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Abstract – From an early age, children explore their environment in a way suggesting that they reason about causal 

variables and seek causal explanations. Indeed, following extensive studies of problem-solving abilities in 

chimpanzees, Povinelli (Folk Physics for Apes, Oxford University Press, 2000) proposed that this ability to reason 

about unobservable variables is unique to humans. Following on from this, Povinelli and Dunphy-Lelii (Canadian 

Journal of Experimental Psychology, 55(2), 187–195, 2001) addressed the question whether chimpanzees would 

explore objects with the aim of elucidating unobservable and surprising object properties. Chimpanzees, unlike 

preschool children, did not show increased object exploration following a change in the unobservable properties of 

an object. We critically discuss these findings and argue that more research using a greater variety of methods and 

with a larger number of species is required to support the hypothesis that only humans engage in explanation 

seeking. We conclude by highlighting avenues for future research based on developmental and comparative research 

aimed at object exploration and information seeking conducted since the original investigation by Povinelli and 

Dunphy-Lelii. 
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Most contemporary comparative cognitive research has been devoted to the question what kind of 

information animals represent and to what extent they can make inferences about their (physical and 

social) environment based on these representations (for recent reviews, see Seed & Mayer, 2017; Völter 

& Call, 2017). In the literature on chimpanzees’ physical cognition, Daniel Povinelli’s Folk Physics for 

Apes (2000) has been an influential representative of this line of research focusing on the question 

whether chimpanzees (Pan troglodytes) reason about unobservable variables such as weight or others’ 

mental states to generate predictions about the events they observe in their environment.  

Inferential reasoning has been classified into predictive inferences (reasoning from a cause to its 

effect) and diagnostic inferences (reasoning from the effect to its cause, sometimes also referred to as 

postdiction; Visalberghi & Tomasello, 1998). Whether nonhuman animals engage in diagnostic causal 

reasoning has been particularly controversial (e.g., Penn & Povinelli, 2007; Völter & Call, 2017). This 

type of diagnostic reasoning would allow generating explanations about causal relations in the 

environment. Whereas the adaptive value of forward predictive reasoning is typically taken for granted, it 

is less apparent why animals should engage in diagnostic reasoning from an evolutionary point of view.  

Closely related to diagnostic causal reasoning is the question whether animals actively seek 

explanations, that is, to what extent they search for information to elucidate causal relationships. This may 
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seem an odd question for those who associate the term “explanation” with the everyday (linguistic) 

meaning of (verbal) statements made to clarify the causes of some facts. Indeed, it has been suggested 

that diagnostic reasoning about unobservable variables and explanation seeking might be linked to natural 

language or symbolic representations (e.g., Penn et al., 2008; Vonk & Povinelli, 2012). However, 

although it seems natural to think we need language to generate explanations, at least the underlying 

motivation may simply be the resolution of a wondering why state as a response to an affective tension, 

such as a state of curiosity. Andrews (2012) has described the paradigmatic folk psychological 

explanation in terms of drives to relax the affective tension or to reduce cognitive dissonance.  

Allowing a motivational impetus for explanation seeking opens the door to study it in nonhuman 

animals. Even if nonverbal organisms are not necessarily out of the game with respect to explanation 

seeking, whether they actually engage in this type of information seeking remains an open question. And, 

at the empirical level, we have to solve the problem of how to study it in nonhuman animals without 

asking them. First of all, this requires a precise definition that helps to prevent terminological confusion. 

Specifically, we need to find behavioral symptoms to distinguish between information seeking1 driven by 

a desire to uncover what is new or uncertain (novelty seeking, information sampling), to gain general 

information (information search; Gottlieb & Oudeyer, 2018), or to resolve knowledge-inconsistent 

phenomena or events (explanation seeking; Povinelli & Dunphy-Lelii, 2001; Stahl & Feigenson, 2015). 

For comparative and developmental research involving nonverbal (or preverbal) participants, we 

can operationalize “explanation seeking” as a form of active information seeking that (1) is triggered by 

knowledge-inconsistent events (as opposed to novel, uncertain or unknown events), (2) is not directly 

reinforced, and (3) can involve interventions suitable to produce additional information concerning the 

knowledge-inconsistent event (see Stahl & Feigenson, 2015). Hypothesis testing, which requires 

producing interventions suitable to disambiguate causal relations in the environment, would be the prime 

behavioral indicator of explanation seeking. This is not to imply that explanation seeking can be triggered 

only by one or all of these criteria in combination; but rather, to provide guidelines for experimental 

paradigms that might allow interpreting information seeking behavior as explanation seeking.  

Andrews (2005) argued that such “explanatory” paradigms (requiring to seek additional 

information when presented with the anomalous behavior of an agent or object) might be better suited to 

examine reasoning about unobservable variables in nonhuman animals than predictive paradigms 

(requiring to anticipate the effects of own actions or the behavior of an agent). This argument has been 

made in the context of mental state attribution but it can be extended to causal reasoning. The 

interpretation of results from predictive paradigms has often been controversial (associative learning vs 

causal reasoning, behavioristic vs mentalistic interpretations). Results based on the explanatory paradigm 

might be more difficult to explain based on associative learning and behavioral generalizations, precisely 

because of the focus on anomalous events to elicit a response (Andrews, 2005). 

We can contrast our operational definition of explanation seeking with definitions of curiosity in 

the animal cognition literature. Accordingly, curiosity entails that animals are willing to give up a reward 

to acquire information, that no immediate benefit can be gained through the information, and that the 

tendency to seek information depends on the amount of information that can be obtained (Wang & 

Hayden, 2019). As mentioned before, curiosity might be an important motivational prerequisite for 

explanation seeking but not all curiosity results in explanation seeking (e.g., novelty seeking).  

 
1 Information seeking has received increasing research attention in the last 20 years (for a recent review, see Marsh, 2019). These 

studies show that a number of species (including nonhuman apes, rhesus macaques, capuchin monkeys) seek information about 

the location of a hidden food reward before choosing one of the potential hiding places (sometimes interpreted as an indicator for 

metacognitive abilities; e.g., Call & Carpenter, 2001). The key finding here is that individuals predominantly seek information 

when they lack the relevant piece of information (i.e., where the food has been hidden). Recent studies showed that chimpanzees 

and orangutans also seek information about other objects such as tools (Bohn et al., 2017; Mulcahy, 2016). That is, when 

necessary to obtain a food reward, apes actively seek information about the location of the functional tool before making a 

choice. Whether they will also seek information to elucidate a knowledge-inconsistent rather than uncertain or unknown event 

remains unclear though. Put differently, in classic information seeking studies, the participants search for what / where 

information whereas explanation seeking paradigms aim at the question whether animals show an interest in why questions. 
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Explanation seeking paradigms typically involve events that are inconsistent with expectations 

about the environment as triggers for the information-seeking tendency. These expectations are based on 

prior knowledge, which is either drawn from core knowledge of object behavior—knowledge that is 

available from early in life or even innate (Spelke & Kinzler, 2007)—or from previous experience about 

object effects or object contingencies. If agents are sensitive to this conflict between what was predicted 

and what is observed, it becomes a scaffold for exploration. Recent research on human cognitive 

development shows that such violations are not just initiating information search, which refers to 

situations in which agents explore without prior knowledge of the task or goal (Gottlieb & Oudeyer, 

2018). Rather, they are shaping preschool children’s exploration in a targeted way, which means they are 

learning only about objects relevant to the observed violation, seeking evidence that could explain the 

discrepancy between what was predicted and what is observed by identifying causal variables (Cook et 

al., 2011; Schulz & Bonawitz, 2007). In this sense, it may be justified to describe human children as 

scientists in the crib (Gopnik et al., 1999). 

Interestingly, not only preschool children engage in this kind of ‘hypothesis testing,’ performing 

targeted actions to support or rule out possible explanations for a surprising event (Bonawitz et al., 2012; 

Legare, 2012), but also preverbal infants before their first birthday (Stahl & Feigenson, 2015). After 

witnessing surprising events that violated physical principles such as solidity and support, infants more 

readily learned a hidden auditory property of the object and preferred to manipulate these objects over 

new objects in a subsequent exploration phase. More importantly, the way they manipulated the test 

objects suggested they were testing hypotheses regarding the objects’ surprising behavior. For example, 

after witnessing a toy car moving over the edge of a surface without falling down, infants were more 

likely to drop this object to the floor than when they had witnessed a similar event in which the car did 

not move over the edge of the surface. When infants watched an event in which the toy car appeared to 

move through a solid barrier, infants were more likely to bang the car than to drop it compared to an event 

in which the car stopped in front of the barrier. In other words, infants’ exploration was suitable to 

produce additional information concerning the surprising object behavior. These findings can be 

interpreted as evidence that hypothesis testing does not presuppose verbal competence. 

The question whether nonhuman animals also seek explanations followed from the research on 

causal reasoning presented in Folk Physics for Apes (Povinelli, 2000) and was explicitly investigated in a 

subsequent study by Povinelli and Dunphy-Lelii (2001). In this study, chimpanzees were trained over a 

period of six months to stand a block upright on a platform. The same task was also administered with 5-

year-old human children that were shown by the experimenter how to set up the blocks together with a 

verbal instruction. Once the chimpanzees and children mastered this task, the experimenter covertly 

exchanged the blocks for visually identical sham blocks that could not be made to stand upright. The 

chimpanzees did not examine the sham block. Sixty-one percent of children, in contrast, inspected the 

bottom of the sham blocks at least once. Additionally, two of the 18 5-year-olds asked “Why?” and 

another two participants alluded to a physical cause for their failure. In a subsequent study using the same 

paradigm, children with autism spectrum disorder (ASD) were compared to typically developing children 

(Rutherford & Subiaul, 2016). The children in the ASD group showed higher exploration levels in some 

of the exploration categories (e.g., touching the surface of the table) and they offered significantly more 

physical explanations and asked more why questions. 

Povinelli and Dunphy-Lelii (2001) concluded based on their findings: “it may be that our species 

alone develops an intrinsic interest in why objects have the properties that are apparent to the primary 

senses” (p. 194). In a more recent review article, Penn and Povinelli (2007) stated that “there is still no 

convincing evidence that nonhuman animals of any taxa seek out diagnostic explanations of anomalous 

causal relations or deliberately use their own interventions in order to elucidate ambiguous causal 

dependencies” (p. 110). In the following, we will argue that the comparative findings by Povinelli and 

Dunphy-Lelii need to interpreted with caution and that more research is required to support or disprove 

their hypothesis that only humans might engage in explanation seeking.  

First, the task of placing a block in an upright manner (Povinelli & Dunphy-Lelii, 2001) might not 

be very intuitive and ecologically valid for chimpanzees. This notion is supported by the long training 
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period that the chimpanzees required to pass the training criterion (about 20 sessions, in some cases 

longer). Relatedly, the way chimpanzees and children learned about the task goal differed fundamentally. 

Whereas chimpanzees learned the task goal over months through a shaping process; children received a 

short demonstration, verbal instruction, and two practice trials. The explicit setting of the task goal might 

have contributed to children’s exploration when this goal could not be reached in the test phase: for 

children the task goal of setting the blocks upright was presumably an active component of their working 

memory when they entered the test phase. The chimpanzees, in contrast, might have formed some 

procedural knowledge concerning the actions necessary to obtain the food reward during the training. 

That is, the chimpanzees might have encoded the necessary actions to obtain a reward over the course of 

their training, whereas the children might have primarily encoded the target state of the object (based on 

the verbal instruction). As a consequence, the chimpanzees might have attributed their failure in the test 

phase to their own actions and the children to the target object. It is an open question whether children 

would also have engaged in explanation seeking if they had learned about the task in the way 

chimpanzees had learned to perform the target behavior.  

Second, the chimpanzees (unlike children) already had experience with other non-functional sham 

blocks (that were not visually identical to the training blocks; Experiment 1) before they were presented 

with the crucial experiment (Experiment 2) in which the functional and the sham objects were visually 

identical. This prior experience might have habituated them to the change in the object behavior, 

potentially reducing their motivation to explore the sham blocks in the critical test in Experiment 2 

(Povinelli & Dunphy-Lelii, 2001). In Experiment 1, in which the training and sham blocks were not 

visually identical (the sham blocks had slightly beveled ends) the chimpanzees indeed showed levels of 

exploration comparable to 5-year-old children - a finding that Povinelli and Dunphy-Lelii discounted as a 

response to the subtle novel features of the sham blocks. However, it remains ambiguous whether 

perceptual novelty or an order effect explains the discrepant results between Experiment 1 and 2. 

Third, curiosity and explanation seeking may be affected by early life experiences. For humans, 

there is evidence for cultural diversity in children’s explanation seeking (e.g., concerning the frequency of 

why questions; Gauvain et al., 2013). Moreover, the extent to which caregivers encourage explanation-

seeking behavior might affect children’s tendency to show such behavior (Legare et al., 2017). Examining 

differences in information and explanation seeking across sites (including animals with different rearing 

histories and access to enrichment) might allow assessment of within-species variability. In particular, it 

might be interesting to study explanation seeking in highly enculturated animals. Rearing history and 

enculturation have also been highlighted as factors affecting the performance in physical cognition tasks 

such as the ones summarized by Povinelli (2000) in Folk Physics for Apes (Furlong et al., 2008; for a 

reply to this criticism see Povinelli, 2012). 

Fourth, wider species comparisons are needed to warrant claims concerning human uniqueness. 

Obvious candidates here are other nonhuman ape species and, in general, tool-using species. Taken 

together, these points lead us to the conclusion that more research – with chimpanzees and also other 

species -  is required to substantiate the conclusions drawn by Povinelli and Dunphy-Lelii (2001). 

 

Are There Other Paradigms That Have Been Used to Study Explanation Seeking in the 

Comparative Literature? 

 

A recent study with kea parrots (known for their curiosity; Nestor notabilis) and New Caledonian 

crows (known for their tool using and manufacturing competence; Corvus moneduloides) addressed this 

topic in a different way. Specifically, the study examined whether the birds would adjust their object 

exploration to gain information about task-relevant object properties: Lambert and colleagues (2017) 

allowed the birds to explore a set of objects before and after they were presented with a foraging task in 

which some of these objects could be used as tools to extract a food reward. Which objects were 

functional, however, could be determined only by interacting with them (the functionality was determined 

by the weight or rigidity of the objects). A control group did not receive any opportunity to explore the 

objects. Individuals of both species chose the functional tool above chance but only if they had explored 
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the objects before. Crucially, however, the duration and the way they explored the objects (i.e., the 

proportion of behaviors that could provide information regarding the relevant object property, such as 

lifting the objects) was not affected by their knowledge about the objects’ task relevance. That is to say, 

there was no significant difference between the first and second exploration phase (which took place 

before and after they were introduced to the task). Thus, even though the kea and New Caledonian crows 

acquired information concerning object properties during exploration, the study did not provide evidence 

that either species adjusted its exploratory behavior to the task requirements.  

Outside of a problem-solving context, there is some evidence that at least one other species targets 

its exploration toward exploring invisible changes in objects, or objects that seem to violate some 

physical principle (e.g., where the center of gravity lies based on an object’s symmetry). Demery (2013) 

presented kakarikis (Cyanoramphus novaezelandiae) with a novel red ball and a familiar red rope to 

explore over three days. On the fourth day, the ball was replaced with a new object that differed in either 

its color, shape or its internal properties (i.e., a ball bearing was inserted inside so that the ball moved 

differently). Here subjects showed the greatest increase in exploration to objects that moved in a different 

manner rather than visually novel objects. In a second experiment, the same birds spent longer exploring 

novel objects that featured an unexpected center of gravity according to their symmetry; for example 

when symmetrical objects had an asymmterical center of gravity, or vice versa. These findings are 

consistent with the notion that karakiris form expectations about unobservable object properties such as 

the balance point of an object and explore objects more when these expectations are violated. However, 

given that these objects had no functional relevance (e.g., as tools) in this study, it remains a possibility 

that the karakiris are expressing a preference for certain haptic or kinematic object properties rather than 

an interest in why the objects changed their behavior.  

 

Future Directions 

 

In summary, more research is needed to further examine the intriguing possibility that only humans 

seek explanations and actively test hypotheses concerning the behavior of objects and other agents. We 

suggested criteria that might help establish evidence for explanation seeking in nonhuman animals: 

information-seeking behavior triggered by knowledge-inconsistent events, not relying on direct 

reinforcement, and involving interventions suitable to provide more information concerning the 

anomalous event. 

Future research might build on work from the developmental literature, using the violation-of-

expectation paradigm (e.g., Stahl & Feigenson, 2015). In contrast to the paradigm administered by 

Povinelli and Dunphy-Lelii (2001), this paradigm does not involve a lengthy training protocol but it 

depends on expectations about certain physical principles (e.g., weight, solidity, and support). Relying on 

such pre-existing expectations might allow administering identical experimental protocols with human 

and nonhuman participants. Tasks involving long training protocols (and no verbal instructions), in 

contrast, are challenging to implement in developmental research. The first question will therefore be 

whether animals pay more attention toward objects or events that violate such physical principles. 

Research with dogs, primates, and corvids show that this paradigm is suitable in principle for comparative 

research (e.g., Bird & Emery, 2010; Davidson et al., 2017; Hauser & Spaulding, 2006; Müller et al., 

2011; Pattison et al., 2010, 2013). If participants show an orienting response to the abnormal event, a 

subsequent exploration phase might indicate first whether animals show increased interest in this object 

and whether the way they explore the object is suitable to produce evidence explaining the unusual object 

behavior. Control conditions need to ensure that increased exploration rates are not triggered merely by 

perceptual novelty.  

Other versions of this ‘broken mechanism’ paradigm could also be applied ideally using a more 

intuitive task. Such a task might require a direct causal link between the actions of the animal and the 

release of a food reward (e.g., a food dispenser that can be activated by inserting an object). If the 

mechanism fails in the test phase, it is important to show that the subject is not merely looking at the food 

reward but seeking information about the broken mechanism. A spatial separation between mechanism 
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and the initial food location can resolve this issue. Alternatively, the animals might be presented with a 

change in the food-releasing mechanism. Even though the animals performed the same actions, the food 

is suddenly released in a different way. Would the animals seek additional information about what caused 

this change in the mechanisms despite having gained access to the food reward?  

Finally, the paradigm established by Lambert et al. (2017) might be a useful starting point in the 

future to examine how object exploration in different species depends on the current task goals and the 

task-relevance of these objects. If object exploration is not affected by the task relevance of an object, this 

might provide further evidence for the absence of explanation seeking and hypothesis testing in a species 

(at least within a given test situation). Using a greater variety of methods with a more diverse group of 

participants (e.g., sanctuary-based or language-trained individuals) and species (in particular species that 

are known for their object play and tool use) will help us to understand whether we are indeed the only 

species that seeks explanations about the world. 

 

Acknowledgments 

 

Megan L. Lambert was funded by a Lise Meitner Grant from the Austrian Science Fund (FWF, 

grant: M-2563). Ludwig Huber was supported by the Austrian Science Fund (FWF), project W1262-B29, 

the Vienna Science and Technology Fund (WWTF), the City of Vienna and ithuba Capital AG, project 

CS18-012, and the Messerli Foundation (Sörenberg, Switzerland). 

 

References 

 
Andrews, K. (2005). Chimpanzee theory of mind: Looking in all the wrong places? Mind & Language, 20(5), 521–

536. https://doi.org/10.1111/j.0268-1064.2005.00298.x 

Andrews, K. (2012). Do apes read minds? Toward a new folk psychology. MIT Press. 

Bird, C. D., & Emery, N. J. (2010). Rooks perceive support relations similar to six-month-old babies. Proceedings 

of the Royal Society B: Biological Sciences, 277(1678), 147–151. https://doi.org/10.1098/rspb.2009.1456 

Bohn, M., Allritz, M., Call, J., & Völter, C. J. (2017). Information seeking about tool properties in great apes. 

Scientific Reports, 7(1), 10923. https://doi.org/10.1038/s41598-017-11400-z 

Bonawitz, E. B., van Schijndel, T. J. P., Friel, D., & Schulz, L. (2012). Children balance theories and evidence in 

exploration, explanation, and learning. Cognitive Psychology, 64(4), 215–234. 

https://doi.org/10.1016/j.cogpsych.2011.12.002 

Call, J., & Carpenter, M. (2001). Do apes and children know what they have seen? Animal Cognition, 3(4), 207–

220. https://doi.org/10.1007/s100710100078 

Cook, C., Goodman, N. D., & Schulz, L. E. (2011). Where science starts: Spontaneous experiments in preschoolers’ 

exploratory play. Cognition, 120(3), 341–349. https://doi.org/10.1016/j.cognition.2011.03.003  

Davidson, G., Miller, R., Loissel, E., Cheke, L. G., & Clayton, N. S. (2017). The development of support intuitions 

and object causality in juvenile Eurasian jays (Garrulus glandarius). Scientific Reports, 7(1), Article 

40062. https://doi.org/10.1038/srep40062 

Demery, Z. P. (2013). Comparative sensory & cognitive adaptations for exploratory learning in parrots & humans 

[PhD Dissertation, University of Birmingham]. https://etheses.bham.ac.uk/id/eprint/4526/ 

Furlong, E. E., Boose, K. J., & Boysen, S. T. (2008). Raking it in: The impact of enculturation on chimpanzee tool 

use. Animal Cognition, 11(1), 83–97. https://doi.org/10.1007/s10071-007-0091-6 

Gauvain, M., Munroe, R. L., & Beebe, H. (2013). Children’s questions in cross-cultural perspective: A four-culture 

study. Journal of Cross-Cultural Psychology, 44(7), 1148–1165. 

https://doi.org/10.1177/0022022113485430 

Gopnik, A., Meltzoff, A. N., & Kuhl, P. K. (1999). The scientist in the crib: Minds, brains, and how children learn. 

William Morrow & Co. 

Gottlieb, J., & Oudeyer, P.-Y. (2018). Towards a neuroscience of active sampling and curiosity. Nature Reviews 

Neuroscience, 19(12), 758–770. https://doi.org/10.1038/s41583-018-0078-0 

Hauser, M., & Spaulding, B. (2006). Wild rhesus monkeys generate causal inferences about possible and impossible 

physical transformations in the absence of experience. Proceedings of the National Academy of Sciences, 

103(18), 7181–7185. https://doi.org/10.1073/pnas.0601247103 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.0268-1064.2005.00298.x?_sg%5B0%5D=Rc83hKIciCwtyvGiScKbWRXEaI5ZRntGdboa1_Q3tpTt6vc6EdeuiUCXeNhZuKiIGobA8XP9WCTN4pKPho-NTEIg6Q.mH6ZWNw4SjFIezmfkfhH4egd4a8ZD-sLG4L63Pl9lamFIKQen-UWiKBCX6s99Cr9XJtX_xDoBRTgZCU-wskqJw
https://doi.org/10.1098/rspb.2009.1456
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1007/s100710100078
https://doi.org/10.1016/j.cognition.2011.03.003
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1007/s10071-007-0091-6
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z


                                                                        Völter et al. 451 

 

Lambert, M. L., Schiestl, M., Schwing, R., Taylor, A. H., Gajdon, G. K., Slocombe, K. E., & Seed, A. M. (2017). 

Function and flexibility of object exploration in kea and New Caledonian crows. Royal Society Open 

Science, 4(9), Article 170652. https://doi.org/10.1098/rsos.170652 

Legare, C. H. (2012). Exploring explanation: Explaining inconsistent evidence informs exploratory, hypothesis-

testing behavior in young children. Child Development, 83(1), 173–185. https://doi.org/10.1111/j.1467-

8624.2011.01691.x 

Legare, C. H., Sobel, D. M., & Callanan, M. (2017). Causal learning is collaborative: Examining explanation and 

exploration in social contexts. Psychonomic Bulletin & Review, 24(5), 1548–1554. 

https://doi.org/10.3758/s13423-017-1351-3 

Marsh, H. L. (2019). The information-seeking paradigm: Moving beyond ‘if and when’ to ‘what, where, and how.’ 

Animal Behavior and Cognition, 6(4), 329–334. https://doi.org/10.26451/abc.06.04.11.2019 

Mulcahy, N. J. (2016). Orangutans (Pongo abelii) seek information about tool functionality in a metacognition tubes 

task. Journal of Comparative Psychology, 130(4), 391-399. https://doi.org/10.1037/com0000046 

Müller, C. A., Mayer, C., Dörrenberg, S., Huber, L., & Range, F. (2011). Female but not male dogs respond to a size 

constancy violation. Biology Letters, 7(5), 689-691. https://doi.org/10.1098/rsbl.2011.0287 

Pattison, K. F., Laude, J. R., & Zentall, T. R. (2013). The case of the magic bones: Dogs’ memory of the physical 

properties of objects. Learning and Motivation, 44(4), 252-257. https://doi.org/10.1016/j.lmot.2013.04.003 

Pattison, K. F., Miller, H. C., Rayburn-Reeves, R., & Zentall, T. (2010). The case of the disappearing bone: Dogs’ 

understanding of the physical properties of objects. Behavioural Processes, 85(3), 278-282. 

https://doi.org/10.1016/j.beproc.2010.06.016 

Penn, D. C., Holyoak, K. J., & Povinelli, D. J. (2008). Darwin’s mistake: Explaining the discontinuity between 

human and nonhuman minds. Behavioral and Brain Sciences, 31(2), 109–130. 

https://doi.org/10.1017/S0140525X08003543 

Penn, D. C., & Povinelli, D. J. (2007). Causal cognition in human and nonhuman animals: A comparative, critical 

review. Annual Review of Psychology, 58, 97–118. 

https://doi.org/10.1146/annurev.psych.58.110405.085555  

Povinelli, D. J. (2000). Folk physics for apes: The chimpanzee’s theory of how the world works. Oxford University 

Press. https://doi.org/10.1093/acprof:oso/9780198572190.001.0001 

Povinelli, D. J. (2012). World without weight: Perspectives on an alien mind. Oxford University Press. 

https://doi.org/10.1093/acprof:oso/9780198570967.001.0001 

Povinelli, D. J., & Dunphy-Lelii, S. (2001). Do chimpanzees seek explanations? Preliminary comparative 

investigations. Canadian Journal of Experimental Psychology, 55(2), 187–195. 

https://doi.org/10.1037/h0087365 

Rutherford, M., & Subiaul, F. (2016). Children with autism spectrum disorder have an exceptional explanatory 

drive. Autism, 20(6), 744–753. https://doi.org/10.1177/1362361315605973 

Schulz, L. E., & Bonawitz, E. B. (2007). Serious fun: Preschoolers engage in more exploratory play when evidence 

is confounded. Developmental Psychology, 43(4), 1045. https://doi.org/10.1037/0012-1649.43.4.1045  

Seed, A., & Mayer, C. (2017). Problem solving. In J. Call, G. M. Burghardt, I. M. Pepperberg, C. T. Snowdon, & T. 

Zentall (Eds.), APA handbook of comparative psychology: Perception, learning, and cognition, Vol. 2 (pp. 

601–625). American Psychological Association. https://doi.org/10.1037/0000012-027 

Spelke, E. S., & Kinzler, K. D. (2007). Core knowledge. Developmental Science, 10(1), 89–96. 

https://doi.org/10.1111/j.1467-7687.2007.00569.x 

Stahl, A. E., & Feigenson, L. (2015). Observing the unexpected enhances infants’ learning and exploration. Science, 

348(6230), 91-94. https://doi.org/10.1126/science.aaa3799 

Visalberghi, E., & Tomasello, M. (1998). Primate causal understanding in the physical and psychological domains. 

Behavioural Processes, 42(2–3), 189–203. https://doi.org/10.1016/S0376-6357(97)00076-4 

Völter, C. J., & Call, J. (2017). Causal and inferential reasoning in animals. In J. Call, G. M. Burghardt, I. M. 

Pepperberg, C. T. Snowdon, & T. Zentall (Eds.), APA handbook of comparative psychology: Perception, 

learning, and cognition, Vol. 2 (643–671). https://doi.org/10.1037/0000012-029 

Vonk, J., & Povinelli, D. J. (2012). Similarity and difference in the conceptual systems of primates: The  

unobservability hypothesis. In E.Wasserman & T. Zentall (Eds.) Oxford handbook of  

comparative cognition, 2nd Ed, (pp. 552-575). Oxford University Press.  

Wang, M. Z., & Hayden, B. Y. (2019). Monkeys are curious about counterfactual outcomes. Cognition, 189, 1–10. 

https://doi.org/10.1016/j.cognition.2019.03.009 

 

https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1146/annurev.psych.58.110405.085555
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1037/0012-1649.43.4.1045
https://psycnet.apa.org/doi/10.1037/0000012-027
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z
https://psycnet.apa.org/doi/10.1016/S0376-6357(97)00076-4
https://doi.org/10.1038/s41598-017-11400-z
https://doi.org/10.1038/s41598-017-11400-z

