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Abstract

During social interaction, humans prefer to keep a certain distance between themselves and

other individuals. This preferred ‘interpersonal distance’ (IPD) is known to be sensitive to

social context, and in the present study we aimed to further investigate the extent to which

IPD is affected by the specific type of social interaction. In particular, we focused on the con-

trast between joint actions, where two or more individuals coordinate their actions in space

and time to achieve a shared goal, and parallel actions, where individuals act alongside

each other but individually. We predicted that joint action would be associated with a smaller

preferred IPD compared to parallel action. Additionally, given that this research took place in

the midst of the COVID-19 pandemic, we aimed to assess whether IPD preferences are

affected by individuals’ concerns about infection in general, as well as COVID-19 in particu-

lar. We predicted that higher individual concerns would be associated with greater preferred

IPD. To test these hypotheses, we asked participants to imagine different social scenarios

(involving either joint or parallel actions alongside a stranger) and indicate, on a visual scale,

their preferred IPD. The results of two experiments (n = 211, n = 212) showed that partici-

pants preferred a shorter distance when they imagined acting jointly compared to when they

imagined acting in parallel. Moreover, participants who reported higher discomfort for poten-

tial pathogen contact and who were more aware of the COVID-19 context in which the study

took place preferred a larger IPD in general. Our results provide further evidence that differ-

ent types of social interaction shape IPD preference. We discuss potential reasons for this

phenomenon and highlight remaining questions for future research.

Introduction

During social interaction, humans prefer to keep a certain distance between themselves and

other individuals. This so-called ‘interpersonal distance’ (IPD; [1]), which typically extends

slightly beyond a person’s reach, is closely monitored and constantly adjusted to remain

appropriate for comfortable interaction. Crucially, the IPD that individuals prefer must be

small enough for the particular interaction to be carried out smoothly, yet large enough as not
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to induce discomfort ([2–4]; also see [5]). In this sense, IPD can be considered a key compo-

nent of natural social interaction [1, 6–8].

Not surprisingly, IPD has been shown to be sensitive to social context: it is comparatively

larger in threatening compared to safe situations [1, 3, 9–11], and in interactions with strang-

ers compared to friends/acquaintances [12–14] and with non-human-like agents compared to

human-like agents [15, 16]. Individuals also prefer to keep a greater distance if the counterpart

shows an angry facial expression compared to a happy or neutral one [17–19]. Moreover, there

is initial evidence suggesting that IPD depends on whether an interaction is cooperative or

competitive in nature ([20]; also see [8]).

In the present study, we aimed to further investigate to what extent IPD is affected by the

type of social interaction. In particular, we focused on the contrast between joint actions,
where two or more individuals coordinate their actions in space and time to achieve a joint

goal (see [21–23]), and parallel actions, where individuals act alongside each other but individ-

ually (see [24–26]). Both joint and parallel actions are typically (though not always) performed

within a shared physical environment, and often with small distances between individuals.

Imagine, for instance, volunteers from a local community fixing recent storm damage by

removing a fallen tree from a pathway. Two volunteers are operating a two-man saw (each

holding one end of the saw) to cut a branch of the tree in half. Two other volunteers each oper-

ate their own saw to cut different branches of the tree. Comparing these two scenarios, we

would consider the former two volunteers to be acting jointly and the latter two volunteers to

be acting in parallel. Note that these two scenarios are merely meant to serve as intuitive exam-

ples illustrating the distinction between joint and parallel action–they are not meant to provide

a complete definition. Instead, in line with a recent, comprehensive account [24], we assume

that what differentiates a joint from a parallel action is that when individuals act jointly, their

actions are collectively directed towards the same goal, such as cutting the same branch (e.g.,

[27]; on collective/joint/shared goals, see [24, 28, 29]). Here, we asked whether the distinction

between joint and parallel action might also be reflected in the distance individuals prefer to

keep from one another during interaction. Understanding how personal space preferences

change in these common forms of social behaviour can provide a more detailed picture of typi-

cal human interactions.

We hypothesised that individuals will prefer smaller IPD when acting jointly compared to

in parallel for a number of reasons. First, previous research has shown that individuals prefer

smaller IPD during cooperative compared to competitive actions ([20]; also see [8]). Given

this finding, one could thus also expect that smaller IPD is preferred in joint action compared

to parallel action–since joint action, in contrast to parallel action, is intrinsically cooperative in

nature. Second, acting at closer distances could be preferred because it potentially facilitates

interpersonal coordination. This is because successful coordination often requires being able

to infer others’ action goals and intentions by observing their actions (e.g., [21, 30, 31]). Thus,

to facilitate action observation, and thereby interpersonal coordination, individuals might pre-

fer to act more closely to their interaction partners. Third, during joint action, individuals

might experience a sense of joint agency, increasing their feeling of ‘togetherness’ and ‘integra-

tion’ with the other agent (for recent reviews on joint agency, see [32, 33]), which in turn could

lead to a preference for smaller IPD.

Further support for our hypothesis comes from a recent study showing that IPD is linked to

the subjective quality of an interaction, such that smaller IPD correlates with higher enjoyment

[34]. One reason for this link could be that interpersonal rapport is often established and

expressed through non-verbal means such as facial expressions (e.g., [35–38]; also see [39])

and these are easier to read from a closer distance. Consequently, we reasoned that individuals
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might prefer closer distances during joint (compared to parallel) action in order to establish

good social rapport with the other agent (although we do not specifically test this).

As the present study was conducted in early 2022, during the COVID-19 pandemic, we

considered that COVID-related concerns might naturally have an effect on participants’ IPD

preferences. After all, research on this topic showed that people preferred to keep farther apart

from other individuals during the pandemic [40, 41], in line with social distancing guidelines

for the avoidance of virus transmission. It was also shown that preferred IPD is sensitive to the

wearing of face masks [18, 42–44] and to others’ infection status [45]. Moreover, changes in

distance preferences have been found to be associated with individual differences in anxiety

[42, 46] and in perceived risk of infection [40, 46]. In light of these findings, we predicted that

participants who are generally more concerned about infection (i.e., view themselves as more

susceptible) and consider the COVID-19 context when judging preferred distance will prefer

greater IPD. In addition, we were also interested in whether the latter two factors might influ-

ence the degree to which individuals’ preferred IPD differs between joint and parallel action.

That is, whether these factors might have a greater effect on one type of interaction compared

to the other.

In sum, the aim of the present study was to test whether the interpersonal distance (IPD)

people prefer to keep from others is influenced by the type of social interaction they are

involved in, i.e., whether they are acting jointly [22] or in parallel [24] with others. We tested

our hypotheses in two experiments, with the second performed to control for a possible con-

found in the first. This confound was related to the use of shared objects in joint action scenar-

ios (see Experiment 1 discussion). We predicted that joint action will be associated with a

smaller preferred IPD compared to parallel action (H1). Additionally, based on recent research

during the COVID-19 pandemic, we aimed to assess whether IPD preferences might be

affected by individuals’ concerns about infection in general and about COVID-19 in particu-

lar. We predicted that higher individual concerns will be associated with greater preferred IPD

(H2).

Experiment 1

To test H1, we presented participants with descriptions of social scenarios which involved

interacting with another (unfamiliar) person. For each scenario, participants were asked to

indicate, on a visual scale, the smallest distance from the other person at which they would feel

comfortable (see Fig 1). The scenarios came in two versions that differed with respect to the

type of social interaction (joint versus parallel) described, but were comparable with respect to

the overall action context; see Table 1. As such, we used a repeated measures design to examine

the influence of social context (joint action, parallel action) on preferred IPD. Additionally, to

test H2, we assessed participants’ perceived vulnerability to disease via a questionnaire and

asked them to report their subjective awareness of COVID-19 at the moment of the study. See

Experiment 1 Materials below for details.

Sample size estimation

Our sample size was based on an a priori power analysis (alpha = 0.05, power = 0.80, two-tailed

paired t-test) which showed that 200 participants would be sufficient to detect a small effect

(Cohen’s d = 0.2), i.e., we would be able to detect a potentially small difference in IPD between

joint and parallel actions. In case we had to exclude any participants during analysis due to

technical problems or other reasons (see data exclusion criteria in Experiment 1 ‘Data analysis’

section), we decided to collect a sample of 220 individuals.
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Participants

We tested a sample of participants from two Western European countries (Germany and the

UK) with comparable ‘baseline’ IPD preferences [14]. We recruited 110 participants from Ger-

many and 110 participants from the UK via Prolific (https://www.prolific.co/). All participants

were required to be fluent in English, aged between 25 and 60 years old, and to have lived in

the UK or Germany for the majority of the past two years at the time of testing. Participants

were also required to have a 100% approval rating on Prolific. We collected a balanced sample

of 50% male and 50% female participants.

Following exclusions (see Experiment 1 ‘Data analysis’ section), the sample used for data

analysis consisted of 211 individuals aged between 25 and 60 years old, mean±SD age = 35.8

±9.21 years (106 women, 105 men). All participants provided informed consent and the exper-

iment was approved by the University of Stirling General University Ethics Panel (review ref-

erence: GUEP 2021 4316 3574). Participants received monetary compensation for their time

(£1.25, equivalent to £7.50 per hour). Authors did not have access to information that could

identify individual participants during or after data collection

Materials

The study was conducted as an online survey using Qualtrics (https://www.qualtrics.com). In

the survey, participants were presented with descriptions of social scenarios which involved

interacting with another (unfamiliar) person. For each scenario, participants were asked to

indicate the smallest distance from the other person at which they would be comfortable, on a

visual scale from 0 to 3 metres (see Fig 1). The scale was similar to the Interpersonal Visual

Analog Scale [47] and the Pedersen personal space scale [48]. Previous research has shown

that effects observed using these types of rating scales tend to align well with effects observed

using more naturalistic methods (47). Our scale pictured a gender-neutral human silhouette

with a relative height of 1.7 m. The image was 996 x 472 pixels in size (600 dpi), scaled to indi-

vidual monitor size, and could be clicked on using the computer mouse. Thus, using the

mouse as a response device, participants could easily indicate their smallest preferred IPD by

clicking on (or above) the scale at a distance they judged as appropriate. Participants could

provide a minimum distance of 0 metres and a maximum distance of 3 metres. Henceforth,

we refer to this task as the ‘IPD rating task’.

Fig 1. IPD rating scale. Participants were asked to indicate the smallest distance from the depicted person at which

they would be comfortable, by clicking on the image.

https://doi.org/10.1371/journal.pone.0285202.g001
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The scenarios described joint and parallel actions, such that there were always two matched

scenario versions which differed only regarding the joint-parallel distinction while being com-

parable in other respects. There were five different scenarios and each scenario was presented

in a joint and parallel version, giving us 10 scenarios in total. To illustrate, one of the scenarios

Table 1. Text (exact wording) presented to participants for each scenario in joint and parallel versions.

Experiment Scenario and opening Version

Joint Parallel

1 Storm Damage

Imagine that you are working with members of

your local community to fix recent storm

damage.

A tree has fallen over a pathway, and you are

using a ’two-man saw’ to cut one of the

branches in half. You are holding one end of the

saw and an unfamiliar member of your

community is standing opposite to you and is

holding the other end of the saw.

A tree has fallen over a pathway, and you are

using a saw to cut one of the branches in half.

An unfamiliar member of your community is

standing opposite to you and is using a different

saw to cut another branch in half.

Exercise Class

Imagine that you are at an exercise class.

You and an unfamiliar member of the class are

standing opposite each other and throwing a ball

back and forth.

You and an unfamiliar member of the class are

standing opposite each other. Each of you is

lifting a ball up and down.

Office Work Imagine that you are moving a rectangular table

at your place of work. You are lifting one end of

the table while a new, unfamiliar colleague is

lifting the opposite end.

Imagine that you are sitting at a rectangular table

at your place of work. You are sitting at one end

of the table and working on a laptop while a new,

unfamiliar colleague is sitting at the opposite

end and is working on their laptop.

Cafeteria

Imagine that you are volunteering at a cafeteria,

preparing plates of food for an event in your

local community.

You are placing rice on plates and then putting

the plates on a conveyor belt. An unfamiliar

member of your community is standing opposite

to you and is adding vegetables to these plates.

You are placing rice and vegetables on plates

and then putting the plates on a conveyor belt. An

unfamiliar member of your community is

standing opposite to you and is placing rice and

vegetables on other plates.

Event Preparation

Imagine that you are preparing banners for an

event in your local community.

You are standing at a table writing text on a

banner. An unfamiliar member of your

community is standing opposite to you and is

adding illustrations to the same banner.

You are standing at a table writing text on a

banner and adding illustrations. An unfamiliar

member of your community is standing opposite

to you and is preparing another banner.

2 Storm Damage

Imagine that you are working with members of

your local community to fix recent storm

damage.

A large tree has fallen over a pathway, and you

are using a saw to cut a branch into smaller

pieces so that the tree can be moved. An

unfamiliar member of your community is

standing opposite to you and cutting another

part of the same branch.

A large tree has fallen over a pathway, and you are

using a saw to cut a branch into smaller pieces

so that it can be moved. An unfamiliar member

of your community is standing opposite to you

and cutting a different branch.

Exercise Class

Imagine that you are at an exercise class.

You are performing a step routine while an

unfamiliar member of the class is performing

the same routine opposite to you. The class

instructor asks you to perform your steps in

synchrony.

You are performing a step routine while an

unfamiliar member of the class is performing a

different routine opposite to you. The class

instructor asks you to perform your routines one

after the other, so she can check whether you

perform all movements correctly.

Office Work

Imagine that you are sitting at a rectangular

table at your place of work. You are sitting at

one end of the table and working on a laptop

while a new, unfamiliar colleague is sitting at

the opposite end and is working on their

laptop.

You are working quietly with headphones on to

fill in the same Excel spreadsheet before a

meeting that you will both attend later in the day.

You are working quietly with headphones on to

fill in separate Excel spreadsheets before separate

meetings later in the day.

Cafeteria

Imagine that you are volunteering at a cafeteria,

cooking food for an event in your local

community.

You are standing at a stove preparing one

component for a meal while an unfamiliar

member of your community is standing opposite

to you at a different stove, preparing the other

component of the meal.

You are standing at a stove preparing a meal

while an unfamiliar member of your community

is standing opposite to you at a different stove,

preparing a different meal.

Drumming Lesson

Imagine that you are learning to play bongo

drums. You are sharing the lesson with an

unfamiliar student, who is sitting opposite.

Your teacher asks you to play at the same time

as the other student, whilst matching your

rhythms.

Your teacher asks you to play one at a time, so he

can hear your progress.

https://doi.org/10.1371/journal.pone.0285202.t001
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would take place at an exercise class, where participants were asked to imagine passing a ball

back and forth with another agent (joint), or lifting a ball up and down, in parallel to another

agent doing the same (parallel). Another scenario would involve cutting branches of wood,

either together with another agent, using a ‘two-man saw’ (joint), or in parallel to another

agent, each using their own saw (parallel). All scenarios are displayed in Table 1.

To assess concerns about infection risk (given the global COVID-19 pandemic), we used

the Perceived Vulnerability to Disease (PVD) self-report scale [49], which measures perceived

vulnerability along the two dimensions Perceived Infectability (beliefs about susceptibility to

infectious disease) and Germ Aversion (emotional discomfort in scenarios with the potential

for pathogen transmission). The PVD scale features statements to which participants are asked

to provide their level of agreement, such as ‘I have a history of susceptibility to infectious dis-

ease’ (Perceived Infectability) and ‘I prefer to wash my hands pretty soon after shaking some-

one’s hand’ (Germ Aversion); see S1 Table for a complete list of the PVD items. Responses

were provided on a scale from 1 (Strongly disagree) to 7 (Strongly agree).

To measure whether participants were thinking of COVID-19 while completing the task,

we presented participants with a ‘COVID-context awareness’ question at the very end of the

survey. Participants were asked to indicate how much they agreed with the following state-

ment: ‘While I was reporting the smallest distance I would feel comfortable being near another

person in the previous scenarios, I was thinking about COVID-19 containment measures (e.g.,

social distancing, mask wearing, infection testing).’ Participants indicated their agreement on

a scale from 1 (Strongly disagree) to 7 (Strongly agree).

Procedure

Participants were tested on Monday 14th February 2022. At the end of the previous week the

cumulative COVID-19 cases per 100,000 people were approximately 15,000 in Germany and

27,000 in the UK. 77% of individuals in Germany and 78% in the UK had received at least one

COVID-19 vaccination (https://ourworldindata.org/coronavirus). Participants took part using

their own computers.

Participants were first informed that they would be presented with a series of scenarios to

imagine, each of which containing an encounter between them and a person they are unfamil-

iar with, and that they would have to report the smallest distance they would feel comfortable

being near the other person. Participants were requested to read the scenario descriptions

carefully and it was emphasised that all of the scenarios are different, even if the context is sim-

ilar. The ten scenarios were then presented in a randomised order. For each scenario, partici-

pants reported the smallest preferred IPD on a scale from 0 to 3 metres (see Fig 1). Participants

were asked to assume that the action can be effectively performed at any distance.

Following the IPD rating task, participants were asked to report their age in years, their gen-

der (man, woman, non-binary), and the country in which they had spent the majority of the

time living over the past two years. Finally, they were presented with the PVD scale (with

items in a randomised order) and the COVID-context awareness question (see Experiment 1

‘Materials’ section). On average, participants needed approximately eight minutes to complete

the entire survey.

Data analysis

Participants were excluded from analysis if they did not finish the survey, spent less than 3

minutes (n = 2) or more than 30 minutes (n = 2) on the survey, did not spend the majority of

the last two years in the country from which they were recruited (n = 5), or provided an IPD

rating of less than 5 cm as a mean across all scenarios.

PLOS ONE Preferred interpersonal distance for joint action

PLOS ONE | https://doi.org/10.1371/journal.pone.0285202 May 2, 2023 6 / 19

https://ourworldindata.org/coronavirus
https://doi.org/10.1371/journal.pone.0285202


Responses to the IPD rating task were converted from pixels into metres. The smallest pos-

sible value that participants could provide when clicking on the image was 71 pixels in the x
dimension, and the size of the image was equivalent to 258 pixels per metre. As such, preferred

IPD in metres was calculated by using the following formula: (pixel value—71)/258.

As dependent measures, we calculated, per participant, the mean value for preferred IPD in

the five joint scenarios (jointIPD) and five parallel scenarios (parallelIPD), as well as the grand

mean across all ten scenarios (meanIPD). We also calculated the difference in preferred IPD

between matched joint and parallel versions (parallel—joint), such that a larger value indicates

a preference for a closer distance in joint action. The mean of these difference values was calcu-

lated per participant (diffIPD). The two dimensions of the PVD scale (Perceived Infectability

and Germ Aversion) were computed by taking the mean of the relevant items (reverse coded

where necessary).

To test H1 (predicting greater IPD for joint compared to parallel action), we used a two-

tailed paired samples t-test to compare participants’ jointIPD to parallelIPD, after using a Sha-

piro-Wilk test to confirm normality. To test H2 (predicting a general influence of individual

concerns about infection and COVID-19 on IPD), we ran a multiple linear regression using

meanIPD as a dependent variable. The independent variables (i.e., covariates) were Country

(dummy coded, to control for any possible regional differences), Perceived Infectability, Germ

Aversion, and COVID-context awareness. Regression was performed using the ‘Enter’

method, and the suitability of the analysis was confirmed by checking for the linearity of the

relationship between independent and dependent variables, the absence of outliers (standard-

ised residual > 3), the independence of observations, homoscedasticity, normal distribution of

residuals, absence of multicollinearity. Standardised residuals > 3 were removed (only once

per regression analysis reported).

For the regression, we specifically predicted that Perceived Infectability and COVID-con-

text awareness would positively predict preferred IPD. As Perceived Infectability provides an

index of individuals’ subjective beliefs about their susceptibility to catch an infectious disease

from other people, this should be particularly relevant during social interaction. The second

dimension of the PVD scale, namely Germ Aversion, was considered slightly less relevant

because it focuses more on individuals’ concerns about potential pathogen transmission from

objects previously touched by other people rather than on direct interaction. However, a study

conducted during the early phase of the COVID-19 pandemic [40] indicated that people with

greater fear of being contaminated by pathogens (as indicated by the Germ Aversion dimen-

sion of the PVD scale) showed greater COVID-related changes in peripersonal space, which is

a different, but potentially related concept to IPD [6] (but see [50]). Thus, Germ Aversion

might also predict preferred IPD. A further study, that we were not aware of at the time of pre-

registration, also found a link between Germ Aversion and IPD preferences [51].

In addition to our hypothesis tests, we ran two exploratory analyses. First, to evaluate

whether participants’ concerns about infection in general and about COVID-19 in particular

might influence the degree to which preferred IPD differs between joint and parallel action, we

ran another multiple linear regression, this time using diffIPD as a dependent variable. Second,

to examine whether differences in preferred IPD were consistent across our five scenarios, we

computed the mean IPD difference between joint and parallel action separately for each sce-

nario. We then tested whether the difference in each scenario was significantly different from

zero by using one sample Wilcoxon signed-rank tests (due to deviations from normality). If

the difference was greater than 0, this meant that participants, on average, preferred a smaller

distance during joint compared to parallel action; if it was smaller than 0, the reverse was true.

If particular scenarios differed from the others in this respect (e.g., showing no difference

while the others showed a difference), these scenarios were then compared to the others by
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using linear mixed models. Note that the details of this second exploratory analysis were not

preregistered.

All analyses were performed with JASP, version 0.16 [52] or R, version 4.0.5 [53].

Results

Main analyses. Consistent with H1, we observed that participants displayed a preference

for a smaller IPD in the joint action scenarios (mean±SE = 1.36±0.0331 m) compared to the

parallel action scenarios (1.55±0.0309 m), t(210) = -9.26, p< .001, Cohen’s d = -0.637, 95% CI

= [-0.785, -0.489] (Fig 2), with 77% of participants displaying an effect in this direction.

In the multiple regression analysis with meanIPD as the dependent variable, a statistically

significant model was observed, F(4, 204) = 7.36, p< .001, adj. R2 = .109. Consistent with H2,

the two covariates Germ Aversion and COVID-context awareness, yet not the other two (i.e.,

Perceived Infectability and Country), were found to be statistically significant predictors of

IPD preference (Table 2).

Exploratory analyses. The multiple regression analysis with diffIPD as the dependent var-

iable did not result in a statistically significant model, F(4, 204) = 0.905, p = .462. The full out-

put is reported in S2 Table.

Fig 2. Individual responses, boxplots, and distributions for preferred IPD (Experiment 1).

https://doi.org/10.1371/journal.pone.0285202.g002

Table 2. Multiple regression analysis for meanIPD (Experiment 1). Statistically significant predictors displayed in bold.

Unstandardised estimate Standard error β t p

Intercept 0.915 0.120 7.63 < .001

Country -0.000465 0.0556 -.000551 -0.00837 .993

Perceived Infectability -0.00503 0.0251 -.0141 -0.200 .841

Germ Aversion 0.106 0.0294 .263 3.60 .000399

COVID-context awareness 0.0372 0.0142 .179 2.62 .00939

https://doi.org/10.1371/journal.pone.0285202.t002
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To better understand this null result we ran a post hoc Bayesian multiple linear regression

in JASP. We used the default JZS prior distribution (r scale of 0.354) for coefficients, and a uni-

form model prior which characterises all possible models as equally likely. The null model

(containing only the intercept) was found to be the most probable given the data, with P

(model|data) = .381. The second most probable model contained only COVID-context aware-

ness as a predictor, with P(model|data) = .204. However, the Bayes factor for this model sug-

gested that the observed data were 1.87 times more likely under the null model (BF10 = 0.535).

For all other models, P(model|data) < .1, and the observed data were at least 6.3 times more

likely under the null model in each case (i.e., BF10� 0.159).

The mean IPD difference between joint and parallel action, computed separately for each

scenario, showed that differences across scenarios ranged from 0 to 0.35 m (Storm Damage:

0.347 m, Exercise Class: -0.000276 m, Office Work: 0.301 m, Cafeteria: 0.0827 m, Event Prepa-

ration: 0.219 m). The mean differences for all scenarios were found to be significantly different

from zero, as indicated by one sample Wilcoxon signed-rank tests (p� .00126), except for

Exercise Class (p = .925).

Consequently, a linear mixed model was used to test whether Exercise Class differed from

the other scenarios. The model included the factor Scenario as a fixed effect, for which we

coded Exercise Class as a reference group. Moreover, we included random intercepts for each

participant in the model. We decided against adding random slopes for Scenario as the model

did not converge. The model coefficients were tested for significance using Wald t-tests. We

found that the Exercise Class scenario differed significantly from the Event Preparation sce-

nario (B = 0.22, t(844) = 4.38, p< .001), the Storm scenario (B = 0.35, t(844) = 6.94, p< .001),

and the Office scenario (B = 0.30, t(844) = 6.01, p< .001). Relative to the Cafeteria scenario,

there was no significant difference (B = 0.08, t(844) = 1.66, p = .098).

Discussion

Our results showed that participants, on average, preferred to keep a shorter distance between

themselves and another (unfamiliar) individual when they imagined acting jointly with that

individual (joint = 1.36 m) compared to when they imagined acting in parallel (parallel = 1.55

m). This difference in preferred IPD for joint versus parallel action (mean difference = 0.19 m)

was not affected by participants’ individual concerns about infection in general and about

COVID-19 in particular. However, participants’ overall IPD preference (averaged across joint

and parallel action) was modulated by participants’ discomfort in scenarios with the potential

for pathogen transmission (as measured by the dimension ‘Germ Aversion’ of the PVD scale;

[49]). In addition, it was modulated by participants’ momentary concern about COVID-19. As

such, participants who reported higher discomfort for potential pathogen contact and who

were more aware of the COVID-19 context preferred to keep further away from a co-acting

individual.

Finally, we noticed that the difference in preferred IPD for joint versus parallel action was

observed consistently across four of our five scenarios. Only in the Exercise Class scenario, no

such difference was observed. The joint version of this scenario differed from all others in one

noticeable aspect: whereas in all other scenarios, two individuals were concurrently acting

upon a shared object (i.e., operating a two-man saw, lifting a table, placing objects on a con-

veyor belt, writing/drawing on a banner), the individuals in the Exercise Class scenario were

passing a ball back and forth. Thus, individuals in the latter scenario were not as constrained

by the shared object (because the ball was not acted upon at the same time). This opens the

possibility that the differences in preferred IPD between joint and parallel action, present in all

but the Exercise Class scenario, might be due to the fact that individuals in the joint version
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were constrained by the shared object. In the parallel version, there was no such constraint in

any of the scenarios because individuals acted upon separate objects.

Note that, to avoid the above concern, participants had been explicitly instructed to assume

that all actions “can be effectively performed at any distance”. Despite this instruction, we can-

not safely exclude that participants were not affected by the shared objects.

Experiment 2

We conducted Experiment 2 to ensure that the differences in preferred IPD between joint and

parallel action observed in Experiment 1 cannot be explained by the fact that in the particular

scenarios we chose, joint actions always required the concurrent manipulation of a shared

object (e.g., a two-man saw) while parallel actions required the manipulation of separate

objects. Therefore, in Experiment 2, we adjusted all scenarios such that neither joint nor paral-

lel actions required concurrent manipulation of a shared object; instead, individuals always

acted upon separate (or no) objects.

Method

Unless otherwise stated, the methods were identical to those used in Experiment 1.

Participants

We recruited another 220 participants (110 from Germany, 110 from the UK), none of which

had taken part in the previous experiment. Following exclusions (see Experiment 2 ‘Data anal-

ysis’ section below), the sample used for data analysis consisted of 212 participants aged

between 25 and 60 years old, mean±SD age = 35.4±8.84 years (108 men, 102 women, 2 non-

binary individuals).

Materials

We developed new scenarios to eliminate the potential confound discussed above. In order to

still keep the scenarios as comparable to those in Experiment 1 as possible, we did not change

the overall action context (except for one scenario) but only slightly adjusted the parameters of

the joint/parallel actions (see Table 2).

Procedure. Participants were tested on Monday 11th April 2022. At the end of the previ-

ous week the cumulative COVID-19 cases per 100,000 people were approximately 27,000 in

Germany and 32,000 in the UK. 77% of individuals in Germany and 79% in the UK had

received at least one COVID-19 vaccination.

Data analysis. We excluded four participants for spending over 30 minutes on the survey

and four participants for not spending the majority of the previous two years in the country

from which they were recruited.

Results

Main analyses. A Shapiro-Wilk test indicated a statistically significant deviation from

normality for the comparison of jointIPD and parallelIPD. Thus, a Wilcoxon signed-rank test

was used. Replicating the pattern from Experiment 1, we observed that participants displayed

a preference for a smaller IPD in the joint action scenarios (mean±SE = 1.49±0.0333 m) com-

pared to the parallel action scenarios (1.60±0.0321 m), W = 5855.5, p< .001, r = -.481, 95% CI

= [-.592, -.354] (Fig 3), with 68% of participants displaying an effect in this direction.

In the multiple regression analysis with meanIPD as the dependent variable, a statistically

significant model was observed, F(4, 207) = 6.51, p< .001, adj. R2 = .0946. As in Experiment 1,
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Germ Aversion and COVID-context awareness were found to be statistically significant pre-

dictors of IPD preference (Table 3).

Exploratory analyses. The multiple regression analysis with diffIPD as the dependent var-

iable did not result in a statistically significant model, F(4, 205) = 0.841, p = .501. The full out-

put is reported in S3 Table.

As for Experiment 1, we also ran a Bayesian multiple linear regression analysis to follow up

on this result, using the same parameters previously described. The null model was found to

be the most probable given the data, with P(model|data) = .417. The second most probable

model contained only COVID-context awareness as a predictor, with P(model|data) = .133.

However, the Bayes factor for this model suggested that the observed data were 3.13 times

more likely under the null model (BF10 = 0.319). For all other models, P(model|data) < .1, and

the observed data were at least 4.7 times more likely under the null model in each case (i.e.,

BF10� 0.214).

Mean differences for the scenarios ranged between 0.03 and 0.19 m (Storm Damage: 0.0255

m, Exercise class: 0.194 m, Office Work: 0.117 m, Cafeteria: 0.101 m, Drumming Lesson: 0.104

m). The mean differences for the scenarios were found to be significantly different from zero

using one-sample Wilcoxon signed-rank tests (p < .001), except for Storm Damage (p =

.0904).

Fig 3. Individual responses, boxplots, and distributions for preferred IPD (Experiment 2).

https://doi.org/10.1371/journal.pone.0285202.g003

Table 3. Multiple regression analysis for meanIPD (Experiment 2). Statistically significant predictors displayed in bold.

Unstandardised estimate Standard error β t p

Intercept 1.07 0.126 8.51 < .001

Country -0.0499 0.0600 -.0549 -0.832 .406

Perceived Infectability 0.0202 0.0278 .0507 0.728 .468

Germ Aversion 0.0742 0.0300 .177 2.47 .0141

COVID-context awareness 0.0476 0.0153 .212 3.12 .00209

https://doi.org/10.1371/journal.pone.0285202.t003
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To follow up on the latter, we used a linear mixed model to test whether Storm Damage dif-

fered from the other scenarios. The model included the factor Scenario as a fixed effect, for which

we coded Storm Damage as a reference group. Moreover, we included random intercepts for each

participant in the model. We did not add random slopes for Scenario as the model did not con-

verge. The model coefficients were tested for significance using Wald t-tests. We found that the

Storm Damage scenario differed significantly from the Exercise Class scenario (B = 0.17, t(848) =

3.88, p< .001) and the Office scenario (B = 0.09, t(848) = 2.13, p = .034). Comparisons with the

Drumming Lesson scenario and the Cafeteria scenario were not statistically significant (Drum-

ming Lesson: B = 0.08, t(848) = 1.81, p = .070; Cafeteria: B = 0.08, t(848) = 1.74, p = .083).

Discussion

In Experiment 2, we replicated the main findings from Experiment 1. Participants preferred to

keep a shorter distance between themselves and another (unfamiliar) individual during joint

action (joint = 1.49 m) compared to parallel action (parallel = 1.60 m). As in Experiment 1,

this difference in preferred IPD for joint versus parallel action (mean difference = 0.11 m) was

not affected by participants’ individual concerns about infection in general and about COVID-

19 in particular. However, participants’ overall IPD preference was modulated by participants’

discomfort in scenarios with the potential for pathogen transmission and by participants’

momentary concern about COVID-19, such that participants who reported higher discomfort

for potential pathogen contact and higher awareness of the COVID-19 context preferred to

keep further away from a co-acting individual.

Importantly, in Experiment 2, we had modified the scenarios such that neither joint nor

parallel actions required concurrent manipulation of a shared object; and instead, individuals

always acted upon separate (or no) objects. This was done to ensure that the differences in pre-

ferred IPD between joint and parallel action observed in Experiment were not simply caused

by participants in Experiment 1 feeling distance constraints due to the shared objects involved

in the joint actions. Replicating the difference in preferred IPD between joint and parallel

action in Experiment 2 provides indication that this difference cannot be ascribed to different

spatial constraints caused by the to-be-manipulated objects, since these constraints were

exactly the same for joint and parallel actions in Experiment 2. This lets us conclude that the

difference in preferred IPD we observe across experiments can be ascribed to our main manip-

ulation, i.e., the two different types of social interaction.

In Experiment 2, the difference in preferred IPD for joint versus parallel action was

observed consistently across four of our five scenarios. Only in the Storm Damage scenario, no

such difference was observed. In this scenario, participants were asked to imagine that they are

helping to fix storm damage. Specifically, participants were asked to imagine that a large tree

has fallen over a pathway and they are using a saw to cut a branch into smaller pieces so that

the tree can be moved. They were told that an unfamiliar member of the community is stand-

ing opposite them and is cutting either “another part of the same branch” (joint version) or “a

different branch” (parallel version). One might argue here that in both versions of this sce-

nario, the action feels rather ‘joint’ in that the co-acting individuals are acting upon the same

tree with the joint goal of removing it from the pathway. The minor difference (cutting the

same branch or a different branch of the tree) might have been easily overlooked or regarded

as not essential with respect to the overall goal. It is possible that for this reason, individuals’

IPD preferences did not differ between the joint and parallel version of the Storm Damage sce-

nario. Alternatively, the comparable IPD ratings for the two versions could reflect the use of a

potentially dangerous tool, such that individuals might maintain a more consistent distance

for safety reasons, possibly overriding personal comfort.
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General discussion

The aim of the present study was to investigate whether ‘interpersonal distance’ (IPD; [1]), i.e.,

the distance individuals typically keep between themselves and others, is affected by the type of

social interaction individuals are involved in. Specifically, we focused on the contrast between

joint actions, where two or more individuals coordinate their actions in space and time to

achieve a joint goal (e.g., [22]), and parallel actions, where individuals act alongside each other

but individually (e.g., [24]). Drawing on previous research on joint action (e.g., [20, 21, 32,

34]), we predicted that joint action will be associated with a smaller preferred IPD compared

to parallel action (H1). Additionally, based on research during the COVID-19 pandemic (e.g.,

[40, 41]), we aimed to assess whether IPD preferences might be affected by individuals’ con-

cerns about infection in general and about COVID-19 in particular. We predicted that higher

individual concerns will be associated with greater preferred IPD (H2).

To test these hypotheses, we presented participants with descriptions of social scenarios

which involved interacting with another (unfamiliar) person. For each scenario, participants

were asked to indicate, on a visual scale, the smallest distance from the other person at which

they would feel comfortable (see Fig 1). The scenarios came in two versions that differed with

respect to the type of social interaction (joint versus parallel) described, but were comparable

with respect to the overall action context. Additionally, we assessed participants’ perceived vul-

nerability to disease via a questionnaire and asked them to report their subjective momentary

awareness of COVID-19.

Our results of Experiment 1 showed that participants, on average, preferred to keep a

shorter distance between themselves and another individual when they imagined acting jointly

with that individual compared to when they imagined acting in parallel. This difference in pre-

ferred IPD for joint versus parallel action (diffIPD) was not affected by participants’ individual

concerns about infection in general and about COVID-19 in particular. However, participants’

overall IPD preference (averaged across joint and parallel action) was modulated by partici-

pants’ discomfort in scenarios with the potential for pathogen transmission (as measured by

the dimension ‘Germ Aversion’ of the PVD scale; [49]) and by participants’ momentary con-

cern about COVID-19. That is, participants who reported higher discomfort for potential

pathogen contact and who were more aware of the COVID-19 context preferred to keep fur-

ther away from a co-acting individual.

One concern of Experiment 1 was that in the social scenarios we presented to participants,

joint actions always required the concurrent manipulation of a shared object (e.g., a two-man

saw) while parallel actions required the manipulation of separate objects. The preference for

closer IPD in joint compared to parallel action could thus possibly be explained by the con-

straint imposed by the shared object in the joint action. To address this possibility, we con-

ducted Experiment 2 where we adjusted all scenarios such that neither joint nor parallel

actions required concurrent manipulation of a shared object; instead, individuals always acted

upon separate (or no) objects.

The results from Experiment 2 replicated those from Experiment 1 (albeit with a smaller

effect size). Participants preferred to keep a shorter distance between themselves and another

individual during joint action compared to parallel action, and this difference in preferred IPD

was not affected by participants’ individual concerns about infection in general or about

COVID-19 in particular. Consistent with Experiment 1, participants who reported higher dis-

comfort for potential pathogen contact and higher awareness of the COVID-19 context gener-

ally preferred to keep further away from a co-acting individual. As, in Experiment 2, we had

eliminated the potential spatial constraints in the joint scenarios that participants in Experi-

ment 1 might have experienced, we conclude, for the time being, that the difference in
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preferred IPD observed across the two experiments is not due to those constraints but can be

ascribed to our main manipulation, i.e., the two different types of social interaction.

Given that our findings cannot be solely explained by the presence of a shared object, there

are several alternative explanations. In the introduction we proposed possible reasons for why

we might observe such effects, and these may variably apply to the different scenarios used in

our experiments (in keeping with the variability in scenario-specific effect sizes). Notably, pre-

vious research has shown that individuals prefer smaller IPD during cooperative compared to

competitive actions [20]. Our results are mostly in line with this finding, indicating that such a

preference is not only reflective of different aims during interaction (i.e., to cooperate or com-

pete), but perhaps also of a broader preference for closer IPD when cooperating compared to

simply acting near another individual. This first explanation may be sufficient for explaining

most scenarios, whether they involved joint action in the sense of interpersonal motor coordi-

nation (such as using a two-man saw), or in a broader conceptual fashion (e.g., preparing a

meal, completing a shared spreadsheet).

A second explanation for our results is that acting at closer distances could be preferred

because it potentially facilitates interpersonal coordination. In order to coordinate effectively,

individuals must be able to infer others’ action goals and intentions by observing their actions.

This facilitates coordination by ensuring that changes in the partner’s behaviour can be

responded to rapidly and in a predictive fashion (e.g., [21, 54]). That the greatest difference in

preferred IPD was observed in scenarios where close motor coordination was necessary

(Experiment 1: Storm Damage, Experiment 2: Exercise Class) may provide some support for

this argument. A third possible explanation is that during joint action, individuals might expe-

rience a sense of joint agency, increasing their feeling of ‘togetherness’ and ‘integration’ with

the other agent [32, 33], resulting in a smaller IPD preference. In a related fashion, there is

some evidence that IPD is linked to the subjective quality of an interaction, such that smaller

IPD correlates with higher enjoyment [34].

Ultimately, our results only highlight that differences in IPD preference may exist for differ-

ent types of social interaction. They cannot explain why these differences occur. Indeed, it

remains possible that effects observed in our experiments are not related to social cognition

but simply arise due to pragmatism: participants may desire to be closer in joint action scenar-

ios to make it easier to talk to the other individual or see what they are doing. For example,

improved vocal interaction may support shared task success in the Cafeteria scenario (for que-

rying ingredients or cooking technique), and improved vision may be beneficial for the joint

Exercise Class scenario in Experiment 2 (where visual feedback can facilitate performance).

Similar effects might also be observed in non-social scenarios in which one can benefit from

being closer to a visual or auditory stimulus. However, this explanation may not hold true in

all cases. In the Drumming scenario auditory feedback could be sufficient for synchronised

performance in the joint version, and the mean difference in distance of 0.104 m between con-

ditions seems unlikely to greatly facilitate visual perception. Furthermore, in the Office Work

scenario in Experiment 2, individuals are wearing headphones and there is no benefit to sitting

closer in the joint version of the task. However, it is not possible to exclude that participants

imagine interactions beyond those they are presented with—for example, removing their

headphones to talk about the shared spreadsheet in the joint Office Work scenario, in which

case improved vocal interaction may be considered.

It is also worth noting that in Experiment 2, two of the joint action scenarios (Exercise

Class and Drumming Lesson) contained an additional element of coordination, namely inter-

personal synchrony. This was due to the rhythmic nature of the performed actions, stepping

and drumming, respectively. Since previous research has shown that synchronous behaviour

fosters prosocial behaviour, bonding, and affiliation between individuals (e.g., [55–57]; for a
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meta-analysis, see [58]), we cannot exclude the possibility that the synchronous nature of the

imagined joint actions might have had an additional effect on participants’ IPD preference. A

systematic comparison between non-synchronous and synchronous joint action scenarios is

needed to determine to what extent, if at all, interpersonal synchrony plays a role in individu-

als’ IPD preferences.

As already pointed out in the Introduction, we considered that, due to the time when this

research was conducted, COVID-related concerns might naturally have an effect on partici-

pants’ IPD preferences. Recent research has already documented that people preferred to keep

farther apart from other individuals during the pandemic (e.g., [40, 41]). We predicted that the

Perceived Infectability dimension of the PVD scale might positively predict preferred IPD as it

provides an index of individuals’ subjective beliefs about their susceptibility to catch an infec-

tious disease from other people–a factor that should be particularly relevant during social

interaction. Moreover, we considered people’s momentary concern about COVID-19 as

another potential predictor of preferred IPD. Our results were partially in line with these

hypotheses: participants’ overall IPD preference was modulated by participants’ discomfort in

scenarios with the potential for pathogen transmission (as measured by the dimension Germ

Aversion of the PVD scale) and by their momentary concern about COVID-19. As such, par-

ticipants who reported higher discomfort for potential pathogen contact and who were more

aware of the COVID-19 context preferred to keep further away from a co-acting individual.

The influence of Germ Aversion on preferred IPD is in keeping with the findings of Hromatko

and colleagues observed during the early stages of the COVID-19 pandemic [51]. Similarly,

Geers and Coello [50] found that individuals higher in Germ Aversion preferred to keep a

greater distance from individuals who were not wearing a face mask. Perhaps surprisingly, the

Perceived Infectability dimension turned out not to be a significant predictor of preferred

IPD. Further research is required to examine the two dimensions (Germ Aversion and Per-

ceived Infectability), in particular the extent to which they might play a role in naturalistic

social interaction.

Finally, several limitations of the present research should be considered. First of all, we did

not ask participants to engage in real-life interactions but rather to simply imagine these inter-

actions (based on written scenario descriptions). To capture people’s real-life preferences (and

to verify the ecological validity of our experimental results), one should try to replicate this

study using real-life scenarios [59]. It should be noted, however, that effects observed using the

sort of IPD rating scale used here tend to align well with effects observed using more naturalis-

tic methods [47]. A second, related concern pertains to the limited number of scenarios used

in the present study. It would be worthwhile to add more scenarios and thereby widen the

scope of the examined interactions. This was not done in the present study because it was the

very first attempt to use this method for examining potential IPD differences between joint

and parallel action (and thus should serve as a starting point for further investigations), and

also because creating matching naturalistic joint/parallel scenario versions, that differ only

minimally in regard to other factors, is challenging. For example, in the Exercise Class and

Drumming Lesson scenarios in Experiment 2, the parallel versions featured movements per-

formed at separate times. This was to avoid individuals imagining that their different move-

ments were contributing to an overarching goal (performing for a teacher). This is not strictly

temporally parallel like the situations described in the Storm Damage and Cafeteria scenarios.

However, parallel action is not so commonly studied, and therefore readily defined, as joint

action. We also reiterate that differences in preferred IPD were observed for almost all scenar-

ios indicating that, at the very least, IPD preference is reduced for joint action compared to

when similar behaviour is performed individually in temporal or spatial proximity to another.

Another limitation concerns the participant sample, which only contained people living in two
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Western European countries (UK and Germany). Thus, it remains unclear whether our results

generalise to different cultural contexts, although we note that whilst the magnitude of pre-

ferred IPD can vary across cultures in general, the direction of effect for different social con-

texts (e.g., familiarity with the other) may potentially be similar [14].

In conclusion, the present work provides initial empirical evidence suggesting that the

interpersonal distance people prefer to keep from others is influenced by the type of social

interaction they are involved in, such that they prefer smaller interpersonal distances when act-

ing jointly compared to in parallel with others. Further research is needed to validate and gen-

eralise these findings, as well as discover why they might occur.
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