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Humans and non-human great apes live in complex multi-individual groups. To be able to navigate 

such a social environment, individuals have to develop special skills (social cognition). Right after birth, 

primates show specific attention biases (social attention) that allow them to attend to the most important 

(social) stimuli in their environment. These abilities are adaptive as they increase an individual’s fitness 

by detecting mating opportunities, but also by learning the most efficient survival mechanisms from 

others. Especially in the first years of life, human infants undergo major social cognitive developments. 

In great apes, this period of their development is less well understood, leaving the question unresolved: 

at what point do humans and great apes start to differ during development? Social attention – selective 

and increased attention towards social entities – describes one cognitive phenomenon that may likely 

represent the building block for higher-order social cognitive abilities (e.g., joint attention, intention 

understanding) and therefore might be a potential candidate for species differences between humans 

and non-human great apes.  

This dissertation aimed to study the influence of social attention on memory and belief processing 

during development in non-human great apes (orangutans, gorillas, bonobos, and chimpanzees) and to 

develop methods that would allow for reliable cross-species comparisons. Study 1 investigated whether 

social stimuli can increase object memory (Social Memory Effect, SME) in four non-human great ape 

species and how long-lasting this effect is. Adult great apes (>10 years) showed the strongest SME, as 

tested both with looking time (LT) and heart rate (HR) measures, while infant apes (0-5 years) did not 

show indications of SME. Juveniles’ (6-10 years) SME was in between infants and adults, indicating a 

later onset of SME in non-human great apes compared to humans (9 months). After two days, the SME 

was gone for the adult apes.  

Study 2 tested whether the (false) belief of a social counterpart would interfere (altercentric influence) 

with memory for the hiding location of a reward in great apes across development. The results showed 

that infant great apes were most negatively affected by the false belief, followed by juveniles and adults, 

who only showed a mild interference in their search behaviour for the hidden reward. The results of this 

dissertation point toward similarities and differences in the influence of social stimuli on memory and 

belief processing between human and non-human great apes.  
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D’où venons-nous? 

Que sommes-nous? 

Où allons-nous? 
- Paul Gauguin (1897) - 

 
Dedicated to my grandfather, a true believer in dreams. 
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Summary 
Humans and non-human great apes live in complex social groups. To be able to navigate such 

a social environment, individuals must develop special skills (social cognition). From birth, 

primates express these social-cognitive skills in distinct attention biases (social attention) that 

allow them to attend to social stimuli, which represent important information sources in their 

environment. These abilities are adaptive as they increase an individual’s fitness by, for 

instance, enabling detection of mating opportunities and by attending towards learning 

opportunities from others (Archie et al., 2014; Silk, 2007). In humans, the first years of life 

represent a foundational and formative developmental period, in which human infants undergo 

major social cognitive developments (Frith & Frith, 2007). In non-human great apes 

(hereinafter referred to as great apes), this period is not as well understood, leaving the question 

unresolved: at what point do humans and great apes begin to diverge during ontogenetic 

development?  

Comparative psychology is crucial for comprehensively understanding the impact of 

human evolution on species-specific cognitive skills, as it systematically compares the 

cognitive abilities between species (Liebal & Haun, 2018). Previous studies comparing 

cognitive abilities, roughly divided into physical and social cognition, have demonstrated that 

the biggest differences between humans and other great apes lie within the social cognitive 

domain (Herrmann et al., 2007). However, how humans acquired their outstanding social 

cognitive abilities is not well understood. One hypothesis is that early developing social 

cognitive skills scaffold later-developing higher-order social cognitive abilities (Hala, 2013), 

and in this way also account for species differences in social-cognitive behaviours. Social 

attention – the selective and increased attention towards social entities – describes a cognitive 

phenomenon that may likely represent a building block for higher-order social cognitive 

abilities (e.g., joint attention, intention understanding) in humans (Simion et al., 2008).  

Social attention biases unfold right after birth in humans and other primates, and 

increase in specificity (e.g., social attention biases directed at conspecifics vs. allospecifics) 

over ontogeny (Field et al., 1984; Klein et al., 2009; Pineda et al., 1994; Salley & Colombo, 

2016). While these attention biases are well understood in humans, studies investigating early 

social attention in non-human great apes are rare and often based on small sample sizes. 

Furthermore, only very few comparative studies have focused on the impact of social attention 

on other cognitive skills. This dissertation highlights two cognitive abilities that are influenced 

by social attention: memory and belief processing.  



 VIII 

 

Memory 

Memory capacities face natural limitations with respect to the amount of information 

that can be efficiently stored and retrieved (Stevens et al., 2016). Being able to filter out 

unnecessary information and focus on the most important information in an individual’s 

environment is therefore of high importance. Being able to successfully focus on, process, store 

and retrieve this information can increase the fitness of socially living individuals. Therefore, 

social attention biases can have a positive influence on various aspects of memory, for example, 

for certain events (Social Memory Effect). In humans, this has been demonstrated in infants as 

young as 9 months (Howard & Woodward, 2019), and remains into adulthood (Yang et al., 

2020).  

Belief Processing 

Being able to process, store and retrieve the beliefs of others can be highly beneficial 

to facilitate both cooperation and competition (Yoshida et al., 2010). Human infants seem to 

automatically process the beliefs of other individuals in their environment (altercentric bias), 

potentially to make use of the knowledge of other individuals, and to increase the likelihood to 

learn from successful other individuals. Researchers have hypothesised that this behaviour is 

adaptive in infants who lack a sophisticated self-understanding (i.e. before the age of two 

years). Before developing a self-representation, infants prefer processing the beliefs and 

perspectives of others at the cost of events that they have witnessed alone (Grosse Wiesmann 

et al., 2024; Southgate, 2019; Yeung et al., 2022). While beneficial in some areas, this can also 

lead to memory errors and interference with infants’ behaviours (altercentric interference) in 

situations where the other individual holds a false belief (Manea et al., 2023).  

In great apes, a similar Social Memory Effect and altercentric influences have been 

observed in adults (Howard et al., 2017; R. W. Lurz et al., 2022), but developmental data are 

missing. To be able to inform the evolution of human-specific social skills, it is important to 

study our closest living relatives, great apes, in a developmental context (Liebal & Haun, 2018). 

Therefore, we designed two studies that tested the influence of social attention on a) memory 

and b) belief processing in great apes across development.  

This dissertation includes two empirical studies focusing on great apes (orangutans, gorillas, 

bonobos, and chimpanzees) from infancy to adulthood. Study 1 is published in Animal 

Behaviour (https://doi.org/10.1016/j.anbehav.2025.123081), and Study 2 has been accepted for 

publication in Animal Behaviour on the 12th of March 2025. Both studies rely on non-invasive 

testing procedures, using looking times and heart rate measurements based on video recordings 
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(Howard et al., 2017; Wang et al., 2023), and an established hands-on task for chimpanzees 

(Lurz et al., 2022). The studies address the lack of developmental data in comparative research 

to inform theories about human-unique cognitive development (Liebal & Haun, 2018) and aim 

to answer the following overarching questions:  

1. How and when during ontogeny do differences between humans and other great apes 

occur? 

2. Does social attention influence memory (Study 1) and belief processing (Study 2) in 

great apes across development? 

Study 1: Social attention increases object memory in adult but not younger great apes  

Previous studies have shown that human infants (Howard & Woodward, 2019) and adult great 

apes (Howard et al., 2017) showed better memory for events that have been associated with a 

social model (Social Memory Effect). To investigate whether this Social Memory Effect 

represents the same underlying cognitive processes, and whether it develops in a similar way 

in humans and great apes, Study 1 tested infants, juveniles and adults of the four great ape 

species (orangutans, gorillas, bonobos, and chimpanzees) in an object recognition task. The 

three age groups were first familiarised with either a social (human hand) or a non-social 

(mechanical claw) model, building a wooden block tower. Right after, in a preferential-looking 

task, they were confronted with the picture of the familiarised tower next to a novel, unfamiliar 

tower. Longer looking times towards the novel tower (Novelty Response) were considered as 

a proxy for successful encoding of the previously familiarised tower. We compared the novelty 

responses between the two models (social vs. non-social), with higher novelty responses in the 

social condition providing evidence for a Social Memory Effect. Additionally, we measured 

the heart rates of the subjects while they were watching the familiarisation videos to investigate 

whether increased attention, shown as a decrease in heart rate (Berntson & Boysen, 1984), 

accounts for the memory benefits associated with either of the models.  

We found that adult great apes (>10 years) showed the strongest Social Memory Effect, 

as tested both with looking time and heart rate measures, while infant apes (0-5 years) did not 

show indications of the effect. The Social Memory Effect of Juveniles (6-10 years) was in 

between infants and adults, indicating a later onset of Social Memory Effects in non-human 

great apes compared to humans (9 months). After two days, we repeated the preferential-

looking task with another unfamiliar tower to measure the longevity of the effect. We found no 

evidence for a Social Memory Effect after two days for the adult apes, suggesting that social 

attention increases object memory right after stimulus presentation, but not after a delay. To 
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conclude, these results suggest that social attention improves short-term memory for objects 

that were associated with a social stimulus in (adult) great apes.  

Study 2: Great apes show altercentric influences when confronted with conflicting beliefs 

Recent research has shown that humans’ cognition is influenced by altercentric influences 

(Manea et al., 2023; Southgate, 2019; Speiger et al., 2024; Tebbe et al., 2024), and a study by 

Lurz et al. (2022) provided the first evidence that altercentric influences can also be found in 

adult chimpanzees. This supports the hypothesis that altercentrism is not a human-unique 

adaptation, but might be found to some extent in other animals too (Burkart & Southgate, 

2025). To further inform our hypothesis on human uniqueness, Study 2 tested whether the 

(false) belief of another individual would interfere (altercentric influence) with memory for the 

hiding location of a reward in the four species of great apes across development. In a back-and-

forth game, subjects had to dig for rewards in a trough together with a human counterpart. We 

manipulated the belief of the counterpart in a way that they sometimes saw the hiding event in 

the first location and the translocation to a new, second hiding location (true belief condition), 

and sometimes missed the translocation and therefore falsely believed the reward to still be in 

the first location (false belief condition). In both conditions, after the translocation of the 

reward, participants could dig for the reward in the trough, and we noted the location the subject 

looked first for the reward. We calculated a search bias (in cm) away from the true hiding 

location back to the old location between the conditions. A higher search bias (looking closer 

to the old than the new location) in the false belief condition was considered as a strong 

altercentric influence of the counterpart’s false belief on the search behaviour of the subject.  

The results showed that infant great apes showed the strongest altercentric influence in 

the false belief compared to the true belief condition, followed by juveniles and adults, who 

only showed mild interferences in their search behaviour for the hidden reward. This 

developmental trajectory, where infants are influenced the strongest, while older individuals 

show less altercentric influences, resembles the development of humans’ altercentric 

influences (Manea et al., 2023; Speiger et al., 2024, 2025). This study provides evidence that 

social attention influences belief processing in great apes across ontogeny, with the strongest 

influences occurring in infancy. 

General Discussion 
This dissertation aimed to answer how and when during ontogeny humans and great apes start 

to differ, and whether social attention influences memory and belief processing in great apes. 

The results point toward differences and similarities in the influence of social stimuli on 

memory and belief processing between human and non-human great apes. While we found 
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differences in the development of the Social Memory Effect in great apes (Study 1), we 

highlight similar altercentric influences across ontogeny in great apes and humans (Study 2). 

The developmentally later emerging Social Memory Effect in non-human great apes, which 

we observed in Study 1, may point to different evolutionary pressures between humans and 

their closest living relatives. In contrast, Study 2 found that great apes are similarly influenced 

by the beliefs of another individual as humans are. The developmental trajectory, where infants 

are influenced the strongest and older individuals show less interference effects, resembles the 

one observed in humans, suggesting that similar evolutionary pressures favoured the 

occurrence of this ability in humans and great apes alike.  

Taken together, the results show that social stimuli, and therefore social attention 

abilities, play an important role in the development of species-specific social-cognitive abilities 

in great apes and humans, informing theories about human and other great ape evolution. In 

the Thesis, I conclude that developmental data is important to understand whether similar 

cognitive performances between humans and other great apes represent similar cognitive 

processes, or whether they follow unique developmental trajectories between species. The 

studies presented in this Thesis furthermore emphasise the great benefit of using and 

developing innovative technologies and cutting-edge methods in comparative research. More 

specifically, Study 1 showed that it is beneficial to use several (attentional) measures (i.e. 

looking time and heart rate) to inform our outcome measures and to better understand 

underlying cognitive processes. Furthermore, this Thesis outlines the importance of replicating 

findings of previous research to test the reliability of novel as well as established methods, to 

be able to make strong claims about the existence of certain effects in cognitive research. For 

example, Study 1 and Study 2 show that the Social Memory Effect (Study 1) and the 

altercentric influences (Study 2), which were found in previous studies (Howard et al., 2017; 

Lurz et al., 2022), are indeed reliable, and the methods can be used for developmental studies 

with great apes from different populations.  

To sum up, this Thesis demonstrates the necessity of taking a species’ ontogenetic 

history into consideration to make informed claims about the evolutionary paths of certain 

cognitive abilities. For this, we need to develop reliable measurement methods to test cognitive 

abilities in a comparative, developmental way, especially in closely related species.  
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Zusammenfassung 
Menschen und nicht-menschliche Menschenaffen leben in komplexen sozialen Gruppen. Um 

sich in einem solchen sozialen Umfeld zurechtzufinden, müssen Individuen besondere 

Fähigkeiten (soziale Kognition) entwickeln. Von Geburt an zeigen Primaten diese sozial-

kognitiven Fähigkeiten in Form spezifischer Aufmerksamkeitstendenzen (soziale 

Aufmerksamkeit), die es ihnen ermöglichen, soziale Reize gezielt wahrzunehmen – Reize, die 

eine bedeutende Informationsquelle in ihrer Umwelt darstellen. Diese Fähigkeiten sind adaptiv, 

da sie die Fitness eines Individuums steigern, indem sie beispielsweise auf potentielle Partner 

in der Umgebung aufmerksam werden oder Lerngelegenheiten durch andere ermöglichen 

(Archie et al., 2014; Silk, 2007). 

Beim Menschen stellen die ersten Lebensjahre eine grundlegende und prägende 

Entwicklungsphase dar, in der weitreichende sozial-kognitive Entwicklungen stattfinden (Frith 

& Frith, 2007). Bei nicht-menschlichen Menschenaffen (im Folgenden: Menschenaffen) ist 

diese Phase bisher weniger gut verstanden, sodass offenbleibt, zu welchem Zeitpunkt sich 

Menschen und Menschenaffen im Laufe der Ontogenese zu unterscheiden beginnen. 

Ein umfassendes Verständnis der artspezifischen kognitiven Fähigkeiten des Menschen 

erfordert die vergleichende Psychologie –den systematischen Vergleich kognitiver Fähigkeiten 

zwischen Arten (Liebal & Haun, 2018). Frühere Studien, die kognitive Fähigkeiten im Bereich 

der physischen und sozialen Kognition verglichen haben, zeigten, dass die größten 

Unterschiede zwischen Menschen und anderen Menschenaffen im Bereich der sozialen 

Kognition liegen (Herrmann et al., 2007). Wie der Mensch jedoch zu seinen herausragenden 

sozial-kognitiven Fähigkeiten gelangt ist, ist bisher kaum verstanden. Eine Hypothese besagt, 

dass sich früh entwickelnde sozial-kognitive Fähigkeiten als Grundlage für später 

entwickelnde, komplexere soziale Kognitionen dienen (Hala, 2013) – und so auch 

artspezifische Unterschiede im sozialen Verhalten erklären. 

Soziale Aufmerksamkeit – selektive und verstärkte Zuwendung zu sozialen Reizen – stellt ein 

kognitives Phänomen dar, das möglicherweise als Grundlage höherer sozial-kognitiver 

Fähigkeiten wie gemeinsamer Aufmerksamkeit oder Intuitionsverständnis fungiert (Simion et 

al., 2008). Soziale Aufmerksamkeitstendenzen treten beim Menschen und anderen Primaten 

unmittelbar nach der Geburt auf und gewinnen im Laufe der Ontogenese an Spezifität (z. B. 

auf Artgenossen gerichtete Aufmerksamkeit gegenüber fremden Arten; Field et al., 1984; Klein 

et al., 2009; Pineda et al., 1994; Salley & Colombo, 2016).  
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Während diese Aufmerksamkeitstendenzen beim Menschen gut untersucht sind, sind Studien 

zur frühen sozialen Aufmerksamkeit bei Menschenaffen selten und beruhen häufig auf kleinen 

Stichproben. Zudem gibt es nur sehr wenige vergleichende Studien, die den Einfluss sozialer 

Aufmerksamkeit auf andere kognitive Fähigkeiten untersuchen. Diese Dissertation hebt zwei 

kognitive Prozesse hervor, die durch soziale Aufmerksamkeit beeinflusst werden: Gedächtnis 

und Verarbeitung von Überzeugungen. 

Gedächtnis 
Die Kapazität des Gedächtnisses ist natürlicherweise begrenzt hinsichtlich der Menge 

an Information, die effizient gespeichert und abgerufen werden kann (Stevens et al., 2016). Die 

Fähigkeit, irrelevante Informationen herauszufiltern und sich auf die wichtigsten 

Informationen der Umwelt zu konzentrieren, ist daher besonders bedeutsam. Soziale 

Aufmerksamkeitsverzerrungen können sich positiv auf verschiedene Aspekte des 

Gedächtnisses auswirken – etwa im Hinblick auf bestimmte Ereignisse (Social Memory 

Effect). Beim Menschen konnte dies bereits bei Säuglingen ab 9 Monaten nachgewiesen 

werden (Howard & Woodward, 2019) und besteht bis ins Erwachsenenalter fort (Yang et al., 

2020). 

Verarbeitung von Überzeugungen 

Die Fähigkeit, Überzeugungen anderer zu verarbeiten, zu speichern und abzurufen, 

kann Kooperation wie Konkurrenz erleichtern (Yoshida et al., 2010). Menschliche Säuglinge 

scheinen automatisch die Überzeugungen anderer Individuen in ihrer Umwelt zu verarbeiten – 

vermutlich, um von deren Wissen zu profitieren und somit erfolgreicher zu lernen. Forschende 

vermuten, dass dieses Verhalten adaptiv ist für Säuglinge, die noch kein ausgeprägtes 

Selbstverständnis besitzen (ungefähr vor dem Alter von zwei Jahren). Bevor sie ein 

Selbstkonzept entwickeln, bevorzugen Säuglinge die Verarbeitung fremder Perspektiven 

(altercentric bias) auf Kosten eigener Erlebnisse (Grosse Wiesmann et al., 2024; Southgate, 

2019; Yeung et al., 2022). Dies kann zu Gedächtnisfehlern und Verhaltensinterferenzen 

(alterzentrischer Einfluss) führen, etwa wenn das Gegenüber eine falsche Überzeugung hegt 

(Manea et al., 2023). 

Auch bei erwachsenen Menschenaffen wurden vergleichbare Effekte wie der Social Memory 

Effect und alterzentrische Einflüsse beobachtet (Howard et al., 2017; Lurz et al., 2022). 

Entwicklungsdaten dazu fehlen jedoch. Um Rückschlüsse auf die Evolution menschlicher 

sozialer Fähigkeiten ziehen zu können, ist es entscheidend, unsere nächsten lebenden 

Verwandten – die Menschenaffen – im ontogenetischen Kontext zu untersuchen (Liebal & 

Haun, 2018). Daher habe ich zwei Studien konzipiert, die den Einfluss sozialer 
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Aufmerksamkeit auf a) Gedächtnis und b) Überzeugungsverarbeitung bei Menschenaffen im 

Verlauf der Entwicklung untersuchen. 

Diese Dissertation beinhaltet zwei empirische Studien mit Menschenaffen (Orang-Utans, 

Gorillas, Bonobos und Schimpansen) von der frühen Kindheit bis ins Erwachsenenalter. Studie 

1 wurde in Animal Behaviour veröffentlicht (https://doi.org/10.1016/j.anbehav.2025.123081), 

Studie 2 wurde am 12. März 2025 zur Publikation angenommen. Beide Studien basieren auf 

nicht-invasiven Testverfahren, u. a. Blickverhalten und Herzfrequenzmessung anhand von 

Videodaten (Howard et al., 2017; Wang et al., 2023), sowie einer etablierten 

Interaktionsaufgabe mit Schimpansen (Lurz et al., 2022). Die Studien adressieren den Mangel 

an entwicklungsbezogenen Daten in der vergleichenden Forschung und beantworten folgende 

übergreifende Fragen: 

1. Wie und wann treten im Laufe der Ontogenese Unterschiede zwischen Menschen und 

anderen Menschenaffen auf? 

2. Beeinflusst soziale Aufmerksamkeit das Gedächtnis (Studie 1) und die 

Überzeugungsverarbeitung (Studie 2) bei Menschenaffen über die Entwicklung 

hinweg? 

Studie 1: Social attention increases object memory in adult but not younger great apes 

Frühere Studien zeigten, dass sowohl menschliche Säuglinge (Howard & Woodward, 2019) 

als auch erwachsene Menschenaffen (Howard et al., 2017) sich besser an Ereignisse erinnerten, 

die mit einem sozialen Modell assoziiert waren (Social Memory Effect). Um zu untersuchen, 

ob es sich um denselben zugrundeliegenden kognitiven Prozess handelt, testete Studie 1 

Individuen der vier Menschenaffenarten in drei Altersgruppen (Säuglinge, Juvenile und 

Erwachsene) in einer Objektwiedererkennungsaufgabe. Die Individuen wurden mit einem 

sozialen Modell (menschliche Hand) oder einem nicht-sozialen Modell (mechanischer 

Greifarm) vertraut gemacht, das einen Holzturm baute. Anschließend wurde im Präferenz-

Blickparadigma ein bekanntes und ein neues Turmbild präsentiert. Längere Blickzeiten auf den 

neuen Turm galten als Indikator für erfolgreiches Verarbeiten des bekannten Turms. Zusätzlich 

wurden Herzfrequenzen gemessen, um zu prüfen, ob erhöhte Aufmerksamkeit (gemessen an 

Herzfrequenzabsenkung) die Gedächtniseffekte erklären. 

Erwachsene Menschenaffen (>10 Jahre) zeigten den stärksten Social Memory Effect – sowohl 

anhand der Blickdaten als auch anhand der Herzfrequenz. Säuglinge (0–5 Jahre) zeigten keinen 

Effekt, Juvenile (6–10 Jahre) lagen dazwischen. Zwei Tage später wurde das Paradigma erneut 

durchgeführt – diesmal ohne Effekt, was auf einen kurzfristigen Einfluss sozialer 

Aufmerksamkeit auf das Objektgedächtnis hinweist. 
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Studie 2: Great apes show altercentric influences when confronted with conflicting beliefs 

Neuere Studien zeigen alterzentrische Einflüsse auf die Kognition beim Menschen (Manea et 

al., 2023; Southgate, 2019; Speiger et al., 2024). Lurz et al. (2022) fanden erste Hinweise auf 

solche Effekte auch bei erwachsenen Schimpansen. Studie 2 testete daher, ob die (falsche) 

Überzeugung eines menschlichen Gegenübers das Gedächtnis über die Versteckposition einer 

Belohnung bei Menschenaffen beeinträchtigt. In einem Spiel mussten die Affen zusammen mit 

einer Person Belohnungen aus einem Kasten ausgraben. Je nach Bedingung hatte die Person 

entweder eine wahre (sah das Verstecken und Umlagern) oder falsche Überzeugung (sah nur 

das erste Verstecken, und nicht das Umlagern) über das finale Versteck der Belohnung. 

Anschließend wurde die Suchposition des Subjects dokumentiert, um alterzentrische Einflüsse 

(Abweichung vom tatsächlichen Versteck hin zum alten) zu berechnen. 

Die Ergebnisse zeigten, dass Säuglinge die stärkste alterzentrische Beeinflussung aufwiesen, 

gefolgt von Juvenilen und Erwachsenen. Dieses Entwicklungsmuster entspricht der 

menschlichen Entwicklung (Manea et al., 2023), und weist darauf hin, dass soziale 

Aufmerksamkeit die Verarbeitung von Überzeugungen bei Menschenaffen beeinflusst – 

insbesondere im frühen Alter. 

Generelle Diskussion 
Diese Dissertation hatte das Ziel zu untersuchen, wann und wie sich Menschen und 

Menschenaffen im Verlauf der Ontogenese unterscheiden und ob soziale Aufmerksamkeit 

Gedächtnis- und Überzeugungsverarbeitung bei Menschenaffen beeinflusst. Die Ergebnisse 

deuten sowohl auf Unterschiede als auch Gemeinsamkeiten in der Wirkung sozialer Reize auf 

Gedächtnis- und Überzeugungsverarbeitung zwischen Menschen und nicht-menschlichen 

Menschenaffen hin. Während in Studie 1 Unterschiede in der Entwicklung des Social Memory 

Effects bei Menschenaffen festgestellt wurden, betonen die Ergebnisse der Studie 2 ähnliche 

alterzentrische Einflüsse über die Ontogenese hinweg bei Menschen und Menschenaffen. 

Der in Studie 1 beobachtete, erst später in der Entwicklung auftretende Social Memory Effect 

bei Menschenaffen könnte auf unterschiedliche evolutionäre Selektionsdrücke zwischen 

Menschen und ihren nächsten lebenden Verwandten hinweisen. Während menschliche 

Säuglinge bereits ab neun Monaten eine Präferenz für sozial vermittelte Informationen zeigen, 

tritt dieser Effekt bei Menschenaffen offenbar erst im späteren Jugend- oder Erwachsenenalter 

auf. Dies lässt vermuten, dass beim Menschen ein stärkerer oder früherer Selektionsdruck auf 

soziale Lernmechanismen gewirkt haben könnte, was wiederum die frühe Herausbildung 

sozial-kognitiver Fähigkeiten begünstigte. 
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Im Gegensatz dazu zeigte Studie 2, dass Menschenaffen in ähnlicher Weise wie Menschen 

durch die Überzeugungen anderer beeinflusst werden. Der Entwicklungsverlauf – wobei 

Säuglinge am stärksten beeinflusst werden und ältere Individuen geringere Interferenzeffekte 

zeigen – ähnelt dem beim Menschen beschriebenen. Diese Ergebnisse sprechen dafür, dass 

ähnliche evolutionäre Selektionsdrücke sowohl bei Menschen als auch bei Menschenaffen das 

Auftreten alterzentrischer Einflüsse begünstigt haben könnten. 

Zusammengenommen zeigen die Ergebnisse, dass soziale Reize eine wichtige Rolle in der 

Entwicklung artspezifischer sozial-kognitiver Fähigkeiten bei Menschen und Menschenaffen 

spielen. Die Ergebnisse informieren Theorien über die Evolution menschlicher Kognition, 

indem sie entwicklungspsychologische Perspektiven in die vergleichende Forschung 

integrieren. 

Diese Dissertation kommt zu dem Schluss, dass entwicklungsbezogene Daten notwendig sind, 

um zu verstehen, ob ähnliche kognitive Leistungen bei Menschen und anderen Menschenaffen 

tatsächlich auf ähnlichen kognitiven Prozessen beruhen oder ob sie unterschiedlichen 

ontogenetischen Verläufen folgen. Die vorliegenden Studien unterstreichen außerdem die 

großen Vorteile, die mit dem Einsatz und der Weiterentwicklung innovativer Technologien 

und moderner Methoden in der vergleichenden Forschung verbunden sind. Konkret zeigte 

Studie 1, dass es sinnvoll ist, mehrere (aufmerksamkeitssensitive) Maße wie Blickzeiten und 

Herzfrequenz zu kombinieren, um die zugrundeliegenden kognitiven Prozesse besser zu 

verstehen.  

Die parallele Erhebung dieser beiden Maße ermöglichte eine stärkere Abbildung des Social 

Memory Effects und lieferte Hinweise auf zugrunde liegende Aufmerksamkeitsprozesse. Diese 

Methodenkombination stellt somit eine wertvolle Ergänzung zu etablierten Methoden in der 

vergleichenden Kognitionsforschung dar. Darüber hinaus hebt diese Dissertation die 

Bedeutung von Replikationsstudien hervor, um die Verlässlichkeit sowohl neuer als auch 

etablierter Methoden zu überprüfen. Nur durch zuverlässige Replikationen lassen sich 

verlässliche Aussagen über das Vorhandensein bestimmter Effekte treffen. So konnten sowohl 

der Social Memory Effect in Studie 1 als auch die alterzentrischen Einflüsse in Studie 2 – wie 

zuvor von Howard et al. (2017) bzw. Lurz et al. (2022) beschrieben – erfolgreich repliziert 

werden. Beide Methoden erwiesen sich somit als zuverlässig und anwendbar in 

entwicklungspsychologischen Studien mit Menschenaffen unterschiedlicher Populationen. 

Zusammenfassend zeigt diese Dissertation die Notwendigkeit auf, die ontogenetische 

Geschichte einer Spezies zu berücksichtigen, um fundierte Aussagen über evolutionäre 

Entwicklungen kognitiver Fähigkeiten treffen zu können. Um dies zu ermöglichen, bedarf es 
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verlässlicher Messmethoden, mit denen kognitive Fähigkeiten vergleichend und 

entwicklungsbezogen untersucht werden können – insbesondere bei eng verwandten Spezies. 
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1. Introduction 
 
In a complex world where numerous stimuli are fighting for our limited attention capacities, it 

is beneficial to have coping strategies at hand that help us focus on the most important stimuli 

whilst ignoring others. Social stimuli are an especially rich information resource, carrying 

information about sex, mood, status and other culturally relevant information of people in our 

close surroundings (Freeman et al., 2012). Because other individuals are so important for 

survival, reproduction and learning in socially living individuals (Archie et al., 2014; Silk, 

2007), it is beneficial to bias our attention to social stimuli (social attention). But what is social 

attention? To answer this question using a simple self-assessment, I would like to invite the 

reader to look at Figure 1. Even with all the colours, it is very likely that your first look was 

directed at the eyes of this person (Birmingham et al., 2008). If you keep looking at it, you will 

come back to the eyes repeatedly, giving them the greatest attention within the overall picture 

(Kano et al., 2012). 

 

 
Figure 1: Human face. This picture was taken from the website pixabay.com, a website providing a selection of 

license-free images. 
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If you then look at Figure 2, you might recognise something else. Now you might look at this 

array of stimuli, and your first attention will shift to the pictures depicting living individuals 

(social stimuli), even if they are not the most salient (e.g. due to colour) in the array. Again, 

overall dwell time will be highest for the social compared to the non-social stimuli (Gluckman 

& Johnson, 2013). But why would this be the case? Why should we focus on the eyes in Figure 

1, and why would we focus more on the social stimuli in Figure 2? All of these behaviours are 

driven by evolutionary developed attentional biases towards social stimuli, which occur early 

in life, right after birth (Bard et al., 1992; Bertenthal & Boyer, 2015), and potentially set the 

foundation for other, higher-order social-cognitive abilities to develop (Imafuku et al., 2021; 

Peltola et al., 2015; Rijn et al., 2019). And so what we attend to will ultimately decide what we 

think about, what we memorise (Fiske & Taylor, 2021), and how we see the world, making 

social attention a powerful tool during the development of social individuals. 

 

 
Figure 2: Array of stimuli taken from Gluckman and Johnson (2013). 

 

In this way, social attention may represent an ability that is present to some extent in all social 

living individuals, and which is potentially prone to species differences. Understanding these 

differences between closely related individuals will inform evolutionary theories about species-

specific cognitive developments and adaptations. Because of its early occurrence in ontogeny 

and the long-term influence social attention has on social-cognitive abilities, it may be a 

potential candidate explaining species differences in the cognitive domain. While this 

importance is represented in the numerous studies on social attention in human infants (Johnson 

et al., 2015; Valenza et al., 2025), not much is known about social attention development in 

humans’ closest living relatives, great apes. 

This dissertation will focus on the impact that social attention has on other cognitive 

mechanisms in great apes. Specifically, I will focus on the impact of social attention on memory 

and belief processing in non-human great apes of all four species (orangutans, gorillas, 
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bonobos, and chimpanzees) during development. In the following paragraphs, I will first 

introduce the reader to comparative psychology, a research field that compares similar 

psychological phenomena between individuals of different species. I will start with an 

overview of comparative studies between humans and non-human great apes and their 

relevance to evolutionary biology before I give an overview of social attention (development) 

between the species of interest. I will then explain why social attention is important for great 

apes (including humans), especially during the first years of life and how we can measure it in 

pre- and non-verbal populations. Furthermore, I will provide an overview of how social 

attention influences memory and belief processing in humans and other great apes. I will end 

this general introduction by outlining the research gaps and the aims of this dissertation. 

 

Comparative psychology 
The question of what differentiates humans from other species, especially other primates, has 

fascinated researchers from diverse fields for decades and continues to do so. For instance, in 

the cognitive sciences, one goal is to understand how humans differ from other species in their 

cognitive abilities (Haun et al., 2010). To understand human evolution, comparative 

psychology focuses on analogy and homology, where analogy states that similarities in 

behaviour between species may be due to convergent adaptation to similar environments 

(Maestripieri, 2005), while homology refers to similarities between species that exist due to 

sharing a common ancestor (Hall, 2013). Species that are closest in phylogeny to humans, like 

non-human great apes, have higher probabilities of sharing similar behaviours with humans as 

a result of a common ancestor. Because behaviour is not conserved in fossils, we can only infer 

our behavioural evolutionary path by studying the behaviour of our closest living relatives, 

great apes (Liebal & Haun, 2012). However, comparative psychology research has often 

focused on comparing the behaviour of adult great apes with the behaviour of young human 

children to make inferences about their cognitive abilities (e.g. Herrmann et al., 2007, 2010). 

This makes it difficult to assess whether the observed behaviour reflects a shared cognitive 

mechanism between humans and great apes because adult individuals might show similar 

behaviours to human children but recruit different cognitive processes (Gomez, 2005; 

Matsuzawa, 2006, 2007; Rosati et al., 2014). Furthermore, not every cognitive ability follows 

a monotonic developmental trajectory, with the high-end behaviour occurring in adults. Some 

cognitive abilities, for instance, Theory of Mind, are suggested to develop in an inverted U-

shape, where the skill level increases during childhood and peaks in adolescence, followed by 

a decline in older age (Yan et al., 2024). Therefore, we risk undermining the complexity of 
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cognitive development by focusing only on adult behaviour as the ultimate final stage of a 

cognitive ability (Pauls et al., 2013). Investigating the developmental shape of specific 

cognitive skills will help to inform us about the underlying processes (Pauls et al., 2013). It is 

therefore crucial to also implement a developmental approach in comparative psychology 

studies between species. By studying the development of certain skills, we can unravel whether 

the developmental trajectory follows a similar pattern between species, which would suggest 

similar underlying cognitive processes, whereas differences in the occurrence during ontogeny 

might hint at different underlying mechanisms (Rosati et al., 2014). Therefore, studying great 

apes can help us understand which traits developed uniquely in humans and which ones are 

likely shared with a common ancestor between all great apes.  

Great apes are unique in terms of their prolonged development within the primate 

family. Their infants remain dependent on their mothers for longer times than other primates, 

which allows them to learn more sophisticated physical and social cognitive skills (Hrdy, 2001; 

van Noordwijk & van Schaik, 2005). Human social cognition has yielded special interest, as 

there is no other species in the world that collaborates to the extent that humans do (Apicella 

et al., 2012; Melis & Semmann, 2010; Sampaio, 2024; Tomasello et al., 2012): We live in 

populations of thousands of individuals with cooperative behaviours like paying social 

insurance contributions that benefit individuals who are not directly related to each other. These 

social cognitive abilities make humans the most successful species in terms of adapting to 

different habitats across the whole globe (Shao et al., 2024). While research on social cognition 

in humans is widespread (Frith & Frith, 2007), research in great ape social cognition is 

relatively new, and systematic studies on social cognitive capacities in our closest living 

relatives only came about within the last three decades (Tomasello, 2023b). In one famous 

approach, researchers tested human children and adult chimpanzees with the same cognitive 

test battery, investigating aspects of social and physical cognition. The results revealed no 

overall species differences in the physical cognition domain. In the social domain, however, 

human infants outperformed chimpanzees in all tasks that tested social learning, 

communication and Theory of Mind (ToM) skills (Herrmann et al., 2007). This and other 

studies (Herrmann et al., 2010; Tomasello et al., 2005; Wobber et al., 2014) assume that the 

main cognitive difference between humans and other primate species seems to lie within the 

social domain. The question remains, how and when do these differences emerge during 

development? Some theories proposed that early developing, more basic social cognitive 

abilities provide a developmental scaffold for later developing, "higher" social cognitive 

abilities (Hala, 2013). Therefore, we might expect species differences in higher social cognitive 
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capacities to result from differences in these developmental scaffolds. To fathom this, it is 

crucial to investigate if humans and great apes are already equipped with a different set of 

social cognitive preconditions during early ontogeny, and at which point during development 

these abilities diverge between species. This will help us to understand how humans come to 

acquire their outstanding social cognitive abilities, and where they start to differ from other 

species.  

Species can differ in their development in two ways: Differences in the pace and 

differences in the pattern of development. Changes in pace manifest themselves in the timing 

of skill emergence across ontogeny. Some skills emerge early in development, whereas others 

take longer to mature (Rosati et al., 2014). Only little research exists on the pace of cognitive 

development, but even less is known about differences in the pattern of cognitive development 

between species. Nevertheless, some studies have already demonstrated differences in early 

cognitive development between species. For instance, the ability to follow objects after a 

translocation develops later in non-human great apes than in humans, and gorillas solve 

invisible displacements before they are able to solve translocations of objects (Doré & Goulet, 

1998 ), which develops the other way around in human children (Call, 2001). These examples 

demonstrate that species differences in cognition can occur through shifts in pace just as well 

as through shifts in pattern. Identifying such differences in early social cognitive development 

will help to unravel distinct developmental starting points, as well as social cognitive abilities 

that may act as a scaffold for later-emerging skills across species.  

One candidate for a developmental scaffold for higher social cognitive abilities is social 

attention. Only when social information is perceived as highly relevant and is hence attended 

to preferentially it can be used to draw correct social inferences (Scharpf et al., 2010). 

Therefore, social attention represents a crucial adaptation for group-living individuals. Due to 

its early emergence during ontogeny, it most likely represents the foundation of all social 

cognitive abilities to develop (Simion et al., 2008).  

 

Social attention in humans 
Because attention capacities are limited, and with numerous stimuli with differing importance 

fighting for our attention, individuals need to be able to filter out unimportant stimuli to be able 

to focus on the most important ones. While attention affects different perceptual modalities 

(e.g. visual attention, auditory or sensational attention, inward or outward attention), this 

dissertation mainly focuses on visual attention: Attention to objects, individuals or events in 
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our surroundings. Selective visual attention can be shown as directing the eyes or gaze towards 

an information source, and is therefore important for perception and learning (Ruff & Rothbart, 

1996). Shifting the eyes or the head toward a stimulus to attend to is called overt attention, 

while covert attention happens in the visual periphery, independent of where the individual is 

looking (Johnson, 1994). 

Both covert and overt attention are of importance for social attention, and they can occur 

intentionally or reflexively (Hunt & Kingstone, 2003). The term social attention, however, is 

not consistently described in the scientific literature. In an attempt to characterise the existing 

literature, Salley & Colombo (2016) proposed a framework based on the functions of social 

attention processes: 1) as behaviour for social communication, 2) as motivation to engage in 

social communication and 3) as basic visual attention in the presence of other individuals. 

Social attention as a concept first appeared in a comparative study of non-human primates 

(squirrel monkeys, Saimiri sciureus), where researchers measured event-related potentials 

(ERPS) of the monkeys while they were watching pictures of human and monkey faces. The 

researchers found differences in the ERP measurements when watching the two different faces, 

with monkeys exhibiting larger amplitude responses to monkey faces compared to human 

faces, which suggests increased processing for conspecific stimuli. The social status of the 

monkeys in the pictures affected the latencies and magnitudes of ERP components, advocating 

the idea that more socially meaningful members of a group receive more attention (Pineda et 

al., 1994). Since this study, investigating social attention has increased in popularity (Salley & 

Colombo, 2016), especially in the field of socio-cognitive development and atypical behaviours 

(e.g., Bertenthal & Boyer, 2015; Dawson et al., 2012).  

With social attention, researchers describe the looking behaviour that individuals 

exhibit while focusing on social stimuli, for instance, on other people’s faces and eyes, and on 

the attention targets of other individuals (Birmingham et al., 2008; Birmingham & Kingstone, 

2009). These looking behaviours can be directly observed in the examples of Figure 1 and 

Figure 2. For instance, social attention in humans is shown through a general preference for 

faces and biological motion over other types of (non-social) stimuli, as well as selective 

attention towards the action goals of others (Salley & Colombo, 2016). Human infants appear 

to be already predisposed to process social stimuli right after birth and develop sophisticated 

social cognitive abilities within the first years of their lives. These preferences to process social 

stimuli build the basis for more complex socio-cognitive abilities like active gaze following, 

intention understanding, and joint attention (Salley & Colombo, 2016).  
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Especially in their first years of life, human infants experience developmental shifts in 

social attention and social cognition. Social attention mechanisms unfold directly after birth 

with a preference for open over closed eyes (Batki et al., 2000), face-like stimuli over non-face 

stimuli, and biological motion over random motion (Simion et al., 2011). These general 

preferences fine-tune in the first month. For instance, the general face preference specialises 

into a preference for the mother's face over the faces of strangers (Field et al., 1984). Abilities 

that are grounded in social attention skills become more complex as well. For instance, face-

to-face interactions with the mother (Tronick & Cohn, 1989) develop into dyadic and later 

triadic interactions (Tomasello, 1999), spontaneous smiling into social smiling (Messinger & 

Fogel, 2007), and face preference fine-tunes into preferences for own-species and own-race 

faces (Meissner & Brigham, 2001). This specification is modulated by the tuning of cortical 

selectivity (visual and auditory) to social cues. An EEG (electroencephalogram) study 

demonstrated that 6- and 12-month-old infants responded distinctively to social and non-social 

stimuli; that is, the differences in EEG activity between the two stimuli were more pronounced 

in older infants, suggesting a developmental change in cortical selectivity towards social 

information during the first year of life (Jones et al., 2015). As a result, animate stimuli are 

noticed rapidly and accurately (Altman et al., 2016), and infants as young as 6 months of age 

prefer to watch people interacting face-to-face instead of back-to-back, following the natural 

flow of interactions (Augusti et al., 2010) with increased processing speed for face-to-face than 

back-to-back orienting individuals (Goupil et al., 2022). This processing advantage is further 

shown in the ability to make more predictive gaze shifts between interacting individuals, which 

develops gradually with age (Bakker et al., 2011). Importantly, the gaze of other individuals 

seems to direct the attention of infants, which not only influences memory but also preference; 

objects that another individual has looked at are more liked than objects that were not cued 

(Bayliss et al., 2006).  

It is therefore apparent that faces seem to play a striking role in visual attention during 

development. Already within the first minutes after birth, human infants prefer to look at face-

like stimuli compared to matched control pictures (Valenza et al., 1996, but see Turati, 2004), 

and later prefer to look at pictures of individuals with a direct compared to an averted face 

(Farroni et al., 2002), with implications on their memory for those faces: Faces with a direct 

gaze are better recognised and memorised in both infants and adults (Hood et al., 2003). Faces 

are so important that, intermixed with an array of distractor stimuli, the faces captured and 

maintained adults’ and 6-month-olds’ attention (Di Giorgio et al., 2012). They are so easy for 
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humans to process that infants only need minimal exposure time (5.5 hours) to develop a 

preference for their mother’s face, even after a 15-minute delay of exposure (Bushnell, 2001).  

Subsequently, selective orientation to social stimuli allows humans to cope with 

uncertain situations - that is, situations where only sparse information is accessible 

(Birmingham & Kingstone, 2009; Klein et al., 2009). Just when individuals are able to 

selectively shift their attention to social stimuli, they can detect and correctly interpret others’ 

actions and mental states. This allows learning about complex relationships and the conditions 

in their (social) environment. Accordingly, higher social attention levels correlate with more 

advanced social skills. In infants, they are positively correlated with levels of mental state 

attribution, joint attention (Schietecatte et al., 2012), gaze following (Imafuku et al., 2017) and 

language development (Tenenbaum et al., 2015). Conversely, when social attention is 

impaired, e.g., in individuals with autism spectrum disorder (ASD), other socio-cognitive 

capacities remain underdeveloped as well. For instance, when directly comparing 

developmentally delayed and typically developing children, infants with ASD performed 

worse in social orientation, joint attention and attention to others’ distress (Dawson et al., 

2004). Additionally, eye-tracking studies found that individuals with ASD demonstrate a 

deficit in social orienting and decreased attention to social stimuli (e.g. faces) (Chita-Tegmark, 

2016), with implications for their overall social cognitive abilities. Therefore, Dawson et al. 

(2012) proposed to consider social attention measures as an indicator for the behavioural and/or 

medical treatment success in ASD individuals. Supporting this, results from Franchini et al 

(2016) showed that ASD children who displayed higher interest in social stimuli had reduced 

clinical symptoms over the subsequent year.  

These studies on the development of social attention show the importance of these 

abilities for later developing human-specific social cognitive skills and behaviour (Rijn et al., 

2019; Wellman et al., 2004) like joint attention (Schietecatte et al., 2012) and language 

(Tenenbaum et al., 2015). In conclusion, social attention is a crucial developmental building 

block for various socio-cognitive abilities in humans (Dixon et al., 2004). Accordingly, 

individual differences in higher-order socio-cognitive capacities might be traced back to early 

differences in social attention. If these differences predict distinctions in higher-order socio-

cognitive skills within the same species, it is likely that social attention differences also explain 

some of the variation in socio-cognitive abilities between species.  
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Social attention in great apes 
The belief that social cognitive differences occur in social attention abilities between 

species was revealed by research comparing humans with their closest living relatives, the great 

apes. For example, humans and other adult apes scanned faces distinctively. While both 

humans and great apes fixated on the face and the eyes first when presented with pictures and 

videos of conspecifics (Kano et al., 2012), humans focused equally long on the eyes and mouth. 

This pattern remained stable even when various facial expressions were shown (Watanabe et 

al., 2017). In contrast, other apes looked shorter at the eyes but longer at the mouth (Kano et 

al., 2012). This was especially apparent in chimpanzees: They mainly attended to an 

individual's mouth, whereas bonobos looked longer at the eyes than the mouth (Kano et al., 

2015). Both humans and great apes flexibly shifted their attention foci depending on stimuli: 

When facial expressions were shown, they shifted from the eyes towards the mouth, and when 

models interacting with objects were shown, from the face towards the action targets (Kano & 

Call, 2017). In action scenes, chimpanzees focused longer on a model's action targets and 

genitals (Kano et al., 2015) than bonobos (Kano et al., 2018). But compared to humans, great 

apes fixated shorter on action targets in general (Myowa-Yamakoshi et al., 2012) and also 

shifted their gaze away from them earlier (Kano & Call, 2017). Furthermore, human adults and 

children attended to an agent's face during action sequences, especially when an action was not 

achieving the predicted goal, whereas chimpanzees rarely attended to an actor's face, regardless 

of whether the goal was achieved or not (Myowa-Yamakoshi et al., 2015). These species 

differences in social attention remained stable for videos showing allospecifics in humans and 

apes, but bonobos looked longer towards videos showing conspecifics compared to 

allospecifics (Kano et al., 2018). These attention shifts to the meaningful parts of a scene may 

be one key aspect of the capacity to predict the actions of others.  

Together, these comparative studies revealed both similarities and important 

differences in social attention skills between species. Specifically, they demonstrated that 

humans and apes preferentially attend to distinct aspects of social stimuli, suggesting that 

different factors are ecologically relevant to these species. These differences in attention foci 

are likely to have consequences for social learning, communication, and other socio-cognitive 

abilities. A crucial open question is when these differences occur in ontogeny. So far, little is 

known about the socio-cognitive development in great apes, and comparative data on social 

attention development are sparse. Previous research suggests that social cognitive development 

might be similar between great apes and humans in the very early stages (first months), and 
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differences become more pronounced during later ontogeny (Tomonaga et al., 2004). A recent 

study compared when developmental cognitive milestones emerged in great apes and humans 

(Bründl et al., 2020). In their sample, the researchers took data from longitudinal observations 

of different publications studying wild chimpanzees and compared them with existing data 

from the human literature. They found that brain areas involved in socio-cognitive abilities 

might develop in a similar trajectory in humans and chimpanzees, and demonstrated a similar 

pace of brain development during the first five years of life. Additionally, in other studies, 

chimpanzees performed comparably to human infants in their first few months of life when 

tested with the same cognitive tests. These similarities occurred mainly in abilities from the 

physical cognition domain (Bard & Russell, 1999; Myowa-Yamakoshi et al., 2003). If similar 

results can be obtained in the social cognition domain in the earliest stages, for instance, in 

social attention, is yet unresolved. Social attention is one of the earliest emerging cognitive 

abilities in primates (Ferrari et al., 2009; Field et al., 1984; Myowa-Yamakoshi et al., 2003) 

and might lay the foundation for differences in higher-order social cognitive abilities between 

species. For social attention, faces appear to be of special importance in great apes, as they are 

detected faster (Tomonaga, 2007), scanned in a specific way (e.g. Kano et al., 2012, 2015), and 

enjoy an upward superiority, where faces are preferably looked at in their upright orientation 

(Tomonaga, 2007). Comparative developmental research demonstrated that chimpanzee 

infants, like human infants, prefer to look at direct gaze faces over averted ones, whereas 

confronting them with scrambled faces showed indistinct viewing patterns (Myowa-

Yamakoshi et al., 2003). Furthermore, chimpanzee infants can discriminate their mother's face 

from unfamiliar faces by the age of one month, but this preference for their mother's face 

disappears at the age of two months (Tomonaga et al., 2004). Chimpanzee neonates (1-30 days 

after birth), similar to human infants, show higher rates of sustained attention towards social 

compared to non-social stimuli, measured with the Brazelton Neonatal Behovioural 

Assessment Scale (NBAS). This social preference was comparable towards human and 

chimpanzee stimuli alike (Bard et al., 1992). These sustained attention abilities are important 

to draw meaningful conclusions from social stimuli and have implications for memory and 

social learning, and are therefore especially important for developing individuals. 

While previous research started to unravel how social attention develops in great apes, 

more research is needed to compare the developmental trajectories that lead to differences in 

higher social cognition between humans and other great ape species. Studying developmental 

trajectories of social attention will not only enable us to conclude when and how differences 
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arise, but it will also tell us about the architecture underlying higher socio-cognitive processes. 

In a 10-year-long study which tested chimpanzees between five and twelve months of age, 

researchers measured the infants’ levels of cognition, for instance, joint attention abilities, and 

compared their behavioural responses with those of human infants (Bard et al., 2014). Joint 

attention abilities are part of social attention as they describe the ability to engage together with 

(a) social partner(s) about a third entity (objects or events) in their immediate surrounding 

(Bakeman & Adamson, 1984). In the described long-term study, the joint attention abilities 

started to differ between human and chimpanzee infants from twelve months on (Bard et al., 

2014). Some researchers propose that joint attention marks the point at which humans and other 

great apes differ, hypothesising that joint attention is a human unique adaptation (Tomasello, 

2019), but so far, we do not know if these differences arise from distinct developmental 

trajectories in social attention abilities.  

Because social attention is crucial to drive an individual’s focus toward important 

(social) learning opportunities, it influences other socially learned behaviours (Van Schaik et 

al., 2003; Whiten et al., 1999). Social learning occurs via peering in chimpanzees (Lonsdorf, 

2006; Matsuzawa, 2009), bonobos (Idani, 1995) and orangutans (Kukofka et al., 2025), but it 

is crucial for developing individuals to distinguish which are reliable sources to learn from. 

These sources can change during ontogeny, depending on the skills that are necessary to master 

during the particular phase. For instance, orangutans mainly peer at their mothers in the first 

years, but later on increasingly peer at non-kin individuals, with striking sex differences. While 

female orangutans remain in their natal habitat, male orangutans disperse. Therefore, it is more 

important for female immatures to focus on their mother’s food acquisition skills, to learn about 

the available resources, than it is for male immatures. As a result, male immatures show 

increased peering toward immigrant males, while females keep focusing on their mothers. This 

shows that social attention biases are important to drive the individuals’ attention towards the 

most relevant ecological knowledge (Ehmann et al., 2021). Social attention, therefore, will 

likely influence aspects that are needed to navigate a social environment. This dissertation will 

focus on two important implications of social cognition: The influence of social attention on 

memory and the influence of social attention on belief processing between species. While 

(social) learning ultimately relies on the ability to store and recollect the learned ability 

(memory) (Zlotnik & Vansintjan, 2019), belief processing is important to make predictions 

about the next action of another individual, and to facilitate cooperation (Yoshida et al., 2010). 

In sum, both abilities are important for human-unique social cognitive abilities, which may 
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lead to their “ultra-social” behaviours not found in other animals (Tomasello, 2014). However, 

research focusing on cross-species work, including individuals in their first months of life, first 

has to focus on reliable research methods that allow for such broad comparisons. 

 

How to measure social cognitive development in pre- and non-verbal individuals 
Developmental research on social cognition is challenging as infants are not able to 

participate in verbal tasks, which makes their processing and acting on (social) stimuli difficult 

to measure. This is problematic as it has led researchers for decades to believe that newborns 

are only passive receivers of their environment (for a review see Raz & Saxe, 2020). However, 

developmental psychologists have, for instance, established new methods to measure attention, 

but results may differ between the measurements (Bradshaw et al., 2024), populations (Shrout 

& Rodgers, 2018) and cultures (Muthukrishna et al., 2020). Additionally, low sample sizes and 

statistical power (Maxwell et al., 2015) make it increasingly difficult to draw meaningful 

conclusions. However, new methods like eye-tracking offer a promising direct measure of 

visual (social) attention without language abilities in human infants (Frank & Saxe, 2012). 

When studying very young great ape infants, however, eye-tracking is challenging. Infants who 

still cling to their mother (around first year of life (Vlaeyen et al., 2025)) are difficult to 

calibrate on an eye-tracking device as a stable and straight head posture is needed for the device 

to measure the corneal reflection. While adult apes’ head posture during eye-tracking 

procedures is usually kept stable by providing them with a drinking nozzle at a fixed position 

(Kano, 2012; Lewis et al., 2021), this is not possible for infants. Coding the looking times 

offline from video has therefore been a promising method to use with very young great ape 

infants (e.g., chimpanzee infants: (Myowa-Yamakoshi et al., 2003)). For this, stimuli can be 

presented on a screen, while video cameras record the (looking) behaviour of the subject, which 

is afterwards coded from the recordings (Myowa-Yamakoshi et al., 2003). This method, 

however, makes it very difficult to distinguish specifically where on the screen the infants are 

looking, so usually the only measure that can be used is their general attention to the overall 

screen, and not to the distinct items of the presented stimuli (AOIs = Areas of Interest). This 

makes it difficult to compare social attention biases, for instance, toward AOIs like eyes and 

the mouth, in great apes across their development.  

Looking-time measures alone, however, cannot tell us the underlying physiological 

reactions of the observed behaviour, and do not provide clear information on whether or not an 

individual was paying close attention (Wilson et al., 2023). Therefore, additional measures are 
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important to inform our methods. In human infant studies, the use of ERP and EEG measures 

is widespread (Brooker et al., 2020; Hoehl & Wahl, 2012). However, these methods are not 

suitable for use with great apes, and they rely on expensive, stationary equipment. While these 

methods give very important insights into human cognitive processes, these methods are highly 

invasive when used with non-human great apes. These difficulties lead to neonate great apes 

being a highly neglected age group in comparative psychology. Nevertheless, studies with 

enculturated chimpanzees – chimpanzees that are raised under human-like conditions - exist 

that investigated the cognitive processes of these young apes, where direct access to the 

subjects was granted. These individuals are raised by human caretakers, usually in a similar 

cultural environment to the one human infants grow up (described for instance in Bard, 2004). 

Studies on enculturated chimpanzees informed us about the implications of human 

enculturation on the socio-cognitive abilities of chimpanzees, with the result that these 

chimpanzees show clear differences in skills like imitation (Tomasello et al., 1993) and joint 

attention to their mother-reared counterparts (Carpenter & Tomasello, 1995). Some 

researchers, therefore, concluded that growing up in a human-like way has a substantial 

influence on the cognitive development of great apes (Russon et al., 1998), but alternative 

explanations are possible (see Bering, 2004 for a critical review). Therefore, in order to design 

a comparative developmental study, we need measures that can be non-invasively applied to 

humans and non-human great apes alike, without the need to separate infants from their 

mothers. With this, we could directly compare the outcomes of our measures between species.  

Using looking times together with heart rate measures constitute an important method 

development in cognitive science. Heart rate measures have been widely used in human infants 

(Jackson & Sirois, 2009), and changes in heart rate can be used as a proxy for autonomic 

nervous system activation across taxa (Taralov et al., 2016). This measure informs about how 

individuals cope with challenges in their environment (for a review see Wascher, 2021). 

Monitoring the changes in the heart rate compared to the baseline can therefore be used to 

determine whether a subject was aroused in response to a stressor (Jensen & Caine, 2021), 

more attentive (Siennicka et al., 2019), occupied by a high cognitive load (Forte et al., 2019; 

Fredericks et al., 2005), or surprised (Jin-Sup et al., 2011). In human infants, research showed 

that the heart rate decreases when the subject is paying close attention, followed by a return to 

baseline heart rate around five seconds after attention termination due to an increased vagal 

firing during sustained attention and inhibition during the termination of attention (Richards & 

Casey, 1991). Heart rate changes in response to a stimulus are divided into distinct phases: In 

the phase of stimulus onset, the heart rate decreases compared to the pre-attention (baseline, ~ 
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5 seconds) phase. The sustained attention phase marks the lowest heart rate, followed by a 

smaller increase in heart rate (pre-attention termination). The attention termination is marked 

by an increase in the heart rate back to the pre-attention baseline (Richards & Casey, 1991). 

Heart rate measures were also successful in measuring covert attention in young children (26-

48 months), even if overt attention did not provide evidence for recognition (Stormark, 2004). 

These measures were also associated with social cognitive abilities (i.e. gaze following) in 

different social contexts in six to nine-month-olds: An increase in heart rate in response to a 

reliable face or eye contact was associated with the frequency of gaze following (Ishikawa et 

al., 2022; Ishikawa & Itakura, 2019). Therefore, heart rate measures constitute a great potential 

to study cognitive processes in pre-verbal humans and non-human great apes. 

This method has been used on infant chimpanzees (11-26 weeks) already, showing that 

they react with a decrease in heart rate in response to conspecific screams and with an increase 

in response to conspecific laughter, but that the magnitude of these responses decreases with 

age (Berntson et al., 1989). Additionally, chimpanzee and gorilla infants react with an increase 

in heart rate when they are startled. However, this startle response only appeared in initial trials, 

followed by habituation, together with a cardiac deceleration. The researchers declared this as 

a representation of an orienting response (Berntson & Boysen, 1984). Chimpanzees’ heart rate 

was further used to measure recognition (in the form of a decelerating heart rate) for familiar 

faces (Boysen & Berntson, 1986). These studies show that heart rate constitutes an important 

method to study cognitive processes in great apes, already in infancy. 

However, these methods were so far dependent on training (Barbour et al., 2020), or 

were too invasive (e.g. Aureli et al., 1999; Bliss-Moreau et al., 2013), and therefore not 

universally suited (or ethical) for their use with great apes. A newly developed algorithm, 

however, can detect heart rate changes from a video recording. This method makes use of the 

micromovements that a body produces in response to cardiac activity. By amplifying these 

micromovements, the algorithm can extract the heart rate offline (Al-Naji, Chahl, et al., 2019; 

Monkaresi et al., 2014). This makes it possible to measure the heart rate of individuals who are 

occupied by another task, for instance, by watching video stimuli, and, therefore, represents a 

contact-free measuring method suitable for use with a wide range of individuals. This method 

has been adapted (Al-Naji, Tao, et al., 2019) and validated for great apes and was already 

successful in measuring the heart rates for great apes who focused on a monitor presenting 

videos of different emotional content (Wang et al., 2023). Because only a normal webcam is 

necessary, this tool is promising to detect the underlying physiological mechanisms of the 

observed behaviour of subjects in a test. 
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In sum, heart rate measures and non-invasive looking behaviour tracking appear to be great 

tools for physiological and psychological measurements and have been shown to be efficient 

in studying memory and recognition in preverbal infants and non-verbal great apes. Combining 

these two measures will allow us to better inform us about the underlying cognitive processes 

responsible for the observed behaviour in cognitive tasks.  

 

Influence of social stimuli on memory in humans 
With the development of these methods, it is possible to measure social attention abilities and 

their impact on other cognitive processes. One very important aspect of social attention and 

social learning is memory. Memory and recognition are highly influenced by social attention, 

in a way that social input directs our attention and therefore increases the likelihood of 

memorising it. Because it is impossible to focus on all stimuli in the same way, humans watch 

some things more closely at the cost of ignoring other aspects of their environment (Fiske & 

Taylor, 2021). Selective attention decides what we learn and memorise from our environment. 

As much as for limited attentional capacities, humans and other biological systems have to face 

the limitations of memory capacities (Stevens et al., 2016). Therefore, selectively remembering 

information is crucial and adaptive. Selectively attending to social stimuli and therefore 

increasing the likelihood of remembering events around a social encounter has been widely 

demonstrated in humans (see Yang et al., 2020 for a review). Evolutionary theories postulate 

that human memory evolved to be tuned to social information to help solve problems, 

especially around food acquisition (Tomasello, 2023c). As a result, stronger memory towards 

socially associated events or objects is crucial and adaptive for survival.  

For instance, after having a conversation about a specific topic with another person, 

individuals are often more attentive to this topic when it occurs in their surroundings. For 

instance, an individual would pay more attention to posters of bands in the streets when they 

heard about the band from another individual. While the posters likely had been there already 

before the conversation, they catch the individual’s attention more if they are associated with 

a social stimulus. This example shows that we are able to focus on and remember things better 

when they are associated with a social stimulus (in this example, the social anchor was the 

conversation partner) and that our attention (here, the attention towards the band posters) can 

be driven by social influences. Social stimuli, therefore, have a huge impact on how we 

perceive the world and what we memorise. But what is a social stimulus? How can we 

distinguish between something that is animate, and therefore potentially relevant for our 
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survival, and something that is not? And which factors are important for that? One hypothesis 

is that animate stimuli share distinct features (e.g. moving in a self-propelled manner or 

characteristic motion of the limbs of an animal) that are missing in other stimuli, and that 

humans possess an innate “life detector” (Troje & Westhoff, 2006).  

Neonates right after birth already show a preference for biological motion over random 

motion (Simion et al., 2008), but this preference undergoes significant changes throughout 

development, with a reduction of this preference in two-month-olds and a recurrence with a 

following increase in strength throughout the subsequent two years of development (Sifre et 

al., 2018). Selective attention to biological motion is evolutionarily preserved in many species 

(e.g. chicks: Vallortigara et al., 2005; macaque: Oram & Perrett, 1996; cats: Blake, 1993) and 

is prevalent in humans across cultures (Parkinson et al., 2017; Pica et al., 2011). Being prone 

to biological motion is highly adaptive for social-living individuals because it conveys 

information about many social signals (facial expressions (Spencer et al., 2006), gaze direction 

(Yoon & Johnson, 2009), gestures (Pelphrey et al., 2005) and the intentions of underlying 

actions (Blakemore & Decety, 2001)). Resulting from this, infants who are highly attentive to 

these learning opportunities will increase their own social repertoire by focusing on these 

learning opportunities (Pavlova, 2012).  

Humans show a memory bias towards animacy, which has been repeatedly evidenced 

in adults (Nairne et al., 2017). In fact, this memory bias is not based on a simple categorical 

recall but rather due to distinct features that are specific to animate stimuli (VanArsdall et al., 

2017). Therefore, animate stimuli easily capture our attention and even distract from changes 

of inanimate stimuli in a scene (Altman et al., 2016). This increased focus leads to animate 

stimuli being better memorised. Especially episodic memory seems to be tuned to animacy, 

where processing of living entities is prioritised over non-living things (Nairne et al., 2017). 

For example, stimuli that another person had attended to can be remembered better (He et al., 

2011), and events that include an agent are more easily recalled compared to events that did 

not (Howard et al., 2019). In human infants, observing someone shifting the gaze towards an 

object not only enhances infants' memory for this particular object compared to an object that 

was not cued (Reid et al., 2004; Thiele et al., 2021), but also makes them like this object more 

(Bayliss et al., 2006; Manera et al., 2014).  

Howard et al. (2019) found that 3-year-old children were more likely to remember the 

information about picture events that included a person than picture events that did not. For 

this memory bias to occur, infants appear to need only minimal visual cues. In a study 

conducted by Howard & Woodward (2019), 9-month-old infants showed increased memory 
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for a tower-building event that was performed by a human hand compared to the same event 

performed by a matched non-social stimulus (robotic claw). Their looking times revealed better 

recall for the tower associated with the social compared to the non-social stimulus. This shows 

that even minimal social information can drive our attention and increase memory. 

The direction of our attention directly impacts what and where we learn from 

(Bertenthal & Boyer, 2015). Social stimuli have a huge impact on where we direct our attention, 

how our perception unfolds, and as a result, they also influence how well we memorise events 

and things in our environment. Therefore, social attention has a huge impact on our species-

specific but also culture-specific behaviour and knowledge, laying the foundation for human-

unique (social-) cognitive abilities to develop. As outlined above, it is not sufficient to just 

compare specific behaviours of human children and great ape adults to inform us about 

underlying mechanisms driving differences between species. To fully understand how humans 

acquire their outstanding social-cognitive abilities, we need to investigate the developmental 

trajectories of social attention and its impact on memory across great ape species. 

 

Influence of social stimuli on memory in great apes 
Being highly attentive to biological motion is not limited to humans, but also other primates 

(Oram & Perrett, 1996; Parron et al., 2007), including great apes, are drawn to biological 

motion in their environments (Tomonaga, 2001). However, not much is known about the 

influence of social stimuli on memory in great apes. Great apes face the same constraints on 

memory capacities as any other living individual (Stevens et al., 2016), and given the 

importance of social stimuli and social attention for survival and learning outlined in the 

paragraphs above, it is expected that events or stimuli aligned with a strong social connection 

are also better memorised in non-human great apes. 

Indeed, in chimpanzee and gorilla adults, social models increased memory for a tower 

compared to a non-social control. In an eye-tracking study, Howard et al. (2017) presented a 

small sample of great apes with videos of a social model (human hand) and a non-social control 

(claw) building a three-block tower. This study resembled the one with human infants (Howard 

& Woodward, 2019) and is therefore an example of a comparative study that can be used to 

draw inferences about species differences. Their study design included a preferential-looking 

paradigm, where a picture of the familiarised tower was simultaneously presented next to a 

novel tower and looking time was measured towards each of the pictures. Looking longer 

towards the novel tower (novelty response) was considered as successful processing and 

memory for the familiarised tower. Only with the social model did the apes show a novelty 
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response, and therefore, the researchers concluded that the social model enhanced the memory 

for the tower. This performance is comparable to that observed in human infants at nine months 

of age (Howard & Woodward, 2019), showing that social attention impacts memory in great 

apes and humans alike.  

In comparison, chimpanzees and orangutans memorise hiding events of non-social 

objects for up to three years (Martin-Ordas et al., 2013), while their social memory capacities 

show recalling abilities for up to decades: Chimpanzees and bonobos were shown to remember 

familiar individuals from pictures for up to 26 years (Lewis et al., 2023), and to show long-

term memory for events that included a social entity even after having it watched only once 

(Kano & Hirata, 2015). Especially emotional content (i.e. pictures of aggressive chimpanzees) 

seems to drive memory in great apes, where chimpanzees better memorised pictures depicting 

emotions compared to the same stimuli showing neutral emotions. Subsequently, the memory 

for the neutral stimuli could be improved by showing them following an emotional picture 

(Kano et al., 2008).  

In summary, the available research points to the belief that the memory system of 

human and non-human great apes is tuned to social input, setting the stage for complex socially 

transmitted (cultural) behaviour to develop. While especially spatial memory development is 

relatively well studied (e.g. Rosati, 2019; Rosati & Hare, 2012), information about the social 

memory effect (a stronger encoding of an event that was associated with a social entity 

(Howard et al., 2017)) is missing in great apes. Therefore, it is crucial to obtain systematic 

developmental data from non-human great apes to make claims about similarities and 

differences in the social memory capacities between humans and great apes. 

 

Influence of social attention on belief processing in humans 
Not only is being able to memorise events that are associated with another individual beneficial 

for social individuals, but also understanding the beliefs of others is highly advantageous. 

Belief processing and perspective taking can improve interactions with individuals from 

different backgrounds. Understanding other individuals as intentional agents with their own 

beliefs and desires allows individuals to make appropriate predictions about others’ next 

actions. This can be advantageous in competitive situations, but ultimately increases 

cooperation as well (Yoshida et al., 2010). In everyday life, humans are almost all the time 

cooperating or coordinating with each other. Already leaving the house and walking the streets 

requires us to coordinate with the people around us, to minimise colliding with them. 

Coordination can imply direct benefits, for instance, when two people jointly carry a heavy 
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object that one person alone would not have been able to transport. Coordination and 

cooperation to the extent that humans do might be the key to our success as a species (Boyd & 

Richerson, 2009; Hanisch & Eirdosh, 2024; Townsend et al., 2023) Therefore, effortlessly and 

potentially even automatically processing other people’s perspectives (Zhou et al., 2024), 

actions (Milward & Sargeant, 2023) and beliefs (Kovács et al., 2010) might represent an 

adaptive part of human cognition, allowing for aligning individual cognition with the cognition 

of a group, which benefits cooperation and coordination (Kampis & Southgate, 2020).  

Adults have been shown to automatically co-represent the task of a counterpart in 

various settings. For instance, in a joint version of the Eriksen flanker task (Eriksen & Eriksen, 

1974), in which participants have to either respond with a key press to letters or colours that 

are surrounded by distractors, participants co-represented the S-R mapping of their partners 

without being instructed to do so. However, this seems to only be true for intentionally acting 

partners (Mills et al., 2019), or when the participant believes that there is another actor (i.e. an 

actor operating in a different room) (Welsh et al., 2007). Even in situations under stress, when 

egocentric perspectives were thought to be dominant, participants show the co-representation 

(altercentric – other person focused – perspective) of their partner’s actions (Beaurenaut et al., 

2021). This spontaneous perspective taking (altercentric interference) is triggered by the mere 

presence of another individual, with influences on the memory of the spatial layout of an event 

(Galati et al., 2013; Howard et al., 2024).  

Being able to automatically process the beliefs of other individuals further allows us to 

change our behaviour to modify the mental states of others by intentional communication, 

teaching or deception (Lee, 2013; Tomasello & Carpenter, 2007; Ziv & Frye, 2004). Therefore, 

an effortless process to perceive others’ perspectives is adaptive and might occur fast and 

implicitly in humans. Indeed, research has shown that own and others’ beliefs are effortlessly 

activated in parallel (van der Wel et al., 2014), but at the same time, humans can distinguish 

the reality of their environment or their own beliefs from the (false) beliefs of other individuals. 

For instance, in the classical Sally-Anne task, participants are asked to verbalise where an 

individual would look for a particular object if she was holding a false belief about the true 

hiding location of this object (Baron-Cohen et al., 1985). This shows that at some point in 

development, the beliefs of different people can be distinguished and explicitly verbalised. This 

false belief understanding was mainly tested with individuals from the Global North. However, 

Stengelin et al. (2024) tested Hai||om children, a rural indigenous community in Namibia, and 

found that children’s false belief performance was predicted by their social attention abilities: 

Children who showed a preference for adult faces performed better in a false belief task. This 
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study shows that social attention abilities might influence other (social) cognitive skills like 

false belief understanding. While traditionally false belief understanding was thought to be a 

skill that develops not before the age of three to four years (for a review see Wellman, 2018), 

recent studies have shown that a sensitivity to the perspectives and beliefs of others is already 

present in very young pre-verbal infants, which influences their memory. Using spontaneous 

response tasks, Barrett et al. (2013) found an early (~26 months) sensitivity to others’ false 

beliefs in three non-Westernised cultures: Salar (China), Shuar/Colono (Ecuador) and Yasawan 

(Fiji), with striking similarities to Western samples. Kampis & Southgate formulated a 

hypothesis in 2020 proposing that human infants are born with an altercentric bias, which 

means that they are predominantly processing the perspectives and beliefs of others. This 

altercentric bias is adaptive because it allows infants to perceive the environment through the 

eyes of experienced individuals, while still being limited in their ability to act on the world 

themselves. Grosse-Wiesmann & Southgate (2024) predicted that this is caused by a stronger 

representation of events that have been co-witnessed together with another individual. They 

further argue that early in infancy, infants do not hold two perspectives – their own and the 

perspective of another person – but that they only hold the perspective of the other person, 

which overrides their own perspective. While this is adaptive in their first years of life, an 

emerging self-concept will introduce a cognitive load when one has to distinguish between the 

two different perspectives. Yeung et al. (2022) supported this hypothesis by demonstrating that 

children who passed the mirror self-recognition task – a proxy for self-representation 

(Amsterdam, 1972) – showed a cognitive load when presented with two different perspectives, 

and infants who did not pass this task did not show a cognitive load. While this cognitive load 

remains present in adults when acting jointly with another individual (for instance, reflected in 

higher early ERPs), it was shown to be offset by facilitated late action preparation in an EEG 

and ERP study where participants shared a collective goal. The authors proposed that this 

facilitated late action preparation was caused by enhanced predictability of partners' actions 

(Fanghella et al., 2025). This shows that while initially the increased cognitive load appears to 

be maladaptive, the long-term benefits of simultaneously processing their own and their 

partner’s actions and beliefs have long-term benefits for joint action.  

Infants may benefit from already being equipped with similar mechanisms for this 

automatic and simultaneous action and belief processing. Grosse Wiesmann et al. (2024) 

proposed that these mechanisms allow stronger encoding for events that have been co-

witnessed or co-experienced with another individual. Following this, several studies have 

accumulated providing evidence that this stronger encoding for events that infants have 
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witnessed with someone else can also result in reality and memory errors for events that they 

have witnessed alone. For instance, in a set of experiments, 9-month-old infants forgot that 

they had observed the translocation of an object from hiding location one to hiding location 

two in cases where they had watched the hiding event in location one with another individual, 

while having watched the translocation to location two alone (Manea et al., 2023). Fourteen-

month-olds further searched longer inside a box for a toy when another individual believed a 

toy to be present in the box, when the infants (alone) had seen that the object had been removed 

from the box (Kampis & Kovács, 2022), and even prioritised to encode conceptual information 

about the object kind from others' perspectives (Kampis et al., 2025). This process seems to be 

the result of representing the perspective of others, like their own perception, in adults and 

infants alike (Tebbe et al., 2024).  

A hypothesis by Kovács et al. (2010) is that altercentric cognition is a human-unique 

cognitive adaptation (“the social sense”) to be able to cooperate and coordinate to the extent 

that humans do. The early occurrence of these altercentric influences and their strong impact 

on memory in infants (Manea et al., 2023) shows how important other social individuals are 

for the development of human infants in their first years of life. If the hypothesis by Kovács et 

al. (2010) is true, then we might expect species differences to be present in these altercentric 

influences. To be specific, human infants might show earlier and stronger signs of altercentric 

influences during development, while great apes might only show minor, if any, altercentric 

influences early in ontogeny. More studies are needed that systematically test these hypotheses 

across great ape species to make conclusions about the uniqueness of the altercentric influence 

in humans.  

 

Influence of social attention on belief processing in great apes 
Studies on altercentric influences in great apes are rare, and only recently, Lurz et al. (2022) 

published a study in which adult chimpanzees were shown to be influenced by the false belief 

of a human experimenter. In their setup, the subjects were tested together with a human 

experimenter in a back-and-forth game to look for rewards in a trough. A second experimenter 

was hiding a food reward inside the trough that was filled with litter material. The food reward 

was first buried inside the litter material at one location, and then the second experimenter 

translocated the reward to a second hiding location inside the trough. While the ape subject 

always saw both hiding events, the human counterpart only saw both hiding locations in the 

true belief condition. In the false belief condition, the counterpart turned around while the 

second experimenter translocated the food. Therefore, in this condition, the human counterpart 
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held a false belief about the hiding location of the food, where he believed the food to still be 

in hiding location one. Using a deviation from the original hiding location (in cm) Lurz et al. 

(2022) showed that the chimpanzees made bigger search errors (larger memory errors) in the 

false belief compared to the true belief condition. This shows that the false belief of the human 

counterpart had a negative influence on the subject’s memory for the true hiding location. In 

the true belief condition, both hiding locations were witnessed together with the human 

counterpart, and therefore, the memory of the true hiding location was better memorised 

compared to the false belief condition, in which the true hiding location was witnessed alone. 

The researchers concluded that the apes were sensitive to the beliefs of their human counterpart, 

which ultimately influenced their own (search) behaviour. 

However, whether great apes are sensitive to others’ false beliefs has been highly 

debated (e.g. Call & Tomasello, 1999; Tomasello & Moll, 2013). Nevertheless, some research 

provides evidence for this sensitivity. For instance, Buttelmann et al., (2017) showed that 

chimpanzees, bonobos and orangutans opened a box that contained an object for the 

experimenter more often when the experimenter had a false belief compared to when the 

experimenter had a true belief. These results are in line with data on human infants in the same 

task (Buttelmann et al., 2009). The authors concluded that great apes can use their 

understanding of beliefs, make correlations between beliefs and behaviour and can change their 

own behaviour in order to help other individuals appropriately. In a study by Krupenye et al., 

(2016), the data from an eye-tracking task revealed that great apes reliably looked to a location 

where another individual falsely believed an object to be, even when the apes themselves had 

a true belief about its location. Importantly, the apes looked towards the location before the 

other individual acted on his false belief (anticipatory looking). In a subsequent study, the 

authors ruled out an explanation for domain-general cueing effects with an inanimate control 

condition. Here, they could demonstrate that the anticipatory looks were significantly less than 

in the study with another individual and that the tendency to look at the right location was also 

reduced (Krupenye et al., 2017). Using the same measurement of anticipatory looking, Kano 

et al. (2019) provided evidence that great apes use their own experience to anticipate how 

another individual would behave when holding a false belief. In a change-of-location false-

belief task, apes that experienced a barrier as opaque anticipated that an actor who was behind 

this barrier during the translocation of an object from one location to another would mistakenly 

search for the hidden object in its previous location. These studies show that great apes, at least 

implicitly, are sensitive to the (false) beliefs of other individuals. The study by Lurz et al. 

(2022) provides the first evidence that the false belief of others negatively influences the 
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behaviour of adult chimpanzees, and a recently published article by Lurz et al. (2025) further 

demonstrated that the false beliefs of a conspecific in a dangerous situation cause anxiety in 

bonobo bystanders.  

These studies should be taken into account when making claims about human 

uniqueness in altercentric influences. They give rise to a new hypothesis stating that humans 

and non-human great apes share an early sensitivity to the (false) beliefs of other individuals, 

with implications for their memory of events that include individuals with differing beliefs. 

However, the above-mentioned studies only tested adult great apes, leaving the question open 

whether altercentric influences follow the same developmental trajectory in humans and non-

human great apes. 

 

Research gaps 
Due to the difficulties that arise when studying preverbal infants and great apes in general, 

developmental and comparative research represents a challenging endeavour, and as a result, 

we are facing great research gaps when it comes to early (social) cognitive studies. One main 

problem is to develop research methods that are not only ecologically valid to test with great 

apes, but also can be adapted to non- and pre-verbal individuals (see the section “How to 

measure social cognitive development in pre- and non-verbal individuals”). Another problem 

is access to a sufficient sample size of great ape subjects to draw meaningful conclusions. To 

answer the question on which behaviours are human-specific, and therefore represent a core 

process, we need systematic comparisons of psychological phenomena considered to be 

human-unique and human-universal to fully inform species comparisons between humans and 

great apes. 

 Only a few studies exist that systematically study early emerging social cognitive skills, 

especially between great apes. Studies on neonate great apes are generally sparse and have 

mainly focused on early socio-cognitive development in chimpanzees. The first years of an 

individual’s life are of special interest as they will inform us about the biological bases of later-

developing social behaviours (Brown, 2011). 

In this dissertation, I have outlined two aspects of cognitive processes that are influenced 

by early social attention abilities: Memory and belief processing. In particular, the social 

memory effect in great apes is not well understood. The only study available draws inferences 

about great ape cognition from a small sample of only adult individuals (Howard et al., 2017). 

While this informs us about the existence of an influence of social models on memory in the 
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tested species, it cannot inform us about the underlying cognitive processes, their development 

and whether or not they are shared with humans. A comparative developmental study on the 

social memory effect is therefore needed to answer these questions. Further, relying on looking 

time alone as a measure of attention can be misleading because individuals can be looking at 

the stimulus without necessarily paying close attention to it (Wilson et al., 2023) and should be 

accompanied by other attention measurements (e.g. heart rate). Because the social memory 

effect was only tested right after the stimulus presentation, the longevity of this effect in non-

human great apes remains unclear. Similarly, the influence of social attention on belief 

processing is not well understood in great apes, with only a few studies revealing belief 

processing abilities in adult great apes.  

 

The focus of this dissertation 
Based on the outlined research gaps and the existing literature on social attention development 

in great apes, in this dissertation, I will focus on three different aims: 

 

1. The first aim was to develop methods that can be used in early social cognitive studies 

with non-verbal individuals across species. 

 

I sought to achieve this by incorporating two different studies. In the first study, I tested N = 

42 non-human great apes from all four species (orangutans, gorillas, bonobos, and 

chimpanzees) in a preferential looking task. Importantly, I established a setup that should allow 

us to test very young infants, who still cling to their mothers, as well as adult apes in the same 

way (age range 3 months to 47 years). I further combined looking times and heart rate with the 

aim of better informing us about our outcome measures. Both looking time and heart rate were 

measured using generic, inexpensive equipment. I used three monitors placed side by side, 

which allowed me to show different stimuli on the distinct monitors, representing an equivalent 

to setting AOIs (areas of interest) in an eye-tracking task. With this setup, subjects had to move 

their eyes and sometimes their head towards the specific monitors. This made it easier to 

distinguish which AOI the subject was focusing on.  

In the second study, I evaluated an existing task from Lurz et al. (2022) and extended their 

adult chimpanzee sample to adult bonobos, orangutans and gorillas in addition to two 

chimpanzee populations. This enabled us to evaluate whether the task is appropriate for 

different species and different holding facilities. The task involved a back-and-forth game 
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between the ape subject and a human counterpart, where subjects had to search for a reward 

alongside a trough that was placed in front of them. This paradigm allows for the detection of 

altercentric influences on a continuous scale (Sommerville et al., 2013) and should, therefore, 

be suitable to detect even subtle influences. After evaluating this task for the adult sample, I 

further aimed to test its suitability for immature individuals by testing young individuals from 

two different holding facilities. Overall, we tested N = 47 great apes between 3 and 57 years.  

 

2. The second aim was to see how social attention influences object memory in great 

apes across ontogeny. Specifically, I aimed to test the occurrence of the social 

memory effect (SME) across age groups to see whether the developmental trajectory 

is similar to that in human infants or whether it resembles different cognitive 

processes between species. I further aimed to better understand the nature of the SME 

between the different age groups. 

 

For this, in Study 1, I used a similar test procedure as described in Howard et al. (2017), but I 

adapted it to enable the testing of very young great ape infants (see explanation in the first aim). 

Further, I used heart rates as a second measurement to complement the looking time measures. 

Following the original study, I calculated a novelty response as a proxy for successful encoding 

of the familiarised stimulus, and additionally calculated a heart rate change from baseline 

during encoding. With this, I aimed to understand the underlying physiological mechanisms 

causing the effect. Specifically, I interpreted an increase in heart rate during stimulus encoding 

as a proxy for arousal, and a decrease as a sign for increased attention (see section “How to 

measure social cognitive development in pre- and non-verbal individuals”). I decided on this 

additional measure, as previous studies on monkeys (Howard et al., 2018), great apes (Howard 

et al., 2017) and infants (Howard & Woodward, 2019) using the same methods did not find 

differences in overall looking time during encoding. Therefore, additional measures are 

important to inform us which mechanisms are responsible for the increased memory for the 

object associated with the social compared to the non-social model. In a last step, I included a 

delay session of two days to better understand the longevity of this increased memory effect. 

With this, I aimed to answer whether the SME affects long-term or short-term memory. 

 

3. The third aim was to test the influence of social attention on belief processing in great 

apes and to see whether it follows a similar developmental trajectory between apes 

and humans. 
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To achieve this, in Study 2, I used an existing paradigm that tested the influence of the false 

beliefs of a human bystander on chimpanzees’ search behaviour (Lurz et al., 2022). I adapted 

the paradigm and tested it with all four non-human great ape species from infancy to adulthood 

(see explanation in the first aim). As a similar paradigm has been used in human children and 

adults (Speiger et al., 2024, 2025), its use is promising to compare developmental trajectories 

between humans and non-human great apes.  

 

My overall hypothesis for this dissertation was that social stimuli influence object memory and 

belief processing in great apes. Specifically, I hypothesised that the influence would be 

strongest in infants, representing social attention as scaffolding for higher-order social 

cognition. If this is the case, I made the following predictions. 

In Study 1, I predicted that the SME would be strongest in infants compared to juveniles and 

adults. I further predicted that this SME in infants is caused by changes in heart rate (either 

increased or decreased) during stimulus encoding. I expected this to be similar for all age 

groups. Lastly, I predicted that the SME would influence long-term memory, and therefore, 

great apes should show better memory after a delay for the object that was associated with the 

social compared to the one associated with the non-social model. In Study 2, I predicted that 

the (false) beliefs of a human bystander would influence the search behaviour in great apes. 

More specifically, I predicted that infants showed a bigger search bias (reflecting a memory 

error for the event that had been co-witnessed with a social individual) back to the location 

where the human counterpart falsely believed the reward to be hidden. Nevertheless, I predicted 

that all age groups would be influenced in their search behaviour by the false beliefs of the 

counterpart. 
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4. Study 1: Social attention increases object memory in adult but 
not younger great apes  
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Research across primate species showed that social models (e.g. conspecifics) enhance memory (social
memory effect, SME). In this preregistered study, we examined the ontogeny of the SME and its cognitive
mechanism in great apes from infancy to adulthood (3 monthse47 years), and explored both its
persistence after a delay and its interaction with attentional measures of arousal (heart rate, HR). Forty-
two individuals from four nonhuman great ape species viewed videos of social (hand) and nonsocial
(mechanical claw) models constructing a tower, which was subsequently presented next to a novel
tower. After 2 days, we showed the familiarized tower again next to a novel tower. Looking longer at the
novel tower was interpreted as processing and recognizing the familiar tower (novelty response, NR).
Results showed that adults (only) demonstrated higher NR for the tower built by the hand compared to
the tower built by the claw when tested immediately, but not after a 2-day delay. We propose that this
memory effect may have been driven by enhanced attention towards the social model, as adults
demonstrated decreased HR relative to baseline in the social condition and accelerated HR in the
nonsocial condition. However, we found no such differentiation in NR and HR in the younger individuals.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of The Association for the Study of Animal

Behaviour. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).

Primates live in complex social worlds where numerous in-
dividuals interact in close association and multifaceted social struc-
tures. In such environments, social stimuli are of special importance
throughout a primate's lifetime, and social attention and social
memory constitute adaptive skills. Much research has demonstrated
how social stimuli are prioritized in primate cognition. For example,
face versus nonface stimuli are both distinguished and attentionally
preferred from birth (black-handed gibbon: Myowa-Yamakoshi &
Tomonaga, 2001; rhesus macaques: Simpson et al., 2017; humans:
Goren et al., 1975), and in adult primate species, social stimuli are
processed more quickly (Japanese macaques: Nguyen et al., 2013),
identified more readily (humans: Bracco & Chiorri, 2009; rhesus
macaques: Simpson et al., 2017) and draw more attention than

nonsocial stimuli (rhesus macaques: Machado et al., 2011; Maylott
et al., 2020). Social stimuli are so important for primates that they
are sometimes willing to ‘pay’ (e.g. by giving up rewards) to watch
videos or pictures of conspecifics versus nonsocial control stimuli
(e.g. rhesus macaques: Deaner et al., 2005; chimpanzees: Fujita &
Matsuzawa, 1986; bonnet macaques: Andrews & Rosenblum,
1993). This selective orientation toward social stimuli is adaptive
as it allows primates to extract social information (e.g. identity,
dominance, fertility: Klein et al., 2009) and to cope with situations
where only sparse information is accessible. As a result, specific brain
systems developed that are preferentially biased towards the pro-
cessing of social stimuli in humans (Birmingham& Kingstone, 2009)
and other primates (Klein et al., 2009). What is less clear is how this
attention modulation influences higher-level cognitive processes
(e.g. event memory), and whether these effects are maintained
across the lifespan.

In addition to attention modulation, recent studies have
demonstrated that social stimuli can enhance memory in primates.
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In two studies, Howard et al. (2017, 2018) showed adult great apes
(chimpanzees and gorillas: Howard et al., 2017) and monkeys
(capuchin monkeys: Howard et al., 2018) videos on an eye-tracking
system of a human hand (social model) or a mechanical claw
(nonsocial model) building a three-block tower. Afterwards, they
presented a picture of the previously familiarized tower next to a
novel tower and measured looking times towards each picture. The
percentage of time spent looking at the novel tower (novelty
response, NR) was interpreted as a proxy for successful processing
and memorization of the familiarized tower, based on a looking
preference for novel stimuli observed in previous studies (e.g.
Fantz, 1961; Hunter & Ames, 1988; Joseph et al., 2006). Howard
et al. (2017, 2018) found that this NR only occurred after apes and
monkeys had watched the hand building the tower but not after
watching the mechanical claw. Importantly, the time spent by in-
dividuals looking at the model during the building process of the
towers did not differ. Therefore, the overall time spent watching the
models could not account for the difference. The researchers
concluded that social models, but not nonsocial models, facilitate
memory in adult primates.

In humans, the social memory effect (SME) was found in pre-
verbal infants already at the age of 9 months (Howard &
Woodward, 2019). How this effect develops in infant and juvenile
great apes remains unknown, and comparative research has so far
mainly focused on comparing adult great apes with human infants
and/or children (e.g. Call & Carpenter, 2001; Herrmann et al., 2007;
Warneken et al., 2007). Extensive research on human infants,
however, has shown that especially during the first years of life,
individuals undergo major developmental changes (Bertenthal &
Boyer, 2015; Brandone & Stout, 2023; Rocha et al., 2020;
Tomasello, 2019), which might also be true for other primates (e.g.
Bard, 2017; Bründl et al., 2021; Schneider et al., 2012; Tomonaga
et al., 2004; Wobber et al., 2014). Developmental studies in
comparative psychology, therefore, are important to understand
what is unique in human development, and what is shared with
other primates (Bard & Leavens, 2014; Rakoczy & Haun, 2020;
Rosati et al., 2014). A few studies exist dealing with early cognitive
development in monkeys, for instance (Maylott et al., 2020; Rosati
et al., 2016, 2018; Rosati& Santos, 2017), but developmental studies
on great apes are rare (Wobber et al., 2014) and for very young
infants often based on small sample sizes (Myowa-Yamakoshi et al.,
2004; Tomasello et al., 2005; Tomonaga et al., 2004). The devel-
opment of social memory, so far, has not been studied in great apes,
but social memory and social learning might be important for
nonhuman great apes as well. Although the suggestion is not uni-
versally accepted (for a review seeWhiten, 2022), some researchers
claim that great apes acquire skills by observing others. Orang-utan
infants, for instance, spend extensive time in close association with
their mothers and peer on their behaviours before trying things out
themselves (Schuppli et al., 2016). Chimpanzees observe other
group members' tool use for opening nuts (Biro et al., 2003) and
fishing for ants (O'Malley et al., 2012), and other behaviours like the
grooming handclasp might be transmitted socially (McGrew &
Tutin, 1978; Nakamura & Nishida, 2013). The present study in-
vestigates whether early social memory effects are shared among
human and nonhuman great apes.

Furthermore, the cognitive mechanism underlying the social
memory effect (SME) in great apes is as yet unclear. As previously
mentioned, one possibility is that social stimuli simply garner more
attention, which could lead to deeper encoding and more robust
memory for those events (Howard et al., 2018). While previous
studies on the SME demonstrated that subjects showed similar
looking times (similar overt visual attention) towards both the claw
and the hand during the familiarization (e.g. Howard et al., 2017),
the possibility remains that covert attention (peripheral attention

without shifting the eyes: Richards, 2005) still differs across con-
ditions. Both demonstrations may draw individuals’ gaze, but they
may distribute more covert attention to the social stimulus, which
in turn causes improved encoding at similar looking times. In that
case, the total looking time would be the same and would not
reliably tell us whether an individual was paying attention while
watching (Wilson et al., 2023). Physiological measures related to
depth of processing, like changes in the heart rate, are important to
give us more information on the attentional state of an individual
(Colombo et al., 2001; Elsner et al., 2006). Complementing looking
times with heart rate measures can therefore help us understand
the underlying mechanisms of the SME.

Several prior studies showed that the heart rate accelerated in
situations of increased arousal; for example, when monkeys
watched videos with high affective content (Cobos et al., 2018;
Lacey & Lacey, 1978). Other studies reported that increased heart
rate accompanied social-cognitive behaviours like gaze following
(Ishikawa & Itakura, 2019). In contrast to arousal, greater attention
has been shown to correlatewith a decrease in heart rate, at least in
human participants (Colombo et al., 2001). For example, in a study
investigating covert face recognition in preschool children, heart
rate measurements showed that the children's heart rate deceler-
ated when viewing pictures showing former classmates compared
to pictures showing unfamiliar children, even when the verbal
recognition of the subjects did not show clear memorization
(Stormark, 2004). Differences in either greater attention (decrease
in heart rate) or emotional arousal (increase in heart rate) due to
novelty during social demonstrations could account for the SME in
primates. The current study combines heart rate measurements
with looking time measures to investigate the SME in great apes.
Wemeasured the heart rate change across conditions by applying a
contact-free measurement from video technique that was recently
developed for use with great ape adults (Wang et al., 2024).

We also aimed to test the longevity of the SME in great apes by
introducing a second test session after 2 days. Previous studies
failed to answer the question of longevity, as the looking times
were only measured right after stimulus presentation, from which
we cannot infer for how long thememory-enhancing effect lasts. To
test this, we measured the subjects’ recognition towards the tower
by presenting a picture of the familiarized tower next to a novel
tower after a 2-day delay. Previous experiments exploring different
aspects of memory and recognition that included delay conditions
with similar looking-time paradigms yielded ambiguous results
(humans: Pascalis & de Haan, 2003). Some showed a familiarity
response (longer looking times towards the familiarized stimulus)
after the delay (Bahrick et al., 1997), while others found no differ-
ence between the stimuli (Bahrick & Pickens, 1995) or a strong
novelty preference still after the delay (Gunderson & Swartz, 1985;
Pascalis et al., 1998).

Therefore, the current study aimed to address the following
goals. Our first goal was to replicate and extend the findings of
Howard et al. (2017) by testing not only chimpanzees and gorillas
but also bonobos and Sumatran orang-utans. Second, we combined
looking time and heart rate measures to test whether increased
arousal or increased covert attention to social stimuli accounts for
the SME in great apes in a comparatively large sample of great apes
of all age groups. We hypothesized that apes’ heart rate will in-
crease more (relative to the baseline) in the social than in the
nonsocial condition. This would suggest that viewing social stimuli
is accompanied by increased emotional arousal, which may influ-
ence thememorization of social relative to nonsocial events. On the
other hand, it is as likely that the heart rate would decrease in the
social condition as a consequence of increased attention (Colombo
et al., 2001). Third, to further investigate the nature of the SME, we
aimed to track the developmental trajectory of the SME in great
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apes by including infants and juveniles. Finally, we introduced a
delay condition to assess the longevity of the SME.

METHODS

Preregistration

The hypotheses, sample size, procedure, incorporated variables
and the planned analyses were preregistered on Open Science
Framework (https://osf.io/d32jz/). All deviations from the prereg-
istration are marked explicitly below.

Subjects

We tested 42 great apes: 21 chimpanzees, Pan troglodytes verus
(14 females, seven males, age range 1e46 years); 10 bonobos, Pan
paniscus (three females, seven males, age range 5 monthse24
years); five gorillas, Gorilla gorilla gorilla (four females, one male,
age range 4e17 years); and six orang-utans, Pongo abelii (six fe-
males, age range 3 monthse33 years), all housed at the Wolfgang
K€ohler Primate Research Center (WKPRC) in Leipzig, Germany. We
did not exclude any individual from the final sample. However, one
of the gorillas only provided heart rate data for the nonsocial
condition as her videos were of too low quality to code her looking
time, and one of the orang-utans provided only heart rate data
during the familiarization videos on the central monitor as she was
too young (3 months) to turn her head appropriately towards the
stimuli presented on the peripheral monitors. All subject infor-
mation, including reports of missing data, can be found in Table A1.
The individuals are kept in social groups and can access environ-
mentally enriched indoor and outdoor enclosures. Caretakers feed
the apes a diverse diet of fruits and vegetables supplemented with
nutritionally balanced biscuits, cooked eggs and meat, with ad
libitum access to water.

Experimental Set-up

We tested all apes in one of their sleeping rooms (9 m2), in front
of a Plexiglas panel inside their sleeping booths. We ensured they
had comfortable visual access to the experimental set-up by
providing a sitting platform. A juice dispenser with a drinking
nozzle attached to the Plexiglas panel allowed the apes to drink
while watching the stimuli. This set-up has been used in previous
eye-tracking studies to help centralize apes' gaze (e.g. Kano, 2012;
Lewis et al., 2021). As we tested mothers with offspring, we pro-
vided two drinking nozzles: the higher one for the mother and the
lower one for the infant. We presented stimuli on three monitors
(EIZO EV2495, 24 inch, 1920 ! 1200 screen resolution; https://
www.eizo.com) 60 cm in front of the Plexiglas panel, set to 100%
luminescence. Stimulus presentation was operated with a Lenovo
Thinkpad P14s Gen2 laptop (https://www.lenovo.com) using
E-Prime 3.0 software (Psychology Software Tools, 2016; https://
pstnet.com). The sitting platform was attached to the mesh of the
sleeping booth and ensured that even infants clinging to their
mothers could see the monitors in this position. We used two
cameras to capture the looking behaviour of the apes, one above
and the other below the central monitor. This ensured that the gaze
of both individuals (themother was sitting upright while the baby's
position was lower) could be captured. As we wanted to test very
young individuals (< 1 year of age), we could not use eye-tracking
as it was done in the original study (Howard et al., 2017). Eye-
tracking is a helpful tool for accessing primate cognition, but it
needs a straight head position to reliably capture individuals' eye
movements (Hopper et al., 2021). As this was not assured with
infants clinging to their mothers, we adapted the set-up by using

film cameras to capture the apes' gaze. See Fig. 1 for the complete
set-up. The researcher would hover with her laptop behind the
monitors so that her face was covered by the monitors and,
therefore, invisible to the individuals. In cases where individuals
were tested separately (i.e. adults without offspring), only one
drink nozzle was attached to the Plexiglas.

Design

In a within-subject design, we tested all apes in two sessions
(one test session, one delay session) for each of the two conditions
(hand ¼ social condition, mechanic claw ¼ nonsocial condition).
The two conditions were presented with a break of at least 4 weeks
in between. We counterbalanced the order of conditions (social or
nonsocial) and the familiarized tower (Tower A or B) between
subjects. Furthermore, we also counterbalanced the novel tower for
the delay condition (Tower C or Tower D) between subjects. We
further counterbalanced the side on which the familiarized tower
appeared (right or left monitor) across trials to appear equally often
on the left and right sides in both conditions. We tested four trials
within each session (one test session and one delay session). During
the test session, the side of the familiarized tower switched be-
tween trials (either LRLR or RLRL). During the delay session, the
second and third trials showed the familiarized tower on the same
side (LRRL or RLLR). We counterbalanced this pattern between apes
and switched between conditions. We decided to change the
pattern between the test session and the delay session to ensure
that apes did not get used to the familiar tower switching from left
to right between the test session and the delay session, and to avoid
risking that they would only respond to the side and not to the
picture itself. Detailed information can be found in Table A1.

For each condition, apes received one test session and a delay
session after 2 days. The first trial in the test sessions started with
presenting a grey screen on the central monitor for 10 s, matching
luminescence with the familiarization video. This grey screen was
needed for the offline measurement of the baseline heart rate (see
below). Immediately afterwards, the familiarization video was
shown three times in a row (66 s total), followed by an ‘attention
getter’ (see OSF repository: https://osf.io/d32jz) for 2 s on the same
monitor. This attention getter was intended to ensure the apes
centralized their gaze before we showed the pictures on the outer
monitors. We used a video of one big white circle that had two
smaller rings inside (black and white) and a smaller circle as the
middle. The circle grew and shrank, while the circle in the middle
changed its colour between black and red with each growing and
shrinking circle. Afterwards, the two still pictures (familiar and novel
tower) appeared on the left and right monitors for 7 s. This sequence
was the first trial. In trials 2 to 4,we showed the familiarization video
only once (22 s in duration) before the attention getter and then the
pictures appeared. Therefore, apes saw the familiarization videos six
times and the pictures four times in one session (see Fig. 2).

After a delay of 2 days, only the still pictures were presented for
7 s in each of four consecutive trials (tested in one session). During
the delay sessions, no familiarization videos were played. As in the
test sessions, we used an attention getter to ensure that the apes
looked in the centre before the presentation of the stimuli.

Procedure

We used the same procedure described in Howard et al. (2017),
with the adjustments to the set-up as described above.We tested the
apes individually; only mothers and infants were tested together,
and data from both individuals were used. Entering the test room
was rewarded with a small food piece, and apes were allowed to
drink diluted grape juice during stimuli presentation (Fig. 1).
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Within one session, we tested four trials in a row. A single trial
consisted of a familiarization phase and a preferential-looking
phase, with the stimuli of the phases being played on distinct
monitors. The videos in the familiarization phase were presented
on the central monitor. In contrast, the still pictures in the

preferential-looking phase were shown on the left and right
monitors. While the videos played on the central monitor, the
outside monitors remained black. The familiarization videos
showed a model (social: human hand; nonsocial: mechanical claw)
building a tower out of three coloured wooden blocks (Figs A1, A2).

Bottle with juice
and regulator

Drink nozzle

Monitors

Researcher
and laptop

Figure 1. Experimental set-up. We tested mothers together with dependent offspring. A juice dispenser allowed both individuals to drink juice at the same time while watching the
stimuli in front of the Plexiglas panel. The researcher was positioned behind the monitors to operate the computer.

Familiarization

22000 ms

Test trial (4 x) Delay trial (4 x)

2000 ms
2 days

7000 ms 7000 ms

2000 ms

Attention getter Attention getter

Preferential looking Preferential looking

Figure 2. Experimental procedure. During the test, before trial 1 was started, a grey screen matching the luminescence of the familiarization video was presented for 10 s. (a)
Afterwards, the first test trial started by showing the familiarization video three times in a row for a total of 66 s (each video lasted 22 s), on the central screen. Then an attention
getter was played for 2 s, followed by the still picture presentation for 7 s on the left and right screens. The procedure was the same for the following trials 2e4 but without showing
the grey screen again, and by only playing the familiarization video one time for 22 s. The durations of the attention getter and the picture presentation were the same. (b) For the
delay trials, 2 days later, we showed only an attention getter, for 2 s, and the pictures for the preferential-looking phase, for 7 s (shown in the red box) for four trials in a row.
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We created the videos using ametronome set to 72 beats permin to
ensure equal timing across conditions. The model always appeared
from the right side and built the tower in the centre of the frame in
front of a grey background. Every video lasted 22 s. The still pictures
showed a photograph of the familiar tower and a novel, unfamiliar
tower. Both towers consisted of three wooden blocks, differing in
colour and shape (Figs A1).

After the test session, individuals took a 2-day break before they
were tested again in the delay session. In this session, individuals
did not see any familiarization video. Instead, they only saw pic-
tures of the familiarized tower next to another novel tower (a new
one compared to the test session see Fig A2) for four trials in a row.
Attention getters separated the trials to centralize the subject's
gaze before the pictures were presented to the left and right. See
Fig. 2 for a visualization of the procedure.

Measurements and Analyses

Our main measure was the relative looking time towards each
still picture (both during the first test and the delayed test). All
sessions were video recorded (160 videos). The researcher con-
ducting the study extracted the looking time using frame-by-frame
coding (25 frames per s) with the program Mangold Interact
(Mangold International GmbH, 2020; https://www.mangold-
international.com). The coding of the looking time started the
moment the attention getter disappeared from the central screen
and the pictures appeared on the outside monitors. As the testing
panel of the apes’ enclosure was reflective, we could see in it the
reflection of the monitors. Therefore, the exact moment the pic-
tures appeared and disappeared was visible and used to determine
the start and end of the coding. The coding only included looking
left or right during the picture presentation, and the side on which
the novel tower was presented was noted down in the metadata.
The in-build function of Mangold Interact was used to extract
accumulated looking times during each trial for each side. A second
reliability coder, blind to the study hypothesis and the study design,
coded 25% of the videos. Agreement between the raters was good
(percentage agreement for test sessions: 87.84%; percentage
agreement for delay sessions: 90.35%, calculated with Mangold
Interact). We decided to not code the looking time during the
familiarization videos, as previous studies with great apes (Howard
et al., 2017), macaques (Howard et al., 2018) and human infants
(Howard & Woodward, 2019) found no difference in looking time
during the familiarization.

For the looking time data, we used the raw looking times to
calculate for each trial the proportion of the time apes spent
looking at the screen displaying the novel tower (novelty response)
relative to the total looking time (i.e. the sum of times looking at
both towers). A value of 0 corresponds to the participant looking
only at the familiar tower. In contrast, a value of 1 corresponds to
looking only at the novel tower, and a value of 0.5 corresponds to
looking at both towers equally long. Research with human infants
uses a preference for the novel stimulus as a proxy for successfully
encoding the familiarized object, showing that if the individual has
already processed the familiarized tower successfully, they spend
more time looking at the novel one (Fantz, 1961). The novelty
response is a useful method to account for individual differences in
overall looking times and provides helpful information on prefer-
ences for one stimulus over the other when presented at the same
time. This score was further used in numerous studies on human
infants and makes the results easier to compare between studies
(e.g. Fisher-Thompson, 2017; Leeman-Markowski et al., 2024; for a
review see Pascalis & de Haan, 2003).

We performed a Bayesian beta regression on this data, model-
ling the proportional looking times as being drawn from beta

distributions parameterized in terms of the mean (between 0 and
1) and the precision phi (> 0, with higher values meaning reduced
variance). We used two separate linear models for the two pa-
rameters. For the mean, a logistic link model was used to investi-
gate our primary question of whether or not participants displayed
a novelty response (corresponding to a mean > 0.5) in either con-
dition. For the precision, a logarithmic link model, including total
looking time during the preferential looking phase as a predictor,
was used to make the regression robust against noisy data from
inattentive trials. With this, our model can accommodate a mixture
of strong systematic effects in trials where the participant spent all
or most of the time looking at the towers, withmuchweaker effects
in trials where the participant glanced at the towers only briefly
before looking away.

The linearmodel for themean included population level (‘fixed’)
effects of condition (social versus nonsocial familiarization), age,
interactions between age and condition, as well as presentation
side of the familiarized tower (left versus right) to account for
potential side biases and trial number to account for possible
decreased attention with time. We did not initially plan (preregis-
ter) to analyse the tower presentation side but decided to include it
as we noticed some side biases (see Figs A5, A6).We treated age as a
categorical variable, with three groups: infants (0e5 years,
N ¼ 13 over all species), juveniles (6e10 years, N ¼ 5 over all spe-
cies), and adults (>10 years, N ¼ 24 over all species), following Bray
et al. (2018), Rosati et al. (2023) and Sprockett and Moeller (2021).
We did not use z-transformed ages as preregistered but favoured
the age groups due to the small sample sizes for the younger in-
dividuals. However, we provide the preregistered model with age
as a continuous variable in the Appendix (Fig. A4). The model also
included group-level random effects of species on condition, age
and interactions to allow investigation of species differences in
developmental trajectories, as well as individual-level effects of
condition, side and trial number. Full specifications of both models,
including prior distributions and justifications for deviations from
the preregistered analysis, can be found in the Appendix. We used
the following formula: NR ~ 1 þ condition*age þ trial þ side. The
model included condition and side as random effects (formula: 1þ
side þ conditionjid; 1þ condition þ agejspecies). Priors over pa-
rameters were set as normal (mean ¼ 0.00, SD ¼ 1.50) distribu-
tions. The model's explanatory power was substantial (R2 ¼ 0.39,
95% confidence interval, CI [0.32, 0.45]), and the part related to the
fixed effects alone (marginal R2) was 0.19 (95% CI [0.09, 0.27]).

To increase comparability with the original study, we addi-
tionally analysed the looking time data using the same statistical
procedure used in the original study by Howard et al. (2017): a 2*2
(Condition: social/nonsocial by Tower: familiarized/novel)
repeated-measures analysis of variance (ANOVA; all factors within
subjects). The question was whether apes showed longer looking
times towards the novel tower in the social compared to the
nonsocial condition. Furthermore, separately paired t tests for each
condition were used to compare the looking times towards the
novel and the familiar tower. This analysis can also be found in the
Appendix.

For the heart rate, we used a contact-free measurement by
extracting the heart rate from video. This method was recently
evaluated in chimpanzees, by Wang et al. (2024). The authors of
that study compared the heart rate results taken from a finger
contact pulse sensor with a new method they developed. This
method, based on a pilot study with several zoo-housed animals
(Al-Naji et al., 2019), amplifies micromovements of the body in
response to a heartbeat within a videorecording. Wang et al. (2024)
compared the heart rates acquired with those two measurements
and yielded good agreement (Pearson correlation of 0.88 for the
reference chimpanzee ‘Hope’ between pulse sensor and video
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extraction). They further demonstrated a first application of the
method by comparing the heart rates of the apes in response to
watching different video stimuli, showing that the method is
suitable for extracting the heart rates of apes looking at stimuli on a
screen.

To analyse a change in the heart rate caused by the stimulus
presentation, a baseline heart rate and a heart rate during stimulus
presentation were extracted. Before the start of the first trial in the
test, we showed a grey screen matching the luminescence of the
demonstration videos, for 10 s. These 10 s were then used to esti-
mate a baseline heart rate. For the heart rate during stimulus pre-
sentation, we used the first 10 s of the demonstration videos. The
10 s result from the constraints of the heart rate method that we
used, which needs at least ten consecutive heart rate values
(equalling 10 s) to calculate an average heart rate that is compa-
rable to the values obtained from a finger contact pulse sensor (see
Wang et al., 2024). Studies on the correlation between heart rate
and attention showed distinct patterns between the first 5 s
(classified as stimulus orientation) and the following 5 s (classified
as sustained attention). After those 10 s, the preattention termi-
nation starts (Colombo et al., 2001; Richards& Casey,1991), and the
heart rate returns to prestimulus levels during attention termina-
tion (Colombo et al., 2001; Lansink & Richards, 1997). Similar pat-
terns have been shown in chimpanzees and gorillas (Berntson &
Boysen, 1984). We expected that the heart rate change would
only occur in response to seeing the model for the first time. We
followed Boysen and Berntson (1986), who showed that the
magnitude of heart rate change was reduced across sessions.

The extraction of the heart rate always follows the same
mechanism (Fig. A3). First, the video is uploaded into the system
frame by frame. In the first frame, we then manually determined
the region of interest (ROI) as a bounding box. This region is used to
extract subtle motion information of the body that is caused by
cardiopulmonary activity (including heart rate). The motion infor-
mation is extracted from intensity changes in the video, which was
separated from the colour information in the second step of the
workflow. This was necessary as we video recorded the sessions in
RGB colour space. The intensity channel informationwas then used
to compute the cardiac signal by averaging the intensity pixel
values of frame sequences from the ROI with the following formula:
iY ðtÞ ¼ Sx;y2ROIIðx;y;tÞ

jROIj . I(x, y, t) describes the intensity pixel value at the
image location (x, y) at time t from the recorded frames, and jROIj is
the size of the detected ROI. As not only the cardiac signal causes
subtle body movements, but also breathing, we needed to separate
those two signals. Breathing and cardiac activity produce oscilla-
tions of different frequencies, with breathing being associated with
low frequencies (0.25e0.8 Hz) and cardiac activity producing
higher frequencies (1.5e4.2 Hz). The distinction between the two
frequencies was done by using a band-pass filter (Butterworth
coefficients, third order).

In the last step, we used a peak detection method to determine
the specificities of the peaks in the heart rate signal (periodicity,
their locations and the amount). We computed the heart rate using
the following equation:

heart rate¼60
pFr
n

where p is the number of peaks, n is the number of frames, and Fr is
the frame rate. An implementation can be found here and is open
for usage: https://github.com/ccp-eva/cardiac_signal_chimp. A
visualization of the pipeline can be seen in Fig. A3.

To analyse the heart rate data, we used a Bayesian linear mixed
model, assuming a Gaussian distribution for the difference in ab-
solute heart rate (HR) between a baseline measurement and a

measurement taken after the presentation of the first familiariza-
tion video of each type. Positive values of HR corresponded to an
increase in the heart rate during stimulus presentation, while
negative values corresponded to a decrease. The population and
group level effects in this model were identical to those for the
mean of the beta regression detailed above, except for the side
variable, whichwas irrelevant for the HR and thus not included. Full
model specification, including priors’ distributions, can be found in
the Appendix.

All Bayesian models were fitted in RStudio version 4.3.0 (R Core
Team, 2021; https://www.r-project.org), using brms version 2.19.0
(Schad et al., 2023).

Ethical Note

The joint ethical committee of the Max Planck Institute for
Evolutionary Anthropology and Leipzig Zoo approved this study.
The study complies with the Weatherall report titled ‘The use of
nonhuman primates in research’ (Academy of Medical Sciences &
Weatherall, 2006), the EAZA Minimum Standards for the Accom-
modation and Care of Animals in Zoos and Aquaria (EAZA, 2014),
the WAZA Ethical Guidelines for the Conduct of Research on Ani-
mals by Zoos and Aquariums (Mellor et al., 2015), and the ASAB/
ABS's Guidelines for the Treatment of Animals in Behavioural
Research and Teaching (ASAB/ABS, 2012). IAUCUC approval was not
necessary to conduct this research. Testing was always voluntary;
the individuals were not food nor water deprived, and a trained
animal caretaker did the handling. Terminating the test and
returning to their social group was always possible during the test.
We did not separate infants from their mothers.

RESULTS

Looking Time Analysis During the Test

Species effects were small relative to population effects (not
excluding zero; see Figs A5 and A6), which is why all species are
reported together. In agreement with our prediction, the analyses
revealed very strong evidence for a positive influence of the social
manipulation on the NR in adults (posterior probability of 0.99 for a
positive effect of social condition; highest density interval, HDI:
0.13, 1.38, N ¼ 23). Adults looked longer at the novel tower in the
social condition, with a posterior mean proportional looking time
of 0.63 and a 95% highest probability density (HPD) interval entirely
excluding 0 ([0.53, 0.73]). In contrast, there was no clear preference
in the nonsocial condition (posterior mean 0.51, 95% HPD [0.40,
0.61]).

However, contrary to our initial prediction, infants (0e5 years of
age) did not show differences in their novelty response between
the conditions (posterior probability of 0.21 for a positive effect of
social condition; HDI: e0.73, 0.32, N ¼ 12). They did not develop a
strong NR in either of the conditions (posterior mean social 0.49,
95% HPD [0.38, 0.61], posteriormean nonsocial 0.54, 95% HPD [0.44,
0.65]). For the mid-aged group of juveniles (6e10 years of age), we
found similar results (posterior probability of 0.81 for a positive
effect of condition; HDI:e0.55,1.32,N ¼ 5), showing nomeaningful
NR in either of the conditions (posterior mean social 0.47, 95% HPD
[0.30, 0.66], posterior mean nonsocial 0.42, 95% HPD [0.26, 0.59]).
However, although not statistically meaningful, the posterior dis-
tribution of the juveniles was somewhat in between the pattern
seen in infants and adults, going in a similar direction as the adults
with higher novelty responses in the social condition compared to
the nonsocial one. The model's posterior distribution, alongside the
raw data, is presented in Fig. 3.
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Heart Rate Analysis

The heart rates reported here all refer to baseline-corrected
heart rates (HR stimulus e HR baseline). Our model revealed a
meaningful difference in heart rates between the two conditions
for the adult apes (posterior probability of 0.97 for an effect of
condition; HDI: e20.90, 0.22). Compared to the baseline, the heart
rate decreased in the social condition and increased in the nonso-
cial one. For infants and juveniles, the heart rates did not differ
between conditions (infants: posterior probability of 0.66, HDI:
e7.38, 11.31; juveniles: posterior probability of 0.28, HDI: e19.30,
11.70). For infants, the heart rate did not change significantly from
baseline for any of the conditions (social: 95% HPD [e10.8, 10.8],
nonsocial: 95% HPD [e11.0, 6.74]), while for juveniles, the heart rate
increased in both conditions slightly. Fig. 4 shows the model's
posterior distribution. Additional exploratory analyses investi-
gating the correlations between heart rate and looking times that
we did not preregister are in the Appendix.

Looking Time Analysis During the Delay

We repeated the preferential looking phase to test whether the
SME remained after a 2-day delay, using the familiarized tower
next to another novel tower. Our model revealed that after a 2-day
delay, therewas nomeaningful effect of condition on the NR for any
of the age groups (infants: posterior probability for a positive effect
of condition of 0.21, HDI: e0.85, 0.31; juveniles: posterior proba-
bility of 0.47, HDI: e1.06, 0.96; and adults: posterior probability of
0.53, HDI: e0.71,0.69). Fig. 5 shows the model's posterior distri-
bution. Furthermore, in neither the social nor the nonsocial con-
dition did the values differ significantly from a null preference of
NR ¼ 0.5 (see Exploratory Analyses in the Appendix).

DISCUSSION

Our data showed that the findings by Howard et al. (2017),
suggesting that great apes remember a tower better when built by a
social model (hand) compared to when built by a nonsocial model
(mechanical claw), are robust by testing a larger, independent

sample of nonhuman great apes, adding two new species (Suma-
tran orang-utans and bonobos). Crucially, our heart rate data
showed that this social memory effect in nonhuman great apes is
likely driven by increased covert attention to social over nonsocial
demonstrations. The heart rate changes differed between the
conditions and complemented our looking-time findings.
Compared to the baseline, the heart rate increased in the nonsocial
condition and decreased in the social condition. These changes
align with previous studies using heart rate as a measurement for
attention (Cobos et al., 2018; Colombo et al., 2001) and arousal
(Ishikawa & Itakura, 2019; Wascher, 2021). We conclude therefore
that the adult apes showed increased attention during the
demonstration videos in the social condition (decreased heart rate)
and increased arousal in the nonsocial one (increased heart rate). In
contrast to our initial predictions, we did not find a memory-
enhancing effect of the social model in great ape infants and ju-
veniles. Neither the looking time nor the heart rate measurements
yielded differences between the conditions for those age groups,
whichmight be a result of the methods used or of a late onset of the
SME in nonhuman great apes. For adults, the SME vanished within
2 days. By combining heart rate and looking times with a delay
condition for memory retention, we gained additional insights into
the underlying mechanisms of the SME. We hope that with this
study we break the ground for future research to study similar
questions with thesemethods.We showed that themethods can be
applied to a large sample of great apes ranging from infancy to
adulthood in a zoo setting.

With further evidence of the SME, our results support the hy-
pothesis that the special importance of social stimuli is evolution-
arily rooted in primate cognition, guiding individuals' attention
towards the most relevant stimuli and fostering social learning
(Salley& Colombo, 2016). At least for adult apes, even amodel from a
different ape species (i.e. human) can enhance memory. This
conclusion was supported both by the looking time and the heart
rate data. Using camera-based heart rate measurements, we estab-
lished a promising contact-free tool for assessing psychological
states like attention and arousal in great apes, including infants and
juveniles. Researchers previously used heart rate change measure-
ments in human infants to infer attention shifts. For instance, Elsner
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Figure 3. Novelty response (NR) for the two conditions. Violin plots represent the model's posterior distribution, while the dots show the raw data (mean NR per individual). Red
represents the nonsocial condition and blue the social condition. The lines show the 25% and 75% quantiles and the mean. The dashed line represents the chance level.
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et al. (2006) showed that heart rate and behavioural measures were
related to an object recognition task. In phases of increased attention
(i.e. examination), the heart rate decreased, while participants’ HR
was highest in periods without visual attention. Our heart rate data
point in similar directions. For adult apes, the decreased heart rate
during the social condition suggests theyweremore attentive during
the social familiarization videos. While total looking times, in gen-
eral, might not reliably tell us whether an individual was paying
attention while watching (Wilson et al., 2023), changes in heart rate
can provide complementary information about the attentional state
of an individual (Colombo et al., 2001; Elsner et al., 2006). While
other researchers claim that monkeys seem to be more attentive to
changes in their environment (e.g. external stimuli) if their arousal

level is high (Aston-Jones et al., 1999), we propose that this does not
imply that they are necessarily more open to memorizing those
external stimuli. Our results support the hypothesis that the opposite
could be true: that increased arousal interferes with memory (Costa
et al., 2022). This seems to be supported by our results in the
nonsocial condition for the adults and in both conditions for the
younger age groups. Infants and juveniles showed a slight increase in
the heart rate (modest arousal) in both conditions. This suggests that
neither infants nor juvenile apes showed increased attention while
watching the familiarization videos. If they did, we would expect to
see a deceleration in heart rate as we did for the adults (Elsner et al.,
2006). The results further support this hypothesis as adults also did
not memorize the tower in the condition where they showed an
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Figure 4. Heart rate (HR) changes for the two conditions. Violin plots represent the model's posterior distribution, while the dots show the raw data (baseline corrected HR per
individual). Red represents the nonsocial condition, and blue the social condition. The lines show the 25% and 75% quantiles and the mean.
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Figure 5. Novelty response (NR) after delay for the two conditions. Violin plots represent the model's posterior distribution, while the dots show the raw data (mean NR per
individual). Red represents the nonsocial condition and blue the social condition. The lines show the 25% and 75% quantiles and the mean.
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acceleration in heart rate (nonsocial condition) but only in the con-
dition with the HR deceleration (social condition). However, we
cannot exclude the possibility that the methods we used were not
suitable to test the SME in the younger age groups, as the method
had previously only been tested with adult chimpanzees (Wang
et al., 2024), and heart rate changes might differ between infancy
and adulthood (Berntson et al., 1989).

Another possibility is a late developmental onset of SME in
nonhuman great apes. Social stimuli are prioritized in many pri-
mate adults (e.g. Machado et al., 2011; Maylott et al., 2020; Myowa-
Yamakoshi & Tomonaga, 2001; Nguyen et al., 2013; Simpson et al.,
2017). However, this might not necessarily be similarly true for
infants across species. Demands on early social orientation and
cognition vary across primates. For example, infants in some pri-
mate species receive allomaternal care (e.g. Dunayer & Berman,
2018). In these species, alloparents are a highly relevant resource
for infant survival. Physical, communicative and cognitive charac-
teristics that increase chances for social interactions ensure a
higher likelihood of receiving allomaternal care (Hrdy & Burkart,
2022). Hence, we might, for example, expect infants in coopera-
tively breeding primates to show higher social motivation and
increased social attention than in great ape species.

However, other explanations remain for the missing SME in
subadult nonhuman great apes. The current stimuli might not have
been remembered well by the infants and juveniles because they
were either too complex, too similar in appearance, or not relevant
enough for them. Also, we applied the same timing of the famil-
iarization videos and the still pictures that we used with adults,
which might not be appropriate for infants. In human infants,
interpreting preferences for either stimulus based on looking times
is not straightforward either (Mather, 2013). Infant visual prefer-
ences can be influenced by the age of the infant, the amount of
previous exposure to the stimuli and the task difficulty (Hunter &
Ames, 1988), as well as the object category itself (Park et al.,
2010). For instance, in some studies, shorter exposure during
familiarization failed to elicit a preference for the novel stimulus
(Courage & Howe, 2001; Rose et al., 1982). We need to be careful to
draw conclusions based on a lack of novelty preference in our
sample, because there are too many factors that seem to influence
the looking time behaviour. For instance, in infant great apes, we
unfortunately do not knowwhich timing would have been the best
to elicit a NR, nor whether the used stimuli are appropriate for the
age groupwe tested. Given that we did not find a NR in either of the
conditions, the following explanations might apply. It is possible
that the infants needed more time to process these specific stimuli,
as processing speed depends on age in humans (Colombo et al.,
1988; Rose et al., 1982), or that using more ecologically relevant
stimuli (e.g. objects that they encounter in their everyday life)
might have elicited the expected response. Furthermore, the
defined age range for infancy that we used (0e5 years) might have
been too broad, and therefore it is possible that we measured
different phenomena between individuals of different ages. It is
also important to mention that the sample size between the age
groups (N ¼ 13 for infants, N ¼ 5 for juveniles, N ¼ 24 for adults)
was skewed towards more adults than younger apes, which makes
it difficult to draw conclusions for infants and especially for juve-
niles. Also, we want to emphasize the importance of more studies
on general attention and its development in great apes to inform
our criteria in developmental eye movement and studies based on
looking times. Method development is a crucial part of develop-
mental and comparative research, to be able to explain null results.

Similarly, the heart ratemeasurement has only been validated in
adult great apes. It is possible that the timewindowof 10 s for heart
rate extraction is not well suited for studies with infant apes. It is
also possible that social stimuli might not decrease the heart rate

for young individuals or that other factors influenced the heart rate
more strongly; for instance, the circumstances of the testing envi-
ronment. The slight increase in the heart rate we saw in infants and
juveniles could represent a state of general arousal in response to
the novelty of being in the testing situation, negatively impacting
memory encoding.

Furthermore, for younger apes, it is not clear if/how the model's
identity influences whether or not social learning occurs. Prior
studies with mother-reared captive chimpanzees showed limited
success in learning from a human demonstrator, even in adult in-
dividuals and a live human model (Hopper et al., 2015). In our task,
the hand represents a diminished social stimulus, which might not
be ‘social enough’ to elicit social attention in great ape infants with
limited human experiences. Our infants are raised by their mothers,
who, therefore, constitute their most important social entities. The
human model might be more meaningful for older apes than
younger ones due to their extensive interaction with human care-
takers. It is likely that the hand is strongly associated with (food)
rewards and therefore adult apes might have been more attentive
during the hand condition. The claw, however, is unfamiliar to all
apes in our sample, which might be another reason why the tower
built by the claw was not memorized by any age group.

Our results add support to the hypothesis that specific experi-
ences are needed to be able to learn from specific media, such as a
video. Hopper et al. (2015) showed that chimpanzees failed to learn
a tool-using task from a video demonstration of a conspecific
solving the task. The same was true for individuals confronted with
a ghost display, even when the individuals were tested in a group
setting. It seems likely that for individuals lacking exposure to
monitors, learning from a video is challenging.While our adult apes
already had experience with monitors, it was the first time for the
younger individuals in our sample. Because we used a human
instead of a conspecific hand, we cannot tell with certainty that the
missing effect in ape infants is due to a developmental difference
between humans and great apes. Human infants start to expect a
hand to behave intentionally, for instance, reaching for an object
that the hand has reached previously, at six months of age (Cannon
& Woodward, 2012; Woodward, 1998). We do not know yet when
this ability develops in great apes, just that adult apes can make
action predictions for a human hand (Kano & Call, 2014). Poten-
tially, the human hand did not represent/imply a social agent for
younger apes or elicit respective memory effects as it does for the
older apes. We suggest that the paradigm used in its current set-up
might be challenging for testing the SME in younger apes. If agency
attribution drives the effect, using stimuli that increase the likeli-
hood of being interpreted as a social entity (agent) for all age groups
might be beneficial. Future studies might also investigate whether
great ape infants attribute goals to the socially reduced human
hand, and further test more relevant stimuli, like a conspecific
hand. With these and other modifications, future researchers can
hopefully apply and advance our paradigm to investigate the SME
in different primate species of various ages.

The absence of a SME after a delay in our study indicates that the
SME in nonhuman great apes reflects attentional and short-term
memory effects occurring right after stimulus presentation (im-
mediate recognition) rather than long-term memory effects. These
findings are not surprising, as previous studies with human infants
found ambiguous results when retesting the NR after a delay
(Pascalis & de Haan, 2003). Several factors might influence the
persistency of the novelty response, including the timing of the
stimuli presentation after familiarization (Cornell,1974), duration of
the familiarization (Rose et al., 1982), stimuli complexity (Nelson,
1995; Sophian, 1980), as well as the interaction between familiar-
ization duration and age (Richards, 1997). Even when using similar
designs, researchers found different results within the same age
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group (Courage&Howe,1998). One question iswhether theHoward
et al. (2017) design taps intomemory at all or whether it is rather an
attentional effect, given that the preferential-looking test is done
right after the video presentation. In the human infant literature,
using preferential-looking tests and measuring their novelty
response is not necessarily interpreted as long-term memory to-
wards the familiarized stimulus, but rather in terms of immediate
recognition (Saayman et al., 1964). Using the NR as a memory
measurement can only be interpreted as an inference and does not
reflect a definitive measure for processing and recognition, but
looking behaviour as a form to assess memory remains still widely
used in science (for a review see Meister & Buffalo, 2016). It is
important to note that the study might not reflect the (social)
memory capacities of great apes. Chimpanzees and bonobos can
remember a conspecific that they have not seen for several years up
to decades (Lewis et al., 2023), and single events that apes have
experienced only one time can be remembered at least for 24 h from
a video (Kano & Hirata, 2015) or several weeks from real-life food
hiding events (Lewis et al., 2017). Therefore, the missing NR of the
apes in our task is unlikely the result of poor memory capacities.

Conclusion

In conclusion, our results support the hypothesis that social
models enhance memory in great ape adults. Our results further
help to better understand the underlying mechanisms and the
nature of the effect. By measuring the heart rate of the apes during
the familiarization phase, we could show that adults paid more
attentionwhile watching the social model. This increased attention
seems to drive the memory-enhancing effect of the social model.
We also showed that this is a short-term effect that fully decayed
after 2 days. Lastly, we did not find the effect in younger apes (in-
fants and juveniles), but more research is needed to confirm
whether or not this is a developmental effect and, therefore, differs
between humans and great apes.
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Appendix

Table A1
Subject information

Species ID Age (years) Sex Condition first1 Familiar
tower2

Side balance3 New tower
in delay trials4

HR available?
(Y/N)5

Data missing6

Chimpanzee Azibo 6 M Nonsocial A RLRL D Y
Chimpanzee Bambari 21 F Social A RLRL C Y
Chimpanzee Dorien 42 F Nonsocial B LRLR D Y
Chimpanzee Frank 2 M Nonsocial A LRLR C Y HR social
Chimpanzee Fraukje 45 F Social B RLRL D Y
Chimpanzee Frodo 28 M Nonsocial B LRLR C Y
Chimpanzee Kisha 17 F Nonsocial A LRLR C Y HR social
Chimpanzee Makeni 3 M Social A LRLR C Y
Chimpanzee Ohini 5 M Nonsocial A RLRL D Y
Chimpanzee Robert 46 M Social A RLRL C Y
Chimpanzee Sandra 28 F Nonsocial B RLRL C Y
Chimpanzee Shanga 10 F Nonsocial B LRLR D Y
Chimpanzee Swela 26 F Social A LRLR D Y
Chimpanzee Tai 19 F Social B RLRL C Y
Chimpanzee Youma 3 F Social B LRLR C Y
Chimpanzee Carola 1 F Social B RLRL D Y
Chimpanzee Alex 20 M Social A RLRL D Y
Chimpanzee Daza 35 F Nonsocial B LRLR C Y
Chimpanzee Friederieke 46 F Nonsocial A LRLR C Y
Chimpanzee Hope 31 F Nonsocial A RLRL D Y
Chimpanzee Zira 24 F Social B LRLR D Y
Orang-utan Raja 18 F Social A LRLR C Y
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Table A1 (continued )

Species ID Age (years) Sex Condition first1 Familiar
tower2

Side balance3 New tower
in delay trials4

HR available?
(Y/N)5

Data missing6

Orang-utan Lursa 3 m F Social A LRLR C Y LT data all
Orang-utan Pini 33 F Social B RLRL D Y
Orang-utan Padana 24 F Social B RLRL D Y
Orang-utan Dokana 32 F Nonsocial A LRLR D Y
Orang-utan Sari 4 F Social B RLRL C Y
Bonobo Hodari 1 M Non-social B RLRL C Y HR social, delay social
Bonobo Kasai 8 M Nonsocial A LRLR D Y
Bonobo Kuno 24 M Nonsocial A LRLR D Y HR social
Bonobo Lexi 22 F Nonsocial B RLRL C Y HR social, delay social
Bonobo Luiza 16 F Social A RLRL C Y
Bonobo Sumai 3 M Social B LRLR D Y Delay social
Bonobo Tayo 5 M Nonsocial B RLRL C Y HR social
Bonobo Yaro 8 M Social B RLRL C Y HR social
Bonobo Yasa 24 M Social B LRLR D Y
Bonobo Gerda 5 m F Social A RLRL C Y
Gorilla Diara 7 F Nonsocial B RLRL D Y
Gorilla Kianga 5 F Social B RLRL C Y HR social
Gorilla Kibara 17 F Social B RLRL C Y LT data all
Gorilla Kumili 17 F Social B LRLR D N
Gorilla Kio 4 M Nonsocial A RLRL C Y

1 This column shows which condition the subject participated in first. If the first condition was the social condition, then the next condition was the nonsocial one.
2 This column shows which tower was the tower shown during the familiarization phase (images of the towers can be found in Fig. A1) If the familiarized tower was Tower

A, the novel tower during the preferential looking phase was Tower B and vice versa.
3 This column shows the side balance of the towers (L ¼ left monitor, R ¼ right monitor) for the four preferential-looking trials. If the order during the first condition was

RLRL, the order for the second condition was reversed (LRLR) and vice versa.
4 This column shows which tower (see Fig. A2) was used as a novel tower during the delay trials. Note that the familiarized tower was still the same during the test trial.
5 Not every individual provided reliable heart rate (HR) data. This column shows which individual provided HR data (Y ¼ yes) and which did not (N ¼ no).
6 Technical issues led to data loss for some individuals, which we report in this column. Note that this explains the different sample sizes reported in the Results section.

Figure A1. Towers that were used during familiarization in the test together with the two different models. (a) Tower A together with the social model (hand). (b) Tower B with the
nonsocial model (claw). Individuals who saw Tower A during the familiarization videos of the test had Tower B as the novel tower during the preferential-looking phase and vice
versa. (Images of all the stimuli used in this study can be downloaded from the OSF repository at https://osf.io/d32jz/. Images of the attention getter are not provided here, but can
also be found on OSF.)

Figure A2. Towers that were used as novel towers during the delay trials. (a) Tower C. (b) Tower D. These towers were not used for familiarization.
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Statistical Model Specification

Bayesian models for the looking time during test and delay
For the looking time, each individual produced two data points

per trial, the time looking at the familiar tower (tf) and the time
looking at the novel tower (tn). The sum of these two times is
denoted as overall attention time (ta ¼ tf þ tn). Because it must
always be the case that ta # 7 s, it is not appropriate to model tf and
tn as independent random variables. We chose to model the pro-
portion of attentive time spent looking at the novel stimulus (pn),
resulting in a value between 0 and 1. A preference for viewing the
novel tower corresponds to a mean value of the pn (novelty
response, NR) above 0.5, while a preference for viewing familiar
stimuli corresponds to a mean value below 0.5. A value of exactly
0.5 indicates no preference in either direction. Research with hu-
man infants uses the preference for the novel stimulus as a proxy

for successful encoding of the familiarized tower. The logic here is
that if the individual has already processed the familiarized tower
successfully, they should spend more time looking at the novel
tower (NR; Fantz, 1961). The higher the NR, the more distinct the
difference in encoding between the two towers.

We performed a beta regression on the data, where values of pn
are assumed to be distributed according to the beta distribution,
using a parameterization in terms of the mean m and the precision
F (higher values reduce the distribution's variance).

We used distinct linear models for these two parameters. The
mean m, which must lie between 0 and 1, was modelled using a
logistic link function and a linear predictor (detailed below) with
population-level effects of age, trial number, side of the familiarized
tower (this variable was not preregistered; explanation below),

Recorded video
Extracted ROI

Convert RGB colour to Ycbcr colour

Band pass
filter

Averaged
signal Y(t)

Y

Y
(Intensity channel)

Cb Cr

Selected the
most
qualified
component

CEEMDAN
Band pass
filter

Peak detection

Heart rate
Figure A3. Pipeline for the heart rate extraction (based on Wang et al., 2024). The extraction always follows the same procedure: (1) Feeding of the video frame by frame into the
system. (2) Manually selecting the ROI as a bounding box. (3) Converting RGB colour space to YCbCr space to separate the intensity information from the colour information. (4)
Averaging the intensity pixel values of frame sequences from the ROI. (5) Using a band-pass filter to distinguish between the low-frequency breathing signal and the high-frequency
cardiac signal. (6) Decomposing the original signal into intrinsic mode functions (IMFs) with instantaneous amplitude and frequency data (CEEMDAN). (7) Carrying out a peak
detection method.
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condition (social versus nonsocial familiarization) as well as the
interaction between age and condition, allowing us to investigate
whether looking preference differed between conditions. We
included group-level (random) effects of the individual and/or
species on all terms of the model. The precision F, which must be
greater than 0 but has no upper bound, was modelled using a
logarithmic link function and a linear predictor with an effect of
attentive time ta in addition to the condition (not preregistered;
explanation below) and the intercept. This second linear model
allowed the overall beta regression to account for the possibility
that in trials where the subject spent relatively little time looking at
either stimulus, the proportion of time looking at the novel stim-
ulus may not be as reliably predictable from the condition. The
complete model specification is below. Subscripts of ij refer to the j-
th trial of participant i. Participant i's age is denoted ai and the
species si. Initially, we planned to use z-transformed ages, but due
to low sample sizes for younger individuals, we decided to code age
as age groups with infants (0e5 years), juveniles (6e10 years) and
adults (>10 years). These age groups were taken from Rosati et al.
(2023), Sprockett and Moeller (2021) and Bray et al. (2018). The
per-species random intercepts and random age slopes allowed the
model to capture differences in developmental trajectories across
species. We further decided to include the side of the familiarized
tower in the model, as we realized that some individuals had a side
bias (see Figs A5, A6). We also added the condition in the second
model.

The looking time model (used for the test as well as the delay
trials) had the following structure:

bf(Novelty Response ~ 1 þ condition_dummy*age þ trial þ
side_dummy þ (1þ side_dummy þ condition_dummyjid) þ (1þ
condition_dummy þ agejspecies),

phi ~ LTTotal þ condition_dummy),
prior ¼ prior(normal(0,1.5), class¼‘Intercept’) þ
prior (normal(0,0.7), class ¼ ‘b’, coef ¼ ‘condition_dummy’) þ
prior (normal(0,0.10), class ¼ ‘b’, coef ¼ ‘trial’) þ
prior(normal(3.5,1.25), class ¼ ‘Intercept’, dpar ¼ ‘phi’) þ
prior(normal(0,0.357), class ¼ ‘b’, dpar ¼ ‘phi’) þ
prior(exponential(5), class¼‘sd’))

Explanations. For the first model we used a beta distribution for the
novelty response. For the two experimental conditions, we
dummy-coded them as e0.5 and 0.5 (condition_dummy) so that
the intercept referred to the average looking time proportion over
both conditions. We set a prior on the intercept, corresponding to a
95% interval of approximately [0.05, 0.95], as well as a prior on bC,
the effect of condition, so that, in conjunction with the prior on bI,
95% of the prior probability mass corresponded to parameter values
such that the difference in looking time proportion between the
two conditions did not exceed 0.5. Another prior was set on bT to
reflect the expectation that trial effects would be considerably
smaller than any other effects. We further used a regularizing
hyperprior on random effect standard deviations, which were not

preregistered. We decided to change from the rather loose brms’
default hyperprior on random effect standard deviations to the
tighter regularizing exponential prior (denoted in line 10) as we
realized that the default prior does not work well with the inverse
logit link function.

In the second model, we used a linear model for looking-time
precision. The priors on bI and bT were set so that 95% of the
prior probability mass corresponded to pairs of parameters such
that as the total looking time varied between 0 and 7, log () did not
become lower than 1.0 or higher than 6.0. These bounds, in turn,
corresponded to beta distributions whereby if the mean ¼ 0.5,
then, at one extreme (log() ¼ 1.0), 95% of the probability mass lay
between approximately 0.05 and 0.95 (i.e. the model predicted
highly variable responses), while at the other (log() ¼ 6.0), 95% of
the probability mass lay between approximately 0.45 and 0.55 (i.e.
the model predicted highly regular responses).

However, we also want to provide the results of the originally
preregistered analysis using z-transformed age as a predictor. The
model had the following structure (model summary shown in
Table A2):

NR ~ 1þ condition_dummy*age_zþ trialþ side_dummy þ (1þ
side_dummy þ condition_dummy j id) þ (1 þ condition_dummy þ
age_z j species),

phi ~ LTTotal þ condition_dummy
Importantly, the results are in line with the model using age

groups: with an increase in age, there is an increasing positive ef-
fect of the social model (posterior probability of 0.94, HDI: e0.07,
0.55).

Analyses based on the original study
Further, we used the same statistical procedure used in the

original study by Howard et al. (2017): a 2 (Condition: social,
nonsocial) * 2 (Tower: familiarized, novel) repeated-measures
analysis of variance (ANOVA; all factors within subjects). We
wanted to examine whether subjects showed higher looking times
towards the new tower in the social over the nonsocial condition
and to provide a direct replication of the original study, we addi-
tionally conducted the original group level 2*2 (Condition*Tower)
repeated measures ANOVA, which demonstrated a significant main
effect of Tower (F1,38 ¼ 6.38, P ¼ 0.02), revealing that as a group,
subjects looked longer to the novel tower (mean ¼ 1.57 s,
SD ¼ 0.88 s) than the familiar tower (mean¼1.26 s, SD¼0.52 s).
We ran the same analysis for each age group separately and found
no significant effects of condition or tower for infants and juveniles.
For adults, there was a significant effect of the tower (F1,21¼10.8,
P< 0.01), showing that they looked longer towards the novel
(mean ¼ 1.77 s, SD ¼ 1.03 s) compared to the familiar tower
(mean ¼ 1.24 s, SD ¼ 0.51 s).

Following the original study, we also compared the looking
times towards the novel and the familiar tower within each con-
dition separately. In the social condition, subjects (as a group)
looked significantly longer towards the novel than the familiar

Table A2
Model output for the species effects

Regression coefficients Estimate Estimated error l-95% CI u-95% CI Rhat Bulk_ESS Tail_ESS

Intercept 0.14 0.18 e0.23 0.49 1.00 7234 6043
phi_Intercept e0.62 0.15 e0.91 e0.33 1.00 9793 8063
Condition_dummy 0.21 0.17 e0.12 0.56 1.00 7752 6139
Age_z 0.12 0.14 e0.15 0.41 1.00 4876 4855
Trial 0.01 0.05 e0.10 0.11 1.00 12202 7113
Side_dummy 1.07 0.28 0.54 1.62 1.00 4336 6285
Condition_dummy:age_z 0.23 0.15 e0.07 0.52 1.00 13418 7345
phi_LTTotal 0.26 0.05 0e16 0.36 1.00 5586 7356
phi_condition_dummy e0.38 0.14e0.65 e0.12 1.00 10788 7771

M. Padberg et al. / Animal Behaviour 221 (2025) 123081 15



 42 

 

tower (mean fam ¼ 1.17 s, mean nov¼ 1.69 s; t38 ¼ e2.93,
P ¼ 0.01). In the nonsocial condition, in contrast, we found no dif-
ference in looking times towards the towers (mean fam ¼ 1.35 s,
mean nov¼ 1.44 s; t38¼ e0.84, P ¼ 0.40).

We further performed the same test for the different age groups
separately. In accordance with the results of our Bayesian analyses,
infants and juveniles did not differentiate between the novel and
the familiar tower, neither in the social (infants: mean fam ¼ 1.34,
mean nov¼ 1.45; t11¼e0.44, P ¼ 0.67; juveniles: mean fam ¼ 1.09,
mean nov¼ 1.16; t4 ¼ e0.24, P ¼ 0.82) nor in the nonsocial con-
dition (infants: mean fam ¼ 1.25, mean nov¼ 1.30; t11 ¼ e0.27,
P ¼ 0.80; juveniles: mean fam ¼ 1.41, mean nov¼ 1.07; t4 ¼ 1.41,
P ¼ 0.23). Adults, however, looked significantly longer towards the
novel tower compared to the familiar tower in the social condition
(mean fam ¼ 1.10, mean nov¼ 1.95; t21 ¼ e3.24, P < 0.01), but not
in the nonsocial condition (mean fam ¼ 1.38; mean nov¼ 1.59,
t21 ¼ e1.45, P ¼ 0.16).

Bayesian models for the heart rate measurement
For the heart rate model, we used a Gaussian/normal linear

model for the difference in absolute heart rate (denoted DHR) be-
tween a baseline measurement and a measurement taken after the
presentation of the first familiarization video of each type. Positive
values of DHR corresponded to an increase in heart rate after
stimulus presentation, while negative values corresponded to a
decrease. The structure of the linear predictor was identical to that
of the mean of the beta regression above, while the priors were
different. The model had the following structure:

hr_corrected ~ 1 þ condition_dummy þ age þ condition_dummy
*age þ(1þ condition_dummyjid) þ (1þ condition_dummy þ agej
species),

prior ¼ prior(normal(0,10), class¼‘Intercept’) þ
prior (normal(0, 10), class ¼ ‘b’, coef ¼ ‘condition_dummy’)

Explanations. For the heart rate model, we used the baseline cor-
rected heart rate, which was normally distributed. We coded the
condition in the same way as with the looking time model (see
above). Based on pilot experiments with the heart rate apparatus
showing changes not exceeding 10 bpm across a range of videos, we
set priors on bI and bC (the intercept and effect of condition) such
that 95% of the prior probability mass corresponded to the
parameter values above.

Species effects
The species effect results did not exclude zero, and were

therefore interpreted as small compared to the condition effects. As
a result, we reported all species together. The small effects might
have been caused by the small sample size per species, especially
for gorillas (N ¼ 5) and orang-utans (N ¼ 6).

Table A3
Model output for the species effects

Estimate Estimated error Q2.5 Q97.5

Condition_dummy
Bonobo e0.030 0.156 e0.428 0.254
Chimpanzee e0.053 0.158 e0.469 0.203
Gorilla 0.067 0.193 e0.235 0.591
Orang-utan 0.001 0.160 e0e352 0.346

Age 5e10
Bonobo 0.038 0.225 e0.383 0.555
Chimpanzee e0.095 0.245 e0.723 0.258
Gorilla 0.068 0.246 e0.333 0.684
Orang-utan e0.002 0.259 e0.540 0.550

Age adult
Bonobo 0.001 0.143 e0.315 0.311
Chimpanzee e0.011 0.133 e0.309 0.260
Gorilla 0.007 0.176 e0.342 0.391
Orang-utan 0.009 0.139 e0.284 0.332
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Figure A4. Species effects for the posterior mean.
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Exploratory Analyses

Side bias
Before analysing the data, we used visual inspection on the in-

dividuals’ side choices to see which individuals showed a side bias
(see Figs A5, A6). For both sessions (test and delay) we found
several individuals with a side bias, which led us to include the side
in our Bayesian model (see above).

Novelty responses between trials
As the first trial in the test session is distinct from the other trials

(2e4) in a way that the familiarization videos are shown three
times in a row (compared to only one time in the following trials),
we explored whether there were differences in the novelty re-
sponses between the first trial and the following trials. We
computed a paired t test to compare the novelty response between

the first trial and the remaining trials, and we did not find a sig-
nificant difference (t77 ¼ e0.25, P ¼ 0.8).

Novelty responses against chance
We computed a t test to see if the novelty responses were

significantly different from chance (NR ¼ 0.5). In the social condi-
tion, the novelty response is significantly higher than expected by
chance (t38 ¼ 2.54, P ¼ 0.02, x ¼ 0.55), but not in the nonsocial
condition (t38 ¼ 0.69, P ¼ 0.49, x ¼ 0.51).

Individual novelty responses between conditions
As we used awithin-subject study design, wewere interested to

see how many individuals had a higher novelty response in their
social compared to their nonsocial condition. We found that 24
individuals had a higher NR in the social condition, and only 15
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individuals in the nonsocial condition (the reduced sample sizewas
caused by data loss, see Table A1 for more information).

Correlations
Looking times between test and delay. We tested whether there was
a correlation between the looking times during the test and the
looking times during the delay session. We did not find any sig-
nificant correlations (t37 ¼ 0.073, P ¼ 0.94). The same pattern was
observed for the novelty responses during the test session and the
delay session (t61 ¼ e0.88, P ¼ 0.38).

NR during the test and the heart rate change. We did not find a
correlation between the NR in the test session and the heart rate
change (t37 ¼ 0.75, P ¼ 0.46). We further did not find a correlation
between the heart rate change and the NR in the first trial
(t68 ¼ 0.25, P ¼ 0.80).

NR during the delay and the heart rate change. There was no cor-
relation between the NR during the delay session and the heart rate
change (t37 ¼ 1.48, P ¼ 0.15).

M. Padberg et al. / Animal Behaviour 221 (2025) 12308118
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5. Study 2: Great apes show altercentric influences when 
confronted with conflicting beliefs  
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Abstract 13 
Humans' beliefs are automatically impacted by others’ beliefs. This so-called 14 

altercentric influence indicates that we rely on automated mental simulation to track 15 

others’ beliefs. It is unclear whether non-human great apes rely on similar cognitive 16 

processes. In this study, we used a novel search task where non-human apes could 17 

dig for buried rewards in a trough after seeing an experimenter hiding them. The task 18 

was designed as a game between a human agent and an ape subject. There were 19 

two hiding locations of the reward in the trough, and the subject always had full 20 

visual access to the original hiding of the reward and its relocation to another 21 

location. The human agent, however, only saw the relocation in the true belief 22 

condition but missed it in the false belief condition. Our results show that other’s 23 

(conflicting) beliefs seem to impact non-human great apes’ information encoding by 24 

demonstrating that apes searched for the reward closer to the first hiding location 25 

when the agent believed it to be there (false belief condition) compared to when the 26 
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agent knew the reward was at the new location (true belief condition). Moreover, 27 

humans and non-human great apes undergo similar ontogeny with a stronger 28 

altercentric influence in younger individuals. The present study provides additional 29 

evidence that non-human great apes possess basic abilities to track the beliefs of 30 

other individuals, indicating that automatic belief simulation might be part of the 31 

shared evolutionary history of all great apes. 32 

 33 

Keywords: Altercentric cognition, false belief, development 34 

Introduction 35 
 36 
8nderstanding others’ beliefs is a hallmarN of human social cognition �)rith 	 )rith� 37 

2001). Most studies with non-human great apes, to date, showed that they could not 38 

pass explicit false belief tasks (e.g. Kaminski et al., 2008; Krachun et al., 2010), 39 

supporting the claim that false belief reasoning is a uniquely human capacity. 40 

However, more recent studies using anticipatory-looking paradigms suggest that 41 

great apes might implicitly track the beliefs of other individuals and expect them to 42 

act in accordance with them (Kano et al., 2019; Krupenye et al., 2016a, 2017). In 43 

these anticipatory-looking tasks, the participants' looking behaviour is measured 44 

before a bystander acts upon his/her false belief to determine if the participant 45 

correctly anticipates the bystander's actions (e.g. Southgate et al., 2007). 46 

Hence, while non-human great apes appear to lack human-like meta-47 

representational belief-desire psychology (Perner, 1993; Pylyshyn, 1978; Rakoczy, 48 

������ they might rely on cognitiYely simpler belief simulations to tracN others’ mental 49 

states (Apperly, 2008; Gallese & Goldman, 1998; Lurz et al., 2022). For instance, 50 

according to the simulation model of belief tracking, the beliefs of others are 51 

mentalised based on the subject's own state of mind as a prototype (Goldman & 52 
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Jordan, 2013). This means the subject relies on their own belief and projects the 53 

same onto the target. For instance, if the subject is currently hungry and would like to 54 

grab a burger in the next restaurant, she then simulates that the target is also hungry 55 

and therefore predicts she might want to go to a restaurant as well. This simulation 56 

may then allow subjects to determine what the target is going to do by aligning the 57 

target’s mental state with their own, thereby reducing representational complexity. 58 

This account has fewer cognitive demands than a meta-representational account 59 

and is thought to occur automatically (Goldman, 2006; Schneider et al., 2017). 60 

Crucially, the simulation model predicts that the first-order automatic simulation of 61 

another’s belief interferes with the subMects’ own belief state in cases of a mismatch 62 

between their own and the target’s beliefs. This is also referred to as altercentric 63 

influence (Böffel & Müsseler, 2019; Elekes et al., 2016).  64 

Human infants show an altercentric influence, sometimes even to an extent 65 

where others’ beliefs and perspectiYes oYerride their own - i.e., altercentric bias 66 

(Kampis & Kovács, 2022; Kampis & Southgate, 2020). This altercentric bias typically 67 

becomes less strong and develops from a strong bias into a milder influence during 68 

ontogeny (Yeung et al., 2022). Despite its decrease across development (Grosse-69 

Wiesmann & Southgate, 2024), humans remain susceptible to altercentric influences 70 

eYen as adults �.oYics et al.� �����. This automatic encoding of others’ beliefs� eYen 71 

to a fault, is often claimed to be the result of an adaptation to the unique challenges 72 

of human hyper-sociality (Tomasello, 2014) and hence absent in non-human 73 

primates.  74 

To date, there is no study on the development of altercentric influence in non-75 

human primates. The present study aims to test whether non-human great apes 76 

track others’ beliefs using mental simulation: We predict them to (1) show an 77 



 49 

 

4 
 

altercentric influence when there is a mismatch between their own belief and the 78 

partner’s� and ��� that this altercentric interference declines with age. Previous 79 

studies that investigated (false) belief understanding in non-human great apes 80 

mainly tested adults with only a few immature individuals, and their results or age 81 

effects were not explicitly discussed (e.g. Kano et al., 2019; Krupenye et al., 2016b). 82 

In fact, the majority of comparative studies on great apes rely on the comparison of 83 

adult non-human great apes and human children (e.g. Call & Carpenter, 2001; 84 

Herrmann et al., 2007; Warneken et al., 2007). Despite the importance of 85 

developmental comparative studies for a comprehensive picture on the evolution of 86 

uniquely human cognition, developmental studies in non-human great apes remain 87 

rare (Wobber et al., 2014).  88 

In a search paradigm with a change-of-location belief manipulation, Lurz et al. 89 

(2022) showed that the false belief of a bystander influenced chimpan]ees’ �Pan 90 

troglodytes) search behaviour more than when the bystander had a true belief about 91 

the hiding location. This paradigm is similar to the sandbox task used in the human 92 

developmental literature - originally designed to test continuous false belief 93 

understanding (e.g. Sommerville et al., 2013) and recently used to test for 94 

altercentric influence in human adults (online version: Haskaraca et al., 2023; hands-95 

on version: Speiger et al., 2024). The general procedure for a change-of-location 96 

task is the following: an object is first hidden in one location while being watched by 97 

the participant and a bystander. After that, the object is taken from the first hiding 98 

location and transferred to a second, new hiding location. The belief of the bystander 99 

is modulated by letting him/her watch the translocation (true belief condition) or by 100 

making the bystander miss the translocation (false belief condition). In the latter, the 101 

bystander holds a false belief about the true hiding location of the object. The 102 
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sandbox task was never used in great apes before Lurz et al. (2022), and constitutes 103 

a new way to test belief processing in apes. Lurz et al. (2022) concluded that their 104 

data was consistent with a real-time simulation of the bystander’s beliefs in sensu 105 

(Goldman & Jordan, 2013). According to Lurz et al. (2022), the simulation model 106 

predicted that the agent’s �false� belief would draw the subMect’s search behaYiour 107 

away from the actual hiding location towards the original hiding location.  108 

Building on the Lurz et al. (2022) study, our aim was first to replicate their 109 

main findings in an independent sample to assess the robustness of the evidence for 110 

automatic belief simulation in chimpanzees. Especially, replications in independent 111 

samples are needed to sharpen the concepts studied and to draw meaningful 112 

conclusions (Farrar et al., 2020). Second, we extended the study to three other great 113 

ape species (gorillas, bonobos, and orang-utans) to assess whether automatic belief 114 

simulation is shared amongst hominids and, therefore, likely present in all great apes 115 

since their last common ancestor (Haun, 2015). In a third step, we wanted to focus 116 

on the developmental trajectory of the altercentric influence in great ape infants. 117 

Similarities in the ontogeny of altercentric influence in human and nonhuman great 118 

apes would be further evidence for a similar underlying mechanism and speak 119 

against accounts claiming that altercentric influence is a uniquely human 120 

phenomenon (Kovacs et al., 2010). Our results aim to inform current debates about 121 

(early) belief simulation (Baillargeon et al., 2018), its developmental trajectory 122 

(Grosse-Wiesmann & Southgate, 2024) and its evolution in human and non-human 123 

great apes. 124 

Methods 125 
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Subjects 126 

We tested 47 great apes: 30 chimpanzees (Pan troglodytes verus, 20 127 

females, age range 3-57 y); 7 bonobos (Pan paniscus, 2 females, age range 10-33 128 

y); 5 gorillas (Gorilla gorilla gorilla, 4 females, age range 5-19 y); and 5 orangutans 129 

(Pongo abelii, all females, age range 6-34 y). Of those individuals, 39 were housed 130 

at the Wolfgang Köhler Primate Research Centre (WKPRC) in Leipzig, and eight 131 

chimpanzees lived in the Tacugama sanctuary in Freetown, Sierra Leone. All subject 132 

information can be found in the supplements (see Table S1 in the Supplementary). 133 

We did not conduct a power analysis, but tried to test at least as many individuals as 134 

the original study by Lurz et al. (2022), which tested 40 adult chimpanzees. As 135 

participation is completely voluntary and access to great apes is limited, we did not 136 

have strong control over the final sample size. 137 

The individuals are kept in social groups and can access environmentally-138 

enriched indoor and outdoor enclosures. Caretakers feed the apes a diverse diet of 139 

fruits and vegetables supplemented with nutritionally balanced biscuits, cooked 140 

eggs, and meat, with ad libitum access to water. The WKPRC groups consist of 141 

individuals of diverse kin relations and age groups, while the Tacugama 142 

chimpanzees are kept in peer groups of unrelated, similar-aged individuals. 143 

  144 
Ethics 145 

 A joint ethical committee of the Max Planck Institute for Evolutionary 146 

Anthropology, the Leipzig Zoo, and the veterinary team of Tacugama approved this 147 

study. The study complies with the Weatherfall report (Academy of Medical Sciences 148 

& Weatherall, 2006), the EAZA Minimum Standards for the Accommodation and 149 

Care of Animals in Zoos and Aquaria (EAZA, 2014), the WAZA Ethical Guidelines for 150 

the Conduct of Research on Animals by Zoos and Aquariums (Mellor et al., 2015), 151 
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and the $6$%�$%6’s *uidelines for the Treatment of $nimals in %ehaYioural 152 

Research and Teaching (Buchanan et al., 2012). IAUCUC approval was not 153 

necessary to conduct this research because the testing was non-invasive, always 154 

voluntary, and the individuals were not food- or water-deprived. A trained animal 155 

caretaker did the handling, allowing the individuals to terminate the test and return to 156 

their social group at any moment. Where possible, we separated individuals for 157 

testing, but very young infants and individuals who were uncomfortable with being 158 

tested individually were tested together with their mother or a social partner. In these 159 

cases, another experimenter or caretaker kept the accompanying individual busy in 160 

another corner of the sleeping booth to not interfere with the individual who was 161 

being tested. 162 

 163 

Experimental Setup 164 

We used the method described in Lurz et al. (2022) with only minor changes. 165 

We designed a trough (69 cm x 12 cm x 8 cm, L x W x H) filled with litter material. In 166 

this trough, we marked two hiding locations (10 cm or 53 cm from the left edge, 167 

respectively) and used them to hide a grape or a prune (depending on the 168 

indiYiduals’ preferences�. &ompared to the original study� we slightly changed the 169 

trough's dimensions. Because of the testing room's limitations, we had to shorten the 170 

trough while keeping the distance between the hiding locations identical to the 171 

original study (43 cm/17 inches). The trough was placed in front of the mesh to allow 172 

the subjects full access. One experimenter (social agent) stood on the opposite side 173 

of the trough, facing the subject. The other experimenter, who baited and moved the 174 

trough, stood on the side between the subject and the social agent (see Figure 1). 175 

This experimenter also did the pre-training before the actual test. The social agents 176 
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between the WKPRC and the Tacugama groups differed but remained constant for 177 

each subject. We ensured that the social agents were always unfamiliar to the 178 

subjects.  179 

  180 

Procedure 181 

Pre-training 182 

Subjects were tested individually (except for dependent offspring) in their sleeping 183 

rooms. The procedure was designed as a back-and-forth game between a social 184 

agent (a human experimenter) and a great ape subject. Before the test day, 185 

individuals were allowed to familiarise themselves with the trough and dig out food 186 

rewards from the litter material. For this, the main experimenter stood in front of the 187 

trough, facing the subject, visibly hiding a food reward in the litter, and then moving 188 

the trough towards the subject. A training trial was over when the individual dug out 189 

the reward and consumed it. The experimenter gave cues (pointing, removing litter 190 

covering the reward) when the individual had difficulty locating the reward. Each 191 

individual had to find at least five food pieces in a row without the experimenter's 192 

help. After the training, each individual had one test trial per condition (one true belief 193 

trial, one false belief trial; see below). We counterbalanced the location (10 cm or 53 194 

cm) between conditions and subjects, and during training, both locations were used 195 

to hide the reward in the same number of trials. Training and test trials were done on 196 

separate test days, and also the two conditions were tested on different days, to 197 

avoid carry-over effects.  198 

Test 199 

The test procedure was always the same: the subject and social agent followed six 200 

warm-up trials in which the main experimenter hid the reward in one of the hiding 201 
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locations, and the subject and the agent were allowed to dig for the reward 202 

alternately. In this way, we wanted to ensure that the subjects understood this was a 203 

back-and-forth game between the social agent and the subject and to highlight the 204 

social agent. The locations of the warm-up trials were pseudo-randomised so that 205 

the reward was hidden in the same location not more than two times in a row, and 206 

the reward was hidden in both locations for the same number of trials. Following the 207 

warm-up trials, one test trial for either of the conditions (true or false belief) was 208 

conducted per day. The order of the first condition was counterbalanced between 209 

subjects (see Table S1 in the Supplementary for more details).  210 

True Belief (TB) trials  211 

In the TB trials, the social agent stood facing the ape participant on the opposite side 212 

of the trough. The main experimenter stood on the left or right side (depending on 213 

the group) of the trough (see Figure 1 for an overview of the setup). A trial started 214 

when the experimenter held the reward in her hands, ensuring the subject was 215 

watching. The social agent looked at the grape and made head bops to attract the 216 

subject's attention and clarify that the social agent was interested in the reward. The 217 

experimenter then hid the reward in the first hiding location (either at cm 10 or 53) 218 

while being watched by the social agent and the subject. She then dug up the reward 219 

again and relocated it to a second hiding location (either cm 10 or 53, depending on 220 

the first hiding location). The social agent kept making food grunts and head bops 221 

during the whole process. Both the social agent and subject had visual access to the 222 

relocation of the grape, and the social agent indicated this by following the relocation 223 

with his/her head and eye gaze. After relocating and burying the reward, the 224 

experimenter moved the trough toward the social agent, who did not dig up the 225 

reward but instead tapped on the table in front of him/her. The tapping was done in 226 
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the middle of the two hiding locations to avoid cueing any of the hiding locations. 227 

Afterwards, the experimenter moved the trough toward the participant, who was then 228 

allowed to dig for the reward. A trial ended when the subject had retrieved the 229 

reward and consumed it.  230 

False Belief (FB) trials  231 

FB trials followed the same procedure as the TB trials. However, before the 232 

experimenter relocated the reward, the social agent turned around, still making food 233 

grunts but looking in the other direction, therefore missing the information about 234 

where the reward was relocated. In this way, the social agent falsely believed the 235 

reward to still be at the first hiding location. After the relocation, the social agent 236 

turned back around, the experimenter moved the trough towards him/her, and s/he 237 

tapped on the table in front of the trough as in the TB trials. The experimenter then 238 

moved the trough towards the subject so that s/he could dig out the reward.  239 

 240 

 241 

 242 

Measurements 243 

We video-recorded all the sessions to code the first finger crossing into the trough 244 

from the video. Additionally, the main experimenter live-coded all the trials. For each 245 

individual, we noted the location of the first finger crossing in cm to calculate the 246 

search bias (divergence from the actual hiding location of the reward in cm). In the 247 

WKPRC, we used the mesh of the testing windows to measure the location of the 248 

first finger crossing. In Tacugama we inserted a measuring tape into the trough and 249 

used that as a reference point for the crossing. We always used the first finger 250 

crossing and not the location where the apes would finally dig for the reward. 251 
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Sometimes, apes would stick two or three fingers simultaneously through the mesh. 252 

In those cases, we used the mean value between the fingers. The first author of this 253 

study conducted all the trials and analysed 100 % of the videos, while a reliability 254 

coder blind to the study hypothesis coded 25 % of the videos. Cronbach`s Alpha 255 

reYealed perfect reliability between the two raters �Į   �.���.  256 

 257 

Statistical Analysis 258 

We used two distinct models for the measurements: a Bernoulli distribution for the 259 

dichotomous measurement (altercentric bias yes/no, in the Supplementary) and a 260 

skewed normal distribution for the continuous measurement (search bias in 261 

centimetres) to model the differences between the two conditions (TB and FB). We 262 

modelled the data with a skewed normal distribution as it was a better fit for the data 263 

(see Fig S� in the 6upplementary�. :e only included µcondition’ in the model� as 264 

each individual only contributed one data point per condition, and the sample size 265 

per species was too low to have species as a random effect in the model. 266 

Furthermore, the age group composition between study sites was imbalanced, which 267 

is why we decided not to include study site as a random effect either. However, we 268 

included an interaction between condition and age group for the developmental 269 

analysis. We defined three age groups: infants (0-5 years of age), juveniles (6-10 270 

years of age), and adults (> 10 years of age).  271 

The models had the following structure and priors: 272 

Continuous measurement group level: 273 

                  search_bias_cm  ~ 0 + condition 274 

                  prior = prior(normal(0, 26.5), class = b)) 275 

Continuous measurement age groups: 276 
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 search_bias_cm  ~ 0 + condition * age_group, 277 

                  prior = prior(normal(0, 13.25), class = b) +  278 

                  prior(normal(0, 26.5), class = b, coef = conditionFB) +  279 

                  prior(normal(0, 26.5), class = b, coef = conditionTB) 280 

The model for the dichotomous measurement can be found in the Supplementary. 281 

Results 282 
Our statistical model for the continuous measurement (search bias in centimetres) 283 

revealed a 96.45 % probability for a higher search bias in the false belief compared 284 

to the true belief condition (2.5% = -0.38, 97.5% = 6.68; 95% HDI_FB [7.34, 13.18], 285 

HDI_TB [3.65, 9.86]). The condition difference on a group level was 4.45 cm. Figure 286 

2 shows the posterior distribution and the posterior mean of all individuals together 287 

(no split into age groups) between the two conditions.  288 

 289 

 290 

When we included an age*condition interaction into the model, the difference was 291 

especially pronounced for the infants in the group (Difference = -9.07 cm, CI low = -292 

7.48, CI high= 1.31). Juveniles and adults showed the least difference in their 293 

continuous search bias between the conditions (Adults: Difference = -3.14 cm, CI low 294 

= -7.48, CI high = 1.31; Juveniles: Difference = -0.97cm, CI low = -8.00, CI high = 295 

9.07). The difference between the age groups is visualized in Figure 3 showing the 296 

model’s posterior distribution.  297 

 298 

Discussion 299 

This study aimed to answer three questions: 1) Can we replicate the findings by Lurz 300 

et al. (2022)? 2) Can we extend the findings to other great ape species? and 3) What 301 
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is the developmental trajectory of the altercentric interference effect? First, our data 302 

replicated the findings of Lurz et al. (2022), suggesting that chimpanzees are 303 

influenced by the false beliefs of another individual (i.e. a human agent). Second, we 304 

provide evidence for this altercentric influence in two independent great ape samples 305 

(WKPRC and Tacugama Sanctuary) and with individuals of all four great ape 306 

species ranging from infancy to adulthood. Third, we provide the first developmental 307 

data on the effect, showing that the influence is strongest in infancy and gets smaller 308 

over the course of development. 309 

In a change-of-location foraging task, great apes saw a reward being 310 

relocated from one location to a new location either together with a human agent (TB 311 

condition), or the agent missed the relocation and only saw the first hiding of the 312 

reward (FB condition). Despite witnessing the translocation in both conditions, 313 

subjects showed a search bias towards the old location when the agent falsely 314 

believed that the reward was still hidden there (FB). This altercentric influence was 315 

belieYed to be part of a human uniTue ³social sense´ �.oYacs et al.� ����� p. �����. 316 

Together with the findings from Lurz et al. (2022), our study provides further 317 

indication that altercentric influences are present not only in humans but also in other 318 

great apes. Our study furthermore suggests that great apes, across their 319 

development, are influenced by the beliefs of a bystander, and therefore possess at 320 

least basic abilities to track the beliefs of other individuals.  321 

Critically, while some individuals from all age groups were influenced, the 322 

age*condition interaction showed that infants had the strongest interference, 323 

followed by juveniles and adults. We conclude that the ontogenetic reduction of 324 

altercentric influence observed in our data and studies on humans (e.g. Grosse-325 

Wiesmann & Southgate, 2024; Kampis & Kovács, 2022; Kovács et al., 2010; Manea 326 
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et al., 2023; Southgate, 2019) indicates the same underlying mechanism. This is 327 

consistent with the view, that others’ beliefs are represented via automatic first-order 328 

simulations in human and non-human great apes. According to this view, the 329 

processor's behaviour is influenced almost like it would have been by their own 330 

(false) beliefs, as predicted by the simulation model (Goldman, 2006).  331 

In humans, it has been argued that the developing self-concept (e.g. passing 332 

the mirror recognition task) is causing a reduction of the altercentric bias to a more 333 

subtle influence on specific behaviours due to interference between the self-334 

perspective and the altercentric perspective (Yeung et al., 2022). Alternatively, the 335 

ontogenetic reduction of altercentric influence might be caused by a parallel increase 336 

in processing capacities and executive function, improving belief-simulation 337 

capacities. Further ontogenetic studies with human and non-human great apes are 338 

needed to assess these accounts explicitly.  339 

It is important to point out that our study provides evidence for simulation-340 

based belief encoding in non-human great apes, but not evidence against meta-341 

representational belief understanding. It is possible that the simulation-based and 342 

meta-representational encoding of others’ beliefs can co-exist within the same 343 

system. Furthermore, the two modes of encoding might undergo developmental 344 

shifts. Both human and great ape infants were influenced by the bystander’s beliefs 345 

more strongly than older individuals, suggesting dominant simulation-based belief 346 

encoding in younger individuals. While simulation-based belief conditioning becomes 347 

less prominent in all great ape species across development, it might retain a stronger 348 

influence in the non-human species. In the human case, developing species-unique 349 

meta-representational capacities further decrease the relevance of simulation-based 350 

belief encoding (Rakoczy, 2022). Future comparative developmental studies should 351 
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investigate the relationship between altercentric influence, self-concepts and meta-352 

representational capacities across development to track species differences.  353 

The present search task appears to be a good candidate for such future 354 

comparative studies. The behaviour has high ecological validity for chimpanzees 355 

because they dig for food in various environments (Hernandez-Aguilar et al., 2007; 356 

Majlesi, 2014) and based on Lurz et al. (2022) and the wide use of the sandbox task 357 

in the human literature (e.g. Samuel et al., 2018), it is a suitable test to measure a 358 

continuous altercentric influence. However, the effect sizes are small, and the 359 

confidence intervals are overlapping. Hence, the results should be interpreted 360 

cautiously. The small effect sizes are in line with the ones reported in Lurz et al. 361 

(2022) and other studies investigating altercentric interferences in behaviour (e.g. 362 

Speiger et al., 2024 found moderate evidence). The researchers in the Speiger et al. 363 

(2024) study applied Bayesian sequential testing in response to small effect sizes. 364 

However, this is not possible with a limited sample of great apes.  365 

Generally, our method also has limitations. For example, given the hiding 366 

locations relatively close to the edge of the trough (10 cm), individuals were, 367 

assuming random error distribution, more likely to deviate towards the centre of the 368 

trough, i.e. towards the old location. Future studies should apply setups that allow for 369 

equally likely search biases in all directions. Furthermore, future studies might 370 

implement several trials to test for the stability of the altercentric influence over time 371 

and test-retest procedures to assess trait effects. Also, the fact that we used a 372 

human experimenter as the social agent to ensure consistent behaviour between the 373 

conditions might impact specific individuals differently. From screen-based studies in 374 

humans, we know that the identity and age of the avatar strongly drive the 375 

altercentric influence in adult subjects (Ferguson et al., 2018). Conspecific social 376 
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agents might therefore cause different altercentric influence in contrast to the human 377 

social agent applied in the current study. Furthermore, while the first hiding location 378 

is highlighted by the social agent and the subjects watching it together, the second 379 

location is only highlighted in the same way in the true, but not the false belief 380 

condition (Langdon & Smith, 2005). Future studies should aim to equalize the 381 

conditions in that respect. )inally� we do not Nnow how much the subMects’ 382 

representations are influenced by the fact that a third individual (the main 383 

experimenter) was present. In humans, even though other people’s beliefs can still 384 

influence an indiYidual’s behaYiour if more than two people are involved, their 385 

influence is significantly reduced compared to a solely dyadic interaction (Capozzi et 386 

al., 2014).  387 

Conclusion 388 

We conclude that the susceptibility to altercentric influences is not a uniquely human 389 

feature, but deeply rooted in great ape cognition. It can, for example, serve to 390 

represent and predict others’ behaYiour, and to direct one's perception toward events 391 

and perspectives of other individuals to facilitate social learning. We argue that 392 

altercentric influence in the present study is an indicator of automatic simulation-393 

based belief encoding in both human and non-human great apes. As similar effects 394 

were not found in monkeys (Martin & Santos, 2014), altercentric influence seems to 395 

represent a unique adaptation to the specific social-cognitive demands of great apes.   396 
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Figures 
 

 
Figure 1: Experimental setup. The subject and the social agent (right) were facing each other. The main 

experimenter (left) was burying the food reward in the trough between the subject and the agent.  
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Figure 2: Posterior distribution for the search bias in centimetres for all age groups. The two conditions, 

false belief condition and true belief condition, are visualised in two different colours. The red violin plot shows 

the posterior distribution of the false belief (FB) condition, and the blue violin plot shows the posterior 

distribution of the true belief (TB) condition on a group level. The black dots show the raw data. White dots 

mark the posterior median, vertical lines represent the 95% credible interval.  
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Figure 3: Posterior distribution for the search bias in centimetres between the age groups. The two 

conditions, false belief condition and true belief condition, are visualised in two different colours. Red violin 

plots show the posterior distribution for the false belief (FB) condition, and blue violin plots show the posterior 

distribution for the true belief (TB) condition. Big dots mark the posterior median. White dots mark the posterior 

median, vertical lines represent the 95% credible interval. 
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Supplementary Material 
 

Table S1: Subject and condition information.  
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Supplementary Figures 
 

 
Fig S1: Comparison between the Gaussian distribution (left) and the skewed normal distribution (right). 

 

 
Fig S2: Posterior distribution for the probability of a strong altercentric bias (> 22 cm) for the false belief 
(FB, red) condition and the true belief (TB, blue) condition for all individuals (N = 47) together. Note: only 

N = 15 individuals reached the criterion for a strong bias. The dots mark the posterior median, and the vertical 

lines represent the 95% credible interval. 
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Fig S3: Posterior distribution for the probability of a strong altercentric bias (> 22 cm) for the false belief 
(FB, red) condition and the true belief (TB, blue) condition split by age groups. Note: only N = 15 

individuals reached the criterion for a strong bias. The dots mark the posterior median, and the vertical lines 

represent the 95% credible interval. 

 

 
Fig S4: Posterior distribution for the condition difference per age group only for individuals with a small 
error (< 22 cm). The dots mark the posterior median, and the vertical lines represent the 95% credible interval. 
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6. General Discussion 
 
Previous studies have shown the importance of social stimuli (social attention) early in 

ontogeny as scaffolding for the development of higher-order cognitive abilities in humans 

(Salley & Colombo, 2016). In this dissertation, I proposed the idea that species differences in 

these scaffolding abilities, like social attention, might explain differences in species-specific 

social cognitive behaviours between humans and great apes. I outlined the importance of 

developmental studies in comparative psychology, which can inform us about when species 

differences occur during ontogeny. I decided to focus on differences in social cognitive 

behaviour between humans and great apes, as previous studies demonstrated that while humans 

and other great apes show similar performance in tests for physical cognition, humans 

outperform their closest living relatives in abilities depicting social cognition (Herrmann et al., 

2007). This dissertation tested the influence of social attention on memory and belief 

processing across the development of non-human great apes. The goal of the dissertation was 

divided into three aims. 

 

Method development for comparative developmental psychology  
My first aim was to develop methods that would allow us to test non-verbal individuals 

of different species of great apes. In Study 1, I successfully designed a setup for a preferential-

looking task that can be used with very young great apes (< 1 year of age) who are still clinging 

to their mothers. While eye-tracking is a promising and useful method to study cognitive 

processes in great apes (Hopper et al., 2021; Lewis & Krupenye, 2022), it requires individuals 

to sit in a straight, preferably stable position. This is not possible for dependent offspring of 

great apes, who usually still cling to their mother’s stomach. For this, I created a setup 

consisting of three aligned monitors and two cameras. The cameras were positioned above and 

below the central monitor to capture the eye gaze of the subjects. Mothers were allowed to 

drink juice while sitting on a platform, which ensured that the dependent offspring had visual 

access to the monitors. With the camera above the monitors, I could capture the mother’s gaze 

and with the camera below the monitors, I captured the infant’s gaze. I chose a setup using 

three monitors to make it easier to distinguish which stimulus the individuals were focusing 

on. When presenting different stimuli in a scene on one monitor, it is very difficult to determine 

which stimulus the individual is focusing their attention on without using an eye-tracking 

device. I overcame this issue by showing the distinct stimuli on the different monitors. I showed 

the familiarisation videos of the two models (social vs. non-social) building a tower on the 
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central monitor. The monitors to the left and the right of the central monitor were afterwards 

used to show still pictures of the familiarised tower and a novel tower. To look at these 

monitors, individuals had to move their gaze (and sometimes their head) to the respective side, 

which made it easy to code their looking behaviour offline after the test. Therefore, as the 

experimenter, I could sit in the background, starting the stimuli presentation without having to 

code the live behaviour of the individuals and without interfering with the looking behaviour 

of the subject. This method does not require expensive equipment like an eye-tracker and can 

therefore be used in a diverse range of facilities. However, using looking times to determine 

cognitive processes like recognition and memory needs to be carefully planned and designed. 

In a recent review by Michel & Thiele (2025), the authors provide an overview of using 

preferential looking tasks to determine cognitive processes in human infants. While being 

extensively used in psychological research, aspects like stimulus presentation and general 

timing can influence what the method actually measures. The authors point out that factors like 

eye contact and infants' object‐directed attention should be considered when designing studies 

using this paradigm. This review provides a substantial overview of the different studies in 

human infants and how differences in, for instance, the timing of the stimulus presentation 

influence the outcome measurement. It shows the importance of systematic studies on method 

development before using specific measurements, and that individual and age-group 

differences may apply. Unfortunately, research on this topic is lacking in great apes, especially 

for great ape infants. Therefore, we can only inform our methods by using the human literature 

as a reference for now. Future studies should focus on systematically studying processing speed 

in great apes across development for different stimuli, and determine which factors influence 

the cognitive processes we aim to measure. Another option is to use supplementary 

measurements to yield additional information. As looking time alone does not necessarily tell 

us whether or not an individual pays attention to the presented stimuli (Wilson et al., 2023), I 

further implemented a contact-free heart rate measurement from video (Wang et al., 2023) to 

get information about attention (Machado et al., 2011) and arousal (Berntson et al., 1989; 

Berntson & Boysen, 1984). Heart rate as a physiological measure for attention and arousal has 

been used in human studies, showing that when infants are attentive, their heart rate decreases 

(Colombo et al., 2001; Lansink & Richards, 1997; Richards & Casey, 1991), while it increases 

in times of arousal (Malmstrom et al., 1965; Wascher, 2021). These heart rate measures usually 

require the individuals to endure a finger-clip or other invasive methods (e.g. Aureli et al., 

1999; Bliss-Moreau et al., 2013). In contrast, our method can extract the heart rate from a video 

by amplifying the micromovements caused by cardiac activity that would otherwise not be 
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visible to the bare eye (Wang et al., 2023). A normal inexpensive video camera is sufficient for 

the heart rate measurement, which we made openly accessible (see https://github.com/ccp-

eva/cardiac_signal_chimp). This method can further be used by facilities that keep great apes 

to measure their heart rate for health reasons, and therefore constitutes an important 

contribution to the assessment of animal well-being. This method represents a new measure 

that can readily be used for cross-species comparisons, even under field conditions (Padberg et 

al., in prep). While the method appears to be suitable to measure heart rate responses to video 

stimuli (Padberg et al., 2025; Wang et al., 2023), it also has its downsides. To get a reliable 

heart rate value, the algorithm needs data from ten consecutive seconds of measurement. Only 

then can an average heart rate be calculated. However, research on chimpanzee and gorilla 

infants has shown that the initial heart rate increases as a startle response, which is followed by 

a deceleration in heart rate during the orienting phase. This habituation was further subject to 

species differences, with gorillas showing a slower habituation rate (Berntson & Boysen, 

1984). Human infants follow a similar pattern of heart rate changes in response to attentiveness, 

where the heart rate first increases around the first two seconds and then starts to decelerate for 

around four to five seconds (Lansink & Richards, 1997). In chimpanzees, this deceleration 

happens after around five seconds and around ten seconds for gorillas (Berntson & Boysen, 

1984). Therefore, by averaging over ten seconds, we miss these rather fast heart rate changes, 

and a more fine-tuned way to measure heart rate would be needed to follow the phases of 

startle, orienting and attention between species.  

In Study 2, I validated a method for implicit belief tracking for great apes by utilising an 

existing method used by Lurz et al. (2022). I implemented it in a large sample of zoo- and 

sanctuary-housed great apes ranging from infancy to adulthood, providing evidence that this 

method can be used for individuals of different ages and from different populations. The setup 

consisted of a tray filled with litter material in which a reward could be hidden. In a back-and-

forth game between the ape subject and a human experimenter, apes learned to dig for a reward 

in the tray. I manipulated the belief of the human experimenter so that sometimes he had a false 

belief about the true hiding location of the reward. The subject, however, always had full visual 

access to the hiding location. Within the trough, we attached a measurement tape which 

allowed us to measure, in a continuous way, how strongly biased (in cm) the apes were by the 

false belief of the agent (i.e. how far away from the true location did the subjects search for the 

reward). By including two different populations of great apes, I could collect a sample of great 

apes from all four species, including infant individuals. Therefore, this setup in which an ape 

needs to dig out a reward from inside a trough seems to be suitable to test altercentric influences 

https://github.com/ccp-eva/cardiac_signal_chimp
https://github.com/ccp-eva/cardiac_signal_chimp
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on the apes’ search bias in a fine-grained way. I evaluated this trough as being ecologically 

valid, because chimpanzees are frequently observed to dig for food in their natural habitat 

(Hernandez-Aguilar et al., 2007; Majlesi, 2014). However, the trough comes with natural 

limitations: As I used a trough that was greater in length than in width, and as the hiding 

locations were relatively close to the edges of the trough, it is more likely to be wrong to one 

side (towards the middle) than to the other side (towards the edges). These constraints favour 

search biases towards the old location rather than away from it. Nevertheless, this cannot 

explain the condition differences, and is therefore unlikely to explain the altercentric influence 

in the false belief condition. The trough setup opens the possibility for a range of follow-up 

questions, laying the foundation for understanding the nature of altercentric influences in great 

apes in the future.  

Overall, the two studies contribute to the method development for cross-species 

comparisons for different psychological phenomena that can be openly used by other scientists 

and do not exclusively rely on expensive equipment. With this, I established new ways for 

systematic comparative studies that will allow us to draw meaningful conclusions about the 

outcome measures of interest. 

 

How does the social memory effect develop in great apes? 
My second aim was to test the influence of social stimuli on object memory in great apes across 

development to see whether the behaviour observed in adult apes (Howard et al., 2017), which 

is similarly found in human infants (Howard & Woodward, 2019), can also be found in great 

ape infants and juveniles. If I find the same developmental trajectories, the phenomenon likely 

resembles similar cognitive processes between species (Huang & Rosati, 2025). For this 

purpose, I tested all four species of great apes from infancy to adulthood (N = 42) in an object 

memory task. Heart rate measurements and looking time measures revealed that adult apes 

remembered the object associated with a social stimulus better (Social Memory Effect, SME) 

compared to the object that was associated with a non-social stimulus right after its 

presentation. This is in line with the results by Howard et al. (2017). However, infants did not 

show such memory improvements, while juveniles were in the middle between the two age 

groups. This missing SME in infants and juveniles conflicts with the results found in human 

infants (Howard & Woodward, 2019), hinting at species differences in the development of the 

SME between humans and other great apes. While I cannot rule out the possibility that the 

methods used were responsible for the absence of the SME in younger great apes, or that prior 
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experience with the stimuli presentation (screens) or the model (human hand) is necessary, it 

is also highly probable that distinct environmental pressures are responsible for the SME's later 

ontogenetic manifestation.  

Human infants grow up in an environment with different caretakers (Bentley & Mace, 2009), 

and in such an environment, it seems to be beneficial to have increased attentiveness to 

potential caretakers and objects they are associated with. This would then favour the 

development of abilities that increase a shared attentive experience, like joint attention (Wolf 

& Tomasello, 2025). Further, memorising the objects of others’ attention can potentially 

become important to create a common ground for future interactions and communication with 

specific caretakers (Bohn & Köymen, 2018). Therefore, increasing a sense of shared 

experience that appears to be a unique form of human bonding (Wolf & Tomasello, 2025). On 

the contrary, great apes grow up with only their mothers as their primary caretaker, and have 

not been observed to initiate communication about third entities (joint attention) with other 

group members (shared intentionality) (Tomasello, Carpenter, Call, et al., 2005). While the 

relevance of others’ attention is already important for human infants to develop this unique 

form of shared intentionality (Wolf & Tomasello, 2025), in great apes, it only becomes 

important during late ontogeny when individuals start to compete over resources with other 

individuals and start to build alliances (e.g. juvenility) (Enigk et al., 2020). This could explain 

why we see an emerging SME only in the juveniles of my sample. However, even if we found 

the SME in our adult sample, the shared intentionality that we observe in humans still remains 

unique (Tomasello, Carpenter, Call, et al., 2005). 

Another explanation for the missing SME in the younger apes could be attributed to the 

experiences that infants and juveniles of different species have during ontogeny. Human infants 

have extensive experience with human hands in their everyday life and make action predictions 

for them early on (Cannon & Woodward, 2012). Great ape adults have been shown to do the 

same (Kano & Call, 2014b), but there is a lack of information on the ontogeny of this ability 

in great ape infants. One could therefore argue that younger great apes did not show an SME 

because they may not experience the hand as a social stimulus, either because they do not have 

much experience with human hands or because they need more visual cues to interpret 

something as a social entity.  

As outlined in the introduction (see section “Social attention in great apes”), great apes 

are similarly prone to attend to social stimuli. As faces especially enjoy increased attentional 

interest and processing advantages (e.g. Kano et al., 2012; Tomonaga, 2007; Tomonaga et al., 

2004), it is possible that a more socially relevant model, like a conspecific face, could have 



 85 

elicited an SME. Indeed, in a comparative study by Kano & Call (2014), chimpanzees showed 

clear preferences to look at conspecific faces, compared to allospecific faces, and further 

followed their gaze more often. The same was true for human infants, which might hint at 

social attention biases toward their own species both in humans and apes (Meissner & Brigham, 

2001). My study cannot exclude the possibility that I would find a comparable developmental 

trajectory for SME between human and great ape infants if I had utilised ecologically more 

meaningful social models (i.e. conspecific hand or face). Nevertheless, based on previous 

research showing the importance of social attention in great apes (e.g. Ehmann et al., 2021), it 

is possible that different types of social stimuli influence other cognitive mechanisms like 

memory throughout developmental stages. Given that great ape infants must learn a wide range 

of socially transmitted behaviour (e.g. nut cracking (Biro et al., 2003)), and that they adjust 

their social attention effort based on the specific knowledge they need to acquire (Ehmann et 

al., 2021; Kano & Call, 2017; Kukofka et al., 2025), it is likely that social attention positively 

influences memory throughout development in great apes. Sex and age differences of specific 

environmental pressures (e.g. sex-dependent dispersal (Ehmann et al., 2021)) are important 

considerations when designing social stimuli for great apes across the lifespan. 

Furthermore, the fact he fact that adult great apes did not demonstrate memory for any of the 

objects after a two-day delay shows the strength of the social memory effect, providing first 

insights into the impact of social stimuli on long-term memory in great apes. It is known that 

chimpanzees and bonobo adults can remember other individuals for decades (Lewis et al., 

2023), which suggests that our measurements of the memory effect are not a reflection of their 

overall memory capacity. Perhaps, remembering other individuals is more important for future 

alliances and more salient than the objects another individual has attended to. While right after 

the stimulus presentation, the memory effect of the apes was enhanced, the long-term memory 

process does not seem to be affected by the social stimulus provided. It is possible that the 

towers we used as objects were not relevant enough for the apes to store them in their long-

term memory. Moreover, while great apes generally focus on the action targets of other 

individuals (Kano & Call, 2017; MacLean & Hare, 2012), it is unclear whether or for how long 

they retain information about these actions. Therefore, the importance of social attention on 

long-term memory in great apes still remains obscure. 

Nevertheless, the heart rate measures further improved our understanding of the 

potential underlying processes that are responsible for the memory effect. While previous 

research with monkeys (Howard et al., 2018), great apes (Howard et al., 2017) and humans 

(Howard & Woodward, 2019) did not find differences in overall looking times towards the 



 86 

familiarisation videos between the two models, the heart rate data shows that the social model 

increased attention in great ape adults – shown as a deceleration in heart rate – and likely 

influenced better immediate recognition afterwards. I further propose that arousal interferes 

with memory formation for objects in great apes. In all conditions where I observed an increase 

in the heart rate, a proxy for arousal (Jensen & Caine, 2021), the memory for the object was 

impaired: In the non-social condition for great ape adults, and in all conditions for infants and 

juveniles (who did not show any SME). Lastly, previous research on social attention has 

revealed clear species differences in social attention between great apes, even in closely related 

species like chimpanzees and bonobos (Kano et al., 2015; Kano & Call, 2017; MacLean & 

Hare, 2012). It is likely that the species-specific life history characteristics, socially distinct 

environments and other physiological drivers (e.g. oxytocin (Brooks et al., 2022)) result in 

differences in social attention between species. In particular, orangutans inhabit a distinct social 

environment (Galdikas, 1985; Singleton & van Schaik, 2002), which may impact the richness, 

strength and frequency of social influences and ultimately social cognitive performance. 

Therefore, it is unlikely that there is one “great ape social cognitive development” among all 

four species (Bräuer et al., 2020; Rochat, 2024). While my study did not show species 

differences, such conclusions are difficult to make, as there was a much larger sample size of 

chimpanzees compared to that of gorillas and orangutans.  

Overall, the study points to similarities and differences in the SME between great apes and 

humans, contributing to our understanding of the importance of social attention on memory 

during ontogeny between closely related species, and provides information on improvements 

and considerations for future study designs. 

 

How does social attention influence belief processing during development in great 

apes? 
My third aim was to test the influence of the false belief of a bystander on memory in great 

apes and to see whether it follows a similar developmental trajectory in apes and humans. The 

results first provided further evidence for an altercentric influence on the behaviour of great 

apes, as proposed by Lurz et al. (2022). This challenges the view of altercentric interferences 

as a uniquely human cognitive adaptation (Kovács et al., 2010; Southgate, 2019), and supports 

the proposal of Burkart & Southgate (2025). In their preprint, the authors argue that 

altercentrism can be found in different cognitive domains (e.g. motor interference and 

emotional contagion) to increase attention alignment between individuals, ultimately 
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benefiting social learning and cooperation throughout life. They therefore propose that 

altercentrism is ubiquitous among socially living individuals, with differences in degree rather 

than presence or absence. Furthermore, the authors highlight the importance of comparative 

studies about altercentrism in humans, and emphasise the necessity of developmental studies 

to test and inform hypotheses about the existence and degree of altercentrism across species. 

This will help us to understand why it may be more prevalent in some species than in others. 

Alloparental care is one potential driver for a strong altercentrism in human infants, described 

as a bias for others’ perspectives (Burkart & Southgate, 2025). Comparative studies, including 

ontogenetic perspectives, in species without alloparental care, for instance, other great apes, 

are therefore informative to test this hypothesis. 

My study aimed to fill that gap. Here, apes from infancy to adulthood were allowed to 

dig for a reward that they had seen being translocated by an experimenter from hiding location 

one to hiding location two, in a trough that was filled with litter material. I calculated a search 

bias (in cm) away from the true hiding location (hiding location two) and tested for condition 

differences. The belief of a human bystander classified the conditions. The false belief 

condition was defined by trials where the bystander missed the translocation from location one 

to location two, as the bystander falsely believed that the reward was still in hiding location 

one. The trials where the bystander saw both hiding events, hiding in location one as well as 

the translocation to location two, were defined as the true belief condition. In both conditions, 

only the belief of the bystander was altered, while the subjects always had a true belief about 

the hiding location. If great apes show altercentric interferences on their own behaviour by the 

false belief of the bystander, their search bias should be bigger in the false compared to the true 

belief condition. Additionally, if the developmental trajectory is similar between humans and 

non-human great apes, infant apes should show the most significant search bias in the false 

belief condition. Indeed, while all apes were influenced by the false belief of the bystander by 

searching closer to the old hiding location in the false compared to the true belief condition (a 

larger search bias in the false belief condition), infant apes showed the strongest influence (the 

most significant search bias). This is consistent with human data in similar Searchbox tasks 

(Speiger et al., 2024, 2025). These results contribute in several ways to the ongoing debate 

about implicit belief processing in human infants and great apes. First, the results are in line 

with those found by Lurz et al. (2022) in chimpanzees and show that the effect is stable and 

replicable. While my sample mainly included chimpanzees (N = 20), I also tested bonobos  

(N = 7), orangutans (N = 5) and gorillas (N = 5). The sample sizes for the other ape species 

(gorillas, orangutans, bonobos) are rather small and should be interpreted cautiously, but the 
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results let us assume that altercentric interferences represent a cognitive adaptation that is not 

only found in humans but also in other great apes and has been shown to be missing in other 

primates (Martin & Santos, 2014). Previously, researchers around Southgate have proposed 

that humans’ social cognition is characterised by being altercentric – influenced by the minds 

of other individuals in their immediate surroundings. They further propose that this altercentric 

cognition in human infants is very strong, leading to an altercentric bias where the other’s 

perspective is more strongly processed than their own. This so-called altercentric bias 

prioritises the other’s perspective on the cost of their own, resulting sometimes in major 

memory errors (Manea et al., 2023; Southgate, 2019). As outlined in the introduction, being 

attentive to the attention targets of other individuals and to prioritising these events for 

encoding and memory is beneficial as it allows one to focus on and learn from the most 

important stimuli in an individual’s environment. Because the perspectives of others appear to 

be so easily and readily available, some researchers classify these behaviours as a human-

unique automatic belief processing mechanism (e.g. Kovács et al., 2010). Not only the study 

by Lurz et al. (2022) and my own study (Padberg et al., 2025, in press), but also a recent 

proposal by Burkart & Southgate (2025) suggests that altercentric cognition is not as human-

unique as previously thought, but might be present in all great apes. The latter proposal even 

suggests a ubiquity in the animal kingdom. The researchers point out that the differences 

between species mainly occur in its strength and the flexibility to switch from altercentric to 

egocentric perspectives, and not in the occurrence of the effect in general (Burkart & Southgate, 

2025). While I agree that altercentric cognition appears to be widespread in the great ape 

lineage, and that there may be species differences not accounted for through my study, it seems 

that altercentric influences from the false belief of another individual might not be as present 

in other primate species as they are in the great apes (Martin & Santos, 2014).  

The data is in line with cognitive theories like the simulation model and the 

metacognition model alike. While the metacognition model assumes that individuals are aware 

of and can distinguish between the two different beliefs they hold – their own belief and the 

belief of a bystander – (Apperly, 2008; Perner, 1993; Pylyshyn, 1978), the simulation model is 

more parsimonious as it does not assume distinct processing of these two different beliefs. It is 

therefore cognitively less demanding and sufficient to explain the altercentric influence on the 

search behaviour in great apes. The simulation model proposes that individuals use their own 

beliefs to model the beliefs of other individuals. This simulation of others’ beliefs does not 

require them to put themselves in the shoes of the other individual in order to make predictions 

about their next action (Apperly, 2008; Gallese & Goldman, 1998; Goldman & Jordan, 2013; 
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Lurz et al., 2022). Nevertheless, my data does not exclude the possibility that apes use the 

metacognitive model, use both models interchangeably, or that different models are at play 

between the different age groups. While I cannot provide strong evidence for one theory over 

another, since behavioural response measures alone cannot inform us about the underlying 

cognitive processes that cause the behaviour, it is important to develop theories about the 

underlying cognitive processes that are involved in specific behaviours in order to guide our 

formulation of specific hypotheses that can be empirically tested and thus further inform our 

theories (Fried, 2020). Together with Lurz et al. (2022), my study favours the more 

parsimonious approach of the simulation model in great apes, but more empirical work is 

needed to rule out alternative explanations and other factors that might influence the described 

behaviour and its development.  

As my sample size included individuals from different developmental backgrounds, it is 

important to note the impact of their lived experience on the development of socio-cognitive 

development (Bard, 2009; Bard et al., 2014). Most of the chimpanzees that I tested in the 

sanctuary in Sierra Leone experienced notable trauma during their first years of life, such as 

losing their mothers or being kept as pets without contact with other conspecifics. When they 

arrive in the sanctuary, they get their main care and comfort from humans. This might therefore 

result in significantly different experiences with humans as social individuals, and they may 

associate more meaning to humans as social entities than chimpanzees, who grow up in a social 

group of conspecifics. In contrast, the infants tested in the Leipzig Zoo are all raised by their 

biological mothers and live in groups of mixed-aged individuals. In their case, humans do not 

play such an important role as caretakers, which could possibly shift once the infants are 

weaned and mainly feed on solid food provided by the zookeepers.  

It can be expected that the development of altercentric inferences is influenced by what 

individuals experience during their first years of life. While I used a human as a social agent in 

my task, it might be that the individuals from the sanctuary were influenced most by his (false) 

beliefs, because humans play a more significant role for these apes. With the current sample, I 

cannot test this hypothesis, but future studies should take into account the lived experiences of 

the tested individuals. Another important point raised by Burkart & Southgate (2025) is that 

the flexibility to switch between egocentric and altercentric perspectives could be different 

between species. I would further argue that these differences might manifest differently during 

ontogeny. As outlined in the introduction, the first years of life are characterised by significant 

cognitive milestones (Meghana, 2024). In this part of an individual’s life, the individual is 

highly vulnerable and dependent on the care of others. Therefore, being equipped with abilities 
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that increment their chance of care, and social learning abilities that increase the survival and 

ultimately the fitness of an individual, will be selectively favoured in evolution. Similar 

evolutionary and environmental pressures will favour similar abilities between species 

(Darwin, 1859), and sharing a common ancestor further increases the likelihood of finding 

similarities between their descendants (Hall, 2013). Comparative psychology has the unique 

chance to obtain a glimpse into the behaviour of our ancestors by studying the life and ontogeny 

of our last living relatives. One main hypothesis that can be tested in this way is the claim that 

the main differences lie within the social cognitive domain between humans and other great 

apes (Tomasello, 2023a; Wobber et al., 2014).  

 

How does this dissertation contribute to the study of comparative psychology? 
The results of this dissertation provide information about the differences and similarities in 

social cognitive development between humans and great apes. To be precise, I tested the 

importance of social stimuli throughout the development of non-human great apes. Especially 

in the first years of life, infants who are dependent on their caretakers have to learn the skills 

necessary for their respective species to survive (Whiten & Van De Waal, 2018). In a world 

where numerous stimuli are competing for an individual’s attention, they have to make sure to 

focus on the ones that are crucial for survival. Social stimuli in particular offer a rich source 

for social learning, and focusing on others will increase the chance of being aware of the most 

important stimuli in their surroundings. Therefore, individuals living in complex social groups 

are equipped with attentional biases that will direct their attention preferably towards social 

stimuli (social attention). As a result, the (social) environment in which individuals grow up 

will most tremendously decide what each individual will learn (see Introduction). In two 

studies, I tested how the presence of a social stimulus influences individuals’ memory of 

objects and their hiding locations. While social stimuli appear to remain important throughout 

the life of great apes, their importance might result from different reasons. An immature great 

ape is highly dependent on their mother as their main caretaker, and other individuals become 

increasingly important for maturing individuals (e.g. to form alliances) (Pusey, 1990). When 

comparing the development of social attention between species, it is therefore important to 

consider their life history traits and their specific developmental. Additionally, not every 

cognitive skill develops in a linear way, and other developmental trajectories should be taken 

into account to fully grasp the complexity of (social) cognition between and within a species 

(Pauls et al., 2013).  
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What does this dissertation tell us about the evolution of human-unique cognitive skills? 
Lastly, finding evidence for the existence of cognitive abilities in great apes that were 

traditionally declared as human-unique does not reduce their importance, but alters the role 

they play in human evolution (Russon, 2004). Even when we share basic abilities in social 

cognition early on, and sometimes even follow similar developmental trajectories in specific 

traits, do species differences in higher-order social cognitive abilities, for instance, Theory of 

Mind skills, remain. For instance, Study 2 of this dissertation showed that already in their 

infancy are sensitive to the false beliefs of another individual, represented in alterations of their 

own behaviour (altercentric influences). I further provide the first evidence that the 

developmental trajectory of these altercentric influences is similar between humans and great 

apes. While altercentric influences might represent an adaptation to complex social 

environments with benefits for cooperation and competition (Kampis & Southgate, 2020), 

which is found in other primates as well (Burkart & Southgate, 2025), humans are still 

outstanding in the extent to which they cooperate and make use of their belief processing 

abilities. Tomasello (2022) highlights that it is the shared intentionality – attention and action 

coordination with others – that distinguishes humans from other apes. In his review, Tomasello 

outlines that while there has been some evidence showing that other great apes show signs of 

action and attention coordination, the behaviour described by other researchers (e.g. (Pika & 

Mitani, 2006; Wolf & Tomasello, 2019) is not totally human-like. The difference mainly lies 

in the motivation as well as the intentionality with which humans jointly share attention. 

Humans are aware that they are sharing attention with others, and actively coordinate this 

attention using referential communication. Great apes, on the other hand, show coordination 

with a partner to some degree, but are limited by their skills of cooperative and intentional 

communication (Tomasello, 2022).  

Nevertheless, some abilities might be missing in great apes, not because they are less 

complex or intelligent than humans, but because they do not need the specific skills to ensure 

their survival. Humans, as much as other individuals, developed specific skills to be best 

adapted to the specific environments they live in. Behaviours that do not increase the likelihood 

of survival or reproduction in a species will not be selectively favoured. Some theories exist 

that try to explain why humans developed their sophisticated social cognitive skills, especially 

around their cooperative abilities, that are not found in other (closely related) species. Increased 

food competition and a higher need for quality foods based on increasingly big brain sizes in 

early great apes (Navarrete et al., 2011) might explain the importance of social attention in 
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great apes. Because of this increased demand and a resulting higher food competition, 

individuals who are able to predict other individuals’ behaviour for their own benefit increase 

their own chance to obtain more and better food (Tomasello, 2022). In other words, the intense 

food competition that early great apes potentially faced favoured individuals with greater skills 

of metacognition and social learning that can be used to predict others’ next actions. As a result, 

the skills of social cognition during ontogeny might potentially be related to the intensity of 

food competition within a species (Tomasello, 2023c). Future studies focusing on this 

relationship within and between species will be important to further inform theories about 

human cognitive evolution. 

 

Future directions 
My work opens the possibility for future directions on the study of social attention 

development in great apes. It remains important to further investigate the missing SME in the 

younger apes. As the juveniles’ performances were between that of the infants (who showed 

no SME) and that of adults (who showed the strongest SME), I argued for a possible 

developmental effect. However, as previously mentioned, because I used a human hand as a 

social stimulus, we should first see if great ape infants make action predictions for a human 

hand (Kano & Call, 2014b) and/or if they perceive it as a social stimulus at all. Because the 

infants’ heart rates increased in response to both models, it is also likely that they did not 

differentiate between the robotic claw and the human hand. Another interesting question to 

answer would be if and how much experience great ape infants need with a human hand in 

order to perceive it as a social stimulus, and whether this changes if a live, non-screen-based 

setup is used. To my understanding, there are no studies investigating whether great apes 

process stimuli on a screen in the same way humans do. Therefore, it could be important to 

first look into the differences between live and video stimuli for great apes, before adapting the 

stimuli we used. Furthermore, Howard & Woodward (2019) found that the SME for the non-

agentive mechanical claw could be evoked if human infants experienced the claw as a tool that 

can be used by a social agent. The authors proposed that the agency drives the SME. It would 

be interesting to see if we could find similar results for our adult great ape sample if they were 

to experience the mechanical claw as a tool for a social agent.  

Another follow-up plan would be to replace the human hand with a great ape hand and 

see if we find the same developmental trajectory as found in my study or as has been found in 

human studies. Only if we systematically compare the development of a given behaviour or 
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skill between species, and not only compare the behaviour of adult apes with human children, 

can we make claims about analogies and homologies between species, and whether differences 

are caused by differences in pace or pattern of development. This would inform us whether or 

not similar cognitive processes are causing the seen behaviour (Rosati et al., 2014). In order to 

understand when the SME develops in great apes, we will first have to make adjustments to 

the Looking-time studies in different age groups are not trivial to implement. From diverse 

human infant studies on looking times using the preferential-looking paradigm, we know that 

timing plays a major role in processing the stimuli (Michel & Thiele, 2025). Unfortunately, 

this systematic information is not available for great apes. Method development plays a crucial 

role in (comparative) psychology in order to be sure what a specific method is measuring. It is 

especially important to understand the processing speed of great apes across ontogeny to inform 

future measures. From adult apes, we already know that the timing of their gaze movements 

for visual stimuli is faster than that of humans (Kano et al., 2011). We also know that 

chimpanzees make more fixations per second when watching visual scenes compared to 

humans (Kano & Tomonaga, 2011). Therefore, to design looking-time studies, we should 

extensively analyse viewing patterns and gaze movements of different great ape species across 

development. This would allow us to adjust the timing of stimulus presentation to the species-

specific viewing patterns, and to the developmental stage of the tested subjects. 

Lastly, in Study 2, I investigated altercentric influences in great ape infants for the first time. 

From this study, several implications follow. First, we still do not know when, during ontogeny, 

great ape infants start to track others’ (false) beliefs, and how sensitive they are to them. The 

sandbox task is a suitable paradigm for individuals who are already able to dig for food (>3 

years), and it enabled us to measure the altercentric influences on a continuous measurement. 

With this task, I could show that the influence is strongest in young individuals and less strong 

in adults. However, it is possible that even younger individuals would be influenced by the 

beliefs of another bystander. For this, we need to adjust the setup in a way that it can be used 

by infants who are still dependent on their mothers. For instance, an eye-tracking study using 

anticipatory looking and heart rate measurements could be useful to determine at what point 

during ontogeny great apes become sensitive to the beliefs of others. Furthermore, we do not 

know yet if all beliefs influence the subject in the same way, or if some are prioritised over 

others. For instance, in humans, the age of the avatar influenced how much participants’ 

behaviour was modulated by the agent (Ferguson et al., 2018).  

Future studies could look into the importance of the bystander’s nature (e.g. a closely 

related partner, an animated agent, older or younger agents, a non-agentive avatar, etc) (e.g. 
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Atmaca et al., 2011; Ferguson et al., 2018), the number of bystanders (Milward & Whitehouse, 

2025), the longevity of the influence and the necessity of the bystander to be present during 

recall (Kovács et al., 2010). As altercentric and egocentric processes might be present at the 

same time, future studies might investigate which factors promote egocentric over altercentric 

perspectives and how flexibly apes at different developmental stages can switch between the 

two processes.  

Finally, while comparative psychology is incomplete without developmental data (Liebal 

& Haun, 2018), cross-cultural work is further important to inform claims about human 

universality (Nielsen & Haun, 2016). Both cross-cultural as well as cross-species comparisons 

would benefit from a developmental focus in order to examine ontogenetic trajectories.  

 

7. Conclusion 
 
This dissertation first highlights the importance of developmental studies for comparative 

psychology and the need for systematic method development for studies that can be tested in a 

cross-species setting with individuals from various age groups. Methods for testing non-verbal 

individuals with diverse backgrounds (zoo- and sanctuary-living great apes) are crucial for 

comparing behavioural measures between those populations. I further conclude that relying 

only on one outcome measure, such as looking times, does not sufficiently inform us about the 

underlying mechanisms that cause certain behaviours. My first study combined looking times 

and contact-free heart rate as a promising combination to measure memory in non-human great 

apes across ontogeny. The studies included in this dissertation demonstrate that the 

developmental perspective, while comparing different species, enriches our understanding of 

the evolution of human-unique behaviours. I could show that while adult great apes showed 

similarities in the social memory effect to human infants, their developmental trajectory was 

different. This hints at different underlying cognitive processes that are responsible for similar 

behavioural outcomes in adults of different species. I conclude that it is beneficial to not only 

compare the behaviour of adult apes with the behaviour of human infants and children (Call & 

Carpenter, 2001; Herrmann et al., 2007, 2010; Warneken et al., 2007), but also to include a 

developmental perspective. Only if we compare the development of certain behaviours 

between species can we inform our understanding of when and how differences between 

species occur, and which behaviours we share with our closest living relatives.  

Coming back to the initial example of this dissertation (see Figure 1), social stimuli enjoy 

distinct processing in humans. These attention biases towards social stimuli (social attention) 
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lay the foundation for higher-order social cognitive abilities (Hala, 2013). This dissertation 

explored whether differences between humans and other great ape species can be found in the 

fundamental socio-cognitive abilities (social attention), their implications for other cognitive 

processes (memory and belief processing) and when differences occur during ontogeny. I could 

show that social attention not only influences object memory in all four non-human great apes, 

but also influences belief processing. The latter was shown in altercentric interferences on the 

search behaviour, especially pronounced in infant great apes. Overall, this dissertation points 

towards similarities but especially differences between the development of social attention and 

its influence on memory and belief processes between great apes and humans. While certain 

behaviours appeared to be similar between great ape adults and human children, their 

developmental trajectory points towards differences in the underlying mechanisms. Ignoring 

these differences will lead us to false conclusions about our human unique cognition, and the 

evolution of great ape cognition in general.  
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