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Chimpanzees yawn when observing 
an android yawn
R. Joly-Mascheroni1, B. Forster1, M. Llorente2, C. Valsera3, A. Gomara3, D. Crailsheim3 & 
B. Calvo-Merino1

This study explores contagious yawning in adult chimpanzees (Pan troglodytes) in the presence of a 
non-biological humanoid agent, an android. Chimpanzees observed an android portraying specific 
facial expressions, including yawns and gapes. The results showed that adult chimpanzees exhibited 
across-agent yawn contagion, with a graded response: the highest contagion occurred when the 
android displayed a fully wide-open mouth (Yawn condition), a reduced response when the mouth 
was partially opened (Gape condition), and no contagion when the android’s mouth was closed 
(Close condition). Additionally, chimpanzees engaged in behaviours associated with drowsiness, 
such as gathering bedding materials, constructing nests, and lying down, while observing the 
android yawning. This suggests that yawning by an unfamiliar model may act as a contextual cue 
for rest, rather than merely triggering a motor resonance response. These findings contribute to the 
understanding of non-human primates’ susceptibility to contagiously induced behaviours, specifically 
yawns, even when triggered by an artificial agent. This study highlights the role of social factors in 
shaping yawn contagion and calls for further research on cross-species and cross-agent interactions.

Keywords Contagion, Yawning, Chimpanzee, Android, Empathy

Processes essential for social interaction between humans may also play a role in interactions with non-human 
agents, such as robots or androids. Human-robot interactions tap into mechanisms related to empathy1, 
perspective-taking2,3, and sensorimotor simulation4–6, which are further modulated by the observer’s familiarity 
with the agent or action7–10.

Animal research based on observations of non-verbal behaviour analysis has provided insights into the 
evolutionary origins and mechanisms underlying social interaction11. While most of this research has focussed 
on interactions between conspecifics, via screen presentations12,13, cross-species research has broadened our 
understanding of these processes, including contagious yawning14. Here, we expand social animal research 
by examining interactions beyond biological species to reach across to agents, specifically by investigating the 
behavioural response of our closest evolutionary relatives (chimpanzees) to a non-conspecific, non-biological 
agent performing various actions.

Understanding interactions beyond biological agents in a real-word setting can enhance our comprehension 
of core social mechanisms, by directly examining the contingency of social attributes such as empathy and 
contagion. Specifically, in this study, we explored contagious yawning in chimpanzees when observing a 
humanoid android presenting a yawning movement, a control action (gaping), or remaining motionless with its 
mouth closed.

On contagious yawning, empathy, and imitation
The embodied nature of yawning has been widely used to examine contagious intransitive actions in primates, 
including humans15 bonobos16 and chimpanzees17, as well as non-primate species, such as dogs18 sheep19 
elephants20 and budgerigars21. While several influential theories about the potential multifunctional features 
of yawning have been postulated in various species22–24, the ultimate function of spontaneous yawns remains 
debated25. Yawning has been associated with physiological26 and social events27, thermoregulatory28, including 
transitions between rest and arousal29, attention modulation30, and group synchronization31. Furthermore, the 
contagious aspect of yawning has been intertwined with core elements of social interaction, such as empathy32, 
(but see33,34) emotion processing35, and imitation36.
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The developmental trajectory of contagious yawning (CY) supports its association with empathy-related 
processes. CY emerges gradually in humans, chimpanzees, and dogs, becoming prominent at around 4 years in 
humans, 5 years in chimpanzees, and 7 months in dogs37–39. This aligns with the maturation of other cognitive 
and social abilities, such as perspective-taking, attention to and identification of others’ mental states (children40; 
chimpanzees41; dogs42), and what is sometimes referred to as affective empathy43.

Yawn contagion has also been interpreted as a particular type of emotion contagion44 (but see45). Proponents 
of this perspective suggest that CY relies on two interconnected processes: non-conscious mimicry and afferent 
feedback46. Non-conscious mimicry, also known as the “chameleon effect”47,48, refers to the tendency to mirror 
others’ behaviours involuntarily in social interactions, for example, copying postures, facial expressions, or 
movements without conscious awareness or intent. Afferent feedback occurs when gestural communication 
and facial expressions influence emotional experiences, as seen in reciprocal smiling49, or even in whole-body 
postural effects50,51. Mimicry or imitation52 play a fundamental role in reinforcing social bonds through an 
emotional feedback loop53. In humans, being mimicked increases affinity, liking, and empathic responses54, 
including compassion55, and promotes prosocial behaviour not only towards the mimicker but also towards 
unrelated individuals in the same social context56,57.

Social motivations, such as the desire to establish bonds, can increase non-conscious mimicry in humans58,59. 
Similarly, in many animal species, offspring copy their parents, for example, in hunting or self-maintenance 
behaviours60. These phylogenetically conserved mechanisms support social learning61. Moreover, imitation-
based social interactions have been reported across various species. For instance, capuchin monkeys (Sapajus 
apella) exhibit greater affiliative behaviour towards humans who imitate them62. Consistent with the idea that 
humans preferentially mimic socially significant individuals63, yawn contagion is more likely to occur between 
socially bonded individuals in several species, including chimpanzees64, bonobos65, gelada monkeys66, and 
possibly dogs67,68.

Robots and human-like agents in social interaction
The advancements in artificial intelligence and computer science have enabled the creation of robots (hereafter: 
“android”) and agents with human-like features (e.g., realistic gestures and speech) to study social interaction69,70. 
Typically, the term “robot” refers to a physically embodied system, whereas “agent” denotes a software-based 
system71,72. Neuroimaging studies have investigated how humans process actions performed by androids73, 
revealing that the same observation network is engaged when observing either a human or an android performing 
an action74–76, though this remains a topic of debate. At a behavioural level, humans tend to apply their common 
social norms when interacting with androids, adjusting their responses based on the android’s human-like facial 
features77. For example, androids with infant-like facial features are perceived as more sociable and friendly78, 
and participants tend to cooperate with a software agent that has a human face to the same extent as they would 
with another person79. Similarly, when an android mimics human behaviour72 or demonstrates perspective-
taking abilities80, people develop more positive attitudes towards it. Generally, humans tend to attribute human-
like qualities to non-biological agents that possess anthropomorphic characteristics81,82.

To understand the evolutionary roots of flexible “cross-agent” social interaction mechanisms, we evaluated 
behavioural responses of chimpanzees to facial movements performed by an unfamiliar, non-biological agent, 
namely a human-like android. To this end, we developed an android head capable of executing facial motor 
actions with precise motor and temporal accuracy (see Fig. 1a). Specifically, we tested whether adult chimpanzees 
would exhibit yawning when observing an android simulating yawns. We predicted that chimpanzees would 
yawn more frequently in the Yawn condition compared to the Gape (opening of the mouth but not as wide 
as in a yawn with neutral, non-emotional expression and no particular significance (control movement)) and 
Close (mouth closed, no movement) conditions (see Fig. 1a). Additionally, we recorded baseline measurements 
of chimpanzee behaviour on a typical day to compare against experimental conditions. To further explore the 
chimpanzees’ responses to the android, we analysed additional behaviours, including the duration of lying 
down (a resting position indicative of low arousal) during and after the android’s movements across the three 
experimental conditions.

Methods
Participants
Participants were 14 adult chimpanzees (Pan troglodytes spp.) aged 10 to 33 years (X̄  = 22.57, SD = 8.06), 
including 10 males and 4 females (see Table 1). The chimpanzees had lived at the Fundació Mona (Spain) for 
between 1 and 12 years (X̄  = 7.36, SD = 4.34), after being confiscated or rescued from the pet and entertainment 
industry to be permanently housed at the centre. All chimpanzees were socially housed in two stable groups 
within a naturalistic enclosure designed to promote species-typical behaviours. The groups had access to 
both indoor and outdoor areas and were provided with daily environmental enrichment. No individuals were 
housed in isolation. Although some chimpanzees initially exhibited abnormal and anxiety-like behaviours, such 
as stereotypies or overgrooming, previous studies on their rehabilitation process83 have shown that desirable 
behaviours and welfare indices increased over time, while undesirable behaviours decreased.

Ethical considerations
All experimental procedures were non-invasive and complied with the ethical guidelines of the Animal Behaviour 
Society, which establish the standard and safe Guidelines for the Use of Animals in Research. The study was 
reviewed and approved by the Ethics Board of Fundació Mona and the Psychology Department Research Ethics 
Committee of City St. George’s University of London (SREC 14–15 01 CA 16 06 2015).
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Design and stimuli
The study used a within-subjects design, with an independent variable of exposure to an android performing 
one of three facial expressions: Yawning, Gaping, or a neutral expression (closed mouth) (see Fig. 1a). A human-
like android was designed with realistic biological features and motion dynamics. The android measured 
45 cm in height, 20 cm in width, and weighed 3.8 kg. Thirty three servo motors were integrated to generate 

Fig. 1. (A) Android conditions: Close, Gape, Yawn, and back view. (B) and (C) Examples of chimpanzee 
exhibiting yawning behaviour. (D) Examples of chimpanzee exhibiting gaping behaviour. (E) Examples of 
chimpanzee exhibiting yawning and lying down behaviour. Photos RMJM, Aline Sardin-Damasso & Mona.
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controlled facial movements. When powered on, the android’s neutral expression corresponded to the Close 
condition (mouth closed, no movement). All programmed facial movements lasted 10 s from onset to offset. To 
ensure precise and consistent movement, the servos were programmed as follows: (1) Close condition (neutral 
expression), nine servos maintained the neutral face, ensuring that no unintentional expressive movement 
occurred; (2) Gape condition (Non-yawning mouth opening). Twelve servos (two on each side above the mouth 
and two on each side on the lower part of the mouth) controlled the mouth movement, opening it to a maximum 
of 1.5 cm, sustaining the expression for 6 to 8 s, and then closing the mouth. The remaining active servos acted 
as support for the rest of the face to remain static. The entire cycle lasted 10 s. Eight mini servos around the 
eyebrow regions were designed to exemplify the corrugator muscle movement, which forms part of the yawning 
expression. Finally, the (3)  Yawn condition required 6 mini servos to create the internal space necessary for the 
movement command. These “space facilitator servos”, were placed in the back of the cheek area to maintain the 
facial structure in the same position and therefore prevent the portrayal of more than one expression at the same 
time. The android’s mouth opened to a maximum of 5.5 cm, mimicking air intake, while the eyes closed and 
reopened as the mouth closed.

All motion parameters (e.g., time, speed, trajectory, velocity, and muscle simulation motion pattern) were 
programmed and automatically adjusted using C/C++, Python, Java, and MATLAB. The movements were 
designed to replicate human facial biological motion, maintaining smooth, human-like transitions while 
ensuring that each action adhered to the 10-second duration limit.

Although the android’s silicone facial layers closely resembled human skin, some inherent textural differences 
remained. Nevertheless, a transparent rear panel revealed its internal mechanical components (See Fig.  1a), 
making its artificial nature explicit, despite its otherwise realistic human-like appearance when viewed frontally.

During the Close condition, the android remained expressionless with its mouth closed and lips sealed 
for the entire 5-minute presentation phase. In the Gape condition, the model performed non-yawning mouth 
openings at regular intervals. In the Yawn condition, the model displayed full yawns as described above. During 
all conditions, the android was positioned within the chimpanzee’s “full visual field” (approximately 0–45°) or 
“peripheral visual field” (45–110°) relative to the sagittal plane of the participant’s eyes. The actions were repeated 
for 5 min, occurring a minimum of 15 times and a maximum of 20 times per condition. The experimenter, 
hidden behind a screen, remotely controlled the android’s actions via a button-operated remote panel (Fig. 2).

Procedure and data collection
Behavioural data was collected during an initial, 5-minute baseline period, during which the box containing 
the android was covered with a black cloth. This phase served as reference for each participant’s typical daily 
behaviour (Fig.  2). Each chimpanzee completed four 15-minute sessions, structured into three consecutive 
5-minute phases: baseline, stimulus exposure (Yawn, Gape, or Close condition), and post-stimulus (Post-Yawn, 
Post-Gape, Post-Close), during which the android’s box was covered again. One keeper and one experimenter 
were present throughout all the sessions but remained behind a panel, to prevent any influence on the 
chimpanzees’ behaviour. The android was only visible within a 45° angle. As the chimpanzees could move freely 
within their enclosure, they might not have always had a direct view of the android. To account for this, the 
experimenter recorded in real time the duration (in seconds) that each chimpanzee spent looking at the android 
in each condition. The behaviour was scored by the experimenter with the use of a monitor behind the panel; the 

Name Sex Age Birth(a) Centre(b) Origin(c) Background(d)

Victor Male 30 1982 2006 Wild-caught Pet

Africa Female 15 1998 2009 Wild-caught Pet

Waty Female 16 1996 2002 Captivity Entertainment

Bea Female 29 1985 2012 Wild-caught Pet/Entertainment

Juanito Male 12 2003 2003 Captivity Pet/Entertainment

Nico Male 26 2000 2004 Captivity Pet/Entertainment

Bongo Male 15 2000 2002 Captivity Entertainment

Toni Male 32 1978 2001 Wild-caught Entertainment

Tico Male 28 1987 2005 Captivity Entertainment

Marco Male 30 1984 2001 Captivity Entertainment

Charly Male 21 1989 2001 Captivity Entertainment

Coco Female 18 1997 2012 Wild-caught Pet/Entertainment

Tom Male 33 1982 2011 Wild-caught Entertainment

Cheeta Female 29 1986 2015 Wild-caught Entertainment

Table 1. Biographical information on the chimpanzees at time of participation in the study. Biographical 
information on the chimpanzees at time of participation in the study. (a) Estimated Year of Birth. (b) Year 
of arrival at the centre. (c) Born in the wild or in captivity. (d) The Chimpanzees at Mona were often used 
for different purposes before they arrived at the rescue centre. The term ‘Entertainment’ refers to any type 
of activity, mostly commercial use, such as tourist attraction, street performing, media performing, circus 
performing and instances of being housed in a zoo.
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particular behaviours were corroborated from the additional cameras and later coded from video by the naïve 
coders.

Each condition aimed to expose participants to between 15 and 20 instances of the android’s facial expressions. 
Furthermore, if a yawn or gape occurred outside the participant’s visual field, the expression was repeated while 
the chimpanzee was facing the android, ensuring visibility, without exceeding 20 presentations per condition. 
Individual sessions were separated by a minimum of 5 min and a maximum of 15 days (for 50% of the sessions, 
there were more than 12 h between sessions). To minimise interference with the centre’s daily routines, sessions 
conducted on the same day were separated by an average of 30 min. All conditions (except for the baseline 
phase) were counterbalanced across participants using a Latin Square design. The chimpanzees were tested 
individually between 09:30 and 18:00, in a familiar enclosure. All sessions were recorded with two Canon Legria 
HF G25, one at each side of the android, a Sony HDR-305 CX740VE above the android, and a Panasonic Lumix 
DMC-FZ200 directly below the android, all facing towards the enclosure to capture the chimpanzee positioned 
directly in front of the android. Additionally, two GoPro HERO + LCD cameras recorded supplementary angles: 
one inside the android’s transparent protective cube to document its facial movements and another on a tripod 
to capture areas outside the android’s 45º field of view. Behaviours such as Yawn, Gape and Close were previously 
defined in the literature, see Campbell, Provine, Madsen13,15,39. The chimpanzees’ behaviours were scored from 

Fig. 2. Trial structure of three exposure conditions and an initial baseline measurement. All sessions started 
with a five-minute baseline phase followed by a five-minute exposure condition (A) Close, (B) Gape, (C) Yawn 
and a five-minute post-stimulus observation phase (Post-Close, Post-Gape, Post-Yawn). Photos RMJM.
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video recordings using a focal continuous timed-event sampling77, focusing on the duration and frequencies of 
behaviours displayed.

Analysis
Two coders naïve to the purpose of the study, independently analysed all the videos and rated the number of 
chimpanzee yawns and gapes in the 5-minute baseline, stimulus (Yawn, Gape and Close) and post-stimulus 
phases (Post-Yawn, Post-Gape, Post-Close). Coder inter-rater reliability frequency of chimpanzee yawns was 
extremely high (agreement = 99%, Cohen’s Kappa = 0.99, 100% of sessions scored). Observers also coded lying-
down behaviour and duration of looking at the stimuli. Lying down was defined as the whole body in a horizontal 
position, either on the ground or in a suspended hammock, with at least one shoulder in contact with the floor or 
the hammock. Inter-rater reliability for duration of lying down was perfect (agreement 100%, 100% of sessions 
scored).

Inspection of raw data and Shapiro-Wilks tests of normality showed that all variables, except for Time spent 
Looking (TL) were significantly different from normality (p < 0.05). Therefore, non-parametric tests were used 
for analyses. Friedman test was used to analyse if the number of observed behaviours (yawns, gapes) varied 
across the different conditions. Wilcoxon tests were used for paired-wise comparisons. Values are reported as 
frequency of yawns and gapes per session, their mean and SEM per experimental condition, and the total number 
of yawns and gapes across all conditions. A secondary analysis was performed on the combined experimental 
and post experimental phases (10-min period, i.e., Yawn + Post-Yawn). All tests were two-tailed unless specified, 
and significance levels set at 0.05. Data were analysed using SPSS Statistics 25 for Windows (IBM Inc.).

Results
Yawn behaviour
Eight of the 14 (57.1% (N = 14)) chimpanzees displayed contagious yawning when observing the yawns of an 
android (see Fig. 1 (B) and (C)). Overall, the Yawn condition elicited 22 yawns (X̄  = 1.57, SD = 2.38) and the 
Post-Yawn condition elicited 23 yawns (X̄  = 1.64, SD = 2.24). Combining both Yawn conditions, the chimpanzees 
exhibited 45 yawns (X̄  = 3.21, SD = 3.62). They displayed no yawns in the Gape condition and 13 yawns in the 
Post-Gape condition (X̄  = 0.93, SD = 1.44). The Gape condition elicited 16 gapes (X̄  = 1.14, SD = 1.79) and 
the Post-Gape condition elicited 7 gapes (X̄  = 0.5, SD = 1.09). Combining both Gape conditions 23 gapes were 
displayed (X̄  = 1.64, SD = 2.27) (See Fig. 1(D)). No gapes occurred in the Yawn or in the Post-Yawn conditions, 
and no yawns or gapes were observed in the Close condition. Four yawns (X̄  = 0.29, SD = 0.83) and one gape (X̄  
= 0.07, SD = 0.27) were observed in the Post-Close condition. During the Baseline, we observed 5 yawns (X̄  = 
0.36, SD = 0.93) and zero gapes (Fig. 3a and b).

Overall, the number of chimpanzee yawns differed significantly across the three exposure conditions 
(Friedman’s X2(2) = 16.00, p = 0.001). Follow-up Wilcoxon tests showed significant differences between the 
number of yawns in the Yawn and the Gape condition (Z=-2.55, p = 0.011), and the Yawn and the Close condition 
(Z= -2.56, p = 0.011).

When merging the exposure and post-exposure conditions, the number of yawns was also significant across 
the three exposure conditions (Friedman’s X2(2) = 10.46, p = 0.005). Follow-up Wilcoxon tests showed significant 
differences between all Yawn conditions (Yawn + Post Yawn) vs. all Closed (Closed + Post Closed) (Z=-2.503, 
p = 0.012) and all Yawn (Yawn + Post Yawn) vs. all Gape (Gape + Post Gape) (Z=-2.047, p = 0.041). The frequency 
of yawning in the Baseline and Yawn conditions was not influenced by the time of day of testing (09:00–12:00; 
12:00–15:00, 15:00–18:00, Friedman test, Baseline: X2(2)  = 1.72, p = 0.434; Yawn: X2(2)  = 0.56, p = 0.890). Finally, 
using a Latin square to control for the order of condition presentation, a Kruskal-Wallis test showed no order 
effects (H = 0.97, p = 0.809). This means the number of yawns in the Yawn condition was not influenced by the 
order of presentation, whether the Yawn condition was presented as the first, second or third condition after the 
baseline.

Lying-down behaviour
To explore chimpanzees’ behaviours indicative of relaxation or drowsiness, we compared the duration of Lying-
down (LD) behaviour (reported in sec per condition) across the three stimulus conditions (see Table 2). The 
same percentage of chimpanzees who exhibited yawn contagion exhibited lying-down behaviour (57.1%) (See 
Fig. 1(e)). We found a significant increase in lying-down behaviour in the Yawn condition compared to the 
Close condition (Wilcoxon test, Z = -2.023, p = 0.043). No other significant differences were found. The mean 
time spent lying down in Yawn + Post-Yawn condition (X̄  = 108.84  s, SD = 133.91) was longer than in the 
Gape + Post-Gape condition (X̄  = 88.26 s, SD = 152.43) and in the Close + Post-Close condition (X̄  = 62.77 s, 
SD = 160.79) (Fig. 3(c)). Differences between time spent lying down in the Close + Post-Close and Gape + Post-
Gape conditions were not significant (Z=-1.46, p = 0.144).

More time was spent lying down in the Yawn condition (LD = 639.9 s, X̄  = 45.71, SD = 105.95) and Post-Yawn 
condition (LD = 883.8 s, X̄  = 63.13, SD = 99.51) (Total LD = 1,523.7 s, X̄  = 108.84, SD = 133.91), than in the Gape 
condition (LD = 590.5 s, X̄  = 42.18, SD = 81.7) and Post-Gape condition (LD = 645.1 s, X̄  = 46.08, SD = 87.89) 
(Total LD = 1,235.6 s, X̄  = 88.26, SD = 152.43) and in the Close condition (LD = 340.4 s, X̄  = 24.31, SD = 62.29) 
and Post-Close condition (LD = 538.4 s, X̄  = 38.46, SD = 98.50) (Total LD = 878.8 s, X̄  = 62.77, SD = 160.79). 
There was no lying down behaviour during the Baseline (LD = 0 s) .

Time looking at the android
To explore the chimpanzees’ attention to the android, we compared the duration of time in looking (TL) behaviour 
within the 45 degree angle (Table 2). No differences were statistically significant, suggesting all three conditions 
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Fig. 3. Total number of behaviours displayed. (A) Frequency of yawns and gapes in all the experimental 
conditions (Close and Post-Close, Gape and Post-Gape, Yawn and Post-Yawn). (B) Frequency of yawns (left) 
and gapes (right) during the exposure and post exposure period (5 min each) (C) Time spent lying down (left) 
and looking at the android (right) during the exposure and post exposure period.
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were of equal interest to the chimpanzees (Fig. 3(c)). A significant positive correlation was found between total 
Time Looking at the stimuli and number of yawns in the Yawn + Post-Yawn conditions (rs=0.564, p = 0.035), but 
not between total TL and the other conditions, TL Gape + Post-Gape vs. Yawn + Post-Yawn, r = 0.225, p = 0.440, 
possibly driven by the fact that there were no yawns displayed in those conditions, and TL Close + Post-Close vs. 
Yawn + Post-Yawn, 0r = 0.491, 0p = 0.071.

The analysis of average time spent looking (TL) at the stimuli showed that chimpanzees spent more time 
looking during the Yawn (TL = 1,367  s), and Post-Yawn conditions (TL = 318.5  s), i.e. total Time Looking 
during Yawn + Post-Yawn (TL = 1,685.5 s) than the Time Looking during the Gape (TL = 1,141 s) and Post-Gape 
conditions (TL = 675.5 s), i.e., total Gape + Post-Gape (TL = 1,816 s), or the Close (TL = 910 s) and Post-Close 
conditions (TL = 352 s), i.e. total Close + Post-Close (TL = 1,262 s).

Discussion
To our knowledge, this is the first study to explore contagious yawning in response to an inanimate agent, an 
android, presented in real time. More than half of the adult chimpanzees exhibited yawn contagion across agents. 
Specifically, their yawning frequency increased significantly in response to the android’s yawning condition 
compared to the Gape, Close and Baseline conditions. Interestingly, no yawning was observed in the Gape or 
Close conditions, and only one chimpanzee yawned during the Baseline phase, suggesting that spontaneous 
yawning was rare under these circumstances. In addition, chimpanzees spent more time lying down in the Yawn 
condition than in the Close condition, potentially indicating a soporific effect of observing yawning, as some 
individuals also gathered bedding materials before lying down.

Our findings align with previous research of intra-species contagious yawning such as in humans84, 
chimpanzees85 bonobos86,87 orangutans88 and inter-species effect, such as yawning transmission from humans 
to chimpanzees38 adult dogs14,60 or puppies31, However, in the present study the stimulus was an unfamiliar non-
biological agent with human-like features. The chimpanzees’ response suggest that yawning does not necessarily 
require social familiarity or a conspecific model, but can be triggered by an unfamiliar agent exhibiting 
biologically relevant cues.

The mechanisms underlying this response remain unclear89. One possibility is that chimpanzees deliberately 
engaged with the unfamiliar android, intending to interact, imitate, or bond with it90,91. Alternatively, the 
observed yawning may have triggered an automatic perception-action coupling mechanism, leading to an 
embodied response without explicit intent92. This interpretation is consistent with theories suggesting that 
yawning contagion results from basic motor resonance rather than complex social cognition.

Interestingly, the increased yawning frequency in the Yawn condition coincided with greater lying down 
behaviour, despite the android never performing actions other than yawning, gaping, or closing its mouth. 
This pattern suggests that yawning may have signalled rest-related associations for the chimpanzees. The 
chimpanzees’ behaviour possibly resulted from inferences or associations evoked by the observed yawn, or their 
own yawn, contagiously induced or not. The chimpanzees’ immediate response to seeing the android’s yawning 
could reflect an uncontrollable urge to react or re-enact. Here, re-enacting would consist of immediately 
yawning as well, while reacting would possibly involve perceiving the yawn as carrying further information, i.e. 
the android’s yawns being perceived as a signal that it was the place and time to lie down and rest. Furthermore, 
the chimpanzees did not display this behaviour in the Gape or Close conditions, giving further support to the 
inferential processes resulting from only the yawn stimuli. Overall, this is the first study to demonstrate that one 
of our genetically closest primates displays reproduction of an observed action, and adds associated behaviours93 
such as lying down, even when the observed action is performed by a non-biological agent.

These findings warrant further studies of interactions between androids, humans and other species in general, 
and in particular, action perception, understanding and interpretation. For example, are other movements or 
actions performed by robotic agents contagious to humans or non-human animals? Conceivably, in humans61 
the phylogenetically old phenomenon of spontaneous yawning, particularly its contagious aspect, may have 
been part of a pre-language form of communication. Contagiously induced or not, in other animals it may 
have had a functional role in social interactions involving comparable information-processing mechanisms, and 
maintained through evolution81,82.

Regardless of the potential interpretations, our findings indicate that chimpanzees exhibit yawn contagion, 
triggered by a non-biological inanimate agent, a humanoid android, that looks as if it is yawning. Yawning, 
despite its elusive primary functions, may still have an evolutionarily old, non-verbal communicative role, and 

Yawn Post Yawn All Yawn Gape Post Gape All Gape Close Post Close All Close

Time Lying Down (inseconds)

 Overall 639.90 883.8 1523.7 590.50 645.1 1235.6 340.4 538.4 878.80

 Mean 45.71 63.13 108.84 42.18 46.08 88.26 24.31 38.46 62.77

 SD 105.95 99.51 133.91 81.07 87.89 152.43 62.29 98.50 160.79

Time Looking (in seconds)

 Overall 1367.0 318.5 1685.5 1140.5 675.5 1816.0 910.0 352.0 1262.0

 Mean 97.64 22.75 120.39 81.46 48.25 129.71 65.00 25.14 90.14

 SD 68.87 23.80 82.73 74.97 77.13 145.80 62.48 40.57 90.12

Table 2. Descriptives of time lying down and time looking (in seconds) in each condition.
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its contagious aspect may help us find out more about how humans and animals developed adaptive functions, 
ways of communication, synchronisation and social interaction83,84,94.

Data availability
Data coded is available in Figshare (City St George’s University of London Repository) in the following link: 
https://figshare.com/s/8379f297b21049c91772.
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