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Abstract 33 

Homo sapiens are unusual among animals in the degree of their dependence upon products of culture 34 

for survival, products that have evolved cumulatively over generations such that many cannot be 35 

innovated by a single individual acting alone. Why the cultural capacity of humans appears unrivalled in 36 

the animal kingdom is a topic of considerable debate. Here we explore whether innovation and/or social 37 

learning propensities may constrain the ability of one of our closest living relatives, chimpanzees (Pan 38 

troglodytes), to solve an extractive foraging and tool-use task designed to afford cumulative culture. We 39 

further explore the potential demographic characteristics and socio-cognitive processes associated with 40 

innovation and task success. Chimpanzees (N=53) displayed no evidence of cumulative cultural learning 41 

that children showed in an earlier study when faced with the same opportunities. Chimpanzees did 42 

frequently innovate, flexibly exploring the novel task, albeit particularly complex innovations were rare 43 

and largely shaped by participants’ experience with similar tasks.  Social information, available to group 44 

tested participants but not asocial controls tested individually, yielded no benefit to task performance.  45 

The lack of social transmission of beneficial innovations in contexts like this provides one explanation for 46 

the limited cumulative culture observed in this species.   47 

 48 
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Introduction 60 

 61 

One of the peculiarities of Homo sapiens is an unusual dependence upon culture for survival. This has 62 

culminated in the capacity to accumulate increasingly complex cultural traits that evolve in complexity 63 

through history, synonymously termed ‘cumulative cultural evolution’ or ‘cumulative culture’. It is this 64 

process of adding and refining of new innovations and old ones, and their social spread through 65 

populations and generations, that is seen by many authors as foundational to humanity’s global success 66 

as a species (Boyd & Richerson, 1985; Henrich, 2015; Henrich & McElreath, 2003).  However, despite the 67 

enormous adaptive benefits of cumulative cultural evolution, and the fact that a number of other 68 

nonhuman animals (henceforth ‘animals’) display socially transmitted group-typical behaviors or 69 

“cultures” (Laland & Hoppitt, 2003;  Laland & Galef, 2009; Vale, Carr, Dean & Kendal, 2017), with many 70 

more being capable of at least learning from others (Hoppitt & Laland, 2008), the cultural capacity of 71 

humans appears unrivaled. Why this is the case is a topic of considerable debate (Dean et al., 2014). 72 

Many have suggested that animals may lack some of the specialized socio-cognitive abilities that make 73 

humans expert copiers and users of social information (Dean et al., 2012; Herrmann et al., 2007; Tennie, 74 

Call & Tomasello, 2009); such that animals do not propagate behaviors so readily or with the fidelity of 75 

humans. Other authors highlight that animals may not be as innovative or creative as humans are, which 76 

may explain why cultural refinement and change is not as prevalent (reviewed in Dean et al., 2014; 77 

Osiurak & Reynaud, in press; Whiten et al., 2003).  The present paper concerns these proposed 78 

constraints on cumulative culture. Specifically, we examined chimpanzee innovation and the impact of 79 

social information on their performance when faced with a task affording the potential for cumulative 80 

building of skills, achieving progressively higher-valued rewards. 81 

Social learning provides a relatively cheap source of information that allows the rapid acquisition of 82 

adaptive behaviors by otherwise naïve individuals, whilst avoiding some of the potential costs 83 

associated with individual exploration (e.g., time, energy, and risk to survival) (Kendal, Coolen & Laland, 84 

2009). Further dissemination of adaptive innovations amongst other group members may also follow 85 

rapidly. Research with non-human primates (henceforth “NHP”), particularly chimpanzees due to their 86 

close phylogenetic relationship with humans, has focused intensively on the hypothesis that NHPs may 87 

have limitations in the nature of their social learning processes (e.g., Galef, 1992; see Dean, Vale & 88 

Whiten, 2018; Whiten & van de Waal, 2018 for reviews of the social learning literature). This hypothesis 89 

has been only partially supported by the resulting evidence. Many reports show that various NHPs 90 
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transmit behaviors socially that, in some species, generate behavioral traditions and even cultural 91 

repertoires defined by arrays of different traditions (e.g., Whiten et al., 1999; see Vale, Dean & Whiten, 92 

2018 and Whiten & van de Waal, 2018 for reviews). Behaviors in NHPs, for example, can diffuse through 93 

matrilines (Lonsdorf, 2005; van de Waal, Bshary & Whiten, 2014), or be adopted by new group members 94 

following their migrations (Luncz & Boesch, 2014; van de Waal, Borgeaud, Whiten, 2013); they can 95 

spread through groups when artificially seeded by experimenters introducing a trained model (Hopper, 96 

Schapiro, Lambeth & Brosnan, 2011; Watson et al., 2017; Whiten, Horner & de Waal, 2005), and lead  to 97 

traditions lasting thousands of years (Falótico, Proffitt, Ottoni, Staff & Haslam, 2019; Mercader et al., 98 

2007; Mercader, Panger & Boesch, 2002), and even arbitrary traditions (Bonnie, Horner, Whiten & de 99 

Waal, 2007; van Leeuwen, Cronin & Haun, 2014). This body of evidence has confirmed that NHPs learn 100 

through socially mediated processes, and the widespread existence of animal cultures is now generally 101 

accepted (Gruber et al, 2019). At the same time, social learning experiments comparing humans and 102 

NHPs have highlighted species differences that show traits to spread more rapidly and faithfully in the 103 

former, which may help explain the cultural gap between humans and other primates. In particular, 104 

chimpanzees tend to show a heavier reliance on information learned through their own experience 105 

(personal information) than on social information compared to humans (e.g., Horner & Whiten, 2005; 106 

Vale et al., 2017a; Vale et al., 2017b; van Leeuwen, Call & Haun, 2014; though see Watson et al., 2018). 107 

They also often copy with less accuracy than humans (Vale et al., 2017a; Dean et al., 2012; Horner & 108 

Whiten, 2005), learning through processes such as emulation and end-state copying rather than 109 

engaging in teaching or imitative learning (e.g., Ebel, Schmelz, Herrmann, & Call, 2019).  110 

In addition to transmission through social learning, cumulative culture requires beneficial modifications 111 

and discoveries to occur. Populations containing individuals who learn through mixtures of personal 112 

experience and social learning benefit because the former facilitate the transmission of information that 113 

is up-to-date and adaptively relevant (Kameda & Nakanishi, 2003; Rogers, 1988). However, despite the 114 

importance of innovation in cumulative culture, less is known of NHPs’ innovation capabilities than their 115 

social learning abilities, which has been primary focus of research to date. Whether NHP’s modest 116 

cultural complexity and diversity may be a result of infrequent innovation and trait refinement thus 117 

remains open to question.   118 

The limited studies that have addressed NHP innovation have begun to chart the types and complexity 119 

of innovations made, often in foraging contexts (Reader and Laland, 2001). One line of evidence comes 120 

from long-term observations of wild populations, that have identified behaviors not previously 121 
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witnessed by researchers, suggesting they are candidate innovations. Boesch (1995) documented a 122 

number of cases in chimpanzees of the Taï forest in Côte d'Ivoire, mostly involving the generalization of 123 

known behaviors to new contexts or materials. These include, for example, the expansion of ‘leaf 124 

cutting’ to new plant species and a context change for ‘leaf clipping’ behavior in which it was performed 125 

during resting periods and not just during male drumming sequences. More recently, ‘moss-sponging’ 126 

behavior, an apparent modification of ‘leaf-sponging’, was newly observed in the Sonso chimpanzee 127 

community (Budongo forest), and subsequently acquired by others in the group (Gruber et al., 2015; 128 

Holbaiter et al., 2014). This represents a switch to a new material (moss), from the more common use of 129 

masticated leaves to extract liquids from holes and pools, similar to the Tai chimpanzees using new 130 

plants for ‘leaf cutting’.  131 

 132 

Another important line of evidence for NHP innovation is provided by controlled experiments, focusing 133 

on innovation and behavioral flexibility. In one example, apes were provided with puzzle boxes that 134 

could be solved in various ways to extract rewards (Manrique, Volter & Call, 2013). Once a solution was 135 

displayed and established, it was then blocked by experimenters to potentially coax further new 136 

solutions. Chimpanzees, bonobos, gorillas and orangutans were all capable of innovating new solutions 137 

once a practiced solution had been blocked, even when a more complex solution was necessary 138 

(Manrique, Volter & Call, 2013; see also Davis, Schapiro, Lambeth, Wood & Whiten, 2019; Davis, Vale, 139 

Schapiro, Lambeth, & Whiten, 2016;  Lehner, Burkart & van Schaik, 2011; but see Harrison and Whiten, 140 

2018).  However other studies suggest that innovations of complex solutions are rare (Hanus et al. 141 

2011). Very few subjects (gorillas and chimpanzees), for example, were able to solve a ‘floating peanut 142 

task’, that required displacing a peanut by inserting water into the tube it floated in, a task previously 143 

solved by orangutans (Mendes et al. 2007; also see Tennie, Call & Tomasello, 2010). Similarly, only a 144 

small subset of chimpanzees discovered they could extract food items floating in water just out-of-reach 145 

when provisioned with a functional tool to do so (Bandini & Tennie, 2017), and no individual was found 146 

capable of solving a task requiring the creation of a loop with a piece of string to obtain out-of-reach 147 

rewards (Tennie, Call & Tomasello, 2009; although see Laumer, Call, Bugnyar & Auersperg, 2018 for 148 

spontaneous tool shaping in  orangutans).   149 

 150 
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In sum, the evidence concerning chimpanzee’s innovation and social learning abilities is quite mixed. 151 

Some studies demonstrate a degree of behavioral modification and change through innovation and/or 152 

social learning, at least when past behaviors become obsolete (Davis et al., 2016; Manrique et al., 2013; 153 

Vale et al., 2017c). Others document little (Harrison & Whiten, 2018; Vale et al., 2017a) or no evidence 154 

(Dean et al., 2012), and the putative innovations observed in the wild are typically modest (Boesch, 155 

1995; Gruber et al., 2015).  Moreover, few studies have examined NHPs’ innovation of increasingly 156 

complex or efficient solutions and the impact of social information on task success in a cumulative task 157 

setting, instead using trained demonstrators to seed behaviors into naïve groups or testing innovation in 158 

isolated settings.  The question of whether chimpanzees can innovate increasingly complex solutions by 159 

themselves, and whether they may subsequently be picked up by others, therefore, has begun to be 160 

explored in only a handful of studies (Harrison & Whiten, 2018, Vale et al., 2017c; van Leeuwen, Cronin 161 

& Haun, 2014). Accordingly, the present study aimed to explore (1) chimpanzees’ cumulative learning 162 

capabilities, (2) innovation propensities in a task that afforded increasingly complex solutions, (3) the 163 

impact of social information on innovation rate and task success, and (4) the factors, both demographic 164 

characteristics and socio-cognitive processes, that may be associated with innovation and success on a 165 

task designed to afford cumulative culture (Figure 1) and that has already demonstrated such 166 

phenomena in young children (McGuigan et al. 2017).  We were interested in what individual 167 

differences may be present given that we know very little of the identities of the innovators in 168 

chimpanzee groups (but see Reader & Laland, 2001), despite their showing social learning biases in 169 

whom they are most ready to learn from.  170 

Method 171 

Participants  172 

We tested 53 chimpanzees. Forty-five of these (30 female) were tested in their eight social groups 173 

(social condition) and 8 (four female) were tested individually (asocial condition). Three chimpanzees (2 174 

female), from two groups in the social condition did not interact with the task and were excluded from 175 

analyses. Chimpanzees in the social condition ranged in age from 14 to 54 years (mean = 33 years) and 176 

those in the asocial condition ranged from 21 to 38 years (mean = 30 years). All participants lived in 177 

social groups of between five and nine chimpanzees, each with access to enriched outdoor and indoor 178 

enclosures that contained multiple climbing structures. Chimpanzees were housed at the National 179 

Center for Chimpanzee Care (NCCC) at the Michale E. Keeling Center for Comparative Medicine and 180 

Research in Bastrop, TX. The NCCC is fully accredited by AAALAC-I. Chimpanzee participation in this 181 
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study was voluntary. Nine of the chimpanzees (4 in the asocial condition) had, in earlier studies, 182 

combined two components to make an elongated stick-like tool, or had combined a token cap and a 183 

token (Price et al. 2009; Vale et al. 2016; Vale, Flynn & Kendal, unpublished data) and all chimpanzees 184 

had prior exposure to food-filled pipe feeders that required probing with stick tools to extract food (e.g., 185 

Hopkins, Wesley, Izard, Hook & Schapiro, 1995). Ethical approval was granted for this study by the 186 

University of St Andrews’ Animal Welfare and Ethics Committee and UTMDACC Institutional Animal Care 187 

and Use Committee (IACUC approval number 0894-RN01).  188 

 189 

 190 
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Figure 1.  Schematic of four reward exits repeated on each task level (L1-L4). The centered reward could 191 

be maneuvered left and accessed via the trapdoor or ramp, or moved to the right and extracted through 192 

the pushdoor or lift.  193 

 194 

Apparatus 195 

This study employed a large puzzlebox, named the ‘Small World’ (SW: see McGuigan et al., 2017 for a 196 

version of the SW exploring cultural transmission and cumulative culture in young children). The SW 197 

incorporated four increasingly difficult levels (elongated boxes L1-L4; see Figure 1) baited with 198 

increasingly preferred rewards (ranging from a carrot piece at L1 to a more preferred strawberry at L4; 199 

see Procedure for details of the food preference testing). Each box level included four reward exits; the 200 

ramp [R], trapdoor [T], pushdoor [P] and lift [L] towards which the reward could be maneuvered left or 201 

right from its initial central location (see Figure 1). Once an exit was then successfully manipulated and 202 

opened, the reward fell and rolled down a slope that was angled towards participants, enabling its 203 

retrieval.  The levels were placed at variable distances from the participants such that level 1 (L1) was 204 

close enough to be manipulated using the subject’s hands and fingers (or a tool if preferred); level 2 (L2), 205 

was slightly farther away from the participant (10cm) and required the use of a stick tool to move the 206 

reward and open an exit; and level 3 (L3) was further back still (23cm) and required modified, elongated 207 

tools to reach it. Finally, L4, placed 23cm back, was modified so that chimpanzees had to create an 208 

elongated hooked tool to release the reward located inside it. Three types of tools were provisioned: 209 

yellow ‘combine tools’ consisting of thinner components that could be inserted into the ends of thicker 210 

ones, one of which had a hook end necessary for L4; and green ‘unfold tools’ consisting of hinged, 211 

initially folded tool components that could be unfolded to make a long tool. On the unhinged end of the 212 

‘unfold’ tool a cuff was placed that had to be removed to permit unfolding the tool (see Figure 2). These 213 

tools also had a hooked end that, when unfolded, could be used to manipulate L4. Akin to the ‘combine 214 

tools’, we provisioned a green short tool that could reach L2 (and L1) without modification. We 215 

additionally provisioned an array of non-functional tools that were either too thick, flimsy or short to be 216 

reliably used to access the rewards (Figure 2); thick, short PVC token caps; flimsy straws; flimsy long 217 

bamboo sections; short black piping sections; and short sections of bamboo).    218 

 219 
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220 

Figure 2. (1) Functional tools that could be combined [yellow tools] or unfolded [green tools]. (a) hook 221 

end that combines with (b) the middle section long enough to reach L2 and (c) the handle, to create an 222 

elongated tool. Combining (a) and (b) was required to reach L3, and adding (c) for L4; (d) folded tool 223 

with an un-foldable hook on one end and a cuff that had to be removed before its extension to reach L3 224 

and L4; (e) flat tool long enough to reach L2. (2) Non-functional tools; (a) thick, short PVC L-shape pipe; 225 

(b) flimsy straws; (c) short sections of bamboo; (d) short black piping and (e) flimsy and long bamboo 226 

sections.  227 

Procedure 228 

Prior to running the study, all participants were given a series of food preference tests to establish the 229 

desirability of different foods. Four food types were placed in four food wells atop a single tray (food 230 

locations were pseudo-randomized) and pushed within reach of participants individually. A participant 231 

selected one piece of food at a time until all four pieces were consumed, and their order of preference 232 

was documented. Five repetitions (trials) were presented per subject, all conducted in a group setting. 233 

Foods were ranked according to the frequency they were chosen first (all trials were pooled). After 234 

testing various food types, these tests established that carrot was the least preferred food (used for L1), 235 

then orange (L2), apple (L3), and finally the most desirable food was strawberry (L4).  236 

 237 

Each of eight groups of chimpanzees was presented with the task on consecutive week days for a total 238 

of eight hours across four, two-hour ‘open diffusion’ sessions (i.e. it was ‘open’ in terms of who worked 239 

at the task, who observed whom, and whether diffusion resulted). Sessions were stopped prematurely if 240 

a part of the task was broken by the participants, which happened infrequently, and resumed once the 241 

task was fixed (usually by the following day). Sessions started once the task was baited with one reward 242 

for each level, and the tools were provisioned by pushing them through the enclosure mesh. Three of 243 
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each tool type were provisioned at the start of each session, with tools being replaced with new ones if 244 

they were transported >3m away from the task. Tools that were pushed outside the enclosure were 245 

immediately passed back through the mesh in their initial, unmodified states (e.g., uncombined sections 246 

and folded tools). For the first hour of open diffusion, each level was rebaited immediately following 247 

successful reward extraction to sustain initial motivation, increasing every consecutive hour by one-248 

minute intervals until a maximum hiatus between reward retrieval and rebait reached five minutes for 249 

the final three hours of testing. This was done to facilitate potential attempts at the more difficult levels 250 

upon solving easier ones, and to assess whether chimpanzees would inhibit actions towards un-baited 251 

levels when others contained food.  252 

 253 

For the asocial condition, chimpanzees voluntarily separated from their groups for two 30-minute 254 

sessions. Thus, the eight chimpanzees in this condition received one hour of testing time, and as a group 255 

were exposed to the task for eight hours, approximately equivalent to an individual’s opportunities in 256 

the social condition. As these chimpanzees had no competition from groupmates during testing, we 257 

provisioned them with just one of each tool type. Tools that were pushed out of enclosures were 258 

returned to participants in their unmodified states. Re-baiting for this condition was done in five-minute 259 

intervals, to permit exploration of the more difficult levels once an easier one was solved.  260 

 261 

A video camera recorded chimpanzees’ actions on the task as well as the actions of nearby individuals. 262 

Sessions were later coded and checked by a second coder. We coded all innovations, defined as the first 263 

success in a group (or by the individual in the asocial condition) at a specific exit on a specific level made 264 

by a specific tool (including manual extractions). We were interested in which variables might predict a 265 

chimpanzees’ level of innovativeness and overall task success, focusing on attributes including their age, 266 

sex and dominance rank. Following Kendal and colleagues (2015), dominance rank was assessed by 267 

using three chimpanzee experts’ ratings using a three-point categorical dominance scale ranking each 268 

chimpanzee of each group as either ‘high’, ‘medium’ or ‘low’ dominance. As in Kendal and colleagues 269 

(2015), the modal rank was selected for the few cases of rank disagreements. As L3 and L4 could be 270 

solved by combining two or three tools, we were also interested in whether some chimpanzees’ past 271 

tool combining history would predict the solving of, and subsequent successes at, these levels. Non-272 
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functional tools were provisioned to subjects to determine if they were selective in their choice of tool 273 

and to assess whether this might affect innovations or task success.   274 

 275 

 276 

Figure 3. L3 reward being maneuvered using a combined tool.  277 

Results 278 

Statistical Analysis 279 

Models were run using the Bayesian Rethinking R package (McElreath, 2016; 2019). All models were 280 

multilevel with varying intercepts (a ‘random effect’) fitted for individual identity to control for multiple 281 

data-points from each individual. The models generated posterior estimates using the Hamiltonian 282 

Monte Carlo algorithm available in the rstan package (Stan development team, 2018). Chain 283 

convergence was assessed by visual inspection of traceplots, and ‘Rhat’ values that should equal 1 when 284 

convergence occurs (McElreath 2016). To facilitate chains convergence, we assigned tightly regularizing 285 

priors to parameters. Models were constructed using a Poisson distribution (and log link) appropriate 286 

for count data. There were two response variables; innovation rate and successful reward extractions at 287 

each of the three task levels. L4 was excluded from the analyses as all participants failed to extract 288 

rewards from this level using hook tools (although this level was on occasion solved using unforeseen 289 

techniques, discussed below).  To take account of group dynamics that could impact task performances, 290 

we controlled for the amount of time individuals spent interacting with the task. Specifically, response 291 
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variables (number of innovations and reward extractions) were divided by the time participants spent 292 

interacting with the task (seconds).  We constructed models that (i) examined the effect of participant 293 

characteristics on our response variables, including participant age (years), sex (females coded 0/males 294 

coded 1), tool combining history (no history coded 0/history of tool combining coded 1), and dominance 295 

(low coded 0/medium coded 1/high coded 2), adding each chimpanzee’s innovation rate to later models 296 

to examine if this predicted level success; and (ii) examined the effect of potential individual processes 297 

on our response variables, including causal reasoning abilities, motivation and inhibition control. Causal 298 

reasoning scores were computed as the inverse of the number of non-functional tool use attempts/total 299 

tool attempts (functional and non-functional) on the task. Similarly, inhibition scores represented the 300 

inverse of the number of attempts made on un-baited levels/total attempts on levels (baited and un-301 

baited). Motivation scores represented the latency to when a chimpanzee first interacted with the task 302 

after it was presented, which we established was not determined by a chimpanzee’s dominance rank 303 

(correlation coefficient = 0.087). Age, causal reasoning abilities, inhibition and motivation were z-304 

transformed before entering them into the models to aid model interpretation. We also explored 305 

whether testing in a social group influenced these response variables while controlling for the task 306 

exposure time and the time participants spent interacting with the task (limited to the first hour of 307 

testing for all individuals to make them comparable with individuals in asocial control condition). Models 308 

were run with the predictor of social group (asocial controls coded 0/social groups coded 1) and 309 

compared to a null model with the same structure, omitting this predictor. For model comparisons, we 310 

used the Watanabe-Akaike information criterion (WAIC) as a measure of out-of-sample deviance. When 311 

models performed similarly, we report the outcomes of both models.  We report the posterior mean, 312 

standard deviation and the highest posterior density interval (89% HPDI) for predictor variables, on a log 313 

scale (effects of the predictor variable in relation to the response variable can lie either side of zero). 314 

HDPIs that cross zero were interpreted to indicate no clear effect of a predictor, or a (weak) effect if 315 

most of the density of the posterior lay on one side of zero.  316 

 317 

Chimpanzee Innovation in a Group Setting  318 

Overall, chimpanzees in the eight groups made 134 innovations, with 20/42 participating chimpanzees 319 

innovating at least twice. Innovations ranged from the first occurrence in a group of an elementary 320 

manual reward retrieval act from L1 exits, to combining three or four tool components to retrieve 321 

rewards from L3 (and L4) exits. Looking at who were the innovators, the ‘participant characteristics 322 
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model’, controlling for participants’ task interaction times, returned similar estimated out-of-sample 323 

deviances to our null model (Table 1). Cautiously interpreting the results for the full model, sex was 324 

found to have a weak positive effect on innovation, with males innovating less often than females (Table 325 

1). There was also weak evidence to suggest that older individuals tended to innovate less than younger 326 

ones, and that prior knowledge of tool combining increased innovation rates, though all 89% HDPIs 327 

crossed zero.  When controlling for task interaction time, dominance rank was unrelated to 328 

innovativeness. Finally, we note that both null and full models showed substantial variation in 329 

chimpanzee innovation levels (mean = 1.01. SD = 1.00, HDPI = 0.05, 2.92).  In analyzing potential 330 

‘individual processes’ that may be associated with innovation rates, again controlling for participant 331 

interaction time, we found the full model returned better estimated out-of-sample deviance than the 332 

null model. The full model showed causal reasoning score and motivation levels were positively 333 

associated with chimpanzee innovation rates, but no effect of inhibitory control (Table 1).   334 

 335 

Table 1. Model comparisons reporting WAIC for the full and null ‘participant characteristics’ and 336 

‘individual processes’ models. The posterior means, standard deviations and 89% HDPIs are reported for 337 

each fixed effect.   338 

Participant Characteristics and Innovation 

Model WAIC Fixed Effect 
Posterior 
Mean SD 

HDPI Lower 
5.5% 

HDPI Upper 
94.5% 

Null 118.6           

Full 116.3 Age (Older) -0.29 0.22 -0.65 0.06 

   Sex (Male) -0.54 0.36 -1.12 0.03 

   Tool Experience (Yes) 0.43 0.39 -0.19 1.05 

    Dominance (High) -0.04 0.22 -0.39 0.31 

Individual Processes and Innovation 

Model WAIC Fixed Effect 
Posterior 
Mean SD 

HDPI Lower 
5.5% 

HDPI Upper 
94.5% 

Null 118.7           

Full 104.7 Inhibitory Control 0.01 0.32 -0.49 0.52 

   Motivation 0.70 0.35 0.17 1.28 

   Causal Reasoning 0.74 0.30 0.27 1.23 

              
 339 



14 
 

Chimpanzee Task Success in a Group Setting 340 

Each higher level of the SW was designed to be increasingly challenging, requiring an escalating series of 341 

actions (all tool-based, for L2-L4) to achieve success. This was reflected in our results, finding that 29 of 342 

the 42 chimpanzees in groups retrieved 739 carrot pieces from the most basic level (L1); 20 retrieved 343 

471 orange pieces from L2 (requiring simple tool use) and just 4 retrieved apple pieces from L3 344 

(requiring elongated tool use). Typically, easier levels were solved prior to the more difficult ones: just 345 

six of the group tested participants ever solved L2 prior to L1, and none of these chimpanzees solved L3 346 

without first solving L1 and L2 (one asocial control individual solved L3 without first solving L2). The 347 

factors involved in success are accordingly treated sequentially for levels 1-3 in the analyses that follow.  348 

Focusing first on participant characteristics associated with task success, our full models for each task 349 

level (L1-3) improve the out-of-sample deviance compared to the null models (Table 2). For L1, both 350 

higher ranking and older individuals achieved more successes (reward extractions) than their younger 351 

and subordinate counterparts. There were also weak positive effects of chimpanzee’s innovation rate 352 

(same response variable as in previous models) and of prior tool combining experience on task success 353 

at L1 (their 89% HDPIs crossing zero), but no effect of sex. For L2, which required tool use, there was a 354 

clear positive effect of prior tool combining experience. Unlike at L1, younger individuals had more 355 

success at L2 than older individuals, and females outperformed males. Innovation rate also had a small 356 

positive effect on task success at L2, but there was no effect of dominance for this level. Finally, for L3, 357 

which required some form of tool elongation, there was again a clear positive effect of prior tool 358 

combining experience on task success. There was additionally weak evidence to suggest that young and 359 

female chimpanzees had more success on this level than older and male chimpanzees (their 89% HDPIs 360 

crossed zero). Finally, there were no effects for dominance and innovation rate.     361 

Table 2. Model comparisons reporting WAIC for the full and null ‘participant characteristics’ models for 362 

successes at each task level. The posterior means, standard deviations and 89% HDPIs are reported for 363 

each fixed effect.   364 

 365 

Participant Characteristics and Task Success 

Model WAIC Fixed Effect 
Posterior 
Mean SD 

HDPI Lower 
5.5% 

HDPI Upper 
94.5% 

L1 Null 211.2           
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L1 Full 198.5 Age 0.63 0.19 0.33 0.93 

   Sex -0.06 0.32 -0.58 0.45 

   Tool Experience 0.54 0.36 -0.03 1.13 

   Dominance 0.40 0.19 0.10 0.71 

    Innovation Rate 0.35 0.18 -0.09 0.47 

L2 Null 128.1           

L2 Full 119.4 Age -0.56 0.23 -0.93 -0.20 

   Sex -0.61 0.36 -1.19 -0.04 

   Tool Experience 0.71 0.39 0.09 1.33 

   Dominance 0.02 0.23 -0.34 0.38 

    Innovation Rate 0.22 0.08 0.10 0.34 

L3 Null 72.8           

L3 Full 62.7 Age -0.39 0.26 -0.80 0.03 

   Sex -0.55 0.39 -1.18 0.07 

   Tool Experience 1.16 0.40 0.51 1.80 

   Dominance -0.25 0.26 -0.67 0.16 

    Innovation Rate -0.09 0.12 -0.29 0.09 

       
 366 

 367 

Turning to the ‘individual processes’ that may be associated with task success, our full models for L1 and 368 

L2 improve the out-of-sample deviance relative to the null models (Table 3). Posterior estimates indicate 369 

that causal reasoning score had a clear positive association with chimpanzees’ L1 successes and that 370 

there was weak evidence for a positive association with inhibition, but no effect of motivation.  For L2, 371 

we again found a clear positive relationship with causal reasoning. Motivation also had a positive effect, 372 

but there was no clear evidence for an effect of inhibition on L2 successes. For L3 the full and null 373 

models returned almost the same out-of-sample predictions.  The null model showed high variation in 374 

subjects’ performance (mean = 1.00, SD = 0.99, HDPI: 0.06, 2.87).  In the full model, motivation had a 375 

weak positive effect on L3 successes and there was little to no evidence to suggest that causal reasoning 376 

and inhibitory control were respectively associated with L3 success. As the full model for L3 did not 377 

improve the out-of-sample deviance compared to the null model, caution is required when interpreting 378 

these results.  379 

 380 
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Table 3. Model comparisons reporting WAIC for the full and null ‘individual processes’ models for 381 

successes at each task level. The posterior means, standard deviations and 89% HDPIs are reported for 382 

each fixed effect.   383 

 384 

Individual Processes and Task Success 

Model WAIC Fixed Effect 
Posterior 
Mean SD 

HDPI Lower 
5.5% 

HDPI Upper 
94.5% 

L1 Null 211.4           

L1 Full 189.6 Inhibitory Control 0.28 0.28 -0.17 0.73 

   Motivation 0.07 0.16 -0.19 0.34 

   Causal Reasoning 1.80 0.31 1.31 2.30 

L2 Null 128.1           

L2 Full 117.4 Inhibitory Control -0.20 0.16 -0.69 0.30 

   Motivation 0.72 0.34 0.19 1.44 

   Causal Reasoning 0.95 0.31 0.47 1.44 

L3 Null 72.7           

L3 Full 72.6 Inhibitory Control -0.11 0.32 -0.61 0.40 

   Motivation 0.42 0.31 -0.05 0.95 

    Causal Reasoning 0.24 0.28 -0.20 0.71 

       
 385 

The impact of the Social Group context on Innovation 386 

To consider the potential role of social facilitation on chimpanzee innovation, differences in innovation 387 

propensities between individuals in social groups and asocial controls were explored. The full and null 388 

models returned very similar out-of-sample prediction scores (Table 4). There was high individual 389 

variation in chimpanzee innovation rates (mean = 1.00, SD = 1.01, HDPI = 0.05, 2.92) and for the full 390 

model, there was little evidence to suggest that access to social information influenced a chimpanzee’s 391 

innovation rates in the first hour of testing, after controlling for task interaction time.  392 

Table 4. Model comparisons reporting WAIC for the full and null ‘social group model’ for innovation. The 393 

posterior mean, standard deviation and 89% HDPI are reported.   394 

 395 
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Model WAIC Fixed Effect 
Posterior 
Mean SD 

HDPI Lower 
5.5% 

HDPI Upper 
94.5% 

Null 150.7      
Full 149.4 Social Group -0.24 0.25 -0.64 0.16 

 396 

The Impact of the Social Group context on Task Success 397 

When considering the impact of the social group context on chimpanzees task success at L1 during the 398 

first hour of testing, controlling for task interaction times, the null model improves the out-of-sample 399 

deviance compared to the full model (Table 5), indicating that the addition of social group as a predictor 400 

in our model reduced its estimated predictive value. For L2, the out-of-sample predictive value of the 401 

full model, which included social group as a predictor, was better than that of the null model that 402 

included individual intercepts only. The full model showed a negative effect of social group on L2 403 

success, suggesting that chimpanzees tested individually had greater success on this level than group-404 

tested chimpanzees (Table 5).  Finally, for L3 the full model again improved out-of-sample deviance 405 

predictions relative to the null model (Table 5). Again, this model showed a negative effect of social 406 

group on L3 successes, indicating chimpanzees tested individually had greater success at this level than 407 

group tested chimpanzees.   408 

Table 5. Model comparisons reporting WAIC for the full and null ‘social group model’ for task success at 409 

each level. The posterior means, standard deviations and 89% HDPIs are reported.   410 

 411 

Model WAIC Fixed Effect 
Posterior 
Mean SD 

HDPI Lower 
5.5% 

HDPI Upper 
94.5% 

L1 Null 188.8      
L1 Full 194.8 Social Group 0.51 0.24 0.13 0.89 

L2 Null 108.8      
L2 Full 99.3 Social Group -0.74 0.27 -1.18 -0.31 

L3 Null 59.1      
L3 Full 32.2 Social Group -1.73 0.34 -2.28 -1.2 

 412 

Discussion  413 

Cumulative Culture and the Processes of Innovation and Social Learning 414 
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In this study we examined chimpanzee’s innovation propensities and the impact of social information on 415 

task skill in a cumulative task.  Out of the 45 chimpanzees tested in groups, L1, L2, and L3 were solved by 416 

29, 20 and just four individuals, respectively, with easier levels typically solved prior to the more difficult 417 

ones. This suggests there was cumulative learning at an individual level. However, we found no evidence 418 

for cumulative cultural learning that implicated a role for social learning. Indeed, being in a social group 419 

rather than acting in isolation had no, or even a negative effect on task success, and chimpanzees failed 420 

to socially learn to make elongated tools to gain the L3 desirable rewards from conspecifics who became 421 

proficient in the behavior. In contrast, innovations, defined as the first occurrence of a unique 422 

exit/tool/level combination in a group (or in an individual in the case of asocial controls), were relatively 423 

common, with approximately half of the chimpanzees tested in a group setting performing at least two 424 

of these behaviors for the first time in their group. However, the innovation of creating elongated tools 425 

to solve L3, building upon unmodified tool use, was rare and largely determined by chimpanzees’ 426 

experience with making similar tools in the past (three or more years ago), by combining two elements 427 

to make a longer stick tool. The data thus suggest that chimpanzees faced with the opportunities of the 428 

SW frequently engaged in individual scaffolding where progress required some acquired knowledge of 429 

similar, easier behaviors, as opposed to cumulative cultural learning which requires alternation of 430 

individual innovations and social spread of the results, generating increasingly complex traits.  431 

 432 

These results are in line with previous studies that found, in contrast to human children, no 433 

unambiguous evidence for cultural ratcheting in this species (Dean et al. 2012; Marshall-Pescini & 434 

Whiten, 2008). The present results offer some clarification as to why cumulative learning may be 435 

lacking. Most striking were the findings that, after controlling for task interaction times, chimpanzees 436 

tested in groups had no overall advantage over those tested alone. Chimpanzees made simple, 437 

beneficial modifications to an existing behavior (with tool use building on manual reward extractions), 438 

yet the social spread of tool modifications to others was mostly absent. While we do not rule out other 439 

contributing factors, such as failure to adopt a higher-paying behavior due to satisfaction with a lower 440 

paying option (e.g., L2) (Marshall-Pescini & Whiten, 2008; Vale et al., 2017), our findings are consistent 441 

with the hypothesis that chimpanzees are unlikely to copy behaviors demonstrated by others that are 442 

more elaborate than their currently favored ones (Dean et al., 2012; Marshall-Pescini & Whiten, 2008; 443 

Tennie, Call & Tomasello, 2009; although see Whiten et al., 2005 for evidence of chimpanzees copying 444 

simple behaviors seeded by a demonstrator). Such difficulty in, or disinclination to copy some new or 445 
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hard-to-invent behaviors poses a constraint, as adaptive discoveries by some individuals will become 446 

lost, impeding cultural evolution. This contrasts with humans, who regularly show a heavy reliance on 447 

social learning (e.g., Carr, Kendal & Flynn, 2015; Flynn, Turner & Giraldeau, 2016; Nielson & Tomaselli, 448 

2010) and who can pass on relatively complex behaviors with high fidelity (e.g., Dean et al., 2012; Derex, 449 

Godelle & Raymond, 2012; Derex et al., 2013). Species differences in the willingness and capacity to use 450 

social information may thus be important in explaining the extent to which each species displays 451 

cumulative cultural evolution, as has been argued elsewhere (Dean et al., 2014; Tomasello, 1994; 452 

Tennie, Call & Tomasello, 2009; van Leeuwen, Call & Haun, 2014).  453 

We note, however, that provisioning multiple tool, exit and level options, instead of the two action 454 

puzzle boxes typically used in social learning studies, may have encouraged reliance on personally, as 455 

opposed to socially acquired information use, especially as these multiple options afforded task access 456 

to more than one chimpanzee at any given time. Asocial and social conditions also included four and five 457 

chimpanzees experienced in tool combination, respectively, who represented 50% of the asocial control 458 

sample but only ca.11% of the social sample. Given that past tool construction was positively associated 459 

with L2 & L3 success (see also Vale et al., 2016), there was plausibly a sampling bias favoring progression 460 

to higher levels in our control subjects - a bias that would likely have dissipated had the experienced tool 461 

users’ solutions diffused within their respective groups. Level progression was also potentially favored in 462 

asocial controls due to their rebaiting schedule occurring at five-minute intervals, compared to 463 

immediately for group tested participants at the start of the study. The longer rebait delay meant that 464 

subsequent to consuming a lower level reward item, asocial controls could not satisfice for low value 465 

rewards, which continued to be available to groups. Although we recognize this potential confound, we 466 

chose different reward schedules in order to best pursue our interest in determining what asocial 467 

controls were capable of in their necessarily shorter task exposure time.   468 

 469 

Chimpanzees frequently discovered novel solutions in the SW task, with 134 innovations made by 470 

approximately half the chimpanzees in groups, and 12 by three of the eight individually tested 471 

chimpanzees. When controlling for test and interaction time, asocial controls demonstrated similar 472 

innovation propensities to those tested in groups. This suggests that social facilitation due to the mere 473 

presence of others (Zajonc, 1965), and/or witnessing others, potentially similar, extraction techniques, 474 

did not enhance innovativeness, at least during the first hour of testing. However, competition, if 475 

experienced by group tested chimpanzees, could negate any such effects.  Despite its high prevalence, 476 
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innovation capacity was particularly associated with two factors; solution complexity and individual’s 477 

past experience with similar tool-use behaviors. Concerning solution complexity, the majority of 478 

innovations that occurred were relatively simple, occurring at L1 and L2. Complex combinatory tool 479 

construction or unfold actions, by contrast, were rare, and tied to past experience. Specifically, of the 480 

nine chimpanzees with a ‘combine tool’ history, three of the five tested in groups successfully solved L3 481 

using combined tools within 8 hours of testing and one of the four asocial controls did so, in that case 482 

within 1 hour. Only one other female solved L3 through re-use of an experienced combiner’s tool, and 483 

one naïve female combined tools but subsequently failed to use the product on the task.  Combinatory 484 

tool manufacture, therefore, is best explained as an application of a known behavioral routine to new 485 

stimuli and contexts. Such findings are reminiscent of those concerning innovations in wild populations, 486 

where these often represent behavioral generalization to new materials and contexts (e.g., moss 487 

sponging and leaf clipping; Boesch, 1995; Gruber et al., 2015).  488 

Innovation of L3 & L4 solutions may have been constrained for multiple reasons. One pertains to L3 and 489 

L4 representing what has been identified as an ‘ill structured problem’ (Cutting et al., 2014). In this, 490 

process information concerning how to reach the end goal from the start state (‘how knowledge’) was 491 

missing. Thus, participants had to infer that solutions required a state change to the tools provisioned 492 

(elongation and hook creation).  Young children perform very poorly in such contexts, for example failing 493 

to bend a pipe cleaner provided to make a simple hook to extract a prize from a narrow jar (Cutting et 494 

al., 2014), and chimpanzees may have experienced similar difficulty in recognizing potential tool 495 

affordances. This does not explain, however, why the chimpanzees that were provided ‘how’ 496 

information by conspecifics solving L3, failed to copy and reach this level.   497 

Alternatively, innovation could have been hindered by the combined complexity of what individuals 498 

already knew and what a cumulative step up would entail. Davis et al. (2019) showed that chimpanzees 499 

at our study site appear to transition more easily to new behaviors if past behaviors are simple, than 500 

when known behaviors are already relatively complex (Davis et al., 2018). This would explain 501 

chimpanzees being able to progress from L1 to L2, but much more rarely from L2 to L3 (c.f. Hrubesch, 502 

Preuschoft & van Schaik, 2009; Marshall-Pescini & Whiten, 2008).  503 

Finally, the types of tool modifications required for this study may have impeded cumulative learning, in 504 

that they proved difficult both to innovate and to pass on to others. In the wild, chimpanzees 505 

manufacture tools by destructive actions, for example by detaching leaves and other materials to create 506 

tools of variable lengths or widths for specific uses (Boesch & Boesch, 1990). Accordingly, complex tool 507 
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detachments and subtractions, rather than addition or combination of elements, may be more fruitful 508 

and ecologically valid behaviors to pursue in future work on the issues focused on in our study (e.g., Vale 509 

et al., 2017c).    510 

Participant Characteristics, Individual Processes and their association with Innovation and Task Success  511 

One of the aims of this study was to explore potential characteristics and processes that may predict 512 

chimpanzees’ innovation and their overall task success. Interestingly, there was some evidence that 513 

innovations were performed more frequently by females than males, and despite sex having no effect 514 

on L1, females tended to also outperform their male counterparts by extracting more rewards from 515 

both L2 and L3 using tools; though note that there was a slight positive effect of chimpanzee 516 

innovativeness on L1 & L2 task success and that our full and null models returned quite similar out-of-517 

sample predictions for chimpanzee innovativeness. Although caution is required in interpreting the sex 518 

effect on innovation, there are similar reports in wild populations, implicating female NHPs as the 519 

innovative sex (REFs; although see Reader & Laland, 2001), and that females use tools more frequently 520 

and with greater proficiency, and from an earlier age, than males (Boesch & Boesch, 1981; Lonsdsorf, 521 

2005; McGrew, 1979;  Pruetz et al. 2015; Hopkins, Reamer, Mareno & Schapiro, 2015). These, along with 522 

a tendency of female chimpanzees to rely more on social learning (Lonsdorf, 2005; Watson et al., 2018; 523 

see also Brand, Brown & Cross, 2018 and Cross, Brown, Morgan & Laland, 2016 for human cases of 524 

females using social information more so than males), may explain why the number of cultural traits in 525 

populations of wild chimpanzees have been found to positively correlate with the number of females in 526 

a community, and not males (Lind & Lindenfors, 2010). 527 

 528 

Turning to age effects, we found that younger adult individuals were slightly more innovative than older 529 

individuals, similarly to what has been documented in wild populations (Biro et al., 2003), although 530 

again note the similar out-of-sample predictions of our two models for innovation and the HDPI crossing 531 

zero. Younger individuals also out-performed older individuals on the ‘complex’ levels that required tool 532 

use, whereas older individuals performed slightly better on the most basic, manual level (L1). Older 533 

captive chimpanzees show reduced movement relative to younger individuals (Baker, 2000), and it is 534 

possible that physical impairments (joint stiffness) limited tool use and exploration of the task space in 535 

this study. Cognitive deficits, as seen in aging humans (e.g., see Li, Lindenberger,& Sikström, 2001) may 536 

also play a role, although there is very little evidence for age-impairments on similar physical responses, 537 
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including on tool and fine motor ones, at least in female chimpanzees (Lacreuse, Russell, Hopkins & 538 

Herndon, 2014).  There is very little data available on this topic however, and our findings suggest aging 539 

effects could be an interesting avenue to pursue.  This is especially so given the attentional biases 540 

towards the same age, or older individuals in this species (Biro et al. 2003), which may inhibit cultural 541 

spread of younger individuals’ potentially adaptive discoveries.  542 

 543 

Concerning potential individual processes, our models indicate that motivation and causal reasoning 544 

scores were positively associated with innovation rate, suggesting that the chimpanzees that interacted 545 

with the task quickly, and used more of the functional than non-functional tools, had high innovation 546 

rates. Causal reasoning scores were similarly positively associated with task success on L1 and L2, as was 547 

motivation for L2. Interestingly, inhibition was only weakly associated with L1 successes. Given that self-548 

control behaviors have been linked to social and physical cognition task successes (Beran & Hopkins, 549 

2018), the lack of association with ‘inhibitory control’ may be due to how we attempted to measure it. 550 

In the future, gaining out-of-task assays for potential constructs such as individual level task motivation 551 

and causal understanding, as well as factors such as curiosity, will help to better understand how these 552 

factors contribute to innovation propensities and associated individual differences therein.   553 

Conclusion 554 

Overall, we documented substantial innovation rates in captive populations of chimpanzees, indicating 555 

they flexibly explored the novel SW task presented. Such novel solutions applied to new problems are 556 

crucial to adapting to changeable environments and are an important component of cumulative culture 557 

(Dean et al., 2014).  However, social information incurred no benefit to chimpanzees, offering one 558 

explanation as to the lack of cumulative learning seen in the species. This may explain why idiosyncratic 559 

innovations often fail to transfer to others in wild populations (Boesch, 1995; Nishida, Matsusaka, & 560 

McGrew, 2009). We hope future research will continue to assess the conditions under which our close 561 

living relatives prefer to rely on personal discovery, rather than socially learning behaviors, and vice 562 

versa, and in particular, how solution complexity interacts with the source of information selected. A 563 

gap between human and other ape species in the reliability with which, and how readily, information is 564 

exchanged between conspecifics, has consequences for the spread of new innovations as they arise in 565 

populations, as well as for cultural complexity, helping to explain why human culture has reached 566 

heights that remain unrivalled by other apes.     567 
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