
22 November 2024

AperTO - Archivio Istituzionale Open Access dell'Università di Torino

Original Citation:

How interpersonal distance varies throughout the lifespan

Published version:

DOI:10.1038/s41598-024-74532-z

Terms of use:

Open Access

(Article begins on next page)

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

Availability:

This is the author's manuscript

This version is available http://hdl.handle.net/2318/2030857 since 2024-11-16T15:52:13Z



How interpersonal distance varies 
throughout the lifespan
Ilaria Mirlisenna1, Greta Bonino1, Alessandro Mazza1, Francesca Capiotto1, 
Giulia Romano Cappi1, Monia Cariola1, Alessandro Valvo1, Lucia De Francesco1 & 
Olga Dal Monte1,2

Interpersonal Distance (IPD) is defined as the physical distance that individuals maintain between 
themselves and others during social interactions. While literature has extensively focused on this 
everyday social behavior, how IPD changes throughout the lifespan remains an open question. In 
this study, 864 participants, aged 3–89 years, performed the Stop Distance Paradigm in their real-
life environments, and we measured the distance they kept from both familiar and unfamiliar others 
during social interactions. We found that IPD not only differs based on the identity of the other person 
(familiar versus unfamiliar) but critically declines as a function of age, following two distinct non-linear 
trends for familiar and unfamiliar others. Moreover, behavioral variability also undergoes a lifetime 
development, with IPD becoming more stable as age increases. Overall, the present study suggests 
that IPD is a complex and acquired behavior that changes throughout the lifespan and varies according 
to individual and situational variables.

Keywords  Social Interaction, Interpersonal Distance, Social Behavior, Lifetime Development, Familiarity, 
Social Attitude

Interpersonal Distance (IPD) is defined as the physical distance that individuals maintain between themselves 
and others during a social interaction1. Intrusion by others into this personal space can lead to discomfort2–5, 
thus individuals dynamically adjust the space around them to establish proxemic boundaries6  and ensure 
comfort and security during social intercourses3,4,7,8.

The regulation of personal space and proxemic boundaries stems from the complex interplay of individual 
differences and contextual variables9. For instance, individual social abilities, such as the capacity to understand 
and respond to social cues, play a significant role in regulating personal space10. Additionally, previous findings 
have emphasized how IPD varies according to contingent variables, such as the physical and cultural context in 
which individuals are immersed11,12, and the degree of familiarity among the individuals engaging in the social 
interaction3,13–16.

In his pioneering theorization, Hall (1966)3 stated that, on average, adult individuals maintain an IPD of 46–
122 cm during everyday interactions with familiar others. Further studies have delved into the role of familiarity 
on IPD, showing that individuals maintain greater distances from unfamiliar compared to familiar others1,9,13,17,18. 
However, such studies employed either small samples in high-controlled and artificial experimental designs (i.e., 
computer monitors, virtual reality scenarios), or large samples within poorly controlled experimental designs. 
Therefore, current literature still lacks an updated and comprehensive grasp on the role of familiarity in regulating 
IPD during social interactions, especially across subjects of different age groups, in real-life environments.

Indeed, a wide body of research has proven IPD to be influenced by individuals’ life stage1,11,13,19–22. For 
example, Smetana and colleagues (1978)23 observed that 4-year-old children preferentially maintain an IPD of 
around 60 cm when interacting with their peers. Additional studies have shown that, between 6 and 16 years 
old, IPD increases with age24. Specifically, from 6 months to 5 years old, as age increases, children increase 
their distance with respect to their adult caretakers while decreasing it from playmates25. Nonetheless, while 
these pioneering studies recognize an age-related developmental trend, they mainly employed observational 
protocols.

On the other hand, studies on IPD within the adult population have yielded significant yet contrasting 
results. While some observational studies found young adults to prefer shorter IPD than middle-aged adults, 
and older adults to keep the greatest distances13,26,27, other investigations found that both young and older 
adults maintain closer distances compared to middle-aged individuals28. Hence, although numerous studies 
have investigated IPD in different age groups, no study so far has conducted a large-scale comparison of IPD 
preferences throughout the lifespan, involving a wide sample of subjects in real-life scenarios.
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To our knowledge, Kennedy and colleagues (2009)8  were the first to suggest a comparison between IPD 
following a passive and an active approach to the interaction. While they found IPD to be greater when subjects 
actively moved closer to the experimenter (i.e., active approach), further investigations observed greater distances 
when subjects were passively approached by another individual (i.e., passive approach29,30). Nonetheless, these 
studies employed either a small sample of subjects or virtual reality scenarios, and current research still needs 
more detailed investigations on the matter.

Additionally, several studies have shown that neurodevelopmental disorders, such as Autism Spectrum 
Disorder (ASD) and anxiety disorders, can impact IPD. Specifically, research on ASD has examined how 
individuals perceive and manage personal space throughout their development, but findings are inconsistent15,31. 
This variability may be related to the heterogeneous nature of ASD that spans across a continuum extending 
from clinical to neurotypical populations32. More detailed research is needed to understand these differences 
and to explore the impact of autism-related traits also in the general population. In contrast, research on social 
anxiety disorder shows a consistent tendency for individuals to prefer larger interpersonal distances as to avoid 
discomfort during social interactions33. However, a comprehensive analysis of both conditions in a non-clinical 
population could provide a deeper understanding of their effects on IPD.

To address these issues, in the present study we collected IPD preferences across different age groups, from 
a wide sample of subjects ranging from 3 to 89 years old. The principal aim of the study was investigating how 
Interpersonal Distance varies as a function of age when interacting with unfamiliar and familiar others. In order 
to reach this goal, we implemented the Stop Distance Paradigm1,4,8,14,15,30,34–36 and measured IPD preferences 
after participants approached (Active Approach) or were approached (Passive Approach) by unfamiliar or 
familiar others, in their natural environments. Moreover, since previous studies have shown IPD to be affected 
by individual characteristics like neuropsychiatric disorders (e.g., Autism Spectrum Disorder14,15,37 and social 
anxiety33,38), we administered two questionnaires to investigate whether IPD is modulated by autism-related 
traits and social anxiety levels.

According to the existing literature, we hypothesized that Interpersonal Distance would vary throughout 
the lifespan. Specifically, we expected all age groups to keep greater distances from an unfamiliar (Stranger) 
compared to a familiar (Familiar) individual. Furthermore, consistent with previous findings, we predicted IPD 
to increase as a function of age. Moreover, in line with prior results29,30, we expected distances in the Passive 
Approach condition to be greater than in the Active Approach condition, among all age groups. Last, we 
hypothesized that individuals with more severe autistic traits and social anxiety levels would maintain greater 
distances, from both unfamiliar and familiar others.

Materials and methods
Participants
A total of 864 Italian participants ranging from 3 to 89 years old were recruited for this study (484 females 
and 380 males; Mage= 26.75, SD age= 22.62). Participants were divided into six age groups according to their 
age36: Children (age range 3–10; N = 160, 88 females and 72 males; Mage= 6.50, SD age= 2.29), Pre-Adolescents 
(age range 11–13; N = 150; 68 females and 82 males; Mage= 12.37, SD age= 0.69), Adolescents (age range 14–18; 
N = 134; 59 females and 75 males; Mage= 16.13, SD age= 1.44), Emerging Adults (age range 19–24; N = 141; 94 
females and 47 males; Mage= 21.19, SD age= 1.74), Middle Adults (age range 25–59; N = 144; 76 females and 68 
males; Mage= 36.49, SD age= 11.27), and Older Adults (age range 60–89; N = 135; 99 females and 36 males; Mage= 
72.73, SD age= 7.14) (Fig. 1a). Furthermore, with our sample size, a post-hoc power analysis ensured a 99.99% 
statistical power to detect differences between experimental conditions (G*Power; version 3.1.9.7, Windows 64 
bit39).

Participants were recruited voluntarily from local schools, academic institutions, and senior centers. The 
data collection began in October 2022 and concluded in October 2023, for a total duration of twelve months. 
Subjects with ambulation issues or impaired capacity for understanding and volition were excluded from the 
study a priori. All experimental subjects gave written informed consent to participate, which was approved by 
the University of Turin ethics committee and performed in accordance with the Declaration of Helsinki.

Procedure
Participants completed the Stop Distance Paradigm with both an unfamiliar (Stranger) and a familiar (Familiar) 
Other in their ecological environments. The role of Stranger was played by a confederate with whom participants 
had no history of previous interactions, while the Familiar was defined as an acquaintance with whom participants 
shared recurring interactions. The biological sex of the Stranger matched that of the Familiar. The ethnicity of 
both the Stranger and the Familiar matched that of the participants.

Participants were positioned 4  m away from the Other. According to the Stop Distance Paradigm, they 
were asked to alternatively approach (Active Approach) and be approached (Passive Approach) by the Other 
until reaching a distance where they felt comfortable for an interaction (Fig. 1b). Participants were explicitly 
instructed to envision a realistic interaction occurring during everyday life with the person in front of them. 
Each experimental subject completed the procedure five times for the Active Approach and five times for the 
Passive Approach, with both the Stranger and the Familiar Other. The order of the Other was counterbalanced 
across subjects. IPD was measured as the physical distance in cm between the tips of participants’ toes and those 
of the Other’s and assessed via a tape measure at the end of each trial.

After completing the procedure, participants were asked to fill two questionnaires (Autism Spectrum 
Quotient and Social Interaction Anxiety Scale) aimed at defining their social attitude profile.
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Questionnaires
Autism Spectrum Quotient - AQ
The adult Autism-Spectrum Quotient (AQ) is a 50-item self-report questionnaire that assesses traits typically 
associated with Autism Spectrum Disorder (ASD) in the adult population40. It includes items related to five 
domains: social skills [e.g. “I prefer to do things with others rather than on my own”], communication [e.g. “When 
I talk on the phone, I’m not sure when it’s my turn to speak”], attention switching [e.g. “I frequently get so strongly 
absorbed in one thing that I lose sight of other things”], attention to detail [e.g. “I am fascinated by numbers”], and 
imagination [e.g. “When I was young, I used to enjoy playing games involving pretending with other children”]. 
The items were to be rated on a four-point Likert scale. Total scores range from 0 to 50, with higher scores 
indicating more autism-related traits. In this study, we employed a translated and validated Italian version of the 
AQ questionnaire41.

Social Interaction Anxiety Scale - SIAS
The Social Interaction Anxiety Scale (SIAS) is a 20-item scale used to assess levels of fear and anxiety during 
social interactions [e.g. “I tense up if I meet an acquaintance in the street”], on a five-point Likert Scale42. In this 
study, we adopted a 19-item validated Italian version of the SIAS43. Total scores range from 0 to 76, with higher 
scores suggesting more severe levels of social anxiety. The original item 13 [“I have difficulty talking to attractive 
persons of the opposite sex”] was replaced with a more inclusive, gender-neutral option [i.e., “I have difficulty 
talking to attractive persons”].

Fig. 1.  Experimental variables. (a) Age Group: Age range, numerosity, and biological sex for each group; (b) 
Approach: Participants were positioned 4 m away from the Other, and were asked to alternatively approach 
(Active Approach) and be approached (Passive Approach) by the Other until reaching a comfortable distance 
for an interaction.
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Data analysis
Interpersonal Distance
To investigate how individuals belonging to different age groups regulate their Interpersonal Distance when 
approaching or being approached by either a familiar or an unfamiliar individual, we ran a three-way mixed-
factor ANOVA on Interpersonal Distance with Other (Stranger vs. Familiar) and Approach (Active vs. Passive) 
as within-subject factors and Age Group (Children, Pre-Adolescents, Adolescents, Emerging Adults, Middle 
Adults, Older Adults) as between-subject factor. Additionally, to further test the relationship between age and 
Interpersonal Distance, we fit linear, quadratic, and inverse-quadratic models within our data and determined 
the models that best explained our data trends according to the Bayesian Information Criterion (BIC). All 
post-hoc analyses following significant main effects and interactions were performed by running two-tailed 
pairwise t-tests, and multiple comparisons were corrected using Bonferroni Correction. All p-values < 0.05 
were considered significant. Statistical analyses were run on SPSS (Statistical Package for Social Science, version 
29.0.1.0) and MATLAB r2023a.

Behavioral Variability
To assess whether individuals of different age groups are consistent in their Interpersonal Distance preferences 
when approaching or being approached by an unfamiliar and a familiar other, we ran a three-way mixed-
factor ANOVA on Behavioral Variability with Other (Stranger vs. Familiar) and Approach (Active vs. Passive) 
as within-subject factors, and Age Group (Children, Pre-Adolescents, Adolescents, Emerging Adults, Middle 
Adults, Older Adults) as between-subject factor. Behavioral Variability was quantified as the standard deviation 
of Interpersonal Distance data points for each condition within each subject. Furthermore, to quantify 
developmental trends in Behavioral Variability, we fit linear, quadratic, and inverse quadratic models within 
our data and determined the models that best explained our data trends according to the Bayesian Information 
Criterion (BIC). All post-hoc analyses following significant main effects and interactions were performed by 
running two-tailed pairwise t-tests, and multiple comparisons were corrected using Bonferroni Correction. All 
p-values < 0.05 were considered significant. Statistical analyses were run on SPSS (Statistical Package for Social 
Science, version 29.0.1.0) and MATLAB r2023a.

Relation between Interpersonal Distance and Behavioral Variability
Last, to further investigate the relationship between individuals’ Interpersonal Distance and Behavioral 
Variability across the lifespan, we conducted a linear regression between these two variables. To investigate 
whether the relation between these two variables changes within each Age Group, we performed separate linear 
regressions. We next computed a bootstrap procedure with 1000 repetitions to contrast the regression slopes of 
pairs of Age Group subsets. Multiple comparisons were corrected using False Discovery Rate (FDR)44. Statistical 
analyses were run on MATLAB r2023a.

Questionnaires
To investigate how individuals’ social profile affects Interpersonal Distance preferences, we computed four 
bivariate correlations between individual scores to the AQ and SIAS questionnaires (i.e., AQ Score and SIAS 
Score), and Interpersonal Distance with Stranger and Familiar. Statistical analyses were run on SPSS (Statistical 
Package for Social Science, version 29.0.1.0) and MATLAB r2023a.

Results
Interpersonal Distance
First, we analyzed how Interpersonal Distance varies within different Age Groups (Children, Pre-Adolescents, 
Adolescents, Emerging Adults, Middle Adults, Older Adults) as a function of both the identity of the Other 
(Stranger vs. Familiar) and the type of Approach (Active vs. Passive). The three-way mixed-factor ANOVA on 
Interpersonal Distance yielded a significant main effect of Age Group [F(5, 858) = 56.66, p < 0.001, η2

p = 0.25; 
Fig. 2a], suggesting that individuals of different ages differ in their Interpersonal Distance preferences. Also, the 
three-way mixed-factor ANOVA yielded a significant main effect of Other [F(1, 858) = 548.00, p < 0.001, η2

p = 0.40; 
Fig. 2b], indicating that individuals maintain greater distances with an unfamiliar compared to a familiar other, 
and a significant main effect of Approach [F(1, 858) = 72.83, p < 0.001, η2

p = 0.08; Fig. 2c], suggesting that individuals 
maintain shorter distances when they approach someone, compared to when someone looms towards them. 
Additionally, a significant interaction Other*Age Group [F(5, 858) = 6.68, p < 0.001, η2

p = 0.04; Fig. 2d-e] emerged, 
suggesting that age-related variations in Interpersonal Distance differ depending on the identity of the Other. To 
better characterize these effects, we fitted different models to our data. We found that an inverse-quadratic model 
best explained age-related changes of Interpersonal Distance with a Stranger (BIC = 8.55e + 03), suggesting that 
Interpersonal Distance preferences with an unfamiliar individual decline as a function of age, with a steeper 
decrease during the early stages of life (inset Fig. 2d). Conversely, we found that a quadratic model best explained 
age-related changes of Interpersonal Distance with a Familiar (BIC = 8.24e + 03), indicating that the distance 
kept from a familiar individual gradually diminishes as a function of age and then exhibits a slight rebound 
in the later stages of life, following a u-shape trend (inset Fig. 2e). Also, the three-way mixed-factors ANOVA 
revealed a significant interaction Approach*Age Group [F(5, 858) = 6.51, p < 0.001, η2

p = 0.04] indicating that the 
difference between the type of Approach varies depending on age. Lastly, a significant interaction Other*Approach 
[F(1, 858) = 21.69, p < 0.001, η2

p = 0.03] suggested that individuals vary their Interpersonal Distance according 
to both the identity of the Other and the type of Approach. For post-hoc comparisons and non-significant 
effects see Supplementary Results. Additionally, to control for potential sex differences in Interpersonal Distance 
preferences among different age groups, we added Biological Sex as a between-subject factor in all our previous 
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analyses and found no significant interaction between Age Group and Biological Sex. Results regarding the role of 
sex differences in Interpersonal Distance are thoroughly described in the Supplementary Results.

Behavioral Variability
Next, we investigated whether individuals of different Age Group (Children, Pre-Adolescents, Adolescents, 
Emerging Adults, Middle Adults, Older Adults) were consistent in their Interpersonal Distance preferences when 
interacting with either a Stranger or a Familiar Other, after an Active and Passive Approach. The three-way mixed-
factor ANOVA on Behavioral Variability yielded a significant main effect of Age Group [F(5, 858) = 93.64, p < 0.001, 
η2

p = 0.35; Fig. 3a], suggesting that Behavioral Variability varies as a function of age. To better characterize this 
effect, we fitted different models to the Behavioral Variability data. Notably, we found that an inverse-quadratic 
model best fitted the relationship between age and Behavioral Variability (BIC = 6.92e + 03), indicating that 
individuals become more consistent in their Interpersonal Distance preferences as a function of age, with a 
steeper decrease during early stages of life (Fig. 3b). Also, a significant main effect of Other [F(1, 858) = 66.43, 
p < 0.001, η2

p = 0.07; Fig. 3c] emerged, indicating that individuals show greater variability when interacting with 
a Stranger compared to a Familiar Other, and a significant main effect of Approach [F(1, 858) = 56.09, p < 0.001, 
η2

p = 0.06; Fig. 3d], suggesting that individuals show more variability in their Interpersonal Distance preferences 
during the Passive Approach compared to the Active Approach. Also, a significant interaction Approach*Age 

Fig. 2.  Interpersonal Distance. (a) Interpersonal Distance across different Age Groups; (b) Interpersonal 
Distance with Stranger and Familiar; (c) Interpersonal Distance with Active and Passive Approach; (d) Mean 
Interpersonal Distance with a Stranger across different Age Groups. The inset shows Interpersonal Distance 
as a function of age for each subject, together with the curve describing the best model fit (y = 478.1*1/(x2) 
– 0.43x + 79.13) for a Stranger Other; (e) Mean Interpersonal Distance with a Familiar across different Age 
Groups. The inset shows Interpersonal Distance as a function of age for each subject, together with the curve 
describing the best model fit (y = 0.03 × 2 – 2.54x + 84.15) for a Familiar Other. Error bars represent 95% 
confidence intervals. Significant results are indicated by asterisks * = p < 0.05. *** = p < 0.001.
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Group [F(5, 858) = 7.46, p < 0.001, η2
p = 0.04] emerged, revealing that individuals of different age groups show 

differences in Behavioral Variability between Active Approach and Passive Approach. For post-hoc comparisons 
and non-significant effects see Supplementary Results.

Relation between Interpersonal Distance and Behavioral Variability
Taken together, our findings so far highlight that not only do younger individuals keep greater distances 
when interacting with others, but they also exhibit greater variability in their distance preferences, with the 
age increase resulting in a decline in both tendencies according to a non-linear trend. To further investigate 
the relationship between individuals’ Interpersonal Distance and Behavioral Variability across the lifespan, we 
conducted a linear regression between Interpersonal Distance and Behavioral Variability. We found Behavioral 
Variability to vary significantly as a function of Interpersonal Distance [F(1, 862) = 423.17, p < 0.001], suggesting 
the presence of a linear relation between the distance that individuals maintain from others, and the variability 
of their Interpersonal Distance preferences. Interestingly, we found linear regressions to be significant within 
each Age Group (all ps < 0.001), but regression slopes to change across the different age groups. Specifically, we 
found Children to show a greater regression slope compared to all the other age groups (all ps < 0.05), and Pre-
Adolescents to show a greater regression slope compared to all the older age groups (all ps < 0.05), except for 

Fig. 3.  Behavioral Variability. (a) Behavioral Variability across different Age Groups; (b) Behavioral 
Variability as a function of age for each subject, together with the curve describing the best model fit 
(y = 351.6*1/(x2) – 0.08x + 19.15); (c) Behavioral Variability for Stranger and Familiar; (d) Behavioral 
Variability for Active and Passive Approach. Error bars represent 95% confidence intervals. Significant results 
are indicated by asterisks. ** = p < 0.01. *** = p < 0.001.
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Adolescents (p > 0.05), suggesting that, in early stages of life, individuals who maintain greater distances from 
others also exhibit more inconsistent behavior (Fig. 4).

Questionnaires
As we were interested in investigating how individuals’ social profile affected Interpersonal Distance, we computed 
two Pearson correlations (one for Familiar and one for Stranger) between AQ (n = 363) and Interpersonal 
Distance, and two Pearson correlations (one for Familiar and one for Stranger) between SIAS (n = 365) and 
Interpersonal Distance. We found significant positive correlations between AQ scores and Interpersonal Distance 
with both Stranger [r = 0.22, r2 = 0.05, p = 0.005; Fig. 5a] and Familiar [r = 0.22, r2 = 0.05, p = 0.005; Fig. 5b], 
suggesting that individuals with more severe autistic traits maintain greater distances from both unfamiliar 
and familiar individuals during a social interaction. We also found significant positive correlations between 
SIAS scores and Interpersonal Distance with both Stranger [r = 0.22, r2 = 0.05, p = 0.005; Fig. 5c] and Familiar 
[r = 0.15, r2 = 0.02, p = 0.01; Fig.  5d], indicating that individuals with more severe levels of social anxiety in 
general keep greater distances from others during social interactions.

Discussions
In the present study, we aimed to investigate how Interpersonal Distance varies as a function of age when 
interacting with unfamiliar and familiar others. Overall, our results show that Interpersonal Distance changes 
throughout the lifespan, with individuals of all ages maintaining greater distances from unfamiliar compared to 
familiar others. However, contrary to our hypothesis and previous literature, our results revealed Interpersonal 
Distance to diminish as a function of age, and that such decrease is different depending on the other’s identity. 
Furthermore, we discovered that individuals maintain greater distances when being approached than when 
actively approaching others and that this effect is present only within the first stages of life. Remarkably, our 
results showed that not only Interpersonal Distance declines as a function of age but also behavioral variability 

Fig. 4.  Relation between Interpersonal Distance and Behavioral Variability. Linear regression analyses 
between Interpersonal Distance (on the x axis) and Behavioral Variability (on the y axis) within each Age 
Group. The slopes of the lines indicate positive linear relations, and the dots represent the mean values for each 
subject.
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changes throughout the lifespan, with Interpersonal Distance preferences becoming more stable as individuals 
grow older. Last, we found that Interpersonal Distance is shaped by individual profiles in terms of autism-related 
traits and social anxiety levels.

Our results mainly indicate that Interpersonal Distance decreases as a function of age and that individuals 
maintain greater distances to unfamiliar compared to familiar individuals, within all stages of life. Human life 
revolves around social interactions, and social categorization represents a core component of human cognition 
that allows for the efficient identification of others as own-group or other-group members45. Indeed, from the 
very early stages of life, the ability to discern between unfamiliar and familiar others represents a pivotal feature 
of human existence46,47, and previous studies have demonstrated humans’ differentiated responses to unfamiliar 
and familiar others at either the behavioral48,49, physiological49,50 and neural51,52 levels. The present study adds 
a novel contribution to the existing literature by revealing the presence of different preferences in terms of 
Interpersonal Distance throughout the lifespan when interacting with either a stranger or a familiar other.

Moreover, in contrast with our expectations and previous literature13, we found Interpersonal Distance to 
decline across the lifespan. Notably, our results highlight the existence of two different developmental tendencies 
in Interpersonal Distance when dealing with an unfamiliar and a familiar other. Specifically, distances with 
strangers follow a non-linear decline as a function of age, with distances progressively decreasing from childhood 
to late adulthood and with a steady decrease during the first years of life. Conversely, when interacting with a 
familiar other, we observed the occurrence of a stepped decline, with Interpersonal Distance abruptly decreasing 
from pre-adolescence to adolescence, and remaining stable until late adulthood. Interestingly, we also observed 
a slight rebound in the elderly group. This tendency can be explained by the heightened sense of vulnerability 
perceived by older individuals due to a reduction in sensory perception, which can negatively impact their ability 
to respond to relevant environmental and social stimuli22. Therefore, given that personal space inherently serves 
as an unconscious zone of protection27, it is plausible that older individuals may show a tendency to slightly 
enlarge their personal space, maintaining greater distances even with familiar individuals.

In the present study, we explored how two different types of daily approaches to social intercourses affect 
Interpersonal Distance. Specifically, we compared Interpersonal Distance preferences after individuals either 
approached or were approached by another individual. We found that individuals maintain greater distances 
when someone looms towards them for an interaction, compared to when they actively move closer to their 
interlocutor. Iachini and colleagues (2014)30  suggested that, when dealing with social situations that are not 
actively under their control, individuals feel more comfortable at larger distances, to mitigate the unpredictability 
of a potentially threatening situation. Overall, our findings support this idea. However, we found that such an 
effect only exists during the early stages of life (i.e., from childhood to early adulthood), and tends to vanish from 
late adulthood onward. A recent study by De Lillo and Ferguson (2023)53 has demonstrated that the ability to 
infer others’ beliefs and intentions linearly increases from adolescence to older adulthood. We speculate that the 
difference between passive and active approaches within the first stages of life may be ascribed to such not fully 
developed ability to infer and predict others’ behavior, which may hinder the predictability of social interactions 
in younger individuals, thus leading them to maintain greater distances in passive approach situations.

Remarkably, we also observed a decline in behavioral variability over age, depicting younger individuals to 
exhibit greater behavioral variability compared to older individuals, with Interpersonal Distance preferences 
becoming more stable as age increases. To our knowledge, no study so far has shed light on the development 
of the individual variability of such behavior throughout the lifespan. Social cognition undergoes a process of 
maturation across the lifespan, with social cognitive domains (e.g., social perception, Theory of Mind, emotion 
regulation, social behavior) developing and consolidating during the lifetime, at both the neural and behavioral 
level53–57. Notably, during the first years of life, children develop social skills through interactions with parents 
and family members, and later begin to employ them outside their domestic context, as their involvement with 

Fig. 5.  Questionnaires Correlations. (a) Correlation between AQ Scores and Interpersonal Distance with 
Stranger; (b) Correlation between AQ Scores and Interpersonal Distance with Familiar; (c) Correlation 
between SIAS scores and Interpersonal Distance with Stranger; (d) Correlation between SIAS scores and 
Interpersonal Distance with Familiar. The slopes of the lines indicate positive Pearson correlations, and the 
dots represent values for each subject.
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peers increases58. Therefore, the acquisition and stabilization of social skills go through a particularly sensitive 
period that lasts until the elementary school years, where children’s relational world progressively becomes more 
complex and pivotal59. Thus, it is likely that the observed inconsistency in the behavior of the youngest may 
reflect the critical evolutionary challenges that characterize this fragile time window as well.

Crucially, we also found that behavioral variability is greater in passive compared to active approach conditions 
only in the early stages of life (i.e., in children and pre-adolescents), providing further evidence of younger 
individuals being generally less consistent and stable than the older age groups. Collectively, we speculate that 
the observed stabilization of individual preferences throughout the lifespan may reflect the maturation of social 
cognition along with the consolidation of individuals’ social preferences and behaviors.

Interestingly, our study also shed light on the impact of individual characteristics, namely autism-related 
traits and social anxiety, on Interpersonal Distance. As previously mentioned, although extensive research on 
this important topic exists, findings on personal space regulation in ASD are still inconsistent. While some 
authors have reported that ASD individuals are more inclined to maintain closer proximity to others than what 
is commonly observed in typical development subjects31,60, other studies have observed the opposite pattern 
where ASD individuals tend to avoid social contact and maintain greater Interpersonal Distance from others15. 
Our results add a further contribution to the existing literature by showing that more severe autism-related traits 
are associated with greater Interpersonal Distance also in the non-clinical population. We also expanded existing 
literature on Interpersonal Distance and social anxiety33, by showing that individuals with higher levels of social 
anxiety also maintain greater Interpersonal Distances with both unfamiliar and familiar others.

It is important to acknowledge some of the main limitations of our study and consider potential avenues for 
future research. First, to enhance the ecology of our study, the age of Familiar Other was not experimentally 
controlled. Indeed, for the earlier stages of life (i.e., Children and Pre-Adolescents) an educational figure (e.g., a 
teacher) played the role of Familiar, while from high school onwards (i.e., Adolescents), participants were free 
to choose their Familiar. On the contrary, we kept the age of the Stranger Other constant (Mage= 26.2, SD age= 
2.70). Future studies should replicate our paradigm and match the age of the Other (Stranger and Familiar) 
with that of the participants, to better compare Interpersonal Distance with peers and non-peer individuals. 
Second, since our sample was composed entirely of Italian participants, future studies should explore the role 
of ethnical differences in modulating social interactions, specifically during tasks involving Interpersonal 
Distance61. Third, in our study we investigated the impact of the individuals’ social profile on Interpersonal 
Distance, in terms of autism-related traits and social anxiety levels. However, additional individual differences 
and personality traits can impact individuals’ openness to others, and their Interpersonal Distance regulation. 
For instance, previous studies have demonstrated that individuals with secure attachment styles often feel more 
comfortable with closer proximity, while those with insecure attachment styles might prefer to maintain greater 
distances62. Future studies should consider measuring social bonding between participants and their familiar 
others by means of ad-hoc questionnaires and interviews, such as the Adult Attachment Interview (AAI;63), 
or the Parental Bonding Instrument (PBI;64,65). Additionally, although our study involved a non-clinical, 
healthy population, we did not account for possible mild cognitive impairments in the Older Adults group. 
Therefore, given that some subjects with dementia also present behaviors indicative of personal space invasion66, 
future studies should use a clinical exclusion criterion (e.g. MMSE67) and make a controlled comparison in 
the elderly population between healthy, mild cognitive impairment, and dementia individuals. Furthermore, 
since in the older age group sensorial and mobility capabilities may be impaired, future analyses should better 
investigate how these sensory-motor components may impact Interpersonal Distance in the elderlies. Finally, 
integrating brain measures (e.g., functional Near-Infrared Spectroscopy, fNIRS) or physiological indicators (e.g., 
Electrocardiogram, Skin Conductance Response) during the Stop Distance Paradigm could uncover neural and 
physiological correlates of interpersonal space regulation. It would be also interesting for future studies to explore 
the role of synchronization within dyads (e.g., co-parenting couples68), with a specific focus on Interpersonal 
Distance, as to unveil the behavioral and neurophysiological underpinnings of dyadic synchronization during 
the Stop Distance Paradigm. Last, future research should explore the use of Bluetooth or infrared devices to 
detect Interpersonal Distance which could avoid possible influences due to the near presence of the experimenter 
and therefore enhance the ecological validity of the findings.

In conclusion, our findings reveal that not only preferred Interpersonal Distance among individuals varies 
according to the identity of the interacting person, but also that both Interpersonal Distance and behavioral 
variability change throughout the lifespan according to age. Collectively, our results suggest that Interpersonal 
Distance is an acquired behavior that exhibits flexibility and adaptability throughout the lifespan, dynamically 
changing according to individual and situational variables.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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