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Abstract

Humans are social animals that rely on different ways to interact with each other.
The COVID-19 pandemic strongly changed our communication strategies. Because
of the importance of direct contact for our species, we predict that immediately after
the forced social isolation, people were more prone to engage in direct rather than
in virtual interactions, thus showing a lower mimicry response in the use of smart-
phones. In a non-longitudinal study, we collected behavioral data under naturalistic
contexts and directly compared the data of the mimicry response gathered imme-
diately following the Italian lockdown (May—September 2020) with those gathered
one year later (May—October 2021). Contrary to our expectations, the mimicry re-
sponse in the use of smartphones was higher immediately after the lockdown than
a year later. Probably the large use of these devices during the lockdown translated
into a greater sensitivity to be affected by others’ smartphone manipulation. Indeed,
social isolation modified, at least in the short term, the ways we interact with oth-
ers by making us more prone to engage in “virtual” social interactions. The bright
side of the coin unveiled by our findings is that the effect seems to diminish over
time. The large behavioral dataset analyzed here (1,608 events; 248 people) also
revealed that the mimicry response in the use of smartphones was higher between
familiar subjects than between strangers. In this view, mimicry in manipulating
smartphones can be considered an example of joint action that fosters behavioral
synchrony between individuals that, in the long-term, can translate into the forma-
tion of social bonding.
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Primates are social animals that live in complex societies and form social bonds with
conspecifics by engaging in social grooming, which triggers the endorphin system
(Keverne et al., 1989; Nummenmaa et al., 2016; Sutcliffe et al., 2012). Since the
time available to groom conspecifics is not unlimited, this sets a bound for individual
grooming networks which in some species can reach 50 individuals (Dunbar, 2003).
According to the grooming-at-distance hypothesis (Dunbar, 2003), our species is
able to manage larger groups (reaching a maximum of 150 individuals) because we
evolved different strategies to “groom” many individuals simultaneously (Dunbar,
2020). This has been possible by switching from “touch-based” to “virtual” grooming,
which does not need any physical contact but is still capable of triggering the endor-
phin system (Nummenmaa et al., 2016). Humans engage in touch-based grooming
with individuals who are closest to them (such as family members and partners) and
reach a wider circle of acquaintances and friends thanks to virtual grooming involv-
ing less personalized interactions, such as laughing, dancing, singing, and religious
rituals (Dunbar, 1998, 2022; Pearce et al., 2015) proposed that language has evolved
to accommodate larger social group sizes, allowing an individual to interact with
several people at once to exchange information. This can be also reflected in virtual
social interactions such as texting or interacting with others through social media.
Another evolutionary mechanism that plays a role in forming and maintaining
social bonds at a distance is mimicry (Chartrand & Lakin, 2013). People mimic indi-
viduals who are close to them, such as kin and friends, more than they do acquain-
tances and strangers (Bourgeois & Hess, 2008; Hess et al., 2022; Likowski et al.,
2008; Mclntosh, 2006; Palagi et al., 2020; Tickle-Degnen, 2006; Yabar et al., 2006).
Facial expressions, gestures, postures, and vocal accents can evoke a mimicry
response in others (Chartrand & Lakin, 2013; Genschow et al., 2017; Giles et al.,
1991; Herrmann et al., 2011; Hess & Fischer, 2013, 2022; La France, 1982; Palagi
et al., 2020; Tiedens & Fragale, 2003). Mimicry can also involve manipulation of
objects such as pens and cigarettes (Harakeh & Vollebergh, 2012; Harakeh et al.,
2007; Stel & Vonk, 2010; van Baaren et al., 2006). A recent study also demonstrates
that the use of smartphones can trigger a mimicry response in the observer, and this
phenomenon may be one of the reasons for the wide diffusion of these devices (Magl-
ieri et al., 2021). After collecting ethological data on unaware people, the authors
found that subjects mimicked others looking at their phones in about 50% of cases.
In 2021, 79.23% of the world’s population owned a smartphone (6,259 billion
people), with forecasts suggesting that the number will likely increase to 6,567 bil-
lion by the end of 2022 (Statista, 2022). Parasuraman et al. (2017) interviewed 409
subjects to understand how people use their mobile phones, and most of the respond-
ers (87.8%) affirmed that they use smartphones for communication. In this view,
smartphones could be viewed not as interfering with social activities but as increas-
ing the number of virtual social interactions, thus reaching more individuals at the
same time by texting them, liking their photos on Instagram, or reacting to their posts
on Facebook. This hypothesis agrees with the data showing that during the pandemic
lockdown, when direct social interactions were precluded, the number of internet
users and, consequently, the number of smartphone users strikingly increased (Inter-
national Telecommunications Union, 2021; Ratan et al., 2021). However, recent stud-
ies showed that even if humans benefit from virtual social interactions, face-to-face
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remained the only mode of contact associated with higher levels of well-being and
with the capacity to properly recognize others’ emotional expressions (Kastendieck
et al., 2022; Marini et al., 2021; Newson et al., 2021). Moreover, using social media
which provides low levels of social presence correlates negatively with a sense of
social connectedness, thus leading, in the long-term, to a sense of loneliness (Nguyen
etal., 2021).

The present study aims to evaluate the effect of the March 9—May 18, 2020, Italian
lockdown (DPCM issued by the Italian government on March 8, 2020; https://www.
gazzettaufficiale.it/eli/gu/2020/03/08/59/sg/pdf) on the mimicry response in the use
of smartphones. Specifically, we predict that immediately after the forced social iso-
lation period, Italian people were more prone to engage in live social interactions
rather than in virtual ones, thus showing a lower mimicry response in the use of
smartphones. We followed the same naturalistic procedure of behavioral data col-
lection applied by Maglieri et al. (2021). After the administration of experimental
(manipulating and looking at the screen) and control stimuli (manipulating without
looking at the screen), we assessed the presence of spontancous mimicry response
in the observers and directly compared the data gathered during the months immedi-
ately following the lockdown (May—September 2020) with those gathered one year
later (May—October 2021).

Materials and Methods
Ethics Statement

The Committee on Bioethics of the University of Pisa approved the present study
(Review No. 5/2020; AOO “CLE” - Prot.: 0036356/2020 of 10/04/2020). The study
was purely observational, and data were entered in an anonymous form (an alphanu-
merical code has been uniquely assigned to each subject). People were observed in
their natural social setting, not involving any interference in their spontaneous daily
activities. The authors declare no conflict of interest.

Participants and Data Collection

The dataset used for the analyses included the data collected in 2020 from Maglieri
et al. (2021) and a new set of data collected in Italy across six months (May—Octo-
ber 2021). The 2020 data collection was carried out immediately after the Italian
lockdown, a complete confinement which produced a state of isolation instituted for
health security reasons (March 9-May 18, 2020). The 2021 data collection occurred
exactly one year later and followed the COVID-19 regulations issued by the Italian
government in 2021.

The data collection was distributed across morning (07:00 am—01:00 pm), after-
noon (01:00-07:00 pm), and night (07:00 pm—03:00 am). Subjects were observed in
their natural social settings during their daily activities (e.g., at work, in restaurants,
waiting rooms, swab lines (COVID testing stations), social meals, and family envi-
ronments) by two experimenters (co-author VM and a field assistant). To exclude the
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Fig. 1 (a) Illustration of the Experimental Condition: the trigger is the person who takes and handles
the smartphone for at least 5 s while looking at the screen (woman on the right). (b) Illustration of the
Control Condition: the trigger takes and handles the smartphone for at least 5 s without looking at the
screen (woman on the right). The two conditions differ only in the gaze of the trigger, which is directed
to the device in the Experimental Condition (a) and not in the Control Condition (b). In both the condi-
tions the device is unlocked, and the screen is turned on and visible

possibility of an audience effect (Tennie et al. 2010), all the subjects were unaware
of being observed (blind data collection). Some of the observed subjects knew each
other or the experimenters; others did not. We observed 187 subjects (93 women
and 94 men). The number of people present during each observation session was
recorded.

We included in the analysis only the sequences of actions that fulfilled the fol-
lowing criteria for both the Experimental (EC) and the Control (CC) conditions, as
defined in Maglieri et al. (2021). The EC and CC were identical except for the pres-
ence of the action “looking at the screen.” In the EC, the trigger picked up, kept in
their hands, handled their smartphone (e.g., fiddling and swiping), and looked at the
screen for at least five seconds (Fig. 1a). In the CC, the trigger picked up, kept in their
hands, and handled their smartphone (e.g., fiddling and swiping) without looking at
the screen for at least five seconds (Fig. 1b). In both EC and CC, the trigger had to
unlock the device, and the screen’s light had to be always visible. The ECs and CCs
were randomly administered, and two consecutive observation bouts were separated
by at least 10 min. The experimenters (VM, female; a field assistant, male) acted as
triggers. We opportunistically collected data when other people (males and females)
spontaneously handled/looked at their own smartphones for at least five seconds, thus
acting as unaware triggers.

The observer, who had their smartphone within reach, had to visually perceive
the trigger’s action, thus having the opportunity to mirror the action of the trigger
in both the EC and the CC. During both conditions, the gaze of the observers had
to be always visible to the experimenters. Immediately after the trigger picked up
their device (t,), all the observers were followed for 30 s by the experimenters, who
assessed the presence/absence of a mimicry response with the aid of a wristwatch
(Casio F-91 W-1YER-P). The time window was set according to the results obtained
by Maglieri et al. (2021), showing that the mimicry responses concentrated in the
first 30-sec block of observations. In the case of mimicry response, we also recorded
which kind of activity the observer did on his/her smartphone (e.g., check social
media, take photos, surf the internet). It was possible to assess the activity thanks to
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the easily recognizable social media format. In those cases in which the experiment-
ers could not see the observers’ screen, they directly asked for information (e.g.,
“what are you doing?” “what are you looking at?”).

Before starting the data collection, the two experimenters (VM and the field assis-
tant) tested their reliability rates during 20 observational sessions by concurrently
gathering data on the same observers. We calculated the Cohen’s kappa values (k) for
(1) the number and the identity of the observers and (2) the presence/absence of the
mimicry event. For all these conditions, the k values were always higher than 0.92
(Kaufmann and Rosenthal, 2009).

After 30 s, the experimenters moved away from the observers and recorded their
observation on their smartphones or on paper, thus masking the action from the
observed people. The observers’ identities were coded with alphanumerical strings.

We excluded from our data the cases in which people, while using their smart-
phones, actively solicited the observers’ attention either nonverbally or verbally.

Operational Definitions

In both conditions (EC and CC), we recorded the presence/absence (binomial data) of
the mimicry response of the observer during a 30-second time window after perceiv-
ing the trigger’s action. Response latency was defined as the time interval between
the trigger first touching their smartphone and the observer’s first touching their own
smartphone (see Maglieri et al. 2021).

We use the time of the day (morning; afternoon; night), sex (males and females),
and the age of the trigger and observer (18-25 years; 2640 years; 41-60 years) as
categorical variables.

The relationship between the trigger and the observer was classified according
to four categories: people who had never met before (strangers), people who exclu-
sively shared an indirect relationship based on a third external factor—work duty,
colleagues, friends in common, friends-of-friends (acquaintances); unrelated subjects
sharing a direct friendship relationship (friends); and family members and cohabi-
tants (partners/kin). The experimenters, in most cases, knew the relationship shared
by the observed people. Personal information (e.g., relationship and age) was gath-
ered via a friendly conversation when the trigger was different from and unknown
to the experimenters. When such information was not available, we excluded the
observation from the dataset.

The social contexts were also categorized according to the absence or presence
of food (from when the subjects sat down at the table to when they left the table).
The context “presence of food” consisted of breakfasts, lunches, dinners, and happy
hours. The context “absence of food” includes the other social contexts in which food
was not present (e.g., working, relaxing, playing board games or card games, waiting
in a sitting room or in swab lines). In all contexts of observation, subjects always had
the opportunity to handle their devices. EC and CC were randomly distributed across
all possible contexts.
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Data Analyses

From May to October 2021, we collected 887 observations (N = 455; Ny = 432)
of 187 subjects (93 women, 94 men). To test our hypothesis, we combined our new
dataset with the dataset used by Maglieri et al. (2021) collected during the period
after the Italian lockdown (May—September 2020). The new dataset contained 1,608
observations of 248 subjects (N, 1es = 1265 Npapaies = 122). About 60% of the subjects
were observed during both data collections. Only those subjects that were observed
in both the experimental and control conditions were included in the analysis. Statis-
tical analyses were conducted using R programming language (R Core Team, 2021).

To document the presence of a mimicry phenomenon in the use of smartphones
within 30 s of the stimulus perception and to understand which factors could influence
it, we built a generalized linear mixed model (GLMM) with a binomial error distribu-
tion (R-package glmmTMB 1.2.5042; Brooks et al., 2017). The response variable was
the presence of mimicry (absence/presence), and the fixed factors were the condition
(EC; CCQC), the sex (male; female) and age (18-25 years; 2640 years; 41-60 years)
of the observer and of the trigger, the context (presence/absence of food), the time of
day (morning, afternoon, and night), the level of familiarity shared by the trigger and
the receiver (strangers, acquaintances, friends, partners/family), and the pandemic
period (2020, 2021). The interaction between the identities of the trigger and the
observer was included as a random factor. To exclude the occurrence of collinearity
among predictors, we examined the variance inflation factors (VIF; Fox, 2016) by
means of the R-package performance 0.4.4 (Liidecke et al., 2020). No collinearity
has been found between the fixed factors (range VIF,; =1.04; VIF , =1.36).

We tested the overall significance of the full model, comparing it with the null
model (which included the random effects; Forstmeier and Schielzeth, 2011) by
means of the likelihood ratio test (LRT; Dobson, 2002). The LRT was also used to test
the significance of the fixed factors using the 4nova function in the R-package car
3.0-10 (Fox & Weisberg, 2019). Model fit and overdispersion were checked using
the R-package DHARMa 0.3.3.0 (Hartig, 2020). Marginal R2, which represents the
variance explained by fixed factors only, and conditional R?, which represents the
variance explained by the entire model, including fixed and random effects (Nak-
agawa et al., 2017), were calculated using the R-package MuMIn 1.43.17 (Barton,
2020).

To quantify the modality in the use of the phone by the observers in both the EC
and CC we applied the chi-squared test.

Results

The Mimicry Phenomenon

The model built to investigate the presence of a mimicry phenomenon in the use of
smartphones was significantly different from the null model comprising only the ran-

dom factors (LRT: y*=345.13, df=12, p<0.001). In detail, the fixed factor “condition”
had a significant effect on the probability of the mimicry response (Fig. 2). During the
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Condition
asuodsay Asolwip

Fig. 2 Alluvial plot showing the percentage of mimicry response in the Experimental Condition (EC)
and in the Control Condition (CC).

Period
asuodsay Aol

Fig. 3 Alluvial plot showing the percentage of mimicry response in the two periods of data collection
(2020 and 2021)

EC, on a total of 839 events, the observers mimicked the triggers’ actions 323 times
(mimicry frequency=0.385). During the CC, on a total of 769 events, the observ-
ers mimicked the triggers’ actions 36 times (mimicry frequency=0.047). The fixed
effect “pandemic” also had a significant effect, showing that the frequency of mim-
icry response was higher during the first data collection, immediately after the total
lockdown (frequency EC,(,,=0.449/CC,5,=0.042; EC,y,;=0.300/CCy,;=0.051;
Fig. 3). The fixed factor “context” had a significant effect, with the frequency of the
mimicry response decreasing in the presence of food. Lastly, the fixed effect “famil-
iarity” also had a significant effect, with an increasing gradient from strangers to kin/
partners (Fig. 4).
The details about the fixed factors are shown in Table 1.
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Fig. 4 Predicted mimicry response distribution according to the four levels of familiarity clusters
(1=Strangers, 2=Acquaintances, 3 =Friends, 4=Kin/Partners).

Use of the Phone by the Observers

In 2020, during the EC, the observers who mimicked the trigger’s action took their
phone and checked social media (Facebook, Instagram, Whatsapp) in 183 cases out
of 187; in 4 cases it was used to check the time (n=3) or to make a call (n=1)
(x*=350.42; df=2; p=0.000). During the CC, the observers picked up their phone and
checked social media in 3 of 14 cases; in 11 cases they checked the time (n=7), used
the camera to take a photo (n=3), or made a call (n=1) (y*=4.57; df=1, p=0.033).

In 2021, during the EC, the observers picked up their phone and checked social
media (Facebook, Instagram, Whatsapp) in 135 of 136 cases; in one circumstance the
smartphone was used to make a call (y>=171.34; df=1; p=0.000). During the CC,
the observers checked social media in 15 of 22 cases; in 7 cases they checked the time
(n=4) or took a photo (n=3) (x*=2.91; df=1, p=0.088).

Discussion

Despite the lack of time depth in this study, the extensive number of behavioral data
points analyzed here (1,608 events; 248 people) allowed not only confirmation of
the mimicry phenomenon in the use of smartphones independently of the sex and
age of the interacting people but also clarified the influence of familiarity and tested
additional hypotheses on the effect of the COVID-19 pandemic on the mimicry itself.

Contrary to our expectations, the mimicry response in the use of smartphones
was higher immediately after the lockdown (May—September 2020) than a year later
(May—October 2021). Since smartphones are one of the few tools that allowed people
to keep in touch with others, probably their use during the lockdown translated into
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a greater sensitivity to be affected by others’ smartphone manipulation. If we depend
for long periods on digital communication to maintain contact with others, this could
directly affect our perception of social connectedness and modify how we stay in
touch with others.

Using a psychological approach, Parasuraman et al. (2017) found that adult sub-
jects mainly use smartphones to contact other people. Our ethological approach also
confirms this finding when the use of smartphones resulted from a mimicry phenom-
enon. Considering both periods of data collection, in 98.45% of cases people affected
by the trigger’s action during the Experimental Condition used their smartphones to
establish a virtual connection with other people. In this view, using smartphones is not
an activity that takes us away from social interactions, it is a different way to interact
with others socially, potentially reaching more people simultaneously through “vir-
tual grooming.” In two recent studies, via interviews and questionnaires, researchers
found that Italian children and adolescents made more conspicuous use of smart-
phones during the pandemic than during the pre-pandemic period (Marengo et al.,
2022; Serra et al., 2021). Social media (TikTok first, followed by Facebook and Tele-
gram) were the most addictive applications used during the COVID-19 pandemic by
school-age adolescents that led to an increase in smartphone addiction (Marengo et
al., 2022; Serra et al., 2021). Accordingly, such a transient higher motivation in using
smartphones may also have increased the susceptibility to mimicry in adult human
subjects, at least in the period immediately after the lockdown. Although we have
no comparable data on mimicry in the use of smartphones during the pre-pandemic
period, questionnaire data on the spontaneous use of smartphones in American adults
indicate that the use of these devices increased during the early stage of the pandemic
relative to the previous one (Nguyen et al., 2021). The lower mimicry response that
we recorded a year after the forced social isolation can be explained by a gradual
restoration of the baseline levels in the use of smartphones.

The expansion of our previous data collection (Maglieri et al., 2021) unveiled the
impact of familiarity in fostering the mimicry response to the use of smartphones. This
is the first empirical demonstration that social modulation is linked to the expression
of the mimicry response in the use of a tool. In particular, we found that people occu-
pying the extreme categories of the familiarity gradient (strangers versus partners/
kin) differed in the mimicry response (Fig. 4). This result has also been obtained for
other types of mimicry, such as facial expressions, body postures, and mannerisms
(Chartrand & Lakin, 2013; Hess et al., 2022; Kavanagh & Winkielman, 2016; Palagi
et al., 2020; van Baaren et al., 2006; Baaren et al., 2009). Thus, it seems that the
proximate factors (e.g., empathy propensity, de Waal and Preston, 2017) at the basis
of the mimicry phenomena in the use of tools (e.g., smartphones) and nonverbal cues
can be shared. Since the experimental and control conditions only differed in terms of
the gaze of the trigger (Fig. 1), gaze following could be the key factor explaining the
linkage between familiarity and mimicry response. As for other body and facial sig-
nals, humans are highly sensitive to the eye-gaze direction of conspecifics, possibly
because following others’ gaze can provide a rapid inference and reliable informa-
tion of others’ attention over space (Capozzi et al., 2018; Emery, 2000). Therefore,
seeing the trigger’s eyes directed to the smartphones may induce the observer to do
the same, although the target of the gaze is a different device. The ability to synchro-
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nize visual attention on objects has a wide phylogenetic base, which is present not
only in humans (Astor et al., 2021; Driver et al., 1999; Wolf et al., 2016) but also in
other primate (Tomasello et al., 2007) and nonprimate species (dogs, Téglas et al.,
2012; corvids, Schmidt et al., 2011). Gaze following appears early in life (Dalmaso
et al., 2020; Gredebick et al., 2010), and the resulting synchronization of actions
seems to be one of the scaffolds in the formation of social bonding at a large scale
(Chartrand & Lakin, 2013; Wolf et al., 2016). Mimicry in manipulating smartphones
can be considered an example of joint action that helps reach behavioral synchrony
between individuals and that, in the long-term, can be highly effective in activating
and modulating social bonding dynamics. This view could explain our finding of the
covariation between the mimicry in the use of smartphones and the level of familiar-
ity shared between the mimickee and mimicker.

In conclusion, during the COVID-19 pandemic we carried out a naturalistic exper-
iment on the effect of social isolation on the mimicry response in the use of smart-
phones. Our results not only confirmed the presence of the mimicry phenomenon but
also showed that limited “live” social interactions can modify, at least in the short
term, the ways we interact with others by making us more prone to engage in “vir-
tual” social interactions. The bright side of the coin unveiled by our findings is that
such an effect seems to dissolve over time.

Acknowledgments We wish to thank Marco Germain Riccobono for his help in data collection and two
anonymous reviewers for helping in improving the manuscript. Special thanks go to Fosca Mastrandrea
for her drawings.

Funding This research did not receive any specific grant from funding agencies in the public, commercial,
or not-for-profit sectors.
Open access funding provided by Universita di Pisa within the CRUI-CARE Agreement.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

References

Astor, K., Thiele, M., & Gredebick, G. (2021). Gaze following emergence relies on both perceptual cues and
social awareness. Cognitive Development, 60, 101121. https://doi.org/10.1016/j.cogdev.2021.101121

Barton, K. (2020). MuMIn: Multi-Model Inference. R package version 1.43.17. Accessed June 27, 2022.
https://CRAN.R-project.org/package=MuMIn

Bourgeois, P., & Hess, U. (2008). The impact of social context on mimicry. Biological Psychology, 77,
343-352. https://doi.org/10.1016/j.biopsycho.2007.11.008

Brooks, M. E., Kristensen, K., van Benthem, K. J., Magnusson, A., Berg, C. W., et al. (2017). glmmTMB
balances speed and flexibility among packages for zero-inflated generalized linear mixed modeling.
The R Journal, 9, 378-400. https://doi.org/10.1016/j.stamet.2013.11.003

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.cogdev.2021.101121
https://CRAN.R-project.org/package=MuMIn
http://dx.doi.org/10.1016/j.biopsycho.2007.11.008
http://dx.doi.org/10.1016/j.stamet.2013.11.003

Human Nature (2023) 34:88-102 99

Capozzi, F., Bayliss, A. P., & Ristic, J. (2018). Gaze following in multiagent contexts: evidence for a
quorum-like principle. Psychonomic Bulletin & Review, 25, 2260-2266.

Chartrand, T. L., & Lakin, J. (2013). The antecedents and consequences of human behavioral mimicry.
Annual Reviews Psychology, 64, 285-308.

Dalmaso, M., Castelli, L., & Galfano, G. (2020). Social modulators of gaze-mediated orienting of attention:
areview. Psychonomic Bulletin & Review, 27, 833—855. https://doi.org/10.3758/s13423-020-01730-x

de Waal, F., & Preston, S. (2017). Mammalian empathy: behavioural manifestations and neural basis.
Nature Reviews Neuroscience, 18, 498-509. https://doi.org/10.1038/nrn.2017.72

Dobson, A. J. (2002). An introduction to generalized linear models. CRC Press.

Driver, J., Davis, G., Ricciardelli, P., Kidd, P., Maxwell, E., & Baron-Cohen, S. (1999). Gaze per-
ception triggers reflexive visuospatial orienting. Visual Cognition, 6, 509-540. https:/doi.
org/10.1080/135062899394920

Dunbar, R. I. M. (1998). Grooming, gossip, and the evolution of language. Harvard University Press.

Dunbar, R. I. M. (2003). The origin and subsequent evolution of language. In M. H. Christiansen, & S.
Kirby (Eds.), Language evolution (pp. 219-234). Oxford: Oxford University Press.

Dunbar, R. I. M. (2020). Structure and function in human and primate social networks: implications for dif-
fusion, network stability and health. Proceedings of the Royal Society A, 476https://doi.org/10.1098/
rspa.2020.0446

Dunbar, R. I. M. (2022). Virtual touch and the human social world. Current Opinion in Behavioral Sci-
ences, 43, 14-19. https://doi.org/10.1016/j.cobeha.2021.06.009

Emery, N. J. (2000). The eyes have it: the neuroethology, function and evolution of social gaze. Neurosci-
ence & Biobehavioral Reviews, 24, 581-604.

Forstmeier, W., & Schielzeth, H. (2011). Cryptic multiple hypotheses testing in linear models: overesti-
mated effect sizes and the winner’s curse. Behavioural Ecology and Sociobiology, 65, 47-55. https://
doi.org/10.1007/s00265-010-1038-5

Fox, J. (2016). Applied regression analysis and generalized linear models. Sage.

Fox, J., & Weisberg, S. (2019). An {R} companion to applied regression Sage.

Genschow, O., van Den Bossche, S., Cracco, E., Bardi, L., Rigoni, D., & Brass, M. (2017). Mimicry and
automatic imitation are not correlated. PLoS One, 12(9), e0183784. https://doi.org/10.1371/journal.
pone.0183784

Giles, H., Coupland, J., & Coupland, N. (1991). Contexts of accommodation: developments in applied
sociolinguistics. New York: Cambridge University Press.

Gredebick, G., Fikke, L., & Melinder, A. (2010). The development of joint visual attention: a longitudinal
study of gaze following during interactions with mothers and strangers. Developmental Science, 13,
839—848. https://doi.org/10.1111/j.1467-7687.2009.00945.x

Harakeh, Z., & Vollebergh, W. A. M. (2012). The impact of active and passive peer influence on young
adult smoking: an experimental study. Drug and Alcohol Dependence, 121, 220-223. https://doi.
org/10.1016/j.drugalcdep.2011.08.029

Harakeh, Z., Engels, R. C., van Baaren, R. B., & Scholte, R. H. (2007). Imitation of cigarette smoking: an
experimental study in smoking in a naturalistic setting. Drug and Alcohol Dependence, 86, 199-206.
https://doi.org/10.1016/j.drugalcdep.2006.06.006

Hartig, F. (2020). DHARMa: Residual diagnostics for hierarchical (multi-level/mixed) regression models.
R package version 0.3.3.0. Accessed June 27, 2022. https://CRAN.R-project.org/package=DHARMa

Herrmann, A., Rossberg, N., Huber, F., Landwehr, J. R., & Henkel, S. (2011). The impact of mimicry on
sales—evidence from field and lab experiments. Journal of Economic Psychology, 32, 502-514.
https://doi.org/10.1016/j.joep.2011.03.017

Hess, U., & Fischer, A. (2022). Emotional mimicry as social regulator: theoretical considerations. Cogni-
tion and Emotion, 36, 785-793. https://doi.org/10.1080/02699931.2022.2103522

Hess, U., & Fischer, A. (2013). Emotional mimicry as social regulation. Personality and Social Psychol-
ogy Review, 17(2), 142—157. https://doi.org/10.1177/1088868312472607

Hess, U., Rychlowska, M., Storz, T., et al. (2022). Bridging the empathy gap, or not? Reactions to ingroup
and outgroup facial expressions. Journal of Cultural Cognitive Science, 6, 77-92. https://doi.
org/10.1007/s41809-022-00097-w

International Telecommunication Union. (2021). Measuring digital development, Facts and figures.
https://www.itu.int/en/ITU-D/Statistics/Documents/facts/FactsFigures2021.pdf

Kastendieck, T., Zillmer, S., & Hess, U. (2022). (Un)mask yourself! Effects of face masks on facial mim-
icry and emotion perception during the COVID-19 pandemic. Cognition and Emotion, 36(1), 59—69.
https://doi.org/10.1080/02699931.2021

@ Springer


http://dx.doi.org/10.3758/s13423-020-01730-x
http://dx.doi.org/10.1038/nrn.2017.72
http://dx.doi.org/10.1080/135062899394920
http://dx.doi.org/10.1080/135062899394920
http://dx.doi.org/10.1098/rspa.2020.0446
http://dx.doi.org/10.1098/rspa.2020.0446
http://dx.doi.org/10.1016/j.cobeha.2021.06.009
http://dx.doi.org/10.1007/s00265-010-1038-5
http://dx.doi.org/10.1007/s00265-010-1038-5
http://dx.doi.org/10.1371/journal.pone.0183784
http://dx.doi.org/10.1371/journal.pone.0183784
http://dx.doi.org/10.1111/j.1467-7687.2009.00945.x
http://dx.doi.org/10.1016/j.drugalcdep.2011.08.029
http://dx.doi.org/10.1016/j.drugalcdep.2011.08.029
http://dx.doi.org/10.1016/j.drugalcdep.2006.06.006
https://CRAN.R-project.org/package=DHARMa
http://dx.doi.org/10.1016/j.joep.2011.03.017
http://dx.doi.org/10.1080/02699931.2022.2103522
http://dx.doi.org/10.1177/1088868312472607
http://dx.doi.org/10.1007/s41809-022-00097-w
http://dx.doi.org/10.1007/s41809-022-00097-w
https://www.itu.int/en/ITU-D/Statistics/Documents/facts/FactsFigures2021.pdf
http://dx.doi.org/10.1080/02699931.2021

100 Human Nature (2023) 34:88-102

Kaufman, A. B., & Rosenthal, R. (2009). Can you believe my eyes? The importance of interobserver reli-
ability statistics in observations of animal behaviour. Animal Behaviour, 78, 1487-1491. https://doi.
org/10.1016/j.anbehav.2009.09.014

Kavanagh, L. C., & Winkielman, P. (2016). The functionality of spontaneous mimicry and its influences on
affiliation: an implicit socialization account. Frontiers in Psychology, 7,458. https://doi.org/10.3389/
fpsyg.2016.00458

Keverne, E. B., Martensz, N. D., & Tuite, B. (1989). Beta-endorphin concentrations in cerebrospinal fluid
of monkeys are influenced by grooming relationships. Psychoneuroendocrinology, 14, 155-161.
https://doi.org/10.1016/0306-4530(89)90065-6

La France, M. (1982). Posture mirroring and rapport. In M. Davis (Ed.), Interaction rhythms: Periodic-
ity in communicative behavior (pp. 279-298). New York: Institute for Nonverbal Communication
Research.

Likowski, K. U., Muhlberger, A., Seibt, B., Pauli, P., & Weyers, P. (2008). Modulation of facial mimicry
by attitudes. Journal of Experimental Social Psychology, 44, 1065—-1072. https://doi.org/10.1016/].
jesp.2007.10.007

Liidecke, D., Makowski, D., & Waggoner, P. (2020). Package ‘performance’: Assessment of regression
models performance. R package version 0.4.4. Accessed June 27, 2022. https://CRAN.R-project.org/
package=performance

Maglieri, V., Riccobono, M. G., Giunchi, D., & Palagi, E. (2021). Navigating from live to virtual social
interactions: looking at but not manipulating smartphones provokes a spontaneous mimicry response
in the observers. Journal of Ethology, 39(3), 287-296. https://doi.org/10.1007/s10164-021-00701-6

Marengo, D., Angelo Fabris, M., Longobardi, C., & Settanni, M. (2022). Smartphone and social media
use contributed to individual tendencies towards social media addiction in Italian adolescents
during the COVID-19 pandemic. Addictive Behaviors, 126, 107204. https://doi.org/10.1016/].
addbeh.2021.107204

Marini, M., Ansani, A., Paglieri, F., Caruana, F., & Viola, M. (2021). The impact of facemasks on emo-
tion recognition, trust attribution and re-identification. Scientific Reports, 11, 5577. https://doi.
org/10.1038/s41598-021-84806-5

Mclntosh, D. N. (2006). Spontaneous facial mimicry, liking, and emotional contagion. Polish Psychologi-
cal Bulletin, 37,31-42.

Nakagawa, S., Johnson, P. C. D., & Schielzeth, H. (2017). The coefficient of determination R? and intra-
class correlation coefficient from generalized linear mixed-effects models revisited and expanded.
Journal of The Royal Society Interface, 14. https://doi.org/10.1098/rsif.2017.0213

Newson, M., Zhao, Y., El Zein, M., Sulik, J., Dezecache, G., Deroy, O., & Tunggeng, B. (2021). Digital
contact does not promote wellbeing, but face-to-face contact does: A cross-national survey during the
COVID-19 pandemic. New Media & Society. https://doi.org/10.1177/14614448211062164

Nguyen, M. H., Gruber, J., Marler, W., Hunsaker, A., Fuchs, J., & Hargittai, E. (2021). Staying con-
nected while physically apart: Digital communication when face-to-face interactions are limited.
New Media & Society. https://doi.org/10.1177/1461444820985442

Nummenmaa, L., Tuominen, L., Dunbar, R., Hirvonen, J., Manninen, S., et al. (2016). Social touch
modulates endogenous p-opioid system activity in humans. Neuroimage, 138, 242-247. https://doi.
org/10.1016/j.neuroimage.2016.05.063

Palagi, E., Celeghin, A., Tamietto, M., Winkielman, P., & Norscia, I. (2020). The neuroethology of sponta-
neous mimicry and emotional contagion in human and non-human animals. Neuroscience & Biobe-
havioral Reviews, 111, 149-165. https://doi.org/10.1016/j.neubiorev.2020.01.020

Parasuraman, S., Sam, A. T., Yee, S., Chuon, B., & Ren, L. Y. (2017). Smartphone usage and increased risk
of mobile phone addiction: a concurrent study. International Journal of Pharmaceutical Investiga-
tion, 7(3), 125-131. https://doi.org/10.4103/jphi.JPHI 56 17

Pearce, E., Launay, J., & Dunbar, R. (2015). The ice-breaker effect: singing mediates fast social bonding.
Royal Society Open Science, 2, 150221. https://doi.org/10.1098/rs0s.150221

R Core Team. (2021). R: a language and environment for statistical computing. Vienna: R Foundation for
Statistical Computing. https://www.R-project.org/.

Ratan, Z. A., Zaman, S. B., Islam, S., & Hosseinzadeh, H. (2021). Smartphone overuse: a hidden crisis in
COVID-19. Health Policy and Technology, 10(1), 21-22. https://doi.org/10.1016/j.hlpt.2021.01.002

Schmidt, J., Scheid, C., Kotrschal, K., Bugnyar, T., & Schloegl, C. (2011). Gaze direction—a cue for hidden
food in rooks (Corvus frugilegus)? Behavioural Processes, 88(2), 88-93. https://doi.org/10.1016/].
beproc.2011.08.002

@ Springer


http://dx.doi.org/10.1016/j.anbehav.2009.09.014
http://dx.doi.org/10.1016/j.anbehav.2009.09.014
http://dx.doi.org/10.3389/fpsyg.2016.00458
http://dx.doi.org/10.3389/fpsyg.2016.00458
http://dx.doi.org/10.1016/0306-4530(89)90065-6
http://dx.doi.org/10.1016/j.jesp.2007.10.007
http://dx.doi.org/10.1016/j.jesp.2007.10.007
https://CRAN.R-project.org/package=performance
https://CRAN.R-project.org/package=performance
http://dx.doi.org/10.1007/s10164-021-00701-6
http://dx.doi.org/10.1016/j.addbeh.2021.107204
http://dx.doi.org/10.1016/j.addbeh.2021.107204
http://dx.doi.org/10.1038/s41598-021-84806-5
http://dx.doi.org/10.1038/s41598-021-84806-5
http://dx.doi.org/10.1098/rsif.2017.0213
http://dx.doi.org/10.1177/14614448211062164
http://dx.doi.org/10.1177/1461444820985442
http://dx.doi.org/10.1016/j.neuroimage.2016.05.063
http://dx.doi.org/10.1016/j.neuroimage.2016.05.063
http://dx.doi.org/10.1016/j.neubiorev.2020.01.020
http://dx.doi.org/10.4103/jphi.JPHI_56_17
http://dx.doi.org/10.1098/rsos.150221
https://www.R-project.org/
http://dx.doi.org/10.1016/j.hlpt.2021.01.002
http://dx.doi.org/10.1016/j.beproc.2011.08.002
http://dx.doi.org/10.1016/j.beproc.2011.08.002

Human Nature (2023) 34:88-102 101

Serra, G., Lo Scalzo, L., Giuffré, M., Ferrara, P., & Corsello, G. (2021). Smartphone use and addiction
during the coronavirus disease 2019 (COVID-19) pandemic: Cohort study on 184 Italian children
and adolescents. [talian Journal of Pediatrics, 47, 150. https://doi.org/10.1186/s13052-021-01102-8

Statista (2022). Number of smartphone subscriptions worldwide from 2016 to 2027. Accessed June 27,
2022. https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/

Stel, M., & Vonk, R. (2010). Mimicry in social interaction: benefits for mimickers, mimickees, and
their interaction. British Journal of Psychology, 101, 311-323. https://doi.org/10.1348/0007126
09x465424

Sutcliffe, A., Dunbar, R. I. M., Binder, J., & Arrow, H. (2012). Relationships and the social brain: inte-
grating psychological and evolutionary perspectives. British Journal of Psychology, 103, 149—168.

Tennie, C., Frith, U., & Frith, C. D. (2010). Reputation management in the age of the world-wide web.
Trends in Cognitive Science, 11, 482—488. https://doi.org/10.1016/j.tics.2010.07.003

Téglas, E., Gergely, A., Kupan, K., Miklési, A., & Topal, J. (2012). Dogs’ gaze following is tuned to human
communicative signals. Current Biology, 22, 209-212. https://doi.org/10.1016/j.cub.2011.12.018

Tickle-Degnen, L. (2006). Nonverbal behavior and its functions in the ecosystem of rapport. In V.
Manusov, & M. L. Patterson (Eds.), The Sage handbook of nonverbal communication (pp. 381-399).
Sage Publications. https://doi.org/10.4135/9781412976152.n20

Tiedens, L. Z., & Fragale, A. R. (2003). Power moves: complementarity in dominant and submis-
sive nonverbal behavior. Journal of Personality and Social Psychology, 84, 558-568. https://doi.
org/10.1037/0022-3514.84.3.558

Tomasello, M., Hare, B., Lehmann, H., & Call, J. (2007). Reliance on head versus eyes in the gaze follow-
ing of great apes and human infants: The cooperative eye hypothesis. Journal of Human Evolution,
52,314-320. https://doi.org/10.1016/j.jhevol.2006.10.001

van Baaren, R. B., Fockenberg, D. A., Holland, R. W., Janssen, L., & van Knippenberg, A. (2006). The
moody chameleon: the effect of mood on non-conscious mimicry. Social Cognition, 24, 426-437.

van Baaren, R., Janssen, L., Chartrand, T. L., & Dijksterhuis, A. (2009). Where is the love? The social
aspects of mimicry. Philosophical Transactions of the Royal Society B, 364, 2381-2389. https://doi.
org/10.1098/rstb.2009.0057

Wolf, W., Launay, J., & Dunbar, R. 1. (2016). Joint attention, shared goals, and social bonding. British
Journal of Psychology, 107(2), 322-337. https://doi.org/10.1111/bjop.12144

Yabar, Y., Johnston, L., Miles, L., & Peace, V. (2006). Implicit behavioral mimicry: investigating the
impact of group membership. Journal of Nonverbal Behavior, 30, 97-113. https://doi.org/10.1007/
$10919-006-0010-6

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and appli-
cable law.

Veronica Maglieri is a PhD student in ethology at the Department of Biology (Unit of Ethology), Univer-
sity of Pisa. She studies intra- and inter-specific communication in many species, from dogs and wolves
to human and non-primates.

Anna Zanoli has a PhD in biological sciences and applied biotechnology at the University of Turin. She
studies multimodal communication in primates and other mammals. She is now applying an ecoacoustic
approach to implement the conservation of freshwater environments.

Dimitri Giunchi is a researcher at the Department of Biology (Unit of Ethology), University of Pisa. He
works mainly on the movement ecology and spatial behavior of birds.

Elisabetta Palagi is an associate professor at the Department of Biology (Unit of Ethology), University of

Pisa. Her comparative studies focus on proximate and ultimate factors shaping social behavior in many
different mammal species, including primates, carnivores, ungulates, and cetaceans.

@ Springer


http://dx.doi.org/10.1186/s13052-021-01102-8
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
http://dx.doi.org/10.1348/000712609x465424
http://dx.doi.org/10.1348/000712609x465424
http://dx.doi.org/10.1016/j.tics.2010.07.003
http://dx.doi.org/10.1016/j.cub.2011.12.018
http://dx.doi.org/10.4135/9781412976152.n20
http://dx.doi.org/10.1037/0022-3514.84.3.558
http://dx.doi.org/10.1037/0022-3514.84.3.558
http://dx.doi.org/10.1016/j.jhevol.2006.10.001
http://dx.doi.org/10.1098/rstb.2009.0057
http://dx.doi.org/10.1098/rstb.2009.0057
http://dx.doi.org/10.1111/bjop.12144
http://dx.doi.org/10.1007/s10919-006-0010-6
http://dx.doi.org/10.1007/s10919-006-0010-6

102 Human Nature (2023) 34:88-102

Authors and Affiliations

Veronica Maglieri' - Anna Zanoli? - Dimitri Giunchi' - Elisabetta Palagi’

P4 Elisabetta Palagi
elisabetta.palagi@unipi.it

Veronica Maglieri
veronica.maglieri@phd.unipi.it

Anna Zanoli
anna.zanoli@unito.it

Dimitri Giunchi
dimitri.giunchi@unipi.it

' Unit of Ethology, Department of Biology, University of Pisa, Via Volta 6, Pisa 56126, Italy

Department of Life Sciences and Systems Biology, University of Turin, Turin, Italy

@ Springer



	﻿Social Isolation Affects the Mimicry Response in the Use of Smartphones
	﻿Abstract
	﻿Materials and Methods
	﻿Ethics Statement
	﻿Participants and Data Collection
	﻿Operational Definitions
	﻿Data Analyses

	﻿Results
	﻿The Mimicry Phenomenon
	﻿Use of the Phone by the Observers

	﻿Discussion
	﻿References


