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Abstract – Povinelli (2000) published a series of careful studies probing chimpanzees’ understanding of physical
causality in the book, “Folk Physics for Apes: The Chimpanzee’s theory of how the world works.” The studies and
Povinelli’s conclusions regarding chimpanzee cognition had a significant impact on the field of comparative
cognition. One enduring lesson from ‘Folk Physics’ was the importance of shifting from a success-testing model to a
focus on understanding the mechanisms underlying subjects’ performance in research tasks. But have researchers
fully embraced this lesson and has it translated to a better understanding of how other animals understand the world
in the two decades that have followed? This special issue explores the evidence for causal understanding in a range
of species, but it also reveals some changes in human understanding of nonhuman minds over the past 20 years.
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The studies described in Povinelli’s (2000) “Folk Physics for Apes: The Chimpanzee’s theory of
how the world works” have been highly cited and influential. They have inspired countless explorations
of animal tool use in which researchers sought to provide evidence that at least some nonhumans were
capable of understanding the functional properties of tools and their effects on other objects. What has
happened in the twenty years since ‘Folk Physics’ (Povinelli, 2000) was published? Have researchers
changed their perception of how chimpanzees and other animals view the world? Have researchers
become more careful to avoid their own biases and expectations? At first glance, it might appear that
researchers are more likely to attribute so-called “higher-order” cognitive processes to not just
chimpanzees, but to several nonhuman species, including corvids and canids (Krupenye & Call, 2019)
compared to the evenly balanced debates that took place in the years immediately preceding and
following the publication of Povinelli’s influential book (e.g., Call, Hare & Tomasello, 2003; Heyes,
1998; Povinelli & Vonk, 2003). However, even if many comparative psychologists are increasingly
willing to ascribe human-like causal reasoning capacities to some nonhumans, others are expressing some
skepticism (e.g., Horschler et al., 2020; Taylor, 2020). At the very least, most researchers carefully
consider alternative interpretations of their results, and ambiguous conclusions pointing to the need for
further study appear more prominent in the literature (although see Farrar et al., 2020). Importantly,
many comparative researchers have acknowledged the need to avoid top-down approaches to examining
nonhuman cognition that are heavily biased by tests for well-known human cognitive processes (see de
Waal & Ferrari, 2010; Eaton et al., 2018).
Folk Physics was a strong influence on my own thinking as I was in the process of completing my
dissertation on concept formation in orangutans and gorillas and had reached similar conclusions
regarding the striking disconnect between the impressive ability of apes to reason about observable
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phenomena but the lack of evidence that they reason about constructs that are in principle unobservable
(Vonk & Povinelli, 2006, see Amodio et al., 2020, and Taylor, 2020, for similar conclusions regarding
corvids). Like innumerable others, I had pursued the study of ape cognition with the goal of providing
evidence that other apes are capable of reasoning in the abstract despite their lack of a symbolic language
system. Although the apes in my own studies displayed impressive abilities in the very human-biased
tasks I presented to them (e.g., Vonk, 2002, 2003, 2013; Vonk & Hamilton, 2014; Vonk & MacDonald,
2002, 2004), I was also developing a better appreciation for the many important and no less impressive
differences between human and nonhuman minds. I felt very fortunate to join Povinelli’s lab as a postdoctoral fellow and to work directly with the chimpanzees (and their trainers) that contributed countless
data points to furthering our understanding of their understanding of the world. Those three years
profoundly shaped my approach to science; particularly, the ironical need to think critically about the
mechanisms underlying directly observable phenomena. My time with these amazing chimpanzees
validated a sentiment I had held since childhood – that animals are interesting and valuable because of
how they differ from humans.
When Povinelli embarked on his extensive studies of chimpanzee cognition – a small subset of
which are covered in Folk Physics – he was similarly intrigued by the idea that chimpanzees may share
important elements of human cognition. One of the unfortunate misconceptions of the work is that it
failed to demonstrate the expected continuity between ape and human minds when, in actuality, the work
succeeded in showing a great degree of overlap in the processes driving chimpanzee and human behavior.
As Povinelli and colleagues have clearly articulated in numerous publications, many species share with
humans the ability to draw inferences and predict outcomes based on observable connections between
physical features and events. However, their careful research also revealed many significant differences.
One key difference appears to be the inability to make inferences about unobservable causal forces (Vonk
& Povinelli, 2006). This lack of reasoning about causal forces (rather than predictive cues alone) may
have also been exposed by the fact that chimpanzees did not appear to seek explanations for unexpected
events (Povinelli & Dunphy-Lelii, 2001) – an unexplored research question that will hopefully be
invigorated by the commentary by Völter et al. (2020) in this special issue.
Some differences between the chimpanzees’ expected and actual performance in the tests may
well be accounted for by the artificiality of the laboratory setting and the objects presented to the
chimpanzees – a topic that is emphatically pursued by Boesch (2020a, 2020b). It is undeniable that
captivity is not the environment for which non-domesticated species have evolved. Nor does it provide
the same rich experiences and choices available to their wild counterparts. It does however, provide some
opportunites and affordances that are not available to wild animals. Because it is impossible to present
analogous tasks and training experiences to captive and wild individuals, we may never know the extent
to which captive animals are representative ambassadors for the cognitive capacities of their species.
What laboratory studies can do is to expose a pattern of responding to tasks and challenges for which
experimenters have a better idea of the individual’s prior history and can directly control current
conditions. But, as Povinelli and Henley (2020) point out in this issue, even in laboratory subjects, we
must be careful not to assume that an animal enters a novel experimental task without any relevant
experience. These issues are highlighted in Bernstein-Kurtycz and colleagues (2020) study of
chimpanzee tool use. Concern over how an individual’s history may impact its performance must move
beyond assumptions about captive versus wild populations to carefully examine an individual’s
temperament, motivation, and attention. In the years since Folk Physics, researchers have become much
more interested in individual differences (Vonk & Povinelli, 2011) and the role that factors such as
temperament and motivation play in influencing task performance (e.g., Shubiger et al., 2020; Vonk &
Eaton, 2018; Webster & Rutz, 2020).
Another lasting lesson of Folk Physics came from Povinelli’s exhaustive follow-up testing to
uncover possible factors underlying the chimpanzees’ successes and failures. Researchers often stop at a
so-called ‘positive’ result and fail to probe whether the result reflects processes other than the cognitive
trait that researchers aimed to provide evidence for. However, there is a growing recognition that results
in either direction can emerge as a result of many competing factors or processes (Schubiger et al., 2020).
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Although there is an enduring tendency to focus on so-called ‘positive’ and ‘negative’ findings (see
Farrar et al., 2020), it is less useful to dichotomize the outcomes of experiments in this way and more
important to identify the processes underlying particular patterns of performance, regardless of how well
they map on to known human processes. One of the positive recent changes in the field is the wider
recognition that scientists should move beyond so-called “success testing” (Taylor, 2014) toward a more
careful study of the mechanisms underlying both successes and failures in human conceived experimental
tasks. Unfortunately, this shift has been slow to take hold of the field as a whole (de Waal & Ferarri,
2010; Eaton et al., 2018). It is easy to understand, and even forgive, the resistance to moving away from
anthropocentric tests because humans cannot view the world through any lens other than an
anthropocentric one. However, some researchers have developed techniques that provide greater insight
into what it must be like to be a honeybee, or a jumping spider, or a bird, and so on (Lazareva et al.,
2012), that will hopefully allow researchers to begin their inqueries from a slightly less biased base. At
the very least, researchers should shift their aim to understanding how an animal perceives a task and
what features and strategies it attends to when solving challenges rather than assuming that success must
be achieved via the same processes available to humans. Kersken and colleagues (2020) make an
ambitious attempt to determine the type of representations formed by capuchin monkeys in an object
individuation task, but like most of the reports in this issue, call out the need for further study to fully
understand the developmental and evolutionary origins of object individuation.
Over time, there has been a softening of the presumed sharp divide between humans and all other
species, even with regard to cognitive processes, with some notable exceptions (e.g., Penn et al., 2008).
This softening should be accompanied by a recognition that the strong dichotomy between associative
learning and cognition that is often represented in the literature is false (Vonk & Edge, in press). Such a
distinction has little utility for understanding species differences. So called “higher-order’ cognitive
processes are better envisioned as an extension of the processes grounded in the formation of complex
associations. Povinelli and colleagues have instead focused on distinguishing between “first order
perceptually based cognitive processess” and “higher-order” cognitive processes (Penn et al., 2008). I will
not attempt to improve upon Povinelli and Henley’s (2020) clearly articulated explanation as to why no
amount of controls will allow us to disentangle the contribution of these processes, but the message
deserves emphasis as it has largely fallen on deaf ears (Povinelli et al., 2019). The tension between such
explanations continues to muddy the conclusions from experimental tests presented in this issue, but
researchers today are more inclined to acknowledge this challenge. For example, in this issue, researchers
found that one elephant (Barrett & Benson-Amram, 2020) and one orangutan (DeLong & Burnett,
2020) could learn to use water as a tool to obtain a reward, but both sets of researchers conclude that the
cognitive mechanisms underpinning this behavior elude their understanding. Amodio and colleagues
(2020) found that Eurasian jays can use tools but fail to attend to functionally relevant features. Similarly,
Jordan et al. (2020) were unable to determine whether new world monkeys solve a task by attending to
functionally relevant features or other observable task features. Taylor (2020) reviews evidence for
causal understanding in corvids in general and concludes that it is too early to determine whether corvids
may be capable of reasoning about unobservables. Overall, the research in this issue confirms Povinelli’s
skepticism regarding the role that “higher-order, structural, role-based relational reasoning” (Penn et al.,
2008; Povinelli et al., 2019) plays in performance in experimental tests of physical cognition.
Furthermore, the construct of “causal reasoning” is underspecified and unlikely to fully capture the
reasoning process that represents an understanding of the physical laws connecting events and objects.
In general, researchers are more cognizant of biases – both their own and those arising from the
publication process – which is evidenced by a call for the publication of ‘negative’ results and preregistrations emphasizing methodological rigor over novel and exciting results (van 't Veer et al., 2016;
Vonk & Krause, 2018). In this issue, Farrar and colleagues (2020a) provide an example of how to
empirically investigate possible publication and statistical biases specific to reports of physical cognition
in nonhumans. Researchers have also taken to heart the concern that many results are not replicable, and
this is particularly a problem when studying species that most researchers do not have access to (Vonk &
Povinelli, 2011). Recently, an explicit call for both greater collaboration (ManyPrimates, 2019a; 2019b)
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and replication (Beran, 2018, 2020; Farrar et al., 2020b; Stevens, 2017) has received a resoundingly
positive response - indicating that researchers are actively working to overcome biases that have
influenced research pursuits and publication biases in the past. This response will be reflected in a special
issue on replication in comparative studies to appear in this journal in 2021.
One change that may assist in reducing the anthropocentric bias is the number and breadth of
species that are studied today compared to the focus on nonhuman primates that dominated comparative
cognition in the early part of this century. As Taylor (2020) notes in this issue, studies of corvid
cognition were rather sparse in the years during which Povinelli conducted his extensive studies on tool
use in chimpanzees. However, the study of corvids and canids have been two of the fastest growing areas
of comparative cognition in the last two decades, accompanied by a general movement toward inclusion
of less widely studied species. Research on highly social species still greatly outnumbers that on less
social animals; however, studies on carnivores such as cats and bears are growing in number (Vonk &
Leete, 2017). This special issue is representative of the field in that the majority of studies on tool use and
causality are conducted with primates (Bernstein-Kurtycz et al., 2020; DeLong & Burnett, 2020;
Jordan et al., 2020; Kersken et al., 2020) and a select group of birds – the corvids (Amodio et al.,
2020; Taylor, 2020). But Barrett and Benson-Amram (2020) demonstrate that methods popularized by
studies of primates (e.g., DeLong & Burnett, 2020) can be applied to less typical study subjects, such as
elephants, as well.
Scientists have been able to study a larger number of species in part out of necessity as there are
fewer opportunities for prolonged studies of laboratory animals that characterized work in the last
century. Research has moved out of the lab and into other settings, allowing access to previously
understudied species, such as carnivores (Vonk & Leete, 2017) and pangolins (DiPaola et al., 2020). This
movement from the lab to zoological facilities and field sites has removed some of the capacity for
control that was evidenced in work like Povinelli’s, but it will open the door to understanding the
diversity of species and the perceptual and cognitive processes that characterize and enable them to solve
the challenges relevant to their own environmental niches. Bernstein-Kurtycz et al. (2020) provide one
example of a study designed to capture natural chimpanzee behavior in a social context despite occurring
in a zoological rather than a natural setting. Fragaszy and Mangalam (2020) propose a perceptioncentered ecological approach as an alternative to what they deem the “Cartesian” approach that dominated
cognitive studies at the time of Povinelli’s studies. Further attempts to design studies that ask how
animals solve problems they are already solving rather than presenting them with tasks that fail to shed
light on their evolved capacities is the way to understand the evolutionary pressures selecting for diverse
cognitive traits. In conclusion, comparative researchers appear to have recognized necessary changes that
will facilitate a greater understanding of nonhuman minds, but much work is needed to enact these
changes.
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