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1 | INTRODUCTION

| Sebastian Grueneisen® | Esther Herrmann*

Abstract

Chimpanzees (Pan troglodytes) and humans cooperate in reciprocal patterns, but it
is unclear whether these interactions are based on the same psychological founda-
tions. While there is evidence suggesting that both species engage in long-term forms
of reciprocity, there is very little work exploring their short-term behavioural con-
tingencies with suitable methods. Here, we present a direct comparative study on
short-term reciprocity in chimpanzees and human children using a novel, low-cost
instrumental helping task. We investigated whether participants help a conspecific
partner to obtain a tool for accessing a reward, and whether the level of helping
depends on the partner's previous helpful or unhelpful behaviour. In line with prior
research, both chimpanzees and children demonstrated helping behaviour towards
their partner. However, the extent to which the two species showed short-term reci-
procity differed considerably. After receiving help, tested children always helped in
return. They helped substantially less when interacting with an unhelpful partner.
Chimpanzees showed a higher tendency to help when interacting with a helpful com-
pared to an unhelpful partner only in the first half the experiment. With increasing
trial number, chimpanzees stopped discriminating between helpful and unhelpful
partners. This study provides evidence for short-term reciprocity in human children
and, to a lesser extent, in our closest living relatives. Our findings demonstrate that
helping paradigms provide a useful context to investigate reciprocal motives in hu-

mans and chimpanzees alike.
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behaviours have been proposed. Kin selection has emerged as the

The question of how natural selection can explain the existence of
agents that deliver benefits to others at a cost to themselves has
attracted much interest (Henrich & Henrich, 2007; Raihani, 2021;
Tomasello, 2016). Depending on the social relationship in ques-

tion, different evolutionary pathways to explaining such prosocial
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dominant explanatory framework for explaining cooperation among
biologically related individuals (Hamilton, 1964). In the context of in-
teractionsamong non-relatives or strangers, reciprocity can generate
stable patterns of support and sharing (Axelrod & Hamilton, 1981,
Bowles & Gintis, 2011; Trivers, 1971). Reciprocal theories of coop-

eration turn on the idea that helping you or deferring to you on one
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occasion can be in my direct interest if by doing so | increase the like-
lihood that you will help or defer to me in the future. One way that
costly prosocial behaviours such as helping, sharing and comforting
even among non-kin can pay off is if the roles of donor and recipient
reliably alternate.

There is ample evidence that behavioural patterns of reciproc-
ity occur not only in humans but in a wide variety of animal taxa.
Among the most well-known cases are predator inspection among
fish (Milinski, 1987; Milinski et al., 1990), particularly sticklebacks
(Gasterosteus aculeatus) and guppies (Poecilia reticulata), blood shar-
ing by vampire bats (Desmodus rotundus) (Wilkinson, 1984) and mu-
tual grooming in impala (Aepyceros melampus) (Hart & Hart, 1992).
As a whole, these studies present strong naturalistic evidence for
reciprocal patterns of cooperation in animals. In recent years, there
has been ongoing debate as to whether reciprocal cooperation in
humans occurs in similar interactions and with the same flexibility
and is based on the same psychological foundation as in other spe-
cies, especially our closest animal relatives, chimpanzees (Brosnan
& de Waal, 2002; Schweinfurth & Call, 2019; Tomasello, 2016). The
question is: what mechanisms generate reciprocal patterns of coop-
eration in chimpanzees and humans?

Several mechanisms have been proposed to support reciprocity
in primates. Emotional reciprocity is a mechanism that allows indi-
viduals to keep track of favours given and received, typically over
longer time frames (Brosnan & de Waal, 2002; Jaeggi et al., 2013;
Schino & Aureli, 2009; Tomasello, 2016). The idea is that dyadic so-
cial interactions elicit partner-specific emotional responses that in
turn guide future behaviour towards that same partner. Recent work
suggests that the mammalian bonding hormone oxytocin might play
a role in such forms of emotional reciprocity (Crockford et al., 2013;
Wittig et al., 2014).

Two other potential mechanisms are attitudinal reciprocity and
calculated reciprocity. In attitudinal reciprocity, individuals associ-
ate a tag or an attitude with a cooperative partner based on their
last encounter. Instead of having to memorize specific cases of past
behaviour, a general tag such as ‘the partner was nice’ is sufficient
to elicit prosocial responses in the next encounter (Brosnan & de
Waal, 2002; Jaeggi et al., 2013). Calculated reciprocity is based on
careful mental scorekeeping of given and received favours. Due to
the cognitive demands this entails, calculated reciprocity is thought
to be rare in non-human primates (Schino & Aureli, 2009; Stevens
& Hauser, 2004; but see by Dufour et al., 2009). Both attitudinal
and calculated reciprocity are associated with short-term exchanges
(Schweinfurth & Call, 2019), although, in principle, calculated reci-
procity can also function over extended time periods.

To answer questions about underlying mechanisms, an import-
ant first step is to investigate in what interactions chimpanzee and
human reciprocal cooperation occurs. Moreover, studying the de-
velopmental trajectories of different types of reciprocal exchanges
in young children can provide further insights into the underlying
cognitive capacities at play. Some of the most convincing evidence
for reciprocity in chimpanzees comes from observational research in

which cooperative exchanges are analysed over extended periods of

time. This work has shown, for instance, that in the long-term, chim-
panzees engage in both in-kind exchanges—e.g. when they exchange
grooming for grooming (Gomes & Boesch, 2011), food for food (de
Waal, 1989) or support for support (Gomes & Boesch, 2011)—as well
as in exchanges across domains, as when they exchange meat for
sex (Gomes & Boesch, 2009) or support for sex (Duffy et al., 2007).
Likewise, naturalistic observations suggest that human children start
cooperating in reciprocal patterns from a young age onwards. Much
like in the case of chimpanzees, this involves both in-kind exchanges,
for example helping for helping, object for object, as well as ex-
changes across domains, for example helping someone in exchange
for receiving an object (Fujisawa et al., 2008).

The evidence for short-term reciprocity in chimpanzees is
more mixed: while several studies failed to detect any evidence
(Brosnan et al.,, 2009; Bueno-Guerra et al., 2019; Engelmann &
Herrmann, 2016; Jaeggi et al., 2013; Yamamoto & Tanaka, 2009)
and others found only weak evidence (Engelmann et al., 2015; Melis
etal., 2008), three recent studies reported positive findings (Benozio
et al., 2023; Schmelz et al., 2017, 2020).

By contrast, young children consistently demonstrate short-
term reciprocity from a preschool age onwards (Grueneisen &
Tomasello, 2017; Kuhlmeier et al., 2014; Olson & Spelke, 2008;
Warneken, 2018; Zhang et al., 2019). Warneken and Tomasello (2013)
reported that while children's first prosocial acts, at around 2years
of age, emerge spontaneously, children show first signs of contingent
reciprocity in the third year of life. Supporting this general develop-
mental picture, Vaish et al. (2018) found that young children selec-
tively act generously towards past benefactors, especially when the
benefactor had provided them with benefits intentionally. And House
et al. (2013) present unequivocal evidence for short-term reciprocity
in children at the age of 5.5years. Around age 5, children also start to
engage in future-oriented calculated reciprocity by strategically act-
ing prosocially when others can reciprocate (Engelmann et al., 2013;
Grueneisen & Warneken, 2022; Warneken et al., 2019), and this facil-
ity has been linked to children's developing skills for prospection and
the willingness to delay rewards (Grueneisen et al., 2023).

A conclusion one could draw from these findings is that, while
young children clearly show short term calculated reciprocity from
a young age, short-term exchanges in chimpanzees are rare. Instead,
chimpanzee reciprocity is largely confined to long-term exchanges,
presumably mediated by affective mechanisms (House et al., 2013;
Jaeggi et al., 2013). But this conclusion seems premature for at least
three reasons. First, studies on chimpanzee reciprocity have often
relied on the ‘prosocial choice task’ in which individuals choose be-
tween one option that delivers rewards to themselves and to a part-
ner and another option that delivers rewards only to themselves.
However, the methods operationalizing this task often differed
markedly between paradigms used with children and chimpanzees.
For example, Brosnan et al. (2009) presented chimpanzees with a
vertical barpull apparatus which allowed chimpanzees to choose
one of two food distributions that could be accessed immediately
after each round. House et al. (2013) used a setup introduced by
Fehr et al. (2008), in which children selected one of two token
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distributions (presented on cards laying on the ground), which could
be exchanged for actual rewards at the end of the experiment.
Second, in some studies using the prosocial choice task, no evidence
was presented that chimpanzees understood the experimental setup
and the validity of the prosocial choice task has been questioned
due to its high cognitive demands (e.g. Burkart & Rueth, 2013; Tan
et al., 2015). Interestingly, the studies reporting positive evidence
for short-term reciprocity in chimpanzees using the prosocial choice
task implemented the strictest training procedures and comprehen-
sion checks (Benozio et al., 2023; Schmelz et al., 2017, 2020). Third,
and most importantly, the prosocial choice task has failed to elicit
prosociality in chimpanzees at baseline (Jensen et al., 2006; Silk
et al., 2005), that is, in the absence of any prior interaction, so it is
doubtful whether this is the most promising task for investigating
reciprocal prosociality in this species.

By contrast, chimpanzees consistently show prosocial be-
haviour in helping paradigms. In numerous studies, chimpanzees
have been shown to pick up out-of-reach objects (Warneken &
Tomasello, 2006), open doors (Warneken et al., 2007), release
food (Engelmann et al., 2015; Melis et al., 2011) or hand over tools
(Yamamoto et al., 2012). Given the ubiquity of prosociality in these
studies, helping paradigms might be particularly suitable for detect-
ing the conditions under which reciprocal motives might enter chim-
panzees' cooperative decision making.

The goals of the current studies were twofold: First, we aimed to
study prosociality in children and chimpanzees in a helping context
using experimental tasks and study procedures that were as similar
as possible and thus allowed for species comparisons. Second, we
aimed to investigate whether both samples showed reciprocity, that
is whether subjects' prosocial actions towards a recipient were influ-
enced by whether the recipient had previously behaved prosocially
towards the subject.

Thus, in the current set of studies, we presented chimpanzees
and children with nearly identical experimental setups using a novel
version of an instrumental helping task. We tested 4-5 year olds
because children at this age have been shown to engage in recipro-
cal cooperation with peers (Grueneisen & Tomasello, 2017; House
et al., 2013). Both species participated in the same three conditions.
In the helpful condition, participants were given the opportunity
to help a partner who had previously helped them. In the unhelp-
ful condition, they could help a partner who had previously proven
unhelpful. We had two main research questions. First, we asked
whether chimpanzees and children demonstrate helping behaviour
by comparing these two social conditions to a non-social condition
in which the partner was absent. Second, by comparing the helpful
condition to the unhelpful condition, we probed whether chimpanzees
and children engage in short-term reciprocity and assist a previously
helpful partner more than a previously unhelpful partner. To over-
come methodological shortcomings observed in prior research, we
implemented thorough apparatus familiarization phases as well as
strict comprehension checks including criteria to assure task under-

standing before testing.

2 | STUDY 1: CHIMPANZEES
21 | Methods
2.1.1 | Participants

Twelve chimpanzees (Pan troglodytes, 5 females, 7 males; mean
age=12.67years, age range=5 to 24years) participated in this
study. Additionally, we trained chimpanzee stooges (4 females, mean
age=19.5years, age range=10 to 25years), who acted reliably as
either helpful or unhelpful depending on condition. All participants
were unrelated. The chimpanzees lived in two stable groups (group
1=24 individuals; group 2=16 individuals) at the Sweetwaters
Chimpanzee Sanctuary inside the Ol Pejeta Conservancy in Kenya. All
chimpanzees were housed in natural, spacious outdoor and indoor
enclosures with regular feedings, water ad-lib and additional daily
enrichment provided by the caregivers and researchers. Table 1 de-
picts a list of chimpanzee subjects' and stooges' age, sex rank and
housing group. Within 11 of 24 stooge-subject dyads, the stooge
was the higher-ranking individual. 10 chimpanzees (Jojo, Judy, Max,
Ajabu, Saidia, Oscar, Safari, Ndaronse, Alley, Victoria) from the hous-
ing group 1 did not participate in the experimental phase due to in-
sufficient apparatus understanding (see subject familiarization for
more details). For an evaluation of the sample using the STRANGE
framework (Webster & Rutz, 2020), please refer to the Supporting

information [SI].

TABLE 1 Chimpanzee subject and stooge list, N=12 including
age, sex, rank and housing group; average individual rank derived
from eight keepers' questionnaires (three categories: 1=high
ranking; 2=medium ranking; 3=Ilow ranking).

Name Age Sex Rank Housing group

Subjects
Mwanzo 16 Female 1.9 1
Amahirwe 14 Male 1.6 1
Zee 12 Male 2.1 1
Julia 12 Female 29 1
Alikaka 10 Male 1.6 1
Edward 10 Male 2.4 1
Mary 9 Female 2.0 1
George 9 Male 2.3 1
Akela 24 Female 1.8 2
Uruhara 23 Male 1.6 2
Jane 8 Female 3.0 2
Roy 5 Male 3.0 2

Stooges
Cheetah 25 Female 21 1
Eva 10 Female 2.4 1
Amisero 23 Female 1.2 2
Tess 20 Female 1.6 2
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2.1.2 | Ethics statement

All applicable international, national and/or institutional guidelines
for the care and use of animals were followed. Chimpanzees vol-
untarily participated in the study and were never food or water
deprived. All research performed was in accordance with the rec-
ommendations of the Weatherall report (Weatherall et al., 2006).
The ethics committee at the Sweetwaters Chimpanzee Sanctuary
(the Sanctuary board members and the veterinarian) approved
the experimental study procedure. All research at the sanctuary
was non-invasive and strictly adhered to the legal requirements of
Kenya (NCST, KWS; Research permit number issued by the National
Council for Science and Technology: NCST/RRI/12/1/BS011/220).
No medical, toxicological or neurobiological research of any kind is
conducted at Sweetwaters Chimpanzee Sanctuary. The chimpan-

zees were tested in their sleeping/observation rooms.

2.1.3 | Materials

We presented chimpanzees with a modified version of a tug-of-
war apparatus from a study on monopolization and turn-taking by
Knofe et al. (2019). The apparatuses were positioned in two op-
posing rooms and consisted of four main items (see Figure 1): Two
reward boxes filled with mashed banana, a rope connecting two
stick-tools for foraging and a clamp for the rope with an attached
release button. One reward box was placed in the left room. An
identical reward box was positioned in the opposite room. Each re-
ward box could be accessed by poking with a stick-tool. Both tools
were connected by a rope too short for simultaneous tool use.

Only in the left room, we added a clamp with a release mechanism

for the rope. This mechanism prohibited access to the right stick by
clamping a knot tied into the rope. At the same time, the left tool
was fully functional. The clamp could be released by pressing the
attached release button. This mechanism allowed the following se-
quence: Firstly, poking was possible only on the left side, since the
rope was clamped. Secondly, pressing the release button removed
the clamp in the left room. Thereupon, the released rope could
be pulled towards the right room allowing subsequent tool use by
the right individual. Once the button was pressed and the rope
was pulled into the right room, the tool could not be used in the
left room any more. Additionally, the functionality of the release
button could be manipulated by inserting a screw, a feature neces-
sary in the two test conditions. Throughout the study, the blocking
mechanism and the release button remained in the left room. For

details on the apparatuses and materials, please refer to the SI.

2.1.4 | Design

After passing a set of criteria in the familiarization phase, all subjects
were tested in a within-subject design in two test conditions (help-
ful, unhelpful) and one control condition (non-social control). In the
helpful and unhelpful test conditions, the subjects interacted with
a trained stooge. In the non-social control, the subjects were tested
alone. Each condition consisted of 10 trials. The helpful and unhelpful
conditions were tested in five to six test sessions, each consisting of
one to three trials, depending on subjects' motivation. The non-social
control condition was split in two blocks each consisting of five tri-
als. The first block was conducted before and the second block after
the test conditions (ABCA design). Each block was tested in one to

two test sessions consisting of two to five trials (see Table S2 in the

FIGURE 1 Setup Study 1: Tools connected by a short rope were needed to access the identical reward boxes filled with mashed

banana. Firstly, the rope could be accessed in the left room only; simultaneous tool use was impossible. The rope was restricted by a

clamp preventing the individual in the right room from pulling and using the tool. The individual in the left room could help by pressing the
attached release button, which removed the clamp and thereby released the rope allowing the other participant to use the tool. The tool was

inaccessible for the left individual once pulled to the right room.

85UB017 SUOWILLIOD SAIERID 3ot jdde ay) Aq peusenob ale 9L VO '8sN J0 S9INI 0} AR1q1T8UIIUQ AB]1M UO (SUOTIIPUOD-PUE-SWLBI 0D A8 | 1M AReiq 1 Bu1juo//:Sdny) SUORIPUOD pue WS | a1 89S *[z02/.0/TE] Uo Aleiqiauliuo 4811 'qe ] leuoieN Asjesieg sousinvie eILIOJIED 10 AlUN AQ 9ZvET YIB/TTTT OT/I0pALI0Y A8 | Im AReiq Ul juo//Sdny Wolj pepeojumoq 'y %20z ‘0TE06EYT



KNOFE ET AL.

Sl for individual and average number of sessions per condition). The
number of trials per session was influenced by subjects' motivation,
keeper recommendations and force majeure. The test conditions
were counterbalanced across subjects. Embedding the test condi-
tions (B and C) into the non-social control (A) was designed to highlight
the difference between the two social test conditions and the control
and to gain a measure of subjects' baseline tendency to press the re-
lease button (even when this did not result in a benefit for a partner).

The two main questions were whether subjects would help a
partner (comparing the social helpful and unhelpful conditions with
the non-social control) and if so, whether they engage in short-term
reciprocity (comparing the helpful with the unhelpful condition).

Each trial in the two test conditions consisted of two parts. In
the experience phase, the stooges either always (helpful condition) or
never (unhelpful condition) helped the subject by pressing the release
button. Consequently, the stooges either ate their own food and
then allowed subjects access to their reward box (helpful condition)
or, in stark contrast, simply ate and left the apparatus without press-
ing the release button (unhelpful condition) leaving the subject empty
handed. The experience phase was immediately followed by the reac-
tion phase, the actual test situation, in which the subjects' reaction to

the stooges' behaviour was assessed.

2.1.5 | Procedure

Subject familiarization

All subjects were individually introduced to the setup. Subjects
needed to pass eight criteria to demonstrate their understanding of
the apparatuses. Table 2 depicts an overview of all familiarization
steps: description of each step including its learning goal, criterion,
trial time, average number of trials needed to meet criterion, number
of dropped out subjects and provided apparatuses.

To meet the most important apparatus-understanding criterion
(familiarization step 7), subjects had to (1) use the tool for foraging
in the left room, (2) press the release button, (3) change into the
right room and (4) use the previously released tool in the right room
in three consecutive trials. Here subjects used all apparatuses pro-
vided in the subsequent test conditions (except for the open door
between the right and left room). 10 chimpanzees did not meet
the basic requirements for the experiment. These individuals lost
interest in the apparatuses or lacked apparatus understanding in
the familiarization steps and where therefore dropped from the ex-
periment. For a more detailed, formulated description of the famil-
iarization steps, individual performance in each familiarization step
including the dropped-out individuals please refer to the SI.

Stooge training

The two test conditions were characterized by the contrasting behav-
iours of the either helpful or unhelpful stooges. After one stooge was
assigned to a subject and condition, they remained the partner for
this subject in the same condition throughout the experiment. That
is, subjects experienced 10 trials per condition with the same stooge.

To make sure that the two chimpanzee stooges acted in reliable
ways, each stooge underwent individualized training. The helpful
stooges were trained to exhibit the following procedure in the ex-
perience phase: (1) enter the left experimental room; (2) feed from
their reward box using the stick-tool; (3) press the release button
when the preventing screw is removed and a slice of apple is shown
(hidden from the subjects) by the experimenter (4) leave the exper-
imental room to the neighbouring room and receive the apple slice
thrown into the room. The unhelpful stooges were trained to exhibit
the following procedure: (1) enter the left experimental room; (2)
feed from the reward box with the stick-tool; (3) ignore the button,
blocked by the screw (4) leave the experimental room to the neigh-
bouring room and get an apple slice thrown into it. Please refer to
the Sl for the details about the stooge training.

Two stooges were tested in both test conditions (Cheetah and Eva),
that is, they first acted helpfully or unhelpfully with four subjects (ran-
domly assigned), then received retraining and acted in the opposite
role with another four individuals. Two additional stooges (Amisero
and Tess) acted exclusively helpfully or unhelpfully with four partners
(four additional subjects for whom these stooges were supposed to
be retrained for the opposite role did not reach criterion in time to be
tested). The four latter subjects for whom Stooge ID was not balanced
between conditions did not behave differently than the other sub-
jects, and all reported results hold when we control in the analysis for

whether or not Stooge ID was fully balanced (see the Sl for details).

Test phase

In the helpful and unhelpful condition, trials began with an experience
phase. During this phase, the subject was in the right room without ac-
cess to the tool. The stooge was in the left room with access to the tool
and release button. First, the subject watched as the stooge fed from
the box. In the helpful condition, following feeding, the stooge pressed
the release button. Thereupon, the subject could pull the rope with
the tool into the right room and feed. The experience phase ended once
the subject had emptied her box. In the unhelpful condition, the stooge
fed at her box for approximately 1 min. Afterwards, the stooge left
the room ignoring the button, which left the subject empty handed.
In addition, as an extra safety, the release button was secretly sabo-
taged (subjects were not cognizant of the hidden dysfunction) ensur-
ing no accidental helping by button pressing in the unhelpful condition.
However, unhelpful stooges ignored the button reliably.

The experience phase was immediately followed by the reaction
phase. Subject and stooge exchanged their positions (with the sub-
ject now in the left room provided with the release button). The time
between the two phases was kept to a minimum and never exceeded
5 min. The procedure of the reaction phase resembled the experience
phase with the release button being always functional, though. A
trial ended 1 min after the subjects left their tool unattended for lon-
ger than 10 s (irrespective of whether they came to feed or pressed
the release button).

In the non-social control condition, the subjects were tested with-
out a stooge partner. There was no need of an experience phase, and
subjects participated only in the reaction phase.
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KNOFE ET AL.

2.1.6 | Coding and analyses

All trials were video-taped. The main binomial dependent variable
button pressing was coded from video. Trials were assigned a ‘1" if
subjects pressed the release button in the reaction phase and a ‘0’
if they did not. The coding time frame was set to 1min: 10 s after
the subjects left their tool and box unattended and untouched, the
subjects had 50 additional seconds to potentially press the button.
If subjects left the tool for less than 10 s and came back just holding
the tool or feeding again, the timeframe was reset until the subject
left the apparatus for more than 10s. 20% of the data were coded in-
dependently by a research assistant, who was unaware of the study
design and hypotheses. Inter-rater reliability for button pressing
(Cohen's kappa, unweighted) was very good (K=.952, N=72). For
the complete data see the supporting information.

In a preliminary analysis, we first fit a Generalized Linear Mixed
Model (GLMM, Baayen, 2008) to inspect whether condition order
(the order in which subjects completed the three conditions) and
session number affected button presses. For our main analysis, we
fit a GLMM with binomial error structure. The dependent variable
was whether or not subjects pressed the button on a given trial. The
test predictors were condition (helpful, unhelpful, non-social control),
trial number (1-10) within condition and their interaction. We in-
cluded the random effect of subject ID to account for the fact that
subjects contributed multiple data points. We also included the ran-
dom slopes components of condition and trial number nested with-
in-subject ID.

Analyses were conducted in R (R Core Team, 2022) using the
function ‘glmer’ of the R-package Ime4 (Bates et al., 2014). We
first compared the full model described above with a null model
not including the test predictors but retaining the random effect
and random slopes using a likelihood ratio test. We ran hypoth-
eses-driven tests of individual predictors using likelihood ratio
tests (dropl command of Ime4 package) only after this full-null
model comparison revealed a significant effect of the test pre-
dictors combined (this approach has been shown to reduce Type
1 error rates by preventing multiple testing issues, Forstmeier &
Schielzeth, 2011).

2.2 | Results

The preliminary analysis revealed that condition order and session num-
ber did not have a significant effect (;(2(1):.67, p=.412 and ;(2(1):.79,
p=.373, respectively). These factors were thus dropped from the
analysis. The main analysis indicated that the predictors condition, trial
number, and their interaction combined significantly affected subjects'
button presses (full-null model comparison: )(2(5)= 17.42, p=.004).
Further analyses revealed a significant interaction between condition
and trial number (;(2(2):8.63, p=.013). We followed up the interac-
tion by investigating the effect of trial number in the three conditions
separately. This revealed that, in the helpful condition, subjects were
less likely to press the button over trials (y2(1)=9.70, p=.002): subjects
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FIGURE 2 Probability of button presses over the 10 trials of

the experiment in the helpful, unhelpful, and non-social condition.
Scattered dots represent individual data points. Solid lines are
fitted regression lines (binomial logistic regressions), shaded regions
indicate 95% confidence intervals.

started out pressing the button at relatively high levels (50% in tri-
als 1-5) but became gradually less likely to do so (23% in trials 6-10).
Trial number did not have a significant effect in the unhelpful condition
(;(2(1):.00, p=.986, overall mean=30%) or in the non-social condition
(;(2(1):.08, p=.783, overall mean=12.5%,; see Figure 2).

We also tested the effect of condition in the first five trials and in
the last five trials. This revealed that condition significantly affected
button presses in first five trials (y%(2)=27.96, p<.001). Specifically,
subjects were more likely to press the button in the helpful than in
the non-social condition (p <.001) and in the unhelpful condition than
in the non-social condition (p=.009) and in the helpful than in the un-
helpful condition (p=.009). By contrast, condition did not significantly
affect button presses in the last five trials (4%(2)=2.30, p=.316).

When disregarding the interaction, there was a significant
main effect of condition ()(2(2)=6.32, p=.042). Follow-up analyses
revealed that, pooled across all trials, there was no significant dif-
ference between the helpful and unhelpful condition (p=.311), but
button presses were significantly more common in the helpful con-
dition than in the non-social condition, (p=.003) and in the unhelpful
condition than non-social condition (p=.068). See the Sl for details.

3 | STUDY 2: CHILDREN

3.1 | Methods

3.1.1 | Participants

Thirty-six preschool children (N=36; mean age=5.05years; age
range=4.74 to 5.26years; 18 girls, 18 boys) were tested in day care

centres in a medium sized German city. In the test conditions sub-
jects were tested with a same gender peer stooge (total 21 stooges;
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mean age=5.64years; age range=4.84 to 5.97years; 12 girls, 9
boys). These stooges were recruited from the same day care cen-
tres as the participants but from different groups. The interacting
partners were not related and mostly did not know each other (four
dyads played once before). 18 trained stooges interacted with just
one subject and three very motivated stooges were tested with a
second participant. 24 stooges broke the defined rules while inter-
acting with 32 subjects and had to be excluded from the study. We
recruited new stooges and tested new subjects. For details on the

drop-out criteria and our ethical statement see the SI.

3.1.2 | Materials

The children were presented with an apparatus similar to the one used
with the chimpanzees in Study 1. The tasks were fitted for the spe-
cific preferences of the two species. Instead of poking for mashed ba-
nanas with a stick-tool as the chimpanzees in Study 1, children dipped
a stamp into an ink-filled tube for stamping on a sheet (see Figure 3).
Each child on each side had such a stamp which were connected by
a short rope. The stamps were needed for applying marks into five
printed circles on provided sheets. Before the stamps could be used,
they had to be dipped into a tube containing an ink pad. As in Study
1, the rope could be blocked by clamping a knot tied into it. Blocking
the rope prohibited stamping on the right side since the rope was
too short to utilize the stamp. Thus, only the left individual could use
the stamp. Pressing the release button attached to the clamp on the
left side, released the rope now allowing stamping on the right side.
Therefore, the individual on the left side could start to apply marks
and allow stamping on the right side by pressing the button. The chil-
dren sat on pillows on each side of the apparatus and were divided by

a transparent barrier. For protection against unintended stamps, the

participants wore coats. Walkie talkies for experimenter-stooge com-
munication allowed the experimenter to remind the stooges live (child
with cap, see Figure 3) how to act during trials. In-ear headphones
prevented subjects from listening in (subjects were told stooges used
a hearing aid). For details on the materials see the SI.

3.1.3 | Design

As in Study 1, two test conditions (helpful, unhelpful) and one control
condition (non-social control) were conducted. Each participant was
tested in one condition consisting of five trials (one session). The total
number of five trials was unknown to the subjects. Per condition,
12 children were tested (N=36). In the test conditions, the subjects
were tested with stooge partners who acted like subjects too (but
were actually secretly trained collaborators). The stooges’ coopera-
tion with the experimenters was revealed to the subject at the end of
the experiment. The two test conditions included two phases. In the
experience phase, the stooge acted either helpfully or unhelpfully after
stamping, allowing the subject to either access the stamp or not. Prior
to the next phase, stooge and subject changed sides. In the reaction
phase, the actual test, the subject could stamp first and potentially
use the release button to help the stooge. In the non-social control, the
subjects were tested alone (and did not undergo an experience phase)

and remained on the left side of the apparatus.

3.1.4 | Procedure

Subject familiarization
Before the test phase, subjects were individually presented with a

single familiarization trial for understanding the setup and task. At

FIGURE 3 Setup Study 2: Stamps connected by a short rope could be used to mark sheets after being dipped into tubes containing ink
pads; simultaneous use of the stamps was impossible. The rope was restricted by a clamp and kept the individual on the right side from using
the tool. The individual on the left side could help by pressing the attached release button allowing the other participant to use the stamp.
Experimenters could secretly communicate with the stooge (left child with cap) using a Walkie talkie. The scene depicts the experience
phase of the helpful condition at that time the stooge just finished stamping and is pressing the release button for the subject (right child).
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the beginning, the subject was introduced to the previously trained
stooge outside the experimental room. Subjects were told that they
would play together later and that the other child already received
the introduction. The Walkie talkie of the stooge was explained as a
hearing aid. Subjects were then individually presented with a single
familiarization trial before the test phase. The setup was the same
as in the experimental phase but without a partner. Thus, each side
of the apparatus contained a stamping sheet, a tube with an ink pad
and a stamp interconnected by a rope. The release button for the
clamped rope was on the left side. Subjects were taught how to
apply marks. The following two rules were established (which the
participants were reminded of before every trial): Use fresh ink for
every new mark; apply just one mark to each circle printed on the
sheet. Then, subjects were shown the blocked rope preventing ac-
cess to the stamp on the right side. The release button on the left
side was explained and demonstrated. After the child pressed it her-
self, she was allowed to apply marks on the right side.

Quickly, all tested children learnt applying marks since using
stamps was part of the kindergartens' play routines. We always
asked nursery school teachers in advance if children were familiar
with rubber stamps. This was always the case. Children understood
the apparatus intuitively. Button pressing seemed an easy task for
the children, too. No additional, individual training was necessary.

Stooge training

All stooges were trained individually to guarantee reliable behaviour
in the experience and reaction phase of the helpful and unhelpful con-
dition. For details on the procedure and sequence of the stooges' act,
see the paragraph below and the SI.

Test phase

During the test phase, at the beginning of all trials, the rope was
blocked (stamping in the right room was therefore not possible), and
sheets were provided. In the experience phase, the participants sat
down, stooges on the left side, subjects on the right side. The ex-
perimenter repeated the rules (use fresh ink and just one mark per
circle) and left the room; the experience phase started. The subject
watched the stooge apply marks. In the helpful condition, the stooge
pressed the release button after finishing her sheet. Thereupon, the
subject could pull the rope to the right side and use the stamp. In
the unhelpful condition, the stooge applied the marks, put the stamp
away and ignored the button for 30 s. When subjects requested but-
ton pressing, stooges were instructed to stare to the ground, shake
their heads or state ‘No’. In the helpful condition the experience phase
ended once the subject finished her sheet and in the unhelpful condi-
tion after the subject had remained empty handed for 30s. Before
the reaction phase, the experimenter changed the sheets. Subjects
and stooges exchanged their position (with the subject now on the
left side provided with the release button). The time between the
two phases was kept to a minimum and never exceeded 5 min. The
release button was always functional in the reaction phase. The pro-
cedure of the reaction phase was identical to the experience phase,
with one change: a trial ended 1 min after the subjects left the stamp

unattended for longer than 10 s (irrespective of whether they used
the stamp or pressed the release button). In the non-social control
condition, subjects started in the reaction phase (there was no experi-

ence phase as there was no partner).

3.1.5 | Coding and analyses

The coding procedure was analogous to Study 1. 20% of the child
data was coded independently by a research assistant who was
unaware of the study design and hypothesis. Inter-coder reliability
for button pressing (Cohen's kappa, unweighted) was very good
(K=.943, N=36).

We aimed to follow the same general analytic approach as in
Study 1. However, due to complete separation issues—all children
in the helpful condition pressed the button on all trials—conduct-
ing GLMMs in our main analysis became unfeasible. We therefore
pooled subjects' button presses over the five trials and conducted
Kruskal-Wallis H-tests and Mann-Whitney U-tests to investigate
condition effects. We used GLMMs to separately test for trial ef-

fects in the unhelpful and non-social condition.

3.2 | Results

The Kruskal-Wallis H-test revealed a difference in button press-
ing between conditions (H=23.52, df=2, p<0.001), see Figure 4.
Children pressed the release button significantly more often (and
thus helped more) in the two social test conditions than in the non-
social control condition (Mann-Whitney U-tests, helpful-non-social:
U=0,n,=n,=12, p<0.001; unhelpful-non-social: U=25,n,=n,=12,
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FIGURE 4 Probability of button presses over the five trials of
the experiment in the helpful, unhelpful, and non-social condition.
Scattered dots represent individual data points. Solid lines are
fitted regression lines (binomial logistic regressions). Due to
complete separation issues, calculating confidence interval was not
feasible.
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p=.003). Children also pressed the release button more in the helpful
condition than in the unhelpful condition (helpful-unhelpful: U=36,
n,=n,=12, p=.014). In fact, all 12 children in the helpful condition
pressed the release button on all five trials. In the unhelpful condi-
tion, children pressed the button in 62% of the trials and children's
button presses decreased slightly over trials (;(2(1)=3.59, p=.058).
In the non-social condition, the button was presses at consistently
low levels (6% on average) with no significant changes of over trials
(;(2(1) =.26, p=.609). See the Sl for details.

4 | DISCUSSION

We investigated chimpanzees' and children's immediate reactions
towards a conspecific partner who had either previously helped
them or not. We asked two main questions. One, do chimpanzees
and children show prosociality in a helping task, that is are they
more likely to press a button if by doing so they can benefit a part-
ner? Two, does the level of prosociality vary as a function of the
partner's previous behaviour? That is, are chimpanzees and children
more likely to help a partner who has previously acted helpfully com-
pared to a partner who has previously acted unhelpfully? We found
evidence for prosociality in both species: Chimpanzees and children
engaged in a low-cost action to help a partner obtain a tool for ac-
cessing a reward.

We also found clear evidence for short-term reciprocity in
children: Participants calibrated their level of prosociality to their
partner's previous behaviour and acted more prosocially towards
a helpful partner and less prosocially towards an unhelpful partner.
Chimpanzees showed a similar pattern, but the picture was less
straightforward: Over the course of the first five trials, chimpanzees
acted more prosocially when interacting with helpful partners; over
the course of the last five trials, they did not differentiate between
helpful and unhelpful partners.

The current results replicate and extend previous work on chim-
panzees' and children's prosocial tendencies (Melis, 2017; Warneken
& Tomasello, 2009). The novel release button prosociality task used
in the current study detected converging evidence for chimpanzees'
and children's prosocial motivations. Both species pressed the re-
lease button more frequently in the social test conditions (helpful
and unhelpful) compared to the non-social control condition. Note
that we presented chimpanzee subjects with a particularly demand-
ing test of prosociality. Our design required subjects to switch twice
between a social and a non-social setup (first from a non-social to a
social situation and then back to a non-social setting; ABCA design).
Such switches between conditions can be hard for chimpanzees and
often result in carry-over effects. Yet, the act of button pressing was
observed rarely in the control trials before and after the two social
test conditions, making the difference between control and test con-
ditions even more remarkable.

In our experiment, children were clearly influenced by their part-
ner's previous behaviour. In fact, when children were given a chance

to help a previously helpful partner, their probability of doing so was

1. In other words, the 12 children that participated in this condition
acted prosocially towards the helpful partner in a 100% of trials. The
current results cannot answer the question whether—compared to
a helping baseline—children's helping increased in the helpful condi-
tion, decreased in the unhelpful condition or showed both patterns.
Thus, future work on children's reciprocity should include a base-
line helping condition (without a previous interaction) to investigate
whether, in a helping context, children show a negativity bias (Vaish
et al., 2008) and are more likely to express negative reciprocity (re-
sponding unhelpfully to an antisocial partner) than positive reciproc-
ity (responding helpfully to a prosocial partner). Note that in 38% of
the trials in the unhelpful condition children ignored the request for
pressing the release button for over 1 min. This behaviour might be
indicative of negative reciprocity such that children withheld coop-
eration from previously uncooperative actors.

We also found some evidence for short-term reciprocity in chim-
panzees. Specifically, in the helpful condition, subjects started out
choosing prosocially at relatively high levels but then their prosoci-
ality decreased over time. By contrast, prosocial choices remained
constant at medium and low levels in the unhelpful and non-social
conditions, respectively.

These results are in line with recent studies reporting reciprocal
cooperation in chimpanzees using the prosocial choice task (Benozio
etal., 2023; Schmelz et al., 2017, 2020) and suggest that, rather than
being detectable only over long time horizons, chimpanzees also
show reciprocity in the short term, at least in some situations. A po-
tential mechanism underlying these results is attitudinal reciprocity
(Brosnan & de Waal, 2002). That is, subjects may have associated a
positive attitude or tag to helpful partners (e.g. ‘this individual was
nice’), which in turn elicited helping behaviour in subsequent inter-
actions. It is unclear, however, why attitudinal reciprocity should
lead to a decrease in prosociality over time as observed in the helpful
condition.

The fact that chimpanzees helped more in the helpful than in
the unhelpful condition only in the first five trials is also surprising
from an emotional bookkeeping perspective (Schino & Aureli, 2009),
since the partner's continued prosociality should have strengthened
subjects' partner-specific emotional responses. Subject's prosocial
behaviour towards helpful partners thus should have increased
rather than decreased over time. A potential explanation is that, at
first, chimpanzees in the helpful condition returned the partner's
favour in an attempt to secure the partner's prosociality in subse-
quent rounds. Over time, they may have realized that their partner
proved helpful irrespective of their own behaviour, thus resulting in
a drop in prosocial choices in later trials. What speaks against this
explanation, however, is that this form of calculated prospective rec-
iprocity requires sophisticated planning abilities and is not shown by
human children until age 5 to 7 in comparable experimental settings
(Grueneisen et al., 2023; Warneken et al., 2019). Hence, while evi-
dence for short-term reciprocity has been accumulating, the exact
psychological mechanisms underlying this phenomenon are not
yet well-understood and deserve further investigation. It should
be noted, however, that when pooled over the whole experiment,
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chimpanzees did not help more in the helpful than in the unhelpful
condition and we did not have strong a priori predictions regarding
a trial effect. The current findings thus need to be interpreted with
caution.

On a methodological level, we contend that the helping context
is highly suitable to study reciprocal prosociality in chimpanzees.
Chimpanzees show helping behaviour in several experimental tasks,
including the current one. Compared with the prosocial choice task,
which is cognitively demanding and requires subjects to infer con-
specifics' preferences from the payoffs alone, chimpanzees flexibly
decode others' intentions in helping paradigms and provide targeted
prosociality accordingly (Engelmann et al., 2015; Melis et al., 2011,
Warneken et al., 2007; Yamamoto et al., 2012). To discern the extent
and flexibility of chimpanzees' reciprocal cooperation, it would be
useful to implement similar reciprocity manipulations using differ-
ent helping tasks (e.g. opening doors, handing out-of-reach objects,
delivering food).

In the past, the lack of rigorous comprehension checks has often
compromised the interpretability of negative findings. Indeed, ex-
perimental studies which found evidence for reciprocal cooperation
in chimpanzees (Benozio et al., 2023; Schmelz et al., 2017, 2020) im-
plemented extensive training procedures and only included subjects
who clearly demonstrated task understanding. The current study
further emphasizes the importance of ensuring task understanding
prior to conducting systematic tests of reciprocity and prosociality.
Subjects received an extensive familiarization in which eight criteria
had to be met to ensure complete understanding. In children, break-
ing down the familiarization into several steps with separate crite-
ria was not necessary since we could use language to explain the
setup. Within a single trial all children proved proficient at (1) using
the stamp on the left side (by finishing their stamping pattern), (2)
pressing the button autonomously which released the tool on the
right side (3) changing sides and (4) using the stamp on the right side.
Thus, before entering the experimental phase both species were
prepared and sufficiently familiarized.

The current setup, which only allows one individual to use the
tool at a time, might have been interpreted as a limited resource
problem. As recent studies on complex resource dilemmas demon-
strated, chimpanzees choose monopolization over prosocial strat-
egies (Knofe et al., 2019; Koomen & Herrmann, 2018a; Koomen &
Herrmann, 2018b). However, the in-depth familiarization with the
setup and the finding that chimpanzees pressed the button more in
the social than in the non-social conditions makes this alternative
interpretation unlikely.

There were several other minor methodological differences be-
tween the chimpanzee and children study regarding the rewards (ba-
nana versus stamps), the number of trials per condition (10 versus 5),
and the number of trials per session (1-2 versus 5). We also used a
within-subjects design in the chimpanzee study and a between-sub-
jects design in the children study and stooges were trained slightly
differently. The rewards were chosen to keep motivations high in
both study populations throughout the experiment and to corre-
spond to subjects' everyday experiences. Chimpanzees are highly

food-motivated and poke for various food items as part of their
natural behavioural repertoire. The children in the current study all
used stamps as toys in their playing routine (we asked kindergarten
teachers of all groups). Using non-food rewards for children further
avoided issues around hygiene and dietary allergies.

We chose to administer 10 trials in study 1 since, in a previous
study (Knofe et al., 2019), chimpanzees were motivated to poke for
food for 10 trials when tested over several sessions (1-2 trials per
session). When piloting Study 2, we found that children's interest
in stamping gradually decreased after five trials. Testing multiple
sessions was not practicable due to the kindergartens' changing
schedules and the increased risk of either the subject or the stooge
being absent the following day. We therefore decided to reduce the
total amount of trials to five in one session. Interestingly, both spe-
cies discriminated between partners' helpful and unhelpful behaviour
already in the first half. Certainly, it would be interesting to know
whether children would gradually reduce reciprocating in the helpful
condition like chimpanzees in Study 1 if we would have increased
the total number of trials. But this scenario is rather unlikely since
all children reciprocated helpful behaviour with the probability of
one in all five trials. To maximize the number of subjects in Study
1, all chimpanzees who passed the eight familiarization steps were
tested using a within-subject design in all conditions. In Study 2, as
explained above, testing subjects on consecutive days was impracti-
cable and we therefore chose a between-subject design.

The differences in the stooge-subject relationship reflect the ac-
tual living conditions of chimpanzees and human children. In Study
1, we always chose subjects and stooges from the same chimpan-
zee groups since there was no alternative and prosocial acts mostly
occur between individuals from stable groups in the wild (e.g. de
Waal, 1989). Thus, all chimpanzees knew each other. Similarly, in
Study 2, human subjects and stooges knew each other, too. Even
though subjects and partners were not from the same kindergarten
group, they were from the same kindergarten and thus familiar with
one another. However, it is worth noting that only 4 of the 24 child
dyads explicitly stated that they had played together previously.

We cannot rule out that the stooge behaviour felt less conse-
quential to chimpanzees given their long-lasting history with the
stooge partners. However, the fact that subjects differentiated be-
tween helpful and unhelpful partners, at least in the first five trials,
indicates that chimpanzees also considered their partners' actions
in the experiment. Moreover, subjects could not repay the stooges'
behaviours in different currencies such as grooming, food, support
or aggression since they never interacted directly with the stooge
between the experience and reaction phases. Providing or withhold-
ing help was thus the only way to reciprocate the partner's action.

In Study 1, chimpanzee stooges were trained to exhibit the same
procedure in every trial. They learned they would receive an apple
slice after pressing or ignoring the button in the experience phase
and after the reaction phase. The experimenter was in close prox-
imity to the stooge (but hidden from the subject by a thick curtain)
and with an apple in his hand to focus the stooge on the high-value
reward rather than on communicating with the subject. Using this
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procedure, begging behaviours could not be ruled out but were not
detected (a systematic analysis was not possible as stooge behaviour
was not video-taped during the reaction phase). In Study 2, stooges'
communication was tightly controlled and under strict inspection.
This measure proved to be imperative especially in the unhelpful
condition. Though stooges received detailed guidelines beforehand
and clear instructions via walkie talkie (inaudible for the subjects)
during the experiment to ensure they do not give away their role in
the experiment, 32 dyads had to be excluded from the experiment
because 24 stooges revealed their play act and told the subjects
about their instructions not to press the button (for details on the
drop-out criteria see the Sl). Without these strict instructions which
limited interaction and communication towards the subjects, drop-
out rates would have been even higher. This is an interesting fact in
itself, since many stooges decided to disregard the experimenter's
instructions rather than leaving the helpful behaviour of the subjects
unreciprocated.

The chimpanzee subjects included in the study live in a natural-
istic environment with a rich social life, in many ways comparable
to wild populations, increasing our confidence in the generalizability
of the current findings (yet, some effects of rearing history or life in
captivity cannot be ruled out; see Webster & Rutz, 2020). Although
the chimpanzees had prior testing experience, the current setup
was completely new to them. Since the chimpanzees were familiar-
ized with the new setup, carry-over effects from former studies are
rather unlikely.

An interesting question is whether dyad composition affects
reciprocity in chimpanzees. For instance, dyads high in tolerance
(e.g. Melis et al., 2006) or friendships and trust (e.g. Engelmann &
Herrmann, 2016) might show higher levels of direct reciprocity. On
the contrary, intra-dyadic tolerance could just as well allow toler-
ance of short-term imbalances, which are typically compensated
over a longer time period, thus reducing short-term reciprocity.
Testing for short-term reciprocal interactions in composed dyads re-
spective their social hierarchy, tolerance and friendship could be an
interesting topic for future research.

Reciprocity provides a pathway for cooperation to evolve among
pairs of non-relatives. The exchange of goods and services in recip-
rocal interactions can take place over longer time frames or over
short time frames. While the current findings provide some evidence
that chimpanzees might engage in short-term reciprocity, several ex-
perimental and observational studies suggest that chimpanzees' re-
ciprocal tendencies are expressed primarily in long-term cooperative
relationships (Gomes & Boesch, 2009; Gomes et al., 2009; Jaeggi
et al., 2013). Young children, on the contrary, form not only long-
term reciprocal relationships, but have also consistently been shown
to match a partner's prosocial or antisocial behaviour in the short
term. The current study confirms that, compared with chimpan-
zees, children show short-term reciprocal cooperation at substan-
tially higher levels. A key to understanding this species' difference
might lie in the species' respective social ecology: Chimpanzees live
in small-scale and stable social groups that are characterized by re-
peated encounters within fission fusion dynamics (Couzin, 2006),

making long-term balancing mechanisms ideal. Young children, in
addition to forming such long-term relationships, are also exposed
to more fleeting encounters with relative strangers, requiring more
short-term balancing mechanisms (Seabright, 2004).

In summary, the novel helping task used in the current study re-
vealed clear evidence for prosocial motivation in both chimpanzees
and human children. Children further showed a strong tendency
to engage in short-term reciprocity by helping a helpful partner
and withholding help from an unhelpful partner. In chimpanzees,
the evidence was more mixed with subjects showing a similar pat-
tern as children only in the first half of the experiment after which
they treated helpful and unhelpful partners equally. These findings
confirm the notion that short-term reciprocity is more common in
humans. However, they also add to a growing body of evidence
showing that chimpanzee reciprocity is not confined to long-term

exchanges and occurs in some short-term interactions too.
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