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Research article
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A B S T R A C T

Emotional contagion is often studied through aversive-state transmission, leaving positive affect sharing less 
understood. Here, we investigated whether observing social play facilitates a subsequent play opportunity in 
juvenile male rats. Observer dyads were socially isolated for 30, 120, or 270 min before observing either highly 
playful demonstrator dyads that had been socially isolated for 24 h, or less playful demonstrator dyads that were 
socially housed. During observation, visual, auditory, and olfactory cues were available, but physical contact was 
prevented. When observers were reunited, their behavior and ultrasonic vocalizations were quantified in sessions 
without 22-kHz calls—often associated with negative affect, alarm, or social conflict—detected. Play observation 
increased playful pins in observers most distinctly after 30 or 120 min of isolation, whereas total play duration 
showed a weaker concordant pattern. Play observation was not detectably associated with increased non-social 
or non-play social exploration, arguing against a purely non-specific arousal effect. As individual callers could 
not be identified, vocalizations are reported as session-level acoustic measures. Among these, 50-kHz calls—a 
heterogeneous class associated with appetitive and social contexts—were emitted at higher rates following 
play observation. These findings suggest that observing social play can facilitate subsequent play in juvenile rats 
while underscoring the importance of 22-kHz calls and caller identity in positive emotional contagion paradigms.

1. Introduction

Emotional contagion, considered a basic form of empathy, leads to 
emotional state matching between individuals [1,2]. This process is 
thought to contribute to perceiving and evaluating the emotional state of 
others, coordinating behavior, maintaining group cohesion, and 
engaging in prosocial behaviors [3,4]. Recent work in animal models 
has enabled us to deepen our understanding of the neuronal circuits 
underpinning this affective process [5–10]. However, most studies of 
emotional contagion investigate the transfer of negative emotional 
states, such as distress or pain [4,11,12], and there is a considerable lack 
of studies investigating the emotional contagion of positive emotions as 
previously highlighted [13–16]. Developing rodent models of positive 
emotional sharing would be a valuable step towards characterizing the 
neural circuits involved in the contagion of another individual’s positive 

states and their potential differences with those involved in the conta
gion of negative emotional states [17].

One potential reason for the bias towards the study of negative af
fective states lies in the availability of behaviors (e.g. freezing) and 
emission of 22-kHz ultrasonic vocalizations (USVs) that have been 
accepted as indicators of (communication of) negative affective state 
[18–20] (but see [19,21,22] for reported exceptions). By contrast, 
behavioral readouts of positive affective states are less extensively 
validated than those of negative affective states, even though positive 
affect is often inferred from appetitive contexts such as social play and 
its anticipation, mating, experimenter-administered tickling, and 
food-reward-related behavior [13–16,20,23,24].

Social play, also known as ‘play fighting’ or ‘rough-and-tumble play’ 
behavior, is an innately driven behavior that is considered pleasurable 
[24], in a variety of species, including rats [25]. In juvenile rats, it is 
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expressed vigorously [25–27]. Generally, a social play bout starts with 
one rat approaching the other rat and attempting to touch the nape of its 
neck, a behavior known as pouncing. The solicited animal can respond 
in different ways, declining the invitation to play by walking away or 
rotating to its back with the other rat standing over it, resulting in the 

pin position. From this position, the solicited animal can launch a 
counterattack to the nape of the pinning rat which leads to an alter
nating interaction between the rats [24].

Most abundant between weaning and puberty [25–27], social play 
behavior is crucial for the development of social, emotional, and 

Fig. 1. A within-subject paradigm to study the effect of play observation in juvenile rats. A. In a two-phase paradigm, pairs of observer rats (observer dyads) 
were first exposed to the social interactions, including social play, between two socially housed (Control observation) or 24 h-isolated demonstrators (Play obser
vation) for 10 min, after which they were reunited. To incentivise different play propensities of the observer animals across days, they were previously socially 
isolated for durations of 30, 120, or 270 min. B. The horizontal arrow displays the experimental timeline. The graphic underneath shows the structure of the three 
test days in detail for two dyads (all dyads followed a similar pattern): each of the 18 observer dyads (OBS− 1 to OBS− 18) were exposed to all conditions: 2 
demonstrations (Play vs Control observation) x 3 social isolations (30 min, 120 min, 270 min) in a within-subject design within the course of three consecutive days. 
Within a single day, each observer dyad was exposed to both a Control and Play observation following the same isolation time with a delay of 300 min between 
experimental sessions. The order of presentation within a day (Play vs Control observation) and across the three days (30 min, 120 min, 270 min social isolation) was 
counterbalanced across all observer dyads.
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cognitive skills as well as the development of the brain [26–28]. 
Depriving rats of social play during the juvenile period (post-natal day 
21–42) negatively impacts social and cognitive functions as well as brain 
physiology [29–32]. The rewarding properties of social play behavior in 
rats have been demonstrated using place and operant conditioning tasks: 
rats spent more time in environments that have been associated with 
abundant social play [33,34] and rats perform operant tasks for the 
opportunity to play [25,26]. The motivation to play can be modulated, 
as an increase in play behavior is observed in rats that have been isolated 
(up to 24 h) compared to rats that are socially housed [35–37]. In 
addition, playful interactions in rats are associated with 50-kHz USVs. 
50-kHz USVs have been associated with appetitive and 
positive-affect-related contexts [38,39] as well as a means to coordinate 
social interactions, including play [40,41]. Appetitive 50-kHKz USVs are 
composed of several subtypes, of which the number of identified cate
gories ranges between 2 and 14 [20,42]. Of note, subtypes featuring a 
higher degree of frequency modulation have been associated with re
wards such as social play, acquisition of sexual experience, drug reward, 
or in anticipation of rewarding electrical brain stimulation [20,43,44]. 
When exposed to playback of these 50-kHz USVs, rats respond by 
approaching the microphone [45–47], and are more inclined to press a 
lever for the opportunity to hear these USVs compared to 22-kHz calls 
[48]. Playback of 50-kHz calls further results in dopamine release [49]
and increased activity in reward-related brain regions [50,51], sug
gesting that these calls can induce a positive affective state in conspe
cifics. In contrast, 22-kHz calls are emitted in situations that are 
considered dangerous, threatening, unpleasant or aversive (for review 
see [19]).

Interestingly, play behavior can also be stimulated in rats by housing 
them with a more playful strain [52] and more playful conspecifics can 
enhance play in less playful rats in a direct social interaction [53–56]. In 
these earlier paradigms, the focal rat could directly interact with a 
partner that varied in playfulness. Consequently, changes in the focal 
rat’s play behavior could reflect either increased solicitation by the more 
playful partner or an enhanced motivation to play arising from affective 
contagion. In addition, studies have shown that the inability to emit or 
hear 50-kHz calls while physically interacting decreases play initiation 
[57,58]. Also, playfulness and 50-kHz call emission can be altered by 
housing conditions, where deficits in both can be rescued by being 
housed with a "normally" behaving and vocalizing rat [59,60]. Together, 
these findings provide evidence for transfer of a positive affective state 
through directly engaging in social play.

To test whether observing and hearing playing rats can induce 
emotional contagion of a playful state, we designed a setup in which 
direct physical interaction was initially prevented (see Fig. 1). Two 
demonstrator rats that differed in their propensity to play were placed in 
one compartment, physically separated from two observer rats by a 
transparent, perforated divider allowing visual, auditory, and olfactory 
cues but no contact. Importantly, during the first 10 min of the obser
vation phase, the two observer rats were also separated from each other 
by a second opaque divider. Thus, each observer could see the demon
strators but not its fellow observer. After this observation period, the 
divider between the observers was removed, allowing them to interact 
freely while still being separated from the demonstrators. This design 
allowed us to test whether observing demonstrators that engaged in 
higher versus lower levels of play would influence subsequent play 
behavior between the observers. We further manipulated the observers’ 
motivation for social interaction by varying the duration of their social 
isolation prior to the test, as the effect of observation may depend on the 
observers’ current motivation to play. We predicted that both increased 
social deprivation and exposure to highly playful demonstrators would 
enhance the level of play displayed by the reunited observers, and 
thereby generate a novel paradigm to reveal emotional contagion of a 
positive affective state.

2. Materials and methods

2.1. Subjects and housing

This study used juvenile male Wistar rats (n = 84; Charles River, 
Sulzfeld, Germany). Upon arrival at 3 weeks of age, the animals were 
randomly allocated to a homecage (Macrolon type IV), 6 rats per cage 
with corncob bedding under controlled conditions (22–24◦C tempera
ture, 55% relative humidity) on a reversed 12 h dark/light cycle (lights 
on at 8 am) and with food and water available ad libitum. Rats were 
randomly assigned to one of three groups: Observers (n = 36), Play 
demonstrators (n = 36), and Control demonstrators (n = 12). Each 
homecage housed 6 animals to which the same role was attributed (i.e. 6 
Observers or 6 Play demonstrators or 6 Control demonstrators). Pairs of 
animals of the same homecage were further randomly assigned to a dyad 
(either demonstrator or observer) which did not change throughout the 
experiment. In the experiment, the two observers or the two demon
strators were always cagemates, while observers and demonstrators al
ways came from different cages. The main experiment was entirely 
within-subject, i.e. each observer dyad underwent all experimental 
conditions.

All experimental procedures were approved by the Centrale Com
missie Dierproeven (CCD number: AVD8010020209724), the welfare 
body at the Netherlands Institute for Neuroscience (study dossier num
ber: NIN181109) and were conducted in accordance with the Dutch and 
European regulations (Wet op Dierproeven 2014 and Guideline 86/609/ 
EEC; Directive 2010/63/EU).

2.2. Apparatus

The experiment took place under red light conditions (850 nm), in a 
custom-made enclosure (l x w x h: 30.5 ×50.5 ×60 cm, Fig. 1A) with 
opaque black acrylic walls and the floor was covered with the same 
bedding material as in the homecages to enhance the animals’ comfort. 
The bedding material was not changed across sessions nor across days. 
The arena was divided into two equally-sized demonstrator and observer 
compartments by an acrylic divider, transparent and perforated, to let 
through olfactory, visual, and auditory cues. The divider’s perforations 
consisted of 4 slits 24 cm long and 0.5 cm high, spaced with 0.5 cm 
vertically. The observer compartment could be further divided into two 
with a removable opaque acrylic plate.

Behavior was recorded with an overhead camera (acA1300–30gm, 
Basler) at 30 fps using Bonsai software [61]. Three microphones 
(CM16/CMPA condenser ultrasound microphones, Avisoft) were hung 
at the top of the walls, with 2 above and directed toward the observer 
compartment and 1 above and directed toward the demonstrator 
compartment, all approximately 40 cm from the arena’s floor, in each of 
the observer and demonstrator compartments. Ultrasonic vocalizations 
were recorded at 250 kHz via an UltraSoundGate 116Hn audio 
recording system and the Avisoft-RECORDER software (Avisoft 
Bioacoustics, Glienicke, Germany).

2.3. Experimental procedure

Following arrival, the animals were first allowed to acclimate to their 
new environment for three days and were then handled for 10 min in the 
animal facility for the three subsequent days. For three consecutive days 
prior to the experiment, all animals from each cage were habituated to 
their respective compartment for 20 min per day. Animals from different 
cages were never habituated simultaneously. The observer dyads were 
first habituated to be separated by the removable walls for 10 min, and 
reunited in the same compartment for the remaining 10 min.

Rats underwent test sessions on three consecutive days in a within- 
subject design. Test sessions were divided into two phases, the obser
vation phase and the reunion phase (Fig. 1A). First, during the 10 min of 
observation phase, the observers' dyads were separated in their 
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compartment and witnessed the behavior of either 24h-isolated (Play 
observation) or socially housed (Control observation) demonstrators 
placed in the opposite compartment. The demonstrators were isolated 
for 24 h prior to the experiment or socially housed throughout the 
experiment in order to modulate the amount of play they displayed. 
Following observation, the opaque wall was removed to reunite the 
observer animals who were let to freely behave for a period of 10 min 
(reunion phase). The demonstrator animals remained in their 
compartment during the reunion phase. To modulate their motivation to 
play, observers had been isolated for 30, 120, or 270 min prior to each 
session of the day.

Within the three days of testing, observers' dyads thus went through 
all six combinations: Play or Control observations and prior isolation of 
30 min, 120 min, or 270 min, in a pseudo-random, counterbalanced 
order (Fig. 1B). On a single test day, one observer dyad experienced both 
Control and Play observation with a delay of 300 min and with the same 
prior isolation (i.e., if an observer dyad was isolated for 30 min before 
the first demonstrator exposure, they also received 30 min isolation 
before the second exposure). For each experimental session, the ob
servers were exposed to a different demonstrator dyad to exclude a 
familiarization effect. Each play demonstrator dyad was socially isolated 
for 24 h and only used once per day, to ensure higher play levels. The 
control demonstrator dyads were tested three times each day, which is 
why three times more play demonstrators (n = 36) were necessary than 
control demonstrators (n = 12).

2.4. Analysis

2.4.1. Behavioral characterization
Behavioral data were manually characterized using Observer XT16 

and Ethovision XT9 software (Noldus Information Technology B.V., 
Wageningen, the Netherlands) by experimenters blinded to the experi
mental conditions. To characterize play behavior of both the observer 
and demonstrator dyads, pinning and pouncing - the two most charac
teristic behaviors in social play - were defined as previously described 
[24]: 

− Pouncing: Snout or oral contact is directed to the nape of the neck of 
the conspecific which is mostly followed by a rubbing movement. 
This is considered an invitation to play.

− Pinning: The pinning rat is standing over the animal with its paws on 
the pinned animal ventrum, while grooming or nuzzling its ventral 
surface. The other animal is lying on its back (supine position). 
Importantly, the rotation to the dorsal surface that results in pinning 
is in most cases an active act of the solicited animal, whereby this 
animal uses this position to gain access to the nape of the other an
imal, thereby prolonging the playful interaction.

− Play duration was quantified as the total amount of time spent in a 
play sequence (including pouncing, pinning, boxing and follow/ 
chasing) for any animal of a dyad.

Behaviors unrelated to social play were annotated to pinpoint spec
ificity to effects on play behavior and to account for changes in general 
social interest or activity. 

− Social exploration: A gentle nibbling/sniffing of the fur of any 
accessible area of the skin of the other rat.

− Non-social exploration: Exploration of the cage, self-grooming, 
rearing, walking around.

− Immobility: A complete absence of movement of any part of the 
body. The rat either has all four paws on the floor, is lying on its flank 
or in supine position. While being immobile the rat is unresponsive to 
behavior of the other rat.

2.4.2. Observer proximity analysis during observation
The observation compartments were divided in two equal zones 

(12,5 cm long x 15 cm wide) to assess proximity of observers to the 
demonstrator compartment. This resulted in a zone near the demon
strator rats and a zone further away from the demonstrator rats. Prox
imity was quantified using EthoVision XT9 software (Noldus 
Information Technology, Wageningen, The Netherlands). The detection 
settings were center point detection and static subtraction with the an
imal being both brighter and darker than the background (bright 
contrast: 65–120, dark contrast: 25–85 pixel intensity units). Subject 
size was set between 355 and 30515 pixels. Smoothing was performed 
based on the 10 samples before and after every sample point. The time 
each observer rat spent in each zone was tracked over the 10 min 
observation phase and proximity was quantified as the percentage of 
time spent in the compartment half closest to the demonstrators.

2.4.3. Observer anticipatory behavior analysis during observation
Anticipatory behavior of each observer rat during the 10 min 

observation phase was measured and compared between Control and 
Play sessions. Behaviors that were included are described in [62] and 
expressed as behavioral switches per minute. The behaviors scored 
were: step, walk, run, jump, turn, explore, rear and groom. None of the 
individual behaviors differed between Control/Play sessions and social 
isolation times of the observers. As a general increase in activity is also 
considered a measure of anticipatory activity, it was decided to combine 
all behaviors and express them as behavioral switches per minute [63, 
64].

2.4.4. Detections of ultrasonic vocalizations
First, 50-kHz and 22-kHz USVs were separately detected using 

DeepSqueak v3.1.0 [65] from a single microphone located in the ob
servers’ compartment. 50-kHz calls were detected using the Rat Detector 
YOLO R1 model, with 35 kHz and 70 kHz low and high frequency cutoff 
respectively. The 22-kHz emissions were detected with the Long Rat 
Detector YOLO R1 model, and with 10 kHz to 30 kHz frequency cutoffs. 
In both cases, no minimum score thresholding was applied (Score 
Threshold set to 0).

Next, automated detections of both 22-kHz and 50-kHz calls were 
manually curated in DeepSqueak by experimenters blind to the experi
mental conditions. During manual curation, individual calls were 
determined by accounting for three criteria, with splitting taking pre
cedence over merging in ambiguous cases. Calls were merged into a 
single entity when they showed temporal continuity, amplitude conti
nuity, consistency in frequency content. We also assessed similarity to 
already described 50-kHz calls. Conversely, calls were split into separate 
entities when they displayed any of either: temporal overlap, abrupt 
disparities in amplitude, or discontinuities in frequency content.

To assess the reliability of the hybrid automated-manual detection 
pipeline, its output was compared against a fully manual identification 
of USVs performed independently with Audacity (v3.7) on a sample 
recording. The fully manual approach identified 1033 USVs, against 
which the hybrid pipeline yielded 965 detections with 916 true posi
tives, corresponding to a precision of 0.942, a recall of 0.867, and an F1 
score of 0.903. The high precision indicates that 94.2% of hybrid pipe
line detections were confirmed as genuine USVs (56 false positives), 
while the recall of 0.867 reflects the more conservative nature of the 
hybrid approach relative to fully manual identification, with 141 calls 
identified manually but not retained by the hybrid pipeline. Impor
tantly, given that curation was performed blind to experimental condi
tions throughout, any such systematic conservatism is unlikely to have 
introduced differential bias.

Acoustic features of individual curated detections were extracted 
using the built-in DeepSqueak functions. Example vocalizations and 
characterization of the curated calls are presented in Supp Figure 1. 
Based on the bimodal distributions of both peak frequencies and fre
quency bandwidths, we defined high frequency wideband calls as USVs 
with change in frequency of more than 17 kHz and a peak frequency of 
more than 68 kHz.
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Importantly, our recording setup did not enable us to reliably iden
tify the animal emitting the USVs, our analyses were therefore limited to 
session-level effects across experimental conditions.

2.4.5. USV-triggered behavioral analysis
To assess the temporal relationship between 50-kHz USV emissions 

and the behavior of observer rats during the reunion phase, we per
formed a peri-event analysis triggered to individual calls’ onset times. 
Behavioral states of either observer—social exploration, pouncing, 
pinning, and non-social exploration—were each encoded as a binary 
time series (1: behavior displayed; 0: behavior absent) at a resolution of 
500 ms, reflecting whether at least one of the two observer animals 
displayed the behavior at each time bin. The probability of occurrence of 
a given behavior relative to 50-kHz call emission was then estimated as 
the average of the behavioral binary time series around the occurrence 
of all 50-kHz calls across sessions.

To assess whether the observed temporal relationships differed from 
chance, a null distribution was constructed over 500 iterations by 
pseudo-randomly jittering each USV onset time within a ± 10 s window. 
At each time bin, an empirical two-tailed Monte Carlo p-value was 
computed, and time bins at which the observed mean significantly 
deviated from the null distribution were identified at p < 0.01.

2.4.6. Quantification and statistical analysis
Data were analysed using Python 3.8 (https://docs.python.org/3.8/r 

eference/) together with the scientific extension modules—numpy, 
pandas, statsmodels, matplotlib and seaborn—in addition to custom- 
written code, in Jupyter Notebooks. Bayesian models were computed 
in R using the brms package [66] and Bayes factors (BF10s) were 
computed using the bayestestR package [67].

Play duration of the demonstrators during the observation phase and 
of the observers during the reunion phase as well as the occurrence of 
ultrasonic vocalizations throughout the whole experimental sessions 
were quantified separately by experimental conditions (Control or Play) 
and for each observer isolation time (30, 120, 270 min) either at the 
level of the experimental phase (Observation and Reunion) or further 
broken down into minute-long time bins.

All frequentist statistical analyses were performed using mixed linear 
models to test main and interaction fixed effects of the experimental 
conditions (Play and Control), observer isolation time (30, 120, or 
270 min) and time within the sessions (minutes) on play duration, 
proximity occupancy, and ultrasonic calls occurrence, as below: 

Out = Play + Isol+ Play : Isol 

or 

Out = Play + Isol+ Min + Play : Isol+Play

: Min + Isol : Min + Play : Isol : Min 

.
Where:
Out: outcome (Play duration, Pinning occurrence, Proximity, Antic

ipatory behavior or USVs occurrence).
Play: Play or Control experimental condition.
Isol: Observers isolation time.
Min: time bin, minute within phase.
Experimental conditions (Control/Play observation and isolation 

duration) were considered as categorical factors and minutes 
throughout a phase as a continuous variable.

To account for any potential variability in the propensity to play 
between each observer dyad, dyad identity was further used as a random 
effect (intercept). Each observer dyad underwent all six experimental 
conditions (Play or Control observation crossed with the three isolation 
durations) and treatment was not applied at the homecage level, 
therefore dyad identity was included as the random-effects unit in all 

models, reflecting the repeated-measures structure of the design. Fixed- 
effect coefficients from the mixed linear models were evaluated using 
two-sided Wald z-tests against zero, calculated as the estimated coeffi
cient divided by its model-based standard error. Throughout the 
manuscript, results from the mixed linear models are reported as un
standardized β coefficients , 95% confidence intervals, z statistics, p- 
values, and Bayes factors. Statistical significance was determined at α 
= 0.05.

For the Bayesian estimations, we used Cauchy priors centered 
around 0. The scaling of the priors was chosen based on the respective 
dependent variable (20 s for play duration, 2 occurrences for pinning 
and behavioral switches, 10 occurrences for the 22 kHz calls, and 50 for 
the 50 kHz calls). BF10s of 1 indicate indifference for the support of 
either the null or alternative hypothesis. BF10s < 1 suggest evidence in 
favor of the null hypothesis whereas BF10s > 1 indicate evidence fa
voring the alternative hypothesis [68,69]. Using traditional bounds, we 
consider BF10 <

1/3 or BF10 > 3 as moderate evidence for the absence or 
presence of an effect, BF10 < 1/10 or BF10 > 10 as strong evidence, and 
1/3 < BF10 < 3 as merely circumstantial evidence.

3. Results

3.1. Sessions in the Play condition are associated with ample play of the 
demonstrators and the emergence of 22-kHz call emissions

Unexpectedly, in a paradigm focusing on play behavior and its pu
tative contagion, we first noticed that some sessions were associated 
with the emission of 22-kHz calls (Fig. 2A, Suppl Table 1–2). These calls 
emerged prominently in association with the Play observation condition 
during the observation phase, for which we found a significant inter
action between time throughout the session and Play observation con
dition (ВPlay observationXminute: +0.60 occurrences [0.25, 0.97] every 
minute, Z = 3.30, p < 0.001, BF10 = 3.56; Suppl Table 1). The increased 
occurrence of 22-kHz calls over time did not substantially differ between 
the observers’ isolation times (В120minXminute: − 0.19 occurrences 
[− 0.727,0.467], Z = − 0.70, p = 0.47, BF10=0.03; В270minXminute: − 0.57 
occurrences [− 1.08, − 0.06], Z = − 2.18, p = 0.03, BF10 = 0.22). We 
observed a similar phenomenon during the reunion phase (ВPlay obser

vationXminute: +0.68 occurrences [0.07, 1.28] every minute, Z = 2.20, 
p < 0.05, BF10 = 0.40) without difference across observers’ isolation 
time (Suppl Table 2).

In sessions during which 22-kHz calls were present, we detected a 
median of 63 calls (IQR: 25–131). When quantifying sessions during 
which at least one 22-kHz call was detected, we observed that 22-kHz 
calls were present in more Play observation sessions (n = 26 out of 
54) than Control sessions (n = 9 out of 54), and more often present 
during the reunion phase (n = 24, 9 Control sessions and 15 Play 
observation sessions) than the observation phase (n = 11, all Play 
observation sessions). Overall, only 3 observer dyads were never asso
ciated with a session with 22-kHz calls present while it was the case for 
10 of the 24-h isolated demonstrators’ dyads, suggesting that 22-kHz 
emissions were more tightly associated with demonstrator than 
observer identity.

In line with the large body of literature linking 22-kHz call emissions 
to an expression of negative affect in rats [18–20,38], we found strong 
evidence that sessions with 22-kHz call emissions were associated with 
greater cumulative time spent immobile for the observer dyads during 
the reunion phase compared with sessions without 22-kHz calls (В22 kHz 

presence: +52.0 s [12.9, 91.2], Z = 2.6, p < 0.01, BF10 = 12.43; Fig. 2B; 
Suppl Table 4), while no difference was found for the cumulated time 
spent immobile by the demonstrator dyads during the observation phase 
(В22 kHz presence: − 8.14 s [− 64.1, 47.8], Z = − 0.29, p = 0.78, BF10 =

0.51; Fig. 2B; Suppl Table 3). Because our primary aim was to test 
whether observing social play facilitates subsequent play as a readout of 
putative positive affective state contagion, the presence of 22-kHz calls 
required separate consideration. Play behavior is sensitive to adverse or 
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motivationally competing conditions [26,58,62,70], and negative af
fective states can be socially transmitted between rodents [11,14]; thus, 
the presence of 22-kHz calls could indicate a mixed socio-affective 
context rather than a purely play-related one. We therefore focused 
the main analyses on sessions without detected 22-kHz calls and ana
lysed sessions with 22-kHz calls separately.

We first assessed whether demonstrators indeed showed differential 
amounts of play between the Play and Control observation conditions. 
We quantified the total time demonstrator rats spent playing during the 
observation phase (Fig. 2C and Suppl Table 5). As expected, demon
strators played longer in the Play observation condition than in the 
Control observation condition (ВPlay observation: 95.0 s [60.3, 129.8], 
Z = 5.36, p < 0.001, BF10 > 100) and their play behavior did not sys
tematically change over the 10 consecutive minutes of the observation 
period (Вminute: 0.05 s [− 0.37, 0.48], Z = 0.24, p = 0.81, BF10 = 0.1). 
The amount of play demonstrators engaged in was not influenced by the 
observers’ state as we found moderate to strong evidence of absence of 
an effect of the observers’ isolation time (change relative to 30 min 
isolation time for 120 min and 270 min isolation time respectively: 
+1.89 s [− 27.8, 31.6], Z = 0.12, p = 0.9, BF10 = 0.01 and − 10.8 s 
[− 41.0, 19.3], Z = − 0.70, p = 0.48, BF10 = 0.11).

We then assessed whether the demonstrators’ play behavior influ
enced that of the observers during the observation phases. Observer rats 
spent the majority of their time in the half of their observer compart
ment closest to the demonstrators (one-sample t-test against 50%, ses
sions mean = 76.01%, 95% CI [73.3, 78.7], t = 19.15, p < 0.001, BF10 >

100). However, we found evidence for the absence of an effect of Play vs 

Control observation (+5.68% [− 4.90, 16.20], Z = 1.05, p = 0.29, BF10 
= 0.21, Suppl Figure 2). In addition, anticipatory behaviors did not 
differ between Play vs Control observations, with evidence for the 
absence of an effect (− 0.08 switches/min [− 1.55, 1.39], Z = − 0.11, 
p = 0.91, BF10 = 0.12; Suppl Figure 2). This shows that social obser
vation is salient and attractive, independently of whether the demon
strators are involved in play.

3.2. Increased play behavior following short social isolation and in the 
absence of 22-kHz call emissions

To investigate whether observer rats were emotionally influenced by 
the behaviors of the demonstrators, we turned to the reunion phase and 
the behaviors of the observer dyads. In our paradigm we predicted an 
increase in play behavior due to the duration of the social isolation of the 
observers and, if playful state contagion occurred, an additional increase 
following play observation compared with the control observation 
(Fig. 3).

As predicted, observer rats engaged in more play following 120 and 
270 min of social isolation compared to 30 min (respectively, +10.80 s 
[6.00, 15.60] and +11.98 s [7.11, 16.84] per minute; Z = 4.4, 
p < 0.0001, BF10 > 100, and Z = 4.8, p < 0.0001, BF10 > 100; Fig. 3A 
and Suppl Table 6). We also found a significant effect of time within the 
sessions; for all isolation times, the observers decreased the amount of 
time playing over the session (− 1.01 s [− 1.58, − 0.45] per minute 
Z = − 3.53, p < 0.001, BF10 = 2.9). However, we only found a trend for 
an effect of observing Play vs Control demonstrators (ВPlay observation: 

Fig. 2. Emission of 22-kHz calls detected in sessions with longer play duration of demonstrators. A. Quantification of the number of 22-kHz calls per minute, 
separated by Control (socially housed demonstrators, grey diamonds) and Play (24h-isolated demonstrators, blue diamonds) conditions, during the observation phase 
(left panel) and the reunion phase (right panel). B. Total immobility by the demonstrators' dyads during the observation phase (left panel) and by the observers 
during the reunion phase (right panel), separated by observation conditions and for sessions without and with 22-kHz calls. C. Quantification of the total duration of 
social play behavior displayed by the demonstrator dyads during the observation phase, separated by Control (socially housed demonstrators, grey bars) and Play 
observation (24h-isolated demonstrators, blue bars) conditions and for the isolation time of the observer rats (30, 120 or 270 min prior to test) for sessions without 
22-kHz calls. Boxplots represent median and quartiles, whiskers extend to values up to 1.5 x the interquartile range and squares indicate values for single dyads. 
Connected diamonds represent the mean ± SEM, while non-connected diamonds indicate data from a single dyad. In A. p-values are reported for ВPlay observation X 

minute. Note that in A. and B. data are not separated by the social isolation time of the observer rats for clarity only, statistical modeling did include this as a predictor.
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4.88 s [− 0.73, 10.49] per minute, Z = 1.71, p = 0.088, BF10 = 0.31).
We reasoned that play contagion might increase the willingness of 

both members of a dyad to engage in play together, in which case an 
effect of play observation could be more visible when looking at the 
specific occurrence of pinning (Fig. 3B and and Suppl Table 7). Similar 
to play duration, the number of pins per minute increased following 120 
and 270 min of social isolation, and decreased over time within the 
reunion phase. Moreover, play observation was followed by a signifi
cantly increased number of pins (+1.4 occurrences [0.41, 2.40] per 
minute, Z = 2.75, p = 0.006, BF10 = 3.56)—although this effect was 
significantly reduced following 270 min of social isolation—and only a 
trend towards an increased number of pounces per minute (+1.34 oc
currences [− 0.23, 2.91] per minute, Z = 1.67, p = 0.095, BF10 = 0.53).

We then tested whether the total number of pins displayed by ob
servers following Play observation was directly related to the amount of 
play they had witnessed by the demonstrators during the observation 
phase, but found evidence for the absence of such an effect (ВPlay dem

onstrators: 0.035 occurrence [− 0.08, 0.15], Z = 0.59, p = 0.55, BF10 =

0.03).
We next assessed the specificity of the effect of Play observation on 

the behaviors displayed by the observers during the reunion phase 
(Suppl Figure 3). We found evidence for the absence of an effect of Play 
observation on the time observers spent engaging in non-social explo
ration (+2.58 s [− 6.77, 11.93] per minute, Z = 0.54, p = 0.59, BF10 =

0.18), and no evidence for an effect on the time observers spent 
engaging in social exploration (− 7.51 s [− 15.31, 0.30] per minute, 
Z = − 1.89, p = 0.059, BF10 = 0.66). In addition, we found no evidence 
for an effect of Play observation on the number of pins per minute for 
sessions in the presence of 22-kHz calls (− 1.75 occurrences [− 3.29, 
− 0.21] per minute, Z = − 2.23, p = 0.03, BF10 = 0.87).

3.3. A higher overall number of 50-kHz call emissions was associated 
with the Play condition

Finally, and despite the inability to identify the source of each call 
emitted, we assessed whether Play observation also influenced the 
overall rate of 50-kHz call emissions in our paradigm (Fig. 4).

Consistent with the positive association between play and 50-kHz 
call emission [20], we observed substantially more 50-kHz calls 
emitted per minute during the observation phase in the Play observation 
condition compared to Control observation (+118.46 occurrences 
[103.87, 133.05] per minute, Z = 15.91, p < 0.001, BF10 > 100, Fig. 4A, 
and Suppl Table 8). The 50-kHz call emission rates in the Play obser
vation condition decreased over time. In addition, we found little effect 
of the observers’ isolation time. During the reunion phase, we also found 
an increase in 50-kHz call emission rates per minute following Play 
versus Control observation (+38.40 occurrences [19.22, 57.60] per 
minute, Z = 3.92, p < 0.001, BF10 > 100, Fig. 4B, and Suppl Table 9). In 
contrast to the observation phase, longer social isolation duration of the 
observers resulted in higher calling rates (В120 min: +34.05 occurrences 
[17.62, 50.49] per minute, Z = 4.06, p < 0.001, BF10 > 100; В270 min: 
+54.90 occurrences [38.22, 71.60] per minute, Z = 6.45, p < 0.001, 
BF10 > 100). Similar to the observation phase, 50-kHz call emission rates 
decreased over time within the phase.

Although we cannot identify the emitters of individual calls, we next 
tested whether 50-kHz call emissions during the reunion phase related 
to the behavior displayed by the observer rats (Suppl Figure 4 A). To this 
end, we assessed the probability of at least one of the two observers to 
display a given behavior relative to the emission of all detected 50-kHz 
calls. We found that 50-kHz call emission increased the probability of 
expressing social behavior, including pouncing and pinning, and was 
accordingly followed by a decreased probability of engaging in non- 
social exploration.

Finally, 50-kHz trill calls—a subset of 50-kHz vocalizations charac
terized by their sinusoidal/inverted-U shape and rapid frequency 
change, showing broader frequency ranges and higher main 
frequency—have been shown to be more specifically modulated by 
reward, social interaction and their anticipation [42,62]. Given the 
bimodal distribution of peak frequencies and frequency bandwidths for 
50-kHz calls detected in our paradigm, we tested the hypothesis that 
emission of trill calls was modulated following Play observation (Suppl 
Figure 1D). We quantified the number of high-frequency wideband 
(HF-WB) 50-kHz calls occurrences during the reunion phase (Suppl 
Figure 4B) and found a pattern of emission rates closely resembling 
that of pinning occurrence in the same phase (Fig. 3B), suggesting that 
the emissions of HF-WB 50-kHz calls were related to the mutual 
engagement of the observers in play behavior: Play observation was 
followed by an increased number of HF-WB 50-kHz calls compared to 
the control observation (+5.7 occurrences [1.77, 9.63] per minute, 
Z = 2.84, p = 0.004, BF10 = 4.83). This was not the case following 
270 min of social isolation of the observers.

4. Discussion

In this study, we aimed to test whether observation of social play 
behavior in rats produces contagion-like increases in subsequent play. 
Observer rats were moderately socially deprived for 30, 120 or 270 min, 
watched demonstrators displaying either low or high amounts of play 
behavior from separate compartments, and were then reunited and 
allowed to interact freely. We predicted a modulation of play behavior 
by the duration of social isolation of the observers, and, if emotional 
contagion of play occurred, heightened play following play observation 
compared to the control condition during the reunion phase. We used 
three main readouts to measure the effect of play observation during the 
reunion phase: Total time playing, number of play behaviors and 
number of 50-kHz USVs emitted. Since we were unable to reliably 
identify the emitters of the USVs, related results should be interpreted 

Fig. 3. Enhanced play behavior following Play observation associated 
with mild social deprivation in the absence of 22-kHz calls. Quantification 
of the total time spent playing (A.) and number of pins (B.) by the observer 
dyads per minute in the reunion phase, following Control (socially housed 
demonstrators, grey squares) and Play (24h-isolated demonstrators, blue 
squares) observation and per isolation time of the observers (30, 120 and 
270 min prior to test), for sessions without 22-kHz calls detected. For all panels, 
connected squares represent the mean ± SEM. Non-connected squares repre
sent data from individual dyads.
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with caution. We found a convergence towards an effect akin to conta
gion following play observation but restricted to sessions without 22- 
kHz calls being emitted. Furthermore, observers showed increased 
pinning only after 30 or 120 min of social deprivation but not when 
isolated for 270 min before the sessions. We found a comparable trend 
for the duration of play. In addition, we detected more 50-kHz vocali
zations following play observation versus control observation during the 
reunion phase and irrespective of observer isolation duration. These 
results are suggestive of a subtle effect of play contagion.

4.1. Study limitations

In the current paradigm, the calls emitting animal could not be 
identified, confounding the interpretation of the USV results as they are 
a combination of observer and demonstrator rat vocalizations. There
fore, at best we can describe an “overall acoustic environment” of the 
test environment at a given timepoint or in a specific experimental 
condition. In addition, we were able to follow USV modulation 
throughout sessions. Through recent technological advancement, it is 
now possible to pinpoint more precisely the emitter of a USV [71], 
opening up the possibility to investigate aspects of emotional contagion 
on the level of an individual within a social context.

Another limitation of the current study is the exclusive use of male 
rats. Juvenile male rats have been shown to have a higher frequency of 
pounces and pins compared to females [70,72]. Our aim was to make the 
read out window for play expression as large as possible, to capture 
emotional contagion if it occurred. Future studies will incorporate fe
male rats to confirm whether emotional contagion of play is similarly 
visible in female rats as well.

4.2. Effects of play observation

In the reunion phase of sessions without detected 22-kHz calls, in
dications of a subtle contagion effect were found. Increased pinning was 
observed after 30 or 120 min, but not 270 min, of social deprivation. 
Potentially, longer isolation times led to a high intrinsic play motivation 
in the observers, thus masking a potential contagion effect. This inter
pretation is consistent with the fact that play duration, as well as levels 
of pinning and of 50-kHz USV emissions increased, independently from 
the prior social observation with increasing observer separation time. In 
many studies, play deprivation is used to enhance the motivation to 
engage in play [26,28]. We reasoned that enhanced motivation would 
make the observation of play more salient and therefore would enhance 
the contagion effect. However, our results point in a different 
direction—we found stronger indications of emotional contagion with 
lower play deprivation lengths. For time spent playing we found a 

similar trend. In addition, irrespective of the length of isolation time, 
50-kHz call emission was enhanced in the reunion phase after Play 
observation compared with Control observation. In addition, social 
behavior unrelated to play (social exploration) or non-social exploration 
(e.g. cage exploration or self-grooming) did not differ in duration be
tween Play observation and Control, excluding the possibility that ef
fects on behavior were driven solely by a non-specific increase in 
arousal. These results suggest that play observation affects the internal 
state of the observer rat at both the behavioral and vocal levels in line 
with a subtle play contagion effect.

At the behavioral level, we found a stronger effect on the number of 
pins than on the duration of play. While play duration also encompasses 
play invitations (pounces) initiated by one animal, pins are an expres
sion of mutual consent to continue the play interaction by one animal 
lying on its back while the other is grooming, nuzzling or licking the 
ventrum [32,73]. Therefore, the fact that play observation had a 
stronger effect on the number of pins suggests an effect on the alignment 
of the motivation for the members of a dyad to engage in play.

Notably, despite the fact that the increase in 50-kHz calls emitted 
may come from either the observers, the demonstrators, or both, any of 
these effects could be in line with a play contagion effect, either from the 
demonstrator play to the observers, or from watching playful in
teractions of the observers during the reunion phase to the demonstrator 
rats. Notably, during the reunion phase, 50-kHz call emission was 
temporally associated with subsequent social behaviors expressed by the 
observer rats, including both the initiation (pouncing) and continuation 
(pinning) of play. Moreover, the effect of play observation on the 
emission of higher-pitched, broader-band 50-kHz calls—likely including 
trill-like subtypes associated with reward, social play, and its anticipa
tion [22,42,62]—closely paralleled the effect observed for pinning 
behavior. Yet, a previous study on the contagion of a positive state 
induced in observer rats by witnessing tickling demonstrator rats found 
an increase in 50-kHz calls emitted by the observer directly after hearing 
the demonstrator’s 50-kHz vocalizations [16]. In line with this, identi
fying the emitter of specific calls would be necessary and might show a 
similar effect in our more naturalistic play contagion paradigm. How
ever, 50-kHz USVs are not only considered a display of positive affect 
but also a means of coordinating social interactions [57,62]. Future 
studies are needed to disentangle their potential meaning, for example 
by focusing on the subtypes of 50-kHz calls that are emitted.

In our paradigm, demonstrators were deliberately unfamiliar to the 
observers, as play behavior is typically higher between strangers than 
between cage mates [27,74] but see [75,76]. Consistent with this, 
introducing a novel partner can reinstate play initiation in otherwise 
satiated rats [54]. Future work should examine how familiarity modu
lates the salience of social partners in play contagion paradigms.

Fig. 4. Enhanced 50-kHz call emission associated with Play observation. Quantification of the number of 50-kHz call emissions per minute, separated by the 
Control (socially housed demonstrators, grey circles) and Play (24h-isolated demonstrators, blue circles) observation and isolation time of the observers (30, 120 and 
270 min prior to test) in the absence of 22-kHz calls during the observation (A) and the reunion phase (B). For all panels, connected circles represent the mean ±
SEM. Non-connected circles represent data from individual dyads.
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As it is known that rats detect the positive emotional state of others 
through olfactory, tactile, visual, and auditory cues [4,13,15,77] and 
that for social play behavior specifically, auditory, tactile, olfactory and 
visual cues are important [40,78], another promising extension of our 
study would be to disentangle the multisensory information the rats 
exchange in our paradigm. Indeed, it has been found that in deafened 
rats, specific aspects of play were decreased, although the frequency of 
pounces remained unchanged [58]. Devocalization of rats results in less 
play solicitation but when devocalized rats were pounced upon, they 
were more likely to rotate to a supine position [57,74].

Manipulating visual and auditory stimuli, in particular, could give us 
an important insight into the relevance of the different sensory modal
ities involved and could help to further investigate the emergence of 22- 
kHz vocalizations or the role of different types of 50-kHz USVs.

4.3. Analyses stratified by 22-kHz-call emission

22-kHz calls emerged over the course of the observation and reunion 
phases, particularly in the Play observation condition, in which dem
onstrators were isolated for 24 h prior to testing. Because our main aim 
was to assess whether play observation facilitates subsequent play as a 
readout of putative positive affective-state contagion, the presence of 
these calls required separate consideration. 22-kHz USVs are often 
associated with alarm, distress, defensive or aggressive encounters, and 
social conflict [18,20], and play behavior is sensitive to adverse or 
motivationally competing conditions [26,58,66,70]. Thus, sessions 
containing 22-kHz calls may include additional socio-affective cues that 
could confound or mask the effect of play observation on subsequent 
play. Even if 22-kHz USVs are not uniquely diagnostic of negative 
affect—as they have also been reported in post-ejaculatory states and 
during natural foraging, and may be absent in some aversive situations 
[19,22]—their presence nevertheless indicates a context that is not 
purely play-related. We therefore focused the main analyses on sessions 
without detected 22-kHz calls, while analysing 22-kHz-positive sessions 
separately.

The 22-kHz-positive sessions should therefore not be viewed as ar
tifacts or simply excluded observations, but as potentially meaningful 
sessions reflecting a different socio-affective context. Because the pre
sent recording setup did not allow us to identify the individual caller, 
several interpretations remain possible. First, 22-kHz calls could reflect 
a transition toward a negative affective state in either observers or 
demonstrators. Second, they could serve as a social coordinating signal, 
for example when asymmetries in play motivation make the interaction 
too intense for one animal, consistent with the possibility of a ‘desist’ 
signal [20]. Third, during the observation phase, they could reflect 
frustration in observers that were able to see, hear, and smell highly 
playful demonstrators but could not physically join the interaction. 
Indeed, 50-kHz USVs emitted by demonstrators may have actively 
heightened social motivation in observers, with repeated unmet reward 
expectations contributing to a frustration-like state [75]. This interpre
tation is consistent with observations by Kashtelyan and colleagues [23], 
where rats observing conspecifics receiving sucrose pellets emitted both 
50-kHz and 22-kHz calls, with 22-kHz calls emerging once the demon
strators received the reward. Together with reduced ventral striatal 
dopamine release, this was interpreted as a frustration- or jealousy-like 
state in observers. Similarly, Bialy et al. [79] reported specific 
low-frequency vocalizations when male rats were separated from a 
receptive female while still being able to see, hear, and smell her. Future 
studies using source-localization approaches such as LiveScope [71] or 
miniature microphones [80] will be needed to determine whether 
22-kHz calls in our paradigm originate from observers, demonstrators, 
or both.

To ensure that observer rats were exposed to a large number of play 
episodes, a 10 min observation period was chosen. Other studies using 
food reward or tickling—mimicking social play by a human 
experimenter—employed shorter exposure periods [16,23]. It is possible 

that the relatively long observation time without the possibility to 
engage in the behavior could have resulted in something akin to frus
tration and the loss of a possible contagion effect.

Since social play is considered a rewarding activity, we expected 
heightened anticipatory activity due to observing other rats engaging in 
social play. However, individual behavior as well as overall behavioral 
switches during the observation period did not differ between Play and 
Control observation conditions. The same was true for proximity to the 
demonstrators, our measure of salience of the reward. This could indi
cate that a pair of stranger rats, irrespective of whether they are engaged 
in play, is highly salient or that our measures of proximity and antici
patory behavior were not sensitive enough to distinguish between the 
two observation conditions. In the study of Burke et al. [62], anticipa
tion of play was investigated for seven consecutive days, and anticipa
tory behavior was found to be elevated at the end of this period but this 
was specific for adults as the juveniles did not show this effect. In our 
paradigm, we tested juvenile rats over three consecutive days, which 
may explain the lack of differences found. Another output measure of 
anticipation is the number of 50-kHz USVs emitted [38,62]. Burke et al. 
[62] did find an increase in emission over days in both adult and juvenile 
rats. This measure of anticipation is less useful in our paradigm since 
demonstrator rats engaging in play also emit these vocalizations and we 
cannot distinguish the emitter.

A complicating factor while studying social behavior is dyad 
composition. We matched pairs of demonstrators and observers based 
on homecage and weight but did not take partner preference of the rats 
into account, which is increasingly recognized as an important factor for 
an optimal social play experience [32]. Future experiments could benefit 
from screening demonstrators and observers for partner preference to 
create more optimal dyads to capture emotional contagion.

4.4. Demonstrator rats' behavior

In line with previous observations, demonstrator rats played more 
and for a longer time during the observation phase after they were so
cially isolated for 24 h than when not isolated [37,76,81]. This ensured 
that, during the 10 min observation phase, observers had ample op
portunity to witness play behavior by the demonstrators in the Play 
observation condition, and significantly less so in the Control observa
tion condition. In both conditions, observer animals spent more than 
75% of the observation time near the demonstrator compartment, while 
this was based on center-point tracking and should not be interpreted as 
directed attention, it suggests that the demonstrators were generally 
salient social cues for the observers.

Demonstrator dyads nevertheless varied in the amount of play they 
displayed, consistent with known individual differences in rat playful
ness [28,73,82,83]. Such variation can be important in 
observational-learning paradigms, where demonstrator behavior can 
influence observer performance, including in social transmission of food 
preference, fear, foraging, and freezing [84–87]. This has also been 
demonstrated for negative emotional contagion, where observers 
display more freezing themselves when observing demonstrators that 
freeze more [87]. However, we did not find an association between the 
level of play of particular dyads of demonstrators and that of the 
observer dyads. Such a lack of a direct relationship between demon
strators' and observers' play could be the result of our paradigm design 
which temporarily separated observation from the ability to express play 
behavior for the observers. Not being able to readily react to the play 
observation could have affected the experience of observer rats, thereby 
influencing their subsequent engagement in play. Pointing in this di
rection is the study of Kashtelyan and colleagues [23], where the 
observation of a rewarding food delivery triggered dopamine release in 
the ventral striatum in the observer as well as increased 50-kHz USV 
emission, suggesting that watching a conspecific receiving a reward is 
initially rewarding for the observer. However, this was only true for the 
first trial; in subsequent trials dopamine release, 50-kHz call emission, 

F. Michon Linde et al.                                                                                                                                                                                                                          Behavioural Brain Research 514 (2026) 116382 

9 



and orienting toward the reward delivery decreased to below levels of 
observing an empty test box. These results show that exposure to a 
demonstrator receiving a reward may alter the experience of the 
observer differently but also that multiple or extended exposures may 
affect the rewarding aspect of the demonstration.

4.5. Contagion of play in other species

We found indications that the observation of social play behavior in 
rats produces contagion-like increases in play when they are able to 
freely interact. In other species, including humans [88], observing 
demonstrators at play seems to induce playfulness in observers as well 
[89–91]. In savannah African elephants (Loxodonta africana) individuals 
were more likely to start playing with group members after others had 
started playing [92]. In chimpanzees (Pan troglodytes) living in a sanc
tuary, younger animals were more likely to start playing after observa
tion of play [93].

Contagion of play is not restricted to mammals. In sub-adult ravens 
(Corvus corax), play contagion was observed by an increase in play 
categories (locomotor, object or social play), different from the focal 
raven’s play after introduction of food or an object [94]. Play contagion 
was also elicited by demonstrator ravens in a playground set-up, as it 
increased locomotion and social but not object play [95]. In addition, 
free-ranging kea (Nestor notabilis) show an increase in playful behaviors 
after hearing playbacks of play vocalization [96]. The observation of 
play contagion in multiple species shows its evolutionary importance.

While negative emotions of others may provide information about 
potential threats in the environment [11], the adaptive value of the 
transfer of positive emotions lies in the positive information about either 
the environment (e.g. possible food/water availability, safety, stimu
lating locations) or positive social information (e.g. social interaction, 
potential (play-)partners). In the short term, transfer of positive emo
tions may improve well-being and thereby welfare status [91]. In the 
long term it facilitates survival by signaling beneficial opportunities via 
other individuals through social learning, which in turn facilitates social 
group functioning and cohesion and efficient resource access [13].

5. Conclusions

From an evolutionary perspective, sensitivity to others’ positive af
fective states may help individuals identify rewarding opportunities and 
safe social contexts without relying solely on direct personal experience 
[4,97,98]. From a group perspective, positive affect sharing may also 
support social bonding, group cohesion, and stress buffering [99].

In the present paradigm, observation of social play was associated 
with subtle, condition-dependent changes compatible with positive 
affective-state contagion. Specifically, observer rats showed increased 
pinning after play observation in sessions without detected 22-kHz calls, 
with a similar but weaker pattern for total play duration, and higher 
session-level rates of 50-kHz calls. These effects depended on the 
absence of detected 22-kHz calls, the observers’ prior social isolation, 
and the experimental phase. Thus, our findings suggest that social play 
observation can facilitate subsequent play in juvenile rats, while also 
showing that this effect is modulated by the broader socio-affective 
context. This paradigm therefore provides a useful starting point for 
future studies aimed at identifying the behavioral, vocal, and neural 
mechanisms of positive affect sharing during social play.

CRediT authorship contribution statement

Christian Keysers: Writing – review & editing, Supervision, Funding 
acquisition, Conceptualization. Valeria Gazzola: Writing – review & 
editing, Supervision, Resources, Funding acquisition, Conceptualiza
tion. Frédéric Michon Linde: Writing – review & editing, Writing – 
original draft, Visualization, Supervision, Resources, Project adminis
tration, Investigation, Funding acquisition, Formal analysis, Data 

curation, Conceptualization. Marijke Achterberg: Writing – review & 
editing, Writing – original draft, Supervision, Formal analysis, Data 
curation, Conceptualization. Julian Packheiser: Writing – review & 
editing, Investigation, Formal analysis. Lena Valentina Kaufmann: 
Writing – review & editing, Writing – original draft, Visualization, Data 
curation. Kevin van Reenen: Data curation. Sibi Bos: Investigation.

Funding

This work was supported by the Dutch Research Council (NWO), 
projects: VI.Veni.222.088 and OCENW.XL21.XL21.069.

Declaration of Competing Interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgements

We would like to thank Nicky Markus for her help with the behav
ioral observations and Fleur Oogjen for her support with behavioral 
training.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.bbr.2026.116382.

Data availability

Summary data presented in this manuscript are available via the 
OpenScienceFramework, at https://osf.io/fdj62/overview? 
view_only=8fa33c191f244eb58c040406ccaffa6c. Due to their size, 
raw data are available upon reasonable request.

References

[1] F.B.M. De Waal, S.D. Preston, Mammalian empathy: behavioural manifestations 
and neural basis, Nat. Rev. Neurosci. 18 (2017) 498–509, https://doi.org/ 
10.1038/nrn.2017.72.

[2] F.B.M. De Waal, The ‘Russian Doll’ model of empathy and imitation, in: S. Bråten 
(Ed.), Adv. Conscious. Res., John Benjamins Publishing Company, Amsterdam, 
2007, pp. 49–69, https://doi.org/10.1075/aicr.68.06waa.

[3] F. De Vignemont, T. Singer, The empathic brain: how, when and why? Trends 
Cogn. Sci. 10 (2006) 435–441, https://doi.org/10.1016/j.tics.2006.08.008.

[4] C. Keysers, E. Knapska, M.A. Moita, V. Gazzola, Emotional contagion and prosocial 
behavior in rodents, Trends Cogn. Sci. 26 (2022) 688–706, https://doi.org/ 
10.1016/j.tics.2022.05.005.

[5] Z. Huang, M. Chung, K. Tao, A. Watarai, M.-Y. Wang, H. Ito, T. Okuyama, 
Ventromedial prefrontal neurons represent self-states shaped by vicarious fear in 
male mice, Nat. Commun. 14 (2023) 3458, https://doi.org/10.1038/s41467-023- 
39081-5.

[6] J.-H. Kim, D.-E. Choi, H.-S. Shin, The lateralized LC-NAergic system distinguishes 
vicarious versus direct fear in mice, Nat. Commun. 16 (2025) 2364, https://doi. 
org/10.1038/s41467-025-57701-0.

[7] M. Carrillo, Y. Han, F. Migliorati, M. Liu, V. Gazzola, C. Keysers, Emotional Mirror 
Neurons in the Rat’s Anterior Cingulate Cortex, Curr. Biol. 29 (2019) 1301–1312. 
e6, https://doi.org/10.1016/j.cub.2019.03.024.

[8] J.I. Terranova, J. Yokose, H. Osanai, W.D. Marks, J. Yamamoto, S.K. Ogawa, 
T. Kitamura, Hippocampal-amygdala memory circuits govern experience- 
dependent observational fear, Neuron 110 (2022) 1416–1431.e13, https://doi. 
org/10.1016/j.neuron.2022.01.019.

[9] S.-W. Kim, M. Kim, J. Baek, C.-F. Latchoumane, G. Gangadharan, Y. Yoon, D.- 
S. Kim, J.H. Lee, H.-S. Shin, Hemispherically lateralized rhythmic oscillations in 
the cingulate-amygdala circuit drive affective empathy in mice, Neuron 111 (2023) 
418–429.e4, https://doi.org/10.1016/j.neuron.2022.11.001.

[10] M.L. Smith, C.M. Hostetler, M.M. Heinricher, A.E. Ryabinin, Social transfer of pain 
in mice, Sci. Adv. 2 (2016) e1600855, https://doi.org/10.1126/sciadv.1600855.

[11] C. Keysers, V. Gazzola, Vicarious Emotions of Fear and Pain in Rodents, Affect. Sci. 
4 (2023) 662–671, https://doi.org/10.1007/s42761-023-00198-x.

[12] K.Z. Meyza, I.B.-A. Bartal, M.H. Monfils, J.B. Panksepp, E. Knapska, The roots of 
empathy: Through the lens of rodent models, Neurosci. Biobehav. Rev. 76 (2017) 
216–234, https://doi.org/10.1016/j.neubiorev.2016.10.028.

F. Michon Linde et al.                                                                                                                                                                                                                          Behavioural Brain Research 514 (2026) 116382 

10 

https://doi.org/10.1016/j.bbr.2026.116382
https://osf.io/fdj62/overview?view_only=8fa33c191f244eb58c040406ccaffa6c
https://osf.io/fdj62/overview?view_only=8fa33c191f244eb58c040406ccaffa6c
https://doi.org/10.1038/nrn.2017.72
https://doi.org/10.1038/nrn.2017.72
https://doi.org/10.1075/aicr.68.06waa
https://doi.org/10.1016/j.tics.2006.08.008
https://doi.org/10.1016/j.tics.2022.05.005
https://doi.org/10.1016/j.tics.2022.05.005
https://doi.org/10.1038/s41467-023-39081-5
https://doi.org/10.1038/s41467-023-39081-5
https://doi.org/10.1038/s41467-025-57701-0
https://doi.org/10.1038/s41467-025-57701-0
https://doi.org/10.1016/j.cub.2019.03.024
https://doi.org/10.1016/j.neuron.2022.01.019
https://doi.org/10.1016/j.neuron.2022.01.019
https://doi.org/10.1016/j.neuron.2022.11.001
https://doi.org/10.1126/sciadv.1600855
https://doi.org/10.1007/s42761-023-00198-x
https://doi.org/10.1016/j.neubiorev.2016.10.028


[13] A. Brosnan, E. Knapska, Cheerful tails: Delving into positive emotional contagion, 
Neurosci. Biobehav. Rev. 161 (2024) 105674, https://doi.org/10.1016/j. 
neubiorev.2024.105674.
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[46] M. Wöhr, R.K.W. Schwarting, Ultrasonic communication in rats: Effects of 
morphine and naloxone on vocal and behavioral responses to playback of 50-kHz 
vocalizations, Pharmacol. Biochem. Behav. 94 (2009) 285–295, https://doi.org/ 
10.1016/j.pbb.2009.09.008.
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[51] M. Sadananda, M. Wöhr, R.K.W. Schwarting, Playback of 22-kHz and 50-kHz 
ultrasonic vocalizations induces differential c-fos expression in rat brain, Neurosci. 
Lett. 435 (2008) 17–23, https://doi.org/10.1016/j.neulet.2008.02.002.

[52] S.M. Himmler, J.M. Lewis, S.M. Pellis, The Development of Strain Typical 
Defensive Patterns in the Play Fighting of Laboratory Rats, Int. J. Comp. Psychol. 
27 (2014), https://doi.org/10.46867/ijcp.2014.27.03.09.

[53] P. Schneider, L. Bindila, C. Schmahl, M. Bohus, A. Meyer-Lindenberg, B. Lutz, 
R. Spanagel, M. Schneider, Adverse Social Experiences in Adolescent Rats Result in 
Enduring Effects on Social Competence, Pain Sensitivity and Endocannabinoid 
Signaling, Front. Behav. Neurosci. 10 (2016), https://doi.org/10.3389/ 
fnbeh.2016.00203.

[54] C.J. Reinhart, D.C. McIntyre, G.A. Metz, S.M. Pellis, Play fighting between 
kindling-prone (fast) and kindling-resistant (slow) rats, J. Comp. Psychol. 120 
(2006) 19–30, https://doi.org/10.1037/0735-7036.120.1.19.

[55] S.M. Pellis, V.C. Pellis, B. Kolb, Neonatal testosterone augmentation increases 
juvenile play fighting but does not influence the adult dominance relationships of 
male rats, Aggress. Behav. 18 (1992) 437–447, https://doi.org/10.1002/1098- 
2337(1992)18:6<437::AID-AB2480180606>3.0.CO;2-2.

[56] E.J.M. Achterberg, C.J. Burke, S.M. Pellis, When the individual comes into play: 
The role of self and the partner in the dyadic play fighting of rats, Behav. Process. 
212 (2023) 104933, https://doi.org/10.1016/j.beproc.2023.104933.

[57] T.M. Kisko, D.R. Euston, S.M. Pellis, Are 50-khz calls used as play signals in the 
playful interactions of rats? III. The effects of devocalization on play with 
unfamiliar partners as juveniles and as adults, Behav. Process. 113 (2015) 
113–121, https://doi.org/10.1016/j.beproc.2015.01.016.

[58] S. Siviy, J. Panksepp, Energy balance and play in juvenile rats, Physiol. Behav. 35 
(1985) 435–441.

[59] T.M. Kisko, M.D. Braun, S. Michels, S.H. Witt, M. Rietschel, C. Culmsee, R.K. 
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