol-
ogy, N.S. and S.G.S.-T.; Project administration, N.S.; Resources, S.G.S.-T.; Software, N.S. and F.S.-W.;
Supervision, S.G.S.-T.; Validation, N.S. and S.G.S.-T.; Visualization, N.S.; Writing—original draft, N.S.
and S.G.S.-T.; Writing—review and editing, N.S., D.S., J.L., R.H., F.S.-W. and S.G.S.-T. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the German-Israel Foundation for Scientific Research and
Development grant (GIF, I-1428-105.4/2017).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
University of Haifa (approval number 065/18).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data of this study is available in the following URL: https://
github.com/SANSlabHaifa/interpersonal-distance-loneliness, (accessed date: 24 August 2021).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Perlman, D.; Peplau, L.A. Toward a social psychology of loneliness. Pers. Relatsh. 1981, 3, 31–56.
2. Sadler, W.A.; Weiss, R.S. Loneliness: The Experience of Emotional and Social Isolation. Contemp. Sociol. A J. Rev. 1975, 4, 171.

[CrossRef]
3. Russell, L.D.; Peplau, A.; Cutrona, C.E. The revised UCLA Loneliness Scale: Concurrent and discriminant validity evidence. J.

Pers. Soc. Psychol. 1980, 39, 472. [CrossRef]
4. Cacioppo, J.T.; Hawkley, L.C.; Ernst, J.M.; Burleson, M.; Berntson, G.G.; Nouriani, B.; Spiegel, D. Loneliness within a nomological

net: An evolutionary perspective. J. Res. Pers. 2006, 40, 1054–1085. [CrossRef]

https://github.com/SANSlabHaifa/interpersonal-distance-loneliness
https://github.com/SANSlabHaifa/interpersonal-distance-loneliness
http://doi.org/10.2307/2062224
http://doi.org/10.1037/0022-3514.39.3.472
http://doi.org/10.1016/j.jrp.2005.11.007


Brain Sci. 2021, 11, 1135 11 of 13

5. Wilson, C.; Moulton, B. Loneliness among Older Adults: A National Survey of Adults 45+; AARP: Washington, DC, USA, 2010.
6. Victor, C.R.; Yang, K. The Prevalence of Loneliness among Adults: A Case Study of the United Kingdom. J. Psychol. 2012, 146,

85–104. [CrossRef]
7. Beutel, M.E.; Klein, E.M.; Brähler, E.; Reiner, I.; Jünger, C.; Michal, M.; Wiltink, J.; Wild, P.S.; Münzel, T.; Lackner, K.J.; et al.

Loneliness in the general population: Prevalence, determinants and relations to mental health. BMC Psychiatry 2017, 17, 97.
[CrossRef]

8. Barreto, M.; Victor, C.; Hammond, C.; Eccles, A.; Richins, M.T.; Qualter, P. Loneliness around the world: Age, gender, and cultural
differences in loneliness. Pers. Individ. Differ. 2021, 169, 110066. [CrossRef]

9. Lim, M.H.; Holt-Lunstad, J.; Badcock, J.C. Loneliness: Contemporary insights into causes, correlates, and consequences. Soc.
Psychiatry Psychiatr. Epidemiol. 2020, 55, 789–791. [CrossRef]

10. Holt-Lunstad, J.; Smith, T.B.; Baker, M.; Harris, T.; Stephenson, D. Loneliness and Social Isolation as Risk Factors for Mortality: A
Meta-Analytic Review. Perspect. Psychol. Sci. 2015, 10, 227–237. [CrossRef]

11. Valtorta, N.K.; Kanaan, M.; Gilbody, S.; Ronzi, S.; Hanratty, B. Loneliness and social isolation as risk factors for coronary heart
disease and stroke: Systematic review and meta-analysis of longitudinal observational studies. Heart 2016, 102, 1009–1016.
[CrossRef]

12. Cacioppo, J.T.; Hawkley, L.C.; Thisted, R.A. Perceived social isolation makes me sad: 5-year cross-lagged analyses of loneliness
and depressive symptomatology in the Chicago Health, Aging, and Social Relations Study. Psychol. Aging 2010, 25, 453–463.
[CrossRef] [PubMed]

13. Holwerda, T.J.; Deeg, D.J.H.; Beekman, A.T.F.; van Tilburg, T.; Stek, M.L.; Jonker, C.; Schoevers, R.A. Feelings of loneliness, but
not social isolation, predict dementia onset: Results from the Amsterdam Study of the Elderly (AMSTEL). J. Neurol. Neurosurg.
Psychiatry 2012, 85, 135–142. [CrossRef] [PubMed]

14. Cacioppo, J.T.; Cacioppo, S.; Boomsma, D.I. Evolutionary mechanisms for loneliness. Cogn. Emot. 2014, 28, 3–21. [CrossRef]
15. Tomova, L.; Wang, K.L.; Thompson, T.; Matthews, G.A.; Takahashi, A.; Tye, K.M.; Saxe, R. Acute social isolation evokes midbrain

craving responses similar to hunger. Nat. Neurosci. 2020, 23, 1597–1605. [CrossRef]
16. Cacioppo, J.T.; Cacioppo, S. Loneliness in the Modern Age: An Evolutionary Theory of Loneliness (ETL), 1st ed.; Elsevier: New York,

NY, USA, 2018; Volume 58.
17. Cacioppo, S.; Balogh, S.; Cacioppo, J.T. Implicit attention to negative social, in contrast to nonsocial, words in the Stroop task

differs between individuals high and low in loneliness: Evidence from event-related brain microstates. Cortex 2015, 70, 213–233.
[CrossRef]

18. Cacioppo, J.T.; Norris, C.J.; Decety, J.; Monteleone, G.; Nusbaum, H. In the Eye of the Beholder: Individual Differences in
Perceived Social Isolation Predict Regional Brain Activation to Social Stimuli. J. Cogn. Neurosci. 2009, 21, 83–92. [CrossRef]

19. Morr, M.; Lieberz, J.; Dobbelstein, M.; Philipsen, A.; Hurlemann, R.; Scheele, D. Insula reactivity mediates subjective isolation
stress in alexithymia. Sci. Rep. 2021, 11, 1–9. [CrossRef]

20. Kanai, R.; Bahrami, B.; Duchaine, B.; Janik, A.; Banissy, M.J.; Rees, G. Brain Structure Links Loneliness to Social Perception. Curr.
Biol. 2012, 22, 1975–1979. [CrossRef]

21. Tian, Y.; Liang, S.; Yuan, Z.; Chen, S.; Xu, P.; Yao, D. White matter structure in loneliness. NeuroReport 2014, 25, 843–847. [CrossRef]
[PubMed]

22. Nakagawa, S.; Takeuchi, H.; Taki, Y.; Nouchi, R.; Sekiguchi, A.; Kotozaki, Y.; Miyauchi, C.M.; Iizuka, K.; Yokoyama, R.; Shinada,
T.; et al. White matter structures associated with loneliness in young adults. Sci. Rep. 2015, 5, 17001. [CrossRef] [PubMed]

23. Cristofori, I.; Pal, S.; Zhong, W.; Gordon, B.; Krueger, F.; Grafman, J. The lonely brain: Evidence from studying patients with
penetrating brain injury. Soc. Neurosci. 2018, 14, 663–675. [CrossRef]

24. Lam, J.A.; Murray, E.R.; Yu, K.E.; Ramsey, M.; Nguyen, T.T.; Mishra, J.; Martis, B.; Thomas, M.L.; Lee, E.E. Neurobiology of
loneliness: A systematic review. Neuropsychopharmacology 2021, 1–15. [CrossRef]

25. Inagaki, T.K.; Muscatell, K.A.; Irwin, M.R.; Moieni, M.; Dutcher, J.; Jevtic, I.; Breen, E.C.; Eisenberger, N.I. The role of the ventral
striatum in inflammatory-induced approach toward support figures. Brain Behav. Immun. 2015, 44, 247–252. [CrossRef]

26. Hawkley, L.C.; Burleson, M.H.; Berntson, G.G.; Cacioppo, J.T. Loneliness in everyday life: Cardiovascular activity, psychosocial
context, and health behaviors. J. Pers. Soc. Psychol. 2003, 85, 105–120. [CrossRef]

27. Courtney, A.L.; Meyer, M.L. Self-Other Representation in the Social Brain Reflects Social Connection. J. Neurosci. 2020, 40,
5616–5627. [CrossRef]

28. Kokici, L.; Chirtop, G.; Ferguson, H.; Martin, A. Loneliness is associated with greater cognitive distance between the self and a
close friend. PsyArXiv 2021. [CrossRef]

29. Hayduk, L.A. Personal space: An evaluative and orienting overview. Psychol. Bull. 1978, 85, 117. [CrossRef]
30. Lloyd, D.M.; Coates, A.; Knopp, J.; Oram, S.; Rowbotham, S. Don’t Stand So Close to Me: The Effect of Auditory Input on

Interpersonal Space. Perception 2009, 38, 617–620. [CrossRef]
31. Perry, A.; Rubinsten, O.; Peled, L.; Shamay-Tsoory, S.G. Don’t stand so close to me: A behavioral and ERP study of preferred

interpersonal distance. NeuroImage 2013, 83, 761–769. [CrossRef]
32. Roberts, J.S.W. Children’s personal distance and their empathy: Indices of interpersonal closeness. Int. J. Behav. Dev. 1997, 20,

385–403.

http://doi.org/10.1080/00223980.2011.613875
http://doi.org/10.1186/s12888-017-1262-x
http://doi.org/10.1016/j.paid.2020.110066
http://doi.org/10.1007/s00127-020-01891-z
http://doi.org/10.1177/1745691614568352
http://doi.org/10.1136/heartjnl-2015-308790
http://doi.org/10.1037/a0017216
http://www.ncbi.nlm.nih.gov/pubmed/20545429
http://doi.org/10.1136/jnnp-2012-302755
http://www.ncbi.nlm.nih.gov/pubmed/23232034
http://doi.org/10.1080/02699931.2013.837379
http://doi.org/10.1038/s41593-020-00742-z
http://doi.org/10.1016/j.cortex.2015.05.032
http://doi.org/10.1162/jocn.2009.21007
http://doi.org/10.1038/s41598-021-94799-w
http://doi.org/10.1016/j.cub.2012.08.045
http://doi.org/10.1097/WNR.0000000000000197
http://www.ncbi.nlm.nih.gov/pubmed/29504966
http://doi.org/10.1038/srep17001
http://www.ncbi.nlm.nih.gov/pubmed/26585372
http://doi.org/10.1080/17470919.2018.1553798
http://doi.org/10.1038/s41386-021-01058-7
http://doi.org/10.1016/j.bbi.2014.10.006
http://doi.org/10.1037/0022-3514.85.1.105
http://doi.org/10.1523/JNEUROSCI.2826-19.2020
http://doi.org/10.31234/osf.io/5fpsa
http://doi.org/10.1037/0033-2909.85.1.117
http://doi.org/10.1068/p6317
http://doi.org/10.1016/j.neuroimage.2013.07.042


Brain Sci. 2021, 11, 1135 12 of 13

33. Kaitz, M.; Bar-Haim, Y.; Lehrer, M.; Grossman, E. Adult attachment style and interpersonal distance. Attach. Hum. Dev. 2004, 6,
285–304. [CrossRef] [PubMed]

34. Bogovic, A.; Mihanovic, M.; Jokic-Begic, N.; Svagelj, A. Personal Space of Male War Veterans with Posttraumatic Stress Disorder.
Environ. Behav. 2013, 46, 929–945. [CrossRef]

35. Perry, A.; Nichiporuk, N.; Knight, R.T. Where does one stand: A biological account of preferred interpersonal distance. Soc. Cogn.
Affect. Neurosci. 2016, 11, 317–326. [CrossRef] [PubMed]

36. Kennedy, D.P.; Adolphs, R. Violations of Personal Space by Individuals with Autism Spectrum Disorder. PLoS ONE 2014, 9,
e103369. [CrossRef]

37. Perry, A.; Levy-Gigi, E.; Richter-Levin, G.; Shamay-Tsoory, S.G. Interpersonal distance and social anxiety in autistic spectrum
disorders: A behavioral and ERP study. Soc. Neurosci. 2015, 10, 1–12. [CrossRef] [PubMed]

38. Hayduk, L.A. Personal space: Where we now stand. Psychol. Bull. 1983, 94, 293. [CrossRef]
39. Rubinsten, O.; Korem, N.; Perry, A.; Goldberg, M.; Shamay-Tsoory, S. Different neural activations for an approaching friend

versus stranger: Linking personal space to numerical cognition. Brain Behav. 2020, 10, e01613. [CrossRef]
40. Lucas, G.M.; Knowles, M.L.; Gardner, W.L.; Molden, D.C.; Jefferis, V.E. Increasing social engagement among lonely individuals:

The role of acceptance cues and promotion motivations. Personal. Soc. Psychol. Bull. 2010, 36, 1346–1359. [CrossRef]
41. Lieberz, J.; Shamay-Tsoory, S.G.; Saporta, N.; Esser, T.; Kuskova, E.; Stoffel-Wagner, B.; Hurlemann, R.; Scheele, D. Loneliness and

the social brain: How perceived social isolation impairs human interactions. bioRxiv 2021. [CrossRef]
42. Layden, E.A.; Cacioppo, J.T.; Cacioppo, S. Loneliness predicts a preference for larger interpersonal distance within intimate space.

PLoS ONE 2018, 13, e0203491. [CrossRef]
43. Cohen, D.; Perry, A.; Mayseless, N.; Kleinmintz, O.; Shamay-Tsoory, S.G. The role of oxytocin in implicit personal space regulation:

An fMRI study. Psychoneuroendocrinology 2018, 91, 206–215. [CrossRef]
44. Scheele, D.; Striepens, N.; Güntürkün, O.; Deutschländer, S.; Maier, W.; Kendrick, K.; Hurlemann, R. Oxytocin Modulates Social

Distance between Males and Females. J. Neurosci. 2012, 32, 16074–16079. [CrossRef]
45. Cohen, D.; Shamay-Tsoory, S.G. Oxytocin regulates social approach. Soc. Neurosci. 2018, 13, 680–687. [CrossRef]
46. Akbarian, H.; Mazaheri, M.A.; Zabihzadeh, A.; Green, J.D. Attachment-related anxiety and avoidance and regulation of

interpersonal distance in close relationships. Curr. Psychol. 2020, 1–7. [CrossRef]
47. Schiavo, R.S.; Schiffenbauer, A.; Roberts, J. Methodological Factors Affecting Interpersonal Distance in Dyads. Percept. Mot. Ski.

1977, 44, 903–906. [CrossRef]
48. Killgore, W.D.; Cloonan, S.A.; Taylor, E.C.; Dailey, N.S. Loneliness: A signature mental health concern in the era of COVID-19.

Psychiatry Res. 2020, 290, 113117. [CrossRef]
49. Wickens, C.M.; McDonald, A.J.; Elton-Marshall, T.; Wells, S.; Nigatu, Y.T.; Jankowicz, D.; Hamilton, H.A. Loneliness in the

COVID-19 pandemic: Associations with age, gender and their interaction. J. Psychiatr. Res. 2021, 136, 103–108. [CrossRef]
50. Losada-Baltar, A.; Martínez-Huertas, J.Á.; Jiménez-Gonzalo, L.; Pedroso-Chaparro, M.D.S.; Gallego-Alberto, L.; Fernandes-Pires,

J.; Márquez-González, M. Longitudinal Correlates of Loneliness and Psychological Distress during the Lockdown Situation due
to COVID-19. Effects of Age and Self-Perceptions of Aging. J. Gerontol. Ser. B 2021. [CrossRef]

51. Rumas, R.; Shamblaw, A.L.; Jagtap, S.; Best, M.W. Predictors and consequences of loneliness during the COVID-19 Pandemic.
Psychiatry Res. 2021, 300, 113934. [CrossRef] [PubMed]

52. Goossens, L.; Victor, C.; Qualter, P. Introduction to the special section on loneliness across the life span. Int. J. Behav. Dev. 2021, 10,
250–264. [CrossRef]

53. Maner, J.K.; DeWall, C.N.; Baumeister, R.F.; Schaller, M. Does social exclusion motivate interpersonal reconnection? Resolving the
porcupine problem. J. Pers. Soc. Psychol. 2007, 92, 42–55. [CrossRef] [PubMed]

54. DeWall, C.N.; Maner, J.K.; Rouby, D.A. Social exclusion and early-stage interpersonal perception: Selective attention to signs of
acceptance. J. Pers. Soc. Psychol. 2009, 96, 729–741. [CrossRef]

55. Reissmann, A.; Stollberg, E.; Hauser, J.; Kaunzinger, I.; Lange, K.W. The role of state feelings of loneliness in the situational
regulation of social affiliative behavior: Exploring the regulatory relations within a multilevel framework. PLoS ONE 2021, 16,
e0252775. [CrossRef]

56. Thomas, K.A.; Clifford, S. Validity and Mechanical Turk: An assessment of exclusion methods and interactive experiments.
Comput. Hum. Behav. 2017, 77, 184–197. [CrossRef]

57. Russell, D. UCLA Loneliness Scale (Version 3): Reliability, Validity, and Factor Structure. J. Pers. Assess. 1996, 66, 20–40. [CrossRef]
58. Duke, M.P.; Nowicki, S. A new measure and social-learning model for interpersonal distance. J. Exp. Res. Personal. 1972, 6,

119–132.
59. Peirce, J.; Gray, J.R.; Simpson, S.; MacAskill, M.; Höchenberger, R.; Sogo, H.; Kastman, E.; Lindeløv, J.K. PsychoPy2: Experiments

in behavior made easy. Behav. Res. Methods 2019, 51, 195–203. [CrossRef]
60. Russell, D.; Peplau, L.A.; Ferguson, M.L. Developing a Measure of Loneliness. J. Pers. Assess. 1978, 42, 290–294. [CrossRef]
61. Britton, P.C.; Conner, K.R. Reliability of the UCLA Loneliness Scale in Opiate Dependent Individuals. J. Pers. Assess. 2007, 88,

368–371. [CrossRef] [PubMed]
62. Van Roekel, E.; Verhagen, M.; Engels, R.; Scholte, R.H.J.; Cacioppo, S.; Cacioppo, J.T. Trait and State Levels of Loneliness in

Early and Late Adolescents: Examining the Differential Reactivity Hypothesis. J. Clin. Child Adolesc. Psychol. 2016, 47, 888–899.
[CrossRef]

http://doi.org/10.1080/14616730412331281520
http://www.ncbi.nlm.nih.gov/pubmed/15513270
http://doi.org/10.1177/0013916513477653
http://doi.org/10.1093/scan/nsv115
http://www.ncbi.nlm.nih.gov/pubmed/26350617
http://doi.org/10.1371/journal.pone.0103369
http://doi.org/10.1080/17470919.2015.1010740
http://www.ncbi.nlm.nih.gov/pubmed/25666260
http://doi.org/10.1037/0033-2909.94.2.293
http://doi.org/10.1002/brb3.1613
http://doi.org/10.1177/0146167210382662
http://doi.org/10.1101/2021.03.03.433569
http://doi.org/10.1371/journal.pone.0203491
http://doi.org/10.1016/j.psyneuen.2018.02.036
http://doi.org/10.1523/JNEUROSCI.2755-12.2012
http://doi.org/10.1080/17470919.2017.1418428
http://doi.org/10.1007/s12144-020-00939-2
http://doi.org/10.2466/pms.1977.44.3.903
http://doi.org/10.1016/j.psychres.2020.113117
http://doi.org/10.1016/j.jpsychires.2021.01.047
http://doi.org/10.1093/geronb/gbab012
http://doi.org/10.1016/j.psychres.2021.113934
http://www.ncbi.nlm.nih.gov/pubmed/33882398
http://doi.org/10.1177/01650254211029719
http://doi.org/10.1037/0022-3514.92.1.42
http://www.ncbi.nlm.nih.gov/pubmed/17201541
http://doi.org/10.1037/a0014634
http://doi.org/10.1371/journal.pone.0252775
http://doi.org/10.1016/j.chb.2017.08.038
http://doi.org/10.1207/s15327752jpa6601_2
http://doi.org/10.3758/s13428-018-01193-y
http://doi.org/10.1207/s15327752jpa4203_11
http://doi.org/10.1080/00223890701333605
http://www.ncbi.nlm.nih.gov/pubmed/17518557
http://doi.org/10.1080/15374416.2016.1146993


Brain Sci. 2021, 11, 1135 13 of 13

63. Baayen, H.; Davidson, D.; Bates, D. Mixed-effects modeling with crossed random effects for subjects and items. J. Mem. Lang.
2008, 59, 390–412. [CrossRef]

64. Bates, D.; Mächler, M.; Bolker, B.; Walker, S. Fitting linear mixed-effects models using lme4. arXiv 2015, arXiv:1406.5823.
65. Lee, Y.; Lay, J.; Mahmood, A.; Graf, P.; Hoppmann, C. Loneliness and Social Engagement: The Unique Roles of State and Trait

Loneliness for Daily Prosocial Behaviors. Innov. Aging 2020, 4, 627. [CrossRef]
66. Gable, S.L.; Berkman, E.T. Approach and avoidance social motives and goals. J. Pers. 2006, 74, 175–222. [CrossRef] [PubMed]
67. Gable, S.L.; Gosnell, C.L. Approach and Avoidance Behavior in Interpersonal Relationships. Emot. Rev. 2013, 5, 269–274.

[CrossRef]
68. Cacioppo, S.; Bangee, M.; Balogh, S.; Cardenas-Iniguez, C.; Qualter, P.; Cacioppo, J.T. Loneliness and implicit attention to social

threat: A high-performance electrical neuroimaging study. Cogn. Neurosci. 2015, 7, 138–159. [CrossRef] [PubMed]
69. Cacioppo, J.T.; Hawkley, L.C. Perceived social isolation and cognition. Trends Cogn. Sci. 2009, 13, 447–454. [CrossRef]
70. Shin, J.-E.; Kim, K. Loneliness increases attention to negative vocal tone in an auditory Stroop task. Pers. Individ. Differ. 2018, 137,

144–146. [CrossRef]
71. Spithoven, A.W.; Bijttebier, P.; Goossens, L. It is all in their mind: A review on information processing bias in lonely individuals.

Clin. Psychol. Rev. 2017, 58, 97–114. [CrossRef]
72. Mund, M.; Weidmann, R.; Wrzus, C.; Johnson, M.D.; Bühler, J.L.; Burriss, R.P.; Wünsche, J.; Grob, A. Loneliness is associated with

the subjective evaluation of but not daily dynamics in partner relationships. Int. J. Behav. Dev. 2020, 0165025420951246. [CrossRef]
73. Holt, D.J.; Zapetis, S.; Babadi, B.; Tootell, R.B.H. Personal space Increases during the COVID-19 Pandemic in Response to Real

and Virtual Humans. medRxiv 2021. [CrossRef]
74. Welsch, R.; Wessels, M.; Bernhard, C.; Thönes, S.; von Castell, C. Physical distancing and the perception of interpersonal distance

in the COVID-19 crisis. Sci. Rep. 2021, 11, 1–9. [CrossRef]
75. Thompson, D.E.; Aiello, J.R.; Epstein, Y.M. Interpersonal distance preferences. J. Nonverbal Behav. 1979, 4, 113–118. [CrossRef]
76. Uzzell, D.; Horne, N. The influence of biological sex, sexuality and gender role on interpersonal distance. Br. J. Soc. Psychol. 2006,

45, 579–597. [CrossRef]
77. Beaulieu, C. Intercultural Study of Personal Space: A Case Study. J. Appl. Soc. Psychol. 2004, 34, 794–805. [CrossRef]
78. Peker, M.; Booth, R.W.; Eke, A. Relationships among self-construal, gender, social dominance orientation, and interpersonal

distance. J. Appl. Soc. Psychol. 2018, 48, 494–505. [CrossRef]
79. Aiello, J.R. Human spatial behavior. Handb. Environ. Psychol. 1987, 1, 389–504.
80. Heshka, S.; Nelson, Y. Interpersonal speaking distance as a function of age, sex, and relationship. Sociometry 1972, 491–498.

[CrossRef]
81. Hector-Taylor, L.; Adams, P. State versus Trait Loneliness in Elderly New Zealanders. Psychol. Rep. 1996, 78, 1329–1330. [CrossRef]

http://doi.org/10.1016/j.jml.2007.12.005
http://doi.org/10.1093/geroni/igaa057.2140
http://doi.org/10.1111/j.1467-6494.2005.00373.x
http://www.ncbi.nlm.nih.gov/pubmed/16451230
http://doi.org/10.1177/1754073913477513
http://doi.org/10.1080/17588928.2015.1070136
http://www.ncbi.nlm.nih.gov/pubmed/26274315
http://doi.org/10.1016/j.tics.2009.06.005
http://doi.org/10.1016/j.paid.2018.08.016
http://doi.org/10.1016/j.cpr.2017.10.003
http://doi.org/10.1177/0165025420951246
http://doi.org/10.1101/2021.06.09.21258234
http://doi.org/10.1038/s41598-021-90714-5
http://doi.org/10.1007/BF01006355
http://doi.org/10.1348/014466605X58384
http://doi.org/10.1111/j.1559-1816.2004.tb02571.x
http://doi.org/10.1111/jasp.12529
http://doi.org/10.2307/2786529
http://doi.org/10.2466/pr0.1996.78.3c.1329

	Introduction 
	Materials and Methods 
	Participants 
	Procedure 
	Measures 
	Interpersonal Distance Task 
	UCLA Loneliness Scale 
	COVID-19 Loneliness 

	Experimental Design 

	Results 
	Discussion 
	Conclusions 
	References

