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Research Highlights: 

 

 Comparisons of nonhuman primate cognitive development can provide insights into the 

evolutionary origins of human cognition, including both similarities and differences 

 We examined chimpanzee cognitive flexibility across multiple contexts using reversal 

learning tasks, testing the importance of spatial versus perceptual cues and fixed versus 

probabilistic payoffs 

 We found an extended developmental trajectory for shifting abilities in chimpanzees, with 

abilities developing into adulthood; additionally, female chimpanzees shifted responses 

more quickly than males 

 Chimpanzees also showed some constraints, preferentially using spatial rather 

than perceptual cues to solve problems, and perseverating at higher rates when response 

feedback was probabilistic 

 

Abstract 

Cognitive flexibility is a core component of executive function, a suite of cognitive capacities 

that enables individuals to update their behavior in dynamic environments. Human executive 

functions are proposed to be enhanced compared to other species, but this inference is based primarily 

on neuroanatomical studies. To address this, we examined the nature and origins of a core component 

of executive function—cognitive flexibility—in chimpanzees, our closest living relatives. Across 

three studies, we examined different components of cognitive flexibility using reversal learning tasks 

where individuals first learned one contingency and then had to shift responses when contingencies 

flipped. In Study 1, we tested n=82 chimpanzees ranging from juvenility to adulthood on a spatial 

reversal task, to characterize the development of basic shifting skills. In Study 2, we tested how n=24 

chimpanzees use spatial versus arbitrary perceptual information to shift, a proposed difference 

between human and nonhuman cognition. In Study 3, we tested n=40 chimpanzees on a probabilistic 

reversal task. We found an extended developmental trajectory for basic shifting and shifting in 

response to probabilistic feedback—chimpanzees did not reach mature performance until late in 
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ontogeny. Additionally, females were faster to shift than males were. We also found that chimpanzees 

were much more successful when using spatial versus perceptual cues, and highly perseverative when 

faced with probabilistic versus consistent outcomes. These results identify both core features of 

chimpanzee cognitive flexibility that are shared with humans, as well as constraints on chimpanzee 

cognitive flexibility that may represent evolutionary changes in human cognitive development. 

 

Keywords: Comparative development, primates, cognitive control, cognitive evolution  

 

Introduction 

The ability to flexibly adapt to changes in the environment—a key feature of human 

cognition—is enabled by a suite of cognitive processes collectively referred to as executive 

function. Cognitive flexibility is a core executive function that allows individuals to adjust 

behavior in response to changes in the environment, such that it aligns with current goals. 

This can include shifting between different responses when faced with changes in feedback 

(e.g., reversal learning), shifting between different rule sets within the same task (e.g., set 

shifting), or shifting between distinct cognitive operations (e.g., task switching). In humans, 

executive functions develop slowly throughout our long childhood and adolescence, and are 

linked to important developmental outcomes including mature theory of mind (Hughes, 1998; 

Hughes & Ensor, 2007; Kloo et al., 2020), mathematical reasoning capacities (Bull & Scerif, 

2001), and educational attainment (Willoughby et al., 2012). Executive functions generally, 

and cognitive flexibility specifically, are also important mechanisms supporting novel 

problem-solving, creativity, and fluid intelligence (Decker et al., 2007; Kafadar & Orhan, 

2015), highlighting how these capacities are central to our conception of ‗intelligent‘ 

behavior in humans.  
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Enhanced executive function is also thought to be a key evolutionary change in 

human cognition (Laland & Seed, 2021; Rosati, 2017; Sherwood et al., 2008; Smaers et al., 

2017). Evidence in support of this idea comes from comparative anatomical studies of the 

prefrontal cortex, a neurobiological locus for executive functions (Miller, 2000; Miller & 

Cohen, 2001). The prefrontal cortex has undergone a number of evolutionary changes in 

humans: the human prefrontal cortex is absolutely larger and exhibits differences in 

organization, connectivity, and development relative to other primates, including great apes 

(Rilling & Insel, 1999; Schenker et al., 2005; Semendeferi et al., 2002; 2011; Sherwood et al. 

2008; Smaers et al., 2017). For example, human prefrontal cortex development exhibits a 

protracted period of myelination compared to chimpanzees (Miller et al., 2012), and a greater 

degree of gyrification than expected for a primate of our size (Rilling & Insel, 1999). Given 

the link between the prefrontal cortex and executive function, some have hypothesized that 

these neuroanatomical changes drove a concurrent enhancement in humans‘ capacity for 

cognitive flexibility (Sherwood et al, 2008; Smaers et al., 2017; Teffer & Semendeferi, 2012). 

Inferences from comparative neuroanatomy, however, are a proxy for understanding specific 

cognitive traits. Strong inferences about changes in human cognition require direct evidence 

about differences in cognition and behavior between species (Healy & Rowe, 2006; Logan et 

al., 2018).  

Direct comparison of executive functions between humans and other primates has 

yielded mixed results. In part, this may be because this approach has typically compared 

young human children to mixed-age samples of animals. For example, in a study comparing 

the performance of children and the four other great ape species in an inhibitory control task, 

apes showed near-ceiling levels of success similar to children (Barth & Call, 2006). Young 

children and apes also performed similarly on a detour-reaching task, which requires the 

participant to inhibit a reaching response directly towards a visible reward in favor of an 
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indirect path (Amici et al., 2008; Vlamings et al., 2010). In tests of working memory, another 

core component of executive function, chimpanzees do not appear to differ significantly from 

school-aged children (Völter et al., 2019), or in some cases even adults (Inoue & Matsuzawa, 

2007; but see Cook & Wilson, 2010). Yet, in other contexts children do outperform apes, 

such as when demands on planning or flexibility increase (Dunbar et al., 2005; Herrmann et 

al, 2015). For example, chimpanzees and 3-year-old children were less successful than 6-

year-old children in a trap task, where they first learned to pull a food reward directly towards 

them, and then had to shift their response after a hole opened along the path they previously 

used (Herrmann et al., 2015). In addition, there may be important differences in the cognitive 

strategies that animals and humans use to solve a given task. For example, children may act 

more efficiently even when animals are also successful (Völter & Call, 2014; Völter et al., 

2019). These results highlight the importance of assessing performance across different 

contexts, as well as the need to include nonhumans at comparable ages and life history stages 

as in human studies (Gómez, 2005; Matsuzawa, 2007; Rosati et al., 2014).  

Here we tested the roots of human cognitive flexibility through comparative studies of 

cognitive development in our closest living relative, chimpanzees. Chimpanzees are an 

important species for contextualizing human cognition due to their close phylogenetic 

relationship, complex behavior, and relatively slow development. First, chimpanzees exhibit 

a suite of complex technical and social behaviors that may be underpinned by executive 

functions. Wild chimpanzees routinely use and manufacture various types of tools, including 

probes, sponges, and hammers (Goodall, 1964; Nishida, 1968; Sanz & Morgan, 2010)—skills 

that can require years of experience to perform competently (Biro et al., 2003; Lonsdorf, 

2005, 2006). Chimpanzees also exhibit a fission-fusion social system, in which community 

members split into parties of fluctuating membership over time, which is thought to demand 

complex cognitive abilities to track a dynamic social landscape (Amici et al., 2008; Aureli et 



 

 

This article is protected by copyright. All rights reserved. 

al., 2008). Additionally, chimpanzees have a relatively slow life history pattern with a long 

juvenile period, more like that seen in humans (Emery Thompson et al., 2007; Nishida et al., 

2003; Pusey, 1990; Walker et al., 2018). A long juvenile period has been proposed to 

facilitate the emergence of complex cognition and behavior as it allows for an extended 

period to develop complex skills (Bjorklund & Green, 1992; Bruner, 1972; Kaplan et al., 

2000). Indeed, mature executive functions in humans emerge over this long developmental 

period (Anderson, 2002; Diamond, 2013; Zelazo et al., 2003). Chimpanzees often outperform 

monkey and lemur species lacking these complex ecological, social, and life history features 

on executive function tasks (Amici et al., 2008; Deaner et al., 2006; MacLean et al., 2014; 

Rumbaugh, 1997). However, the extent to which these features shared by humans and 

chimpanzees translate into shared patterns of executive function abilities is unclear. Finally, 

studies of cognitive development in nonhumans can disentangle the influence of processes 

like language and schooling that shape human executive function development (Kuhn et al., 

2014; McCrea et al., 1999). In particular, studies of animals provide a complimentary test of 

developmental change in the absence of these human-specific features. Examining the 

development of executive function in chimpanzees therefore provides important comparative 

evidence for understanding the biological bases of human development. 

 In this set of studies, our first goal was to characterize the developmental trajectory of 

cognitive flexibility across a large sample of chimpanzees ranging from juvenility to 

adulthood. Prior comparative work has focused on problem-solving contexts that likely tap 

into cognitive flexibility, but also a number of other cognitive abilities (e.g., Hare et al., 2001; 

Horner and Whiten, 2005; Seed et al., 2009). Here, we implemented a reversal learning 

paradigm to focus on core capacities for shifting. This paradigm is widely used in studies of 

both human and nonhuman cognition and examines responses to changing stimulus-reward 

contingencies—a key measure of cognitive flexibility across species (see Izquierdo et al., 
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2017 for a review). Apes have outperformed other primate species in reversal learning tasks, 

possibly by using rule-based rather than simpler associative learning strategies (Rumbaugh & 

Gill, 1973; reviewed in Rumbaugh, 1997). Yet, there is little data on how this skill develops 

in apes, and some work suggests that young chimpanzees exhibit little change in performance 

across early development (Wobber et al., 2010). Chimpanzees do show some human-like 

declines in cognitive flexibility during aging (Lacreuse et al., 2018; Manrique & Call, 2015). 

However, to date, no study has tracked the developmental trajectory of chimpanzee reversal 

learning from juvenility to adulthood. 

Our second goal was to test whether chimpanzees can flexibly shift responses using different 

information types. Adult humans are proficient at using many different types of information to guide 

flexible responses (Laland & Seed, 2021; Penn et al., 2008), but children and animals show some 

constraints in the kinds of information they use to solve problems. In particular, great apes and very 

young children appear to prefer to solve problems using spatial information, and struggle to use 

perceptual cues that are not directly relevant to the task. For example, when searching for a hidden 

reward based either on the location where they had previously seen it placed, or the visual features of 

the container, all great ape species and 1-year-old children preferentially choose the same location 

rather than the same container (Haun et al., 2006). In contrast, older children preferentially choose the 

same container. Chimpanzees also performed better in a working memory task when they were able to 

use spatial information versus feature-only cues (Völter et al., 2019). This aligns with a broader line 

of work suggesting that acquisition of language and cultural information allows children to integrate 

spatial and perceptual information in increasingly flexible ways (Haun et al., 2006; Hermer-Vazquez 

et al., 1999, 2001). Animals do routinely learn associations between arbitrary perceptual features and 

outcomes with enough experience (e.g., Rumbaugh, 1997), yet it appears that many animals will 

preferentially use spatial or causal information to solve problems, and may struggle to use more 

arbitrary perceptual features in similar contexts without extensive exposure (Penn et al., 2008; Seed et 

al., 2011). However, there has not been a direct comparison of how information type enables or 

constrains cognitive flexibility in nonhumans. 
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Our final goal was to assess how chimpanzees respond to a more complex task involving 

probabilistic feedback. In the real world, response-outcome contingencies are rarely fully known or 

consistent. Rather, individuals must flexibly respond to stochastic situations. As such, probabilistic 

reversal learning tasks—where both the ‗correct‘ and ‗incorrect‘ responses provide variable 

feedback—are commonly used to assess cognitive flexibility in human adults (Cools et al., 2002; 

Izquierdo et al., 2017). While reversal tasks with fixed outcomes can be navigated using a win-stay, 

lose-shift strategy, probabilistic tasks require maintaining a particular choice strategy despite some 

negative feedback (the ―good‖ option will still result in losses sometimes), and then shifting responses 

as evidence accumulates that the previous response is no longer optimal. This typically results in 

perseverative errors, where subjects continue to choose the previously correct response post-reversal. 

Still, humans are typically able to shift responses within a few trials and maintain this response 

without additional errors (Cools et al., 2002; Izquierdo et al., 2017). Chimpanzees, however, may be 

especially susceptible to perseveration. Several studies have found that chimpanzees are fairly 

conservative in problem-solving tasks: once they have learned one solution, they may not readily 

change their response—even if it is less optimal than a new solution (Hrubesch et al., 2009; Marshall-

Pescini & Whiten, 2008; Van Leeuwen & Call, 2017). Enhanced flexibility in humans may be 

underpinned by increased skill in using new information to shift response-outcome representations, 

but to date no work has examined how chimpanzees use probabilistic feedback to shift responses.  

 Across three studies, we therefore examined multiple aspects of chimpanzee cognitive 

flexibility and assessed their developmental trajectories. To do so, we tested a large sample of semi-

free-ranging chimpanzees living in a naturalistic context. We used a reversal learning paradigm where 

individuals first learned one stimulus-reward contingency and then contingencies reversed, and 

implemented versions of this paradigm with varying levels of difficulty.  As reversal learning tasks 

have been used with nonhumans, human children, and human adults, this allowed us to test for a skill 

that is broadly applicable; in addition, the complexity of related tasks (such as set-shifting) precluded 

testing larger developmental samples of apes in this context. We designed tasks that involved minimal 

training to capture more spontaneous responses to reversal problems, and to ensure that a broad age 



 

 

This article is protected by copyright. All rights reserved. 

range could participate. Study 1 examined chimpanzees ranging from juvenility to adulthood on a 

simple spatial reversal task, where one of two possible spatial locations contained a food reward. 

Study 2 contrasted shifting using spatial versus arbitrary perceptual cues to test whether information 

type constrains chimpanzee cognitive flexibility. Finally, Study 3 examined the development of 

shifting in response to probabilistic feedback.  

 

Study 1: Development of shifting abilities 

This study used a serial spatial reversal learning task to assess developmental change in 

chimpanzee cognition. Each chimpanzee completed one session where a spatial cue (left or right side) 

predicted reward location, and then the predictive side switched up to two subsequent times (see 

Figure 1a-b).  

 

a. Ethics statement 

These behavioral studies at Tchimpounga Chimpanzee Sanctuary were approved by the 

Ministry of Scientific Research and Technological Innovation in Republic of Congo and the Jane 

Goodall Institute. They had Institutional Animal Care and Use Committee approval from the 

University of Michigan (#8102) and Harvard University (#14-07-206-1). 

 

b. Subjects 

We tested 82 semi-free-ranging chimpanzees from the Tchimpounga Chimpanzee Sanctuary 

in the Republic of Congo (45 males, 37 females; range 7-33 years, mean 19.5; see Table S1 for 

breakdown). This sample size exceeds prior studies of chimpanzee shifting abilities; to examine 

individual differences and developmental change, our goal was to test as many chimpanzees from this 

population as were available for testing and willing to participate in the study. Tchimpounga is an 

accredited member of the Pan-African Sanctuary Alliance (PASA), and animal care complied with 

PASA standards. Apes in African sanctuaries are typically wild-born and arrive at the sanctuary 

between 1-3 years of age. These chimpanzees spend most of their time in large forest enclosures in 
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species-appropriate social groups; prior work shows typical cognition, behavior, and physiology in 

this population (Cole et al., 2020; Rosati et al., 2013; Wobber & Hare, 2011). Chimpanzees had ad 

libitum access to water, were never food deprived for testing, and were tested in familiar night 

dormitories. All sessions were voluntary; if the chimpanzee stopped participating, the session ended.  

 

c. Procedure  

 Chimpanzees were tested in their indoor dormitories. The experimenter and the chimpanzee 

sat across from each other at a table with a sliding top (80cm x 40cm x 50cm), separated by the bars 

of the chimpanzee‘s room. The experimenter could set up the two containers on the table and then 

push the tabletop within the chimpanzee‘s reach, so they could make a choice by touching or pointing 

at one of the containers (Figure 1a). The experimenter looked down at the midline of the table to 

avoid potential social cuing while the chimpanzee chose, and gave them the food once the 

chimpanzee indicated their choice. The session consisted of four phases: a warm-up to familiarize the 

basic setup; an initial learning phase where they learned a spatial contingency; a first reversal phase 

where the contingency was switched; and a second reversal phase where the contingency was 

switched again. Analyses focused on 82 individuals who passed at least the learning phase. Some 

individuals reached pre-set trial limits (described below) or stopped participating during the study; 

these individuals were included in analyses for which they contributed relevant data. 

First, each chimpanzee completed four warm-up trials where food (a banana slice or peanut 

depending on the chimpanzee‘s preferences) was placed directly on the left or right side of the table to 

ensure that all were able to make clear choices. They then completed a series of learning trials where 

two identical containers were placed on the left and right sides of the table, and they had to learn 

which side (counterbalanced across chimpanzees) was consistently baited.  Here, the experimenter 

visibly placed a reward in the center of the table; blocked their view with an occluder (76cm x 50cm); 

and then baited and fake-baited the two containers using consistent motions from right to left to 

prevent any cues as to the correct container. Chimpanzees had to choose the correct side on 10 out of 

their last 12 trials to proceed. We implemented a 50-trial learning trial maximum set to ensure they 
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stayed motivated to participate across the session. One chimpanzee did not reach the learning criterion 

within 50 trials on his first attempt, but was later successfully retested and included in the sample; 

another chimpanzee did not reach criterion within 50 trials but was unavailable to be retested so was 

not included in the final sample. 

Next, in the first reversal phase, the rewarded side was switched (e.g., if the reward was on 

the right side in learning trials, it was now on the left) and trials proceeded with the same procedure as 

learning trials. Again, chimpanzees needed to choose correctly on 10/12 trials. We implemented a pre-

set maximum of 75 total trials (learning plus reversal trials) to ensure that chimpanzees stayed 

motivated to participate. In the first reversal, five reached the 75-trial maximum, and an additional 

seven stopped participating. These individuals were included in the main analyses of learning and the 

first reversal as GLMMs are able to account for unequal repeats; additional checks removing these 

individuals showed comparable results to the full sample. Additionally, if chimpanzees took more 

than 40 trials to reach 10/12 correct we had a pre-set rule that they did not proceed to the second 

reversal. Six chimpanzees did not proceed based on this rule. In total, 64 chimpanzees proceeded to 

the second reversal, where the rewarded side switched again. During this phase, nine reached the 75-

trial maximum and two more stopped participating.  

 

d. Coding and data analysis 

The chimpanzee‘s choices were coded live by the experimenter. All sessions were 

videotaped, and a coder blind to the hypotheses of the study coded 20% of sessions from video with 

high reliability (K=.998, n=908 trials). We analyzed data in Rv4.1.2 (R Core Team, 2021). To analyze 

trial-by-trial binary choices, we implemented generalized linear mixed models (GLMMs) with a 

binomial structure using the glmer function from the lme4 package (Bates, 2010). All models included 

random subject effects to account for repeated measurements (Baayen, 2008). To assess the effects of 

developmental stage on performance, we split chimpanzees into three cohorts based on life history 

characteristics (Goodall, 1983; Kawanaka, 1989): a juvenile cohort of chimpanzees up to 15 years; a 

young adult cohort up to 20 years; and an adult cohort 20 years and up. We implemented cohort as an 

ordered factor in analyses, which can assess both linear and non-linear age effects. We compared 
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model fit using likelihood-ratio tests (LRTs), and additionally report Akaike Information Criterion 

(AIC), where lower AIC scores indicate better fit (Bolker et al., 2008; Burnham & Anderson, 2002). 

For post-hoc comparisons, we used the emmeans package with a Tukey correction (Lenth et al., 

2018). Graphs showing predicted effects and 95% confidence intervals from these models were 

calculated using the effects package (Fox, 2003). 

 

e. Results and discussion 

We first confirmed that reversal was in fact more difficult for the chimpanzees than the initial 

learning phase, as expected in a reversal learning task (see Figure 2a). To do so, we compared 

chimpanzees‘ overall performance between learning and reversal phases. Learning the initial rule was 

indeed easier than reversing it: chimpanzees took mean=14.9 ± SE=0.8 trials to pass the learning 

phase, compared with 26.5±1.5 trials to reach criterion (or trial limits) in the first reversal phase 

(excluding individuals who stopped participating). The 70 individuals who successfully passed the 

first reversal within trial limits did so in 25.0±1.3 trials. In the second reversal, chimpanzees took 

19.5±1.0 trials, with the subset of 53 individuals who passed within trial limits doing so in 19.2±1.0 

trials. We also assessed two types of errors: perseverative errors, consecutive incorrect choices after 

reversal, and the percent of regressive errors, or incorrect choices after at least one correct choice. 

Chimpanzees perseverated for an average of 5.8±0.7 trials after the first reversal. After making a 

correct choice, they made regressive errors on 30.2±2.5% of their remaining trials (calculated for 

chimpanzees who completed at least 10 trials after perseveration—e.g., at least 9 trials after the first 

correct choice).  

We used GLMMs to compare performance in the learning and first reversal phases to confirm 

that the reversal phase was more difficult than initial learning. The base model included subject as a 

random effect, trial number (within each trial type) as a continuous predictor, and sex and cohort as 

fixed effects. We then added trial type (learning or reversal), which improved fit [LRT: 
2
=366.24, 

df=1, p<0.0001; AIC 1=4185.6, AIC 2=3821.4; see Table S2 for model parameters]: as expected, 

chimpanzees were more successful in the learning phase. 
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Our main analyses then focused on chimpanzees‘ capacities to shift responses after the 

rewarded location flipped. To examine this, we analyzed trial-by-trial performance in the reversal 

phase. We constructed a base model of first reversal performance that again included subject as a 

random effect, reversal phase trial number, sex, and cohort, and count of total learning trials as a 

covariate (to account for any individual variation in experience needed to acquire the initial 

association). To test whether age cohorts differed in how quickly they shifted their responses over 

reversal trials, we then added the interaction between trial number X cohort. This improved model fit 

with a linear effect of cohort [LRT: 
2
=35.10, df=2, p<0.0001; AIC 1=2317.8, AIC 2=2286.7]: post-

hoc tests showed that adults improved more quickly than both juveniles and young adults (p<0.0001 

for significant comparisons). We then assessed if performance varied by sex, adding the interaction 

between trial number X sex. This improved model fit [LRT: 
2
=24.25, df=1, p<0.0001; AIC=2264.5]: 

post-hoc tests indicated females were faster to shift than males (p<0.0001). Finally, we added the 

three-way interaction of trial number X sex X cohort, which did not improve model fit [LRT: 
2
=5.28, 

df=4, p=0.26; AIC=2267.3], indicating independent effects of sex and cohort. Model 3 received 80% 

of the weight in an AIC comparison of all models (AIC 2.8), showing that adults were faster to shift 

compared to juveniles and young adults, and females faster to shift compared to males (Figure 2b-2c; 

see Table S3).  

In a second series of models, we used the same basic approach to examine performance in the 

second reversal phase, in the subset of subjects who reached that phase. These chimpanzees exhibited 

worse performance on both reversal phases compared to the learning phase. Trial-by-trial reversal 

analyses showed that, in this subsample, young adults were faster to shift than adults (see SOM for 

full reporting). However, as the chimpanzees that did not reach the second reversal phase (due to the 

trial limit criteria described above) were disproportionately young and male, we focused on the full 

sample in the first reversal phase for our primary developmental comparisons.  

Overall, these results revealed that chimpanzees exhibit an extended period of developmental 

change as well as sex differences in cognitive flexibility. First, juvenile and young adult chimpanzees 

were slower to shift their responses compared to adults in the first reversal phase, indicating that this 
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skill continues to develop through young adulthood. We also found that female chimpanzees were 

quicker to shift their responses than males. Importantly, these analyses accounted for initial learning 

performance acquiring the spatial contingency, so these results reflect differences in chimpanzees‘ 

capacities to shift responses. 

 

Study 2: Shifting across different information types 

This study compared chimpanzees‘ ability to shift using spatial versus perceptual information. 

Each chimpanzee completed two conditions where both perceptual (the color and shape of the 

container) and spatial cues (the location of the container) varied independently, but only one predicted 

the presence of reward (see Figure 1c-1d). Based on past work demonstrating that apes preferentially 

use spatial information (Haun et al., 2006; Völter et al., 2019), we predicted chimpanzees would be 

more successful using spatial versus perceptual cues.  

 

a. Subjects  

We tested 24 chimpanzees (12 males, 12 females; range 7-32 years, mean 18.6; see Table S6) 

in a within-subjects design. Here we aimed to test individuals who had successfully completed all 

three phases in Study 1, to ensure they would be able to complete this more difficult task. Four 

additional chimpanzees began the study but either did not meet pre-set criteria for performance or 

stopped participating as described below. 

 

b. Sessions 

Each chimpanzee completed both the spatial and perceptual condition in counterbalanced 

order. The basic methods were similar to those in Study 1, except here the two containers differed in 

color and shape, and their spatial location quasi-randomly varied over trials (Figure 1c). In the spatial 

condition, one side (left or right) was always baited, regardless of which container (cup or box, 

varying in color) was placed there. Chimpanzees had to use spatial information as in Study 1, but here 

the containers also provided irrelevant perceptual cues. In the perceptual condition, however, the 

perceptual features of the container predicted the reward, regardless of which side that container was 
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placed on. This required chimpanzees to focus on perceptual information while ignoring irrelevant 

spatial information. These two conditions thereby provided a matched comparison where both kinds 

of cues were always present, but only one was relevant to acquiring the reward in each condition. 

Each chimpanzee completed both conditions, with a break of at least one day in between to 

reduce carryover effects. Each condition consisted of a single session with a learning phase (where 

the reward was always on one side or under one container, initial side and container counterbalanced), 

followed by a reversal phase (where the opposite side or container predicted reward). Different pairs 

of containers were used to reduce the possibility of transfer between conditions (a dark blue cup and 

green box were always used in the first session, a red cup and light blue box in the second, 

counterbalancing which containers were used in each condition across participants).  

 

c. Procedure 

The procedure was largely the same as in Study 1. Chimpanzees first completed four warm-

up trials (identical to those in Study 1) and then additionally completed four visible baiting trials 

(identical to subsequent learning trials, except without the occluder, in order to facilitate learning of 

the correct cue-reward pairing). In learning trials, as in Study 1, chimpanzees needed to choose 

correctly on 10/12 trials within a 50-trial maximum. Three chimpanzees included in the final sample 

did not meet this criterion during the perceptual condition and were retested after a delay. Three 

additional chimpanzees were excluded from the study because they either did not meet the learning 

criterion and were not available to be retested, or because they stopped participating. After passing the 

learning phase, contingencies reversed so that the other side or container predicted the reward. Again, 

chimpanzees needed to choose correctly on 10/12 trials. Here, we implemented a maximum of 40 

reversal trials to ensure motivation. One chimpanzee stopped participating during the reversal phase 

and could not be retested, so was excluded from the final sample.  

 

d. Coding and data analysis  

The chimpanzee‘s choice was coded live by the experimenter. All sessions were videotaped, 

and a coder blind to the hypotheses of the study coded 20% of sessions from video with perfect 



 

 

This article is protected by copyright. All rights reserved. 

reliability (K=1, n=547 trials). Statistical analyses followed the same general approach described for 

Study 1. 

 

e. Results and discussion 

We first compared chimpanzees‘ overall performance between learning and reversal phases. 

Chimpanzees took an average of 14.3±1.3 trials to pass the learning phase in the spatial condition, 

similar to learning performance in Study 1. In contrast, they took 19.3±2.0 trials in the learning phase 

of the perceptual condition. There was an even starker contrast between conditions in the reversal 

phase. In the spatial condition, chimpanzees completed an average of 25.3±2.0 reversal trials (to reach 

the passing criterion or the 40-trial maximum); 20/24 chimpanzees successfully passed (doing so in an 

average of 22.3 trials). In the perceptual condition, chimpanzees completed an average of 38.4±1.1 

reversal trials; only 3/24 switched successfully (these few took 27.0 trials to do so; see Figure 3a). We 

also compared the types of errors that chimpanzees made, using the same metrics as in Study 1. 

Chimpanzees made an average of 4.3±1.0 perseverative errors in the spatial condition, similar to 

Study 1, but 8.1±1.2 errors in the perceptual condition. After at least one correct reversal choice, 

chimpanzees in the spatial condition made regressive errors on 27.1±3.6% of their remaining trials, 

again similar to Study 1. In contrast, chimpanzees made regressive errors on 59.0±3.5% of their 

remaining trials in the perceptual condition.  

Our main question concerned how chimpanzees shifted responses using spatial versus 

perceptual information. As in Study 1, we first compared performance across the learning and reversal 

phases. To do so, we constructed a base model of correct choices including subject as a random effect, 

trial number (within trial type), cohort, and sex. Adding trial type (learning versus reversal) to a 

second model improved fit [LRT: 
2
=294.44, df=1, p<0.0001; AIC 1=3223.8; AIC 2=2931.4]: as 

expected, performance was worse in the reversal phase. Adding condition (spatial or perceptual) 

further improved fit [LRT: 
2
=122.12, df=1, p<0.0001; AIC=2811.3]: performance was better in the 

spatial condition overall. Finally, we added the interaction between condition X trial type to assess 

how learning versus reversal performance varied by condition. This improved model fit [LRT: 
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
2
=10.55, df=1, p=0.005; AIC=2802.7]: post-hoc tests showed a wider gap between learning and 

reversal performance in the perceptual condition compared to the spatial (p=0.01; see Table S7). This 

final model was strongly weighted (99%, AIC 8.5) in an AIC comparison. Chimpanzees were 

challenged by the perceptual condition in both learning and reversal, but could learn the initial 

perceptual association—however, they especially struggled to shift responses based on perceptual 

cues.  

We next examined trial-by-trial performance across the reversal phase, as in Study 1. We 

constructed a base model that included subject as a random effect, trial number, sex, and cohort, and 

number of learning trials (for that condition). We then added condition, which improved model fit 

[LRT: 
2
=110.38, df=1, p=<0.0001; AIC 1=1984.2, AIC 2=1875.8]: performance was worse in the 

perceptual condition. We next added the interaction between trial number X condition to test whether 

the rate of improvement across trials differed between the conditions. This did not improve model fit 

[LRT: 
2
=2.55, df=1, p=0.11, AIC=1875.3] (though this model received 57% of the weight by AIC 

comparison [AIC 0.5 between model 2 and 3]). This indicates that chimpanzees performed worse in 

the perceptual condition overall but had similar rates of improvement over trials within both 

conditions (Figure 3b). This result may be due in part to a rapid jump in performance in the spatial 

reversal: in trial 1 of either condition, 1-2 chimpanzees spontaneously chose correctly (this should be 

low as they have no indicator of reversal); by trial 2, 29% of chimpanzees chose correctly in the 

spatial condition, while only 8% did so in the perceptual condition (see Figure S2). We additionally 

checked for developmental or sex effects as in Study 1, but found no significant effects (see SOM), 

which was not unexpected given that this sample was selected based on success in Study 1. 

One possible explanation for the difference in performance between conditions is that by 

selecting chimpanzees who were able to successfully complete the spatial reversal task in Study 1, we 

tested chimpanzees who were more inclined to use spatial information at the expense of other 

information types. To address this, we examined whether there was any correlation between 

performance across the spatial and perceptual conditions. There was no relationship between spatial 
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and perceptual performance for either the learning (r=-0.14, p=0.51, n.s.) or reversal phase (r=0.23, 

p=0.29, n.s.). Given this, it is unlikely that success in the spatial context constrained performance in 

the perceptual context.  

 Overall, chimpanzees were overwhelmingly more successful at shifting based on spatial 

information. This is in line with past work indicating that apes may preferentially rely on spatial cues 

(Haun et al., 2006; Völter et al., 2019). Our work demonstrates that chimpanzees were able to 

successfully acquire rules based on perceptual features in the learning phase, but especially struggled 

to shift responses based on perceptual information. This relative difficulty may place a cognitive 

constraint on opportunities for behavioral flexibility in chimpanzees.  

 

Study 3: Shifting in response to probabilistic feedback 

Our final study examined chimpanzees‘ ability to shift based on probabilistic feedback (see 

Figure 1e). Here, the ‗correct‘ option (predicted by congruent spatial and perceptual information) 

provided an 80% chance of a preferred food reward and 20% chance of a non-preferred reward; the 

‗incorrect‘ option provided the opposite (80% non-preferred, 20% preferred).  After learning to 

choose the correct option, the contingencies were reversed. We predicted that this problem would be 

more difficult than a task with fixed payoffs, and that chimpanzees would exhibit greater 

perseveration when the contingencies reversed. 

 

a. Subjects 

We tested 40 chimpanzees (21 males, 19 females; range 6-25 years, mean 14.9; see Table 

S11) from the same population as studies 1 and 2. This study was conducted seven years prior, as one 

session in a battery of decision-making tasks (see Rosati et al., 2018). 22 of these chimpanzees later 

participated in Study 1, and nine also participated in Study 2—direct comparison of these individuals‘ 

performance is difficult, however, due to the time gap between studies.  

 

b. Sessions and test phases 
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 Each chimpanzee completed a single reversal learning session. On an earlier day they had 

completed a food preference test where they made choices between pairs of high-value (banana), 

intermediate-value (peanut), and low-value (cucumber) rewards. All chimpanzees in this study chose 

banana over cucumber (the two foods used in the task) 100% of the time. 

The general procedure followed the prior studies, except in two respects. First, the rewards 

varied: the correct option provided a high-value reward 80% of the time and a low-value reward 20% 

of the time, while the incorrect option provided the reverse. Second, the correct response was 

predicted by both spatial and perceptual information. The containers differed in appearance (yellow 

cup and white bowl), but here they had fixed side assignments such that spatial and perceptual cues 

were congruent and both predictive. This setup was used as we anticipated this would be a 

challenging task. The rewarded option was counterbalanced across subjects.  

As in the prior studies, chimpanzees first completed learning trials where they had to choose 

correctly on 10/12 trials to proceed. Here, there was a longer 60-trial maximum as this was expected 

to be difficult. Three chimpanzees did not pass on their first attempt, but were retested successfully 

after a delay. After passing the learning phase, the reward contingencies reversed; the previously-

correct side now provided high-value rewards on only 20% of trials, and the previously-incorrect side 

now did so on 80% of trials. All chimpanzees completed 30 reversal trials.  

 

e. Coding and data analysis 

The chimpanzee‘s choice was coded live by the experimenter, and a second coder blind to the 

hypotheses of the study coded 20% of sessions from video (K=1, n=346). Statistical analyses followed 

the same general procedure as in Study 1. To ensure that results were comparable to the preceding 

studies, our primary analyses looked at performance until a chimpanzee reached 10/12 correct or 

reached the 30-trial maximum, as studies 1 and 2 only tested individuals until they reached the 

passing criterion or trial limits. Since all chimpanzees completed 30 reversal trials regardless of when 

they reached 10/12 correct, additional checks confirmed that using all trials did not impact primary 

results (see SOM). 
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f. Results and discussion 

On average, chimpanzees required 15.2±1.1 trials to pass the learning phase, similar to 

learning performance in Study 1 and the spatial condition of Study 2. In the reversal phase, 

chimpanzees took an average of 24.9±1.0 trials to either pass or reach the 30-trial limit (see Figure 

4a). Only 21/40 chimpanzees successfully shifted within those 30 trials, doing so in 20.2±1.2 trials. 

Perseverative errors in this task, as expected, were quite high compared to the prior studies: 15.2±1.8 

trials. In fact, 10/40 individuals continued to choose the incorrect side for all 30 reversal trials. If a 

chimpanzee made at least one correct choice, they regressed back to the incorrect choice on 

21.5±5.6% of their remaining trials.  

To compare learning and reversal, we created a base model as in the prior studies, with 

subject as a random effect, cohort, sex, and trial number (within trial type). Adding trial type in a 

second model improved fit [LRT: 
2
=473.58, df=1, p<0.0001; AIC 1=2108.4, AIC 2=1636.8; see 

Table S12]: as expected, performance was worse in the reversal phase. This model received 100% of 

the weight in an AIC comparison (AIC 471.6). We then examined whether rates of improvement 

over trials in the reversal phase varied by sex and cohort. As in the prior studies, the base model 

included subject as a random effect, trial number, sex, cohort, and number of learning trials. Adding 

the interaction between trial number X cohort improved model fit [LRT: 
2
=7.94, df=2, p=0.02; AIC 

1: 632.7, AIC 2: 628.9]: post-hoc comparisons indicated that adults were faster to shift compared to 

young adults (p=0.01). Adding the interaction between trial number X sex further improved fit [LRT: 


2
=21.95, df=1, p<0.0001; AIC=609.0]: post-hoc comparisons showed that females were faster to 

shift compared to males (p=0.0001). This model also revealed linear and quadratic effects of cohort, 

such that adults were faster to shift compared to young adults (p<0.005) and trended to shift faster 

than juveniles (p=0.08) (Figure 3c-3d; see Table S13). Adding the three-way interaction trial number 

X cohort X sex did not further improve model fit [LRT: 
2
=2.04, df=4, p=0.73; AIC=615.1], 

indicating independent effects of cohort and sex. 
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We also looked at how chimpanzees responded to the positive and negative feedback received 

from each choice, by examining when they switched their next response (excluding the first trial from 

each phase). In the learning phase, chimpanzees exhibited very low rates of switching after positive 

feedback—3-4% of the time whether feedback was from the incorrect or correct choice. In response 

to negative feedback, they switched at higher rates as expected: 19% of the time when that feedback 

came from the correct choice, and 59% of the time when it came from incorrect choice. This indicates 

that they were able to learn to maintain the response that offered the higher proportion of positive 

feedback, despite receiving positive and negative feedback from both options. In the reversal phase, in 

contrast, they switched more in response to negative feedback from the newly-correct option (32%) 

versus the incorrect option (16%) (Figure 4b). In line with these numbers, analyses found that 

chimpanzees were more likely to switch based on negative feedback, and more likely to switch after 

choosing the incorrect option, in learning compared to reversal (see SOM for details). This indicates 

high rates of perseveration post-reversal on the response that previously provided a high proportion of 

the high-value reward. 

Overall, chimpanzees struggled to shift based on probabilistic feedback, as evidenced by their 

high rates of perseverative errors compared to the other studies. Despite the difference in task 

difficulty, we also found a period of extended development as well as sex differences that mirror those 

seen in Study 1, where we used a simpler spatial task with a larger sample of chimpanzees. In 

particular, young adults were slower to shift compared to adults in the reversal phase; juveniles also 

trended to show worse performance than adults. In addition, males were slower to shift compared to 

females. This suggests that the developmental and sex differences seen in Study 1 may reflect a more 

general pattern that impacts cognitive flexibility across contexts. 

 

General Discussion 

Across three studies, we examined the development and nature of chimpanzee cognitive 

flexibility. We first characterized the development of this skill using a simple spatial task, and found 
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an extended developmental trajectory as well as a sex difference where females were faster to shift 

responses than males. We then compared shifting in response to spatial versus perceptual cues, and 

found that chimpanzees are much more successful at shifting based on spatial information even 

though they could initially learn to use both cues. Finally, we examined shifting in response to 

probabilistic feedback and found that chimpanzees showed high levels of perseveration but also 

largely parallel developmental and sex differences in this context. Overall, these results highlight 

some commonalities with human performance in the extended development of these skills, but also 

support the hypothesis that there are core features of human cognitive flexibility that are distinct from 

those seen in other apes.  

In humans, executive functions like cognitive flexibility can take many years to reach mature 

levels of performance (Anderson, 2002; Diamond, 2002; Zelazo et al., 2003). For example, in the 

Wisconsin Card Sorting Task, assessing rule-based set shifting, children do not perform comparably 

to adults until 10-11 years old (Diamond, 2002). However, simple response shifting can develop 

earlier, as young as 3-4 years old (Anderson, 2002). In Study 1, we found that chimpanzees up to age 

20 were slower to shift responses compared to adults. While matched comparisons with children will 

be crucial to directly compare developmental trajectories, these results support the idea that the 

development of shifting abilities may actually be slower in chimpanzees than in humans. This 

contrasts with several proposals that nonhumans like chimpanzees should exhibit faster cognitive 

developmental trajectories compared to humans, in line with their more rapid physical maturation 

(Bjorklund & Green, 1992; Charnov & Berrigan, 1993; Kaplan et al., 2000). These results also show 

that language or formal schooling are not strictly necessary for developmental change in executive 

functions, however differences in developmental pace between humans and nonhuman apes may 

reflect facultative effects of these human-specific processes.  

These findings align with accumulating evidence that basic cognitive abilities shared with 

other animals can develop more rapidly in humans than in nonhumans (Herrmann et al., 2007; 

Langer, 2006; Wobber et al., 2014). For example, human children outpaced chimpanzees in basic 

physical and social reasoning abilities by age 4 (Wobber et al., 2014), and gaze-following abilities 
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that emerge in the first year of life in humans may not emerge until 2-3 years in chimpanzees (Moll & 

Tomasello, 2004; Tomasello et al., 2005). This suggests that humans‘ long juvenile period is not 

necessarily linked to overall slower development. Rather, humans may show relatively accelerated 

development of abilities that are shared with other primates, and then go on to develop even more 

complex skills scaffolded by earlier-emerging capacities. For example, slower development of basic 

response shifting in chimpanzees may limit set-shifting abilities, which emerge later in humans 

(Anderson, 2002; Diamond, 2013). Thus, differences between nonhuman and human cognitive 

development may lie not just in the pace of development of one particular skill, but in the patterning 

of skills (Rosati et al., 2014, 2016; Wobber et al., 2014), as the earlier acquisition of core cognitive 

capacities may facilitate the development of more elaborate abilities. In these studies, we used a cross-

sectional approach, as this allowed us to assess a large sample from across the age range, and avoided 

potential training effects from repeated testing. However, future work incorporating a longitudinal 

approach would be useful to confirm the developmental results found here (e.g., as in Wobber et al., 

2014), and would be crucial to examine causal patterning between different components of executive 

function across development.  

We also found that females were quicker to shift their responses compared to males in both 

the spatial and probabilistic reversal contexts. Humans do not appear to exhibit major gender 

differences in executive functions, though girls may perform better on some tasks of attention and 

inhibitory control (reviewed in Grissom & Reyes, 2019). There is also very little current evidence for 

sex differences in chimpanzee cognition, whether in executive function skills or other cognitive 

domains. For example, in a sample of 100 chimpanzees tested on a large battery of social and physical 

cognitive tasks, males outperformed females in spatial memory and object knowledge tasks but no 

other sex differences were detected (Herrmann et al., 2007). There is also little evidence for sex 

differences in primate decision-making more generally (De Petrillo & Rosati, 2021). Interestingly, 

however, some reversal learning studies in non-primate species found that females outperformed 

males, potentially linked to the effects of testosterone (Guillamón et al., 1986; Lucon-Xiccato & 

Bisazza, 2014; Neese & Schantz, 2012; Rogers, 1974). Importantly, chimpanzees do exhibit sex 
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differences in behaviors that may recruit executive functions. For example, wild female chimpanzees 

use tools at a higher rate or with greater efficiency than males (Boesch & Boesch, 1981; Gruber et al., 

2010; Lonsdorf et al., 2004; Lonsdorf, 2005; McGrew, 1979), and develop these skills earlier 

(Lonsdorf et al., 2004; Lonsdorf, 2005). While there is currently no data linking variation in executive 

functions to real-world behaviors in chimpanzees, one interesting possibility is that sex differences in 

executive function play a role in this variation in wild behavior. Future work on executive function 

should consider sex differences in these skills in nonhuman primates, as well as the potential for 

gender differences in the development of human executive function.  

Finally, we found that chimpanzee cognitive flexibility may be constrained in some important 

ways relative to humans. For example, chimpanzees struggled to shift responses based on arbitrary 

perceptual features, even when they could successfully learn the initial perceptual cue. This aligns 

with a growing body of evidence that chimpanzees preferentially track information and make choices 

based on concrete cues that causally predict rewards, like spatial location, but are less successful at 

reasoning using more abstract features, like arbitrary color or shape cues (Haun et al., 2006; Penn et 

al., 2008; Seed et al., 2011). While chimpanzees are certainly able to shift based on arbitrary features 

with enough experience (e.g., as reviewed in Rumbaugh, 1997), their difficulty in spontaneously 

using these cues may constrain cognitive flexibility relative to humans. These differences may 

partially reflect how language development reshapes relevant cognitive representations. For example, 

in prior work apes and 1-year-old children made choices between objects based on a spatial strategy, 

but older children, who had acquired language, used a strategy focused on perceptual cues (Haun et 

al., 2006). Similarly, some proposals argue that language specifically allows children to integrate 

spatial and perceptual information in other contexts (e.g., Hermer-Vazquez et al., 1999, 2001). Future 

work could examine if younger versus older children show a distinction between spatial and 

perceptual information in cognitive flexibility tasks like those used here. Another important step 

would be to further define the types of information that chimpanzees flexibly use—for example, 

chimpanzees may be more successful when reasoning about a cue‘s functional properties, or using 

natural categories relevant to real-world decisions (Herrmann et al., 2008; Seed et al., 2011).  
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We similarly found that probabilistic feedback may constrain chimpanzee shifting abilities. 

Chimpanzees were able to effectively use probabilistic feedback in the learning phase, but their ability 

to rapidly adjust based on changes in probabilistic information was more limited, and they were 

highly perseverative despite accumulating negative feedback. While there is no exact comparison 

between our task and computer-based tasks used with adult humans, in one example human adults 

averaged 2.6 perseverative errors during a probabilistic reversal task (Cools et al., 2002). Here, 

chimpanzees averaged 15.2 perseverative errors, with 25% of chimpanzees continuing to choose the 

previously correct option throughout the entire reversal phase. This generally aligns with the proposal 

that chimpanzees may be relatively conservative problem-solvers (Call, 2015). For example, a number 

of studies on social learning find that chimpanzees will maintain a previously-learned solution even 

when more effective options become apparent (Hrubesch et al., 2009; Marshall-Pescini & Whiten, 

2008). Minimal motivation to shift from an initial solution, despite lower levels of positive feedback, 

may serve as one constraint on innovation or social learning in chimpanzees. However, although 

chimpanzees as a group struggled in our task, there was significant inter-individual variation: some 

individuals shifted after only 2-3 perseverative errors, a pattern similar to human performance. Future 

work should examine the mechanisms underlying these individuals‘ successful use of probabilistic 

feedback. 

Together, these studies suggest that there have been evolutionary changes in human cognitive 

flexibility. Overall, chimpanzees‘ shifting skills develop at a slower pace than that observed in 

humans. Chimpanzees also exhibit important constraints on cognitive flexibility, both by information 

type, and in response to probabilistic feedback. This generally aligns with prior inferences from 

neuroanatomy about the cognitive consequences of humans‘ large and complex prefrontal cortices 

relative to nonhuman apes (Sherwood et al., 2008; Smaers et al., 2017; Teffer & Semendeferi, 2012). 

Importantly, executive function is an umbrella term comprising multiple regulatory skills that shape 

behavior across contexts. While we have examined the scope and limitations of chimpanzee cognitive 

flexibility, a crucial question concerns how these potential differences in cognition translate into 

flexible, goal-oriented behaviors, in conjunction with other executive function skills. Linking 
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variation in cognition to variation in naturalistic, real-world problem-solving will be the next step in 

understanding the evolution of human executive functions.   
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Figures 

Figure 1. Setup for studies. (a) Across reversal tasks, chimpanzee could find food rewards 

hidden under one of two containers. (b) In Study 1, the containers were visually identical, and 

the correct response depended on their spatial location (left or right side). (c) In the spatial 

condition of Study 2, location again predicted rewards, but the containers also visually 

differed and quasi-randomly appeared on either side; this feature information was irrelevant 

in this condition. (d) In the perceptual condition of Study 2, these perceptual cues instead 

predicted reward, and the spatial location of the correct container was then irrelevant. (e) In 

Study 3, spatial and perceptual cues both congruently predicted the correct response, but 

options provided probabilistic good versus bad payoffs. (f) Summary of cue types and payoffs 

across all studies and conditions.  
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Figure 2. Performance in Study 1 by age cohort and sex. (a) Mean number of trials to 

reach the 10 out of 12 passing criterion in the learning and first reversal phases (or trial limits 

in the reversal phase); note that larger numbers indicate worse performance. Error bars 

indicate SE. (b) Estimates of trial-by-trial performance in the reversal phase by age cohort, 

and (c) by sex, from the best-fit model accounting for both. Error bars indicate 95% 

confidence interval estimates.   
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Figure 3. Performance in Study 2 by condition. (a) Mean number of trials to reach the 10 

out of 12 passing criterion or trial limits in the learning and reversal phases by condition 

(perceptual and spatial). Note that larger numbers indicate worse performance, and the 

maximum number of reversal trials was 40 in this study. Error bars indicate SE. (b) Estimates 

of trial-by-trial performance in the reversal phase by condition. Error bars indicate 95% 

confidence interval estimates. 
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Figure 4. Performance in Study 3. (a) Mean number of trials to reach the 10 out of 

12 passing criterion or trial limits in the learning and reversal phases by age cohort 

and sex. Note that larger numbers indicate worse performance, and the maximum 

possible number of reversal trials in this study was 30. Error bars indicate SE. (b) 

Proportion of next-trial switching after negative and positive feedback; error bars 

indicate SE. (c) Estimates of trial-by-trial performance in the reversal phase by age 

cohort and (d) by sex, from the best-fit model. Error bars indicate 95% confidence 

interval estimates.  

 

 


