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It’s Hard to Be Social Alone:  
Cognitive Complexity as Transfer Within and Across Domains
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The field of comparative cognition is intent on demarcating cognition into social and physical do-
mains; however, we argue that it is not useful to differentiate between cognitive processes involving 
social versus physical (nonsocial) phenomena. We argue that similar cognitive mechanisms underly 
reasoning about social and physical information and that it is transfer of knowledge and skills within 
and across these “domains” that is most informative with regard to identifying cognitive flexibility. We 
argue that social complexity, typically defined as group size, although important, has no special influ-
ence over the evolution of social cognition. Likewise, foraging complexity, typically conceptualized 
as dietary breadth, extractive foraging, and patchy food distribution, has no special influence over the 
evolution of physical cognition. Instead, researchers should treat social and foraging complexity as 
continuous rather than dichotomous variables that interact with one another and with environmental 
unpredictability to predict domain-general cognition that can be applied flexibly across novel features, 
contexts, and experiences. To answer long-standing questions about the selection pressures for cog-
nition, researchers must consider species that differ in various aspects of their ecology on analogous 
tasks within and across domains. 
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For the past 2 decades, comparative researchers have 
been working under the tacit assumption that cognition 
operates in two key domains: social and physical (Her-
rmann et al., 2010; Tomasello, 2000; Tomasello & Call, 
1997). Social cognition involves reasoning about social 
agents and mental states, whereas physical cognition 
involves reasoning about nonsocial phenomena such 
as time, space, and objects. Researchers are interested 
in how cognitive traits are phylogenetically distributed 
and shaped by an evolutionary history of adaptive chal-
lenges in social and physical domains. Yet there is little 
evidence that reasoning about social phenomena requires 
fundamentally distinct cognitive processes from those 

involved in reasoning about physical phenomena. There 
is also scant evidence that complex sociality is uniquely 
linked to skills in the social domain and that foraging chal-
lenges imbue organisms with cognitive skills that pertain 
strictly to the physical world. Although researchers refer 
variously to “cognitive complexity,” “advanced,” “higher 
order,” and “sophisticated” cognitive processes as terms to 
capture the idea of general intelligence, it has also been a 
challenge to define and operationalize such constructs. We 
propose a shift from dichotomizing underlying cognitive 
mechanisms (and domains in which they operate) toward 
a focus on flexible transfer of knowledge and skill across 
domains. Whereas we argue for a more general approach to 
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conceptualizing cognitive outcomes, we argue for a more 
specialized approach to quantifying the factors driving 
cognitive evolution.  

Social and foraging complexity are commonly 
conceived of as independent predictors of cognitive com-
plexity, whereas they must operate in concert. We confront 
the challenges of defining and operationalizing these three 
aspects of complexity and argue that selection pressures 
may best be examined in terms of specific continuous fea-
tures rather than as dichotomous categories. For example, 
rather than labelling a species as social or asocial, it is im-
portant to consider various aspects of sociality including 
parenting and mating strategies and interactions with prey 
and predators. We use ‘complexity’ to refer to behaviors 
or cognitive representations involving a greater number of 
manipulations or relationships. For example, greater so-
cial complexity is exhibited when individuals must track 
a larger number of individuals in a dynamic environment 
or interpret a greater breadth of emotion states. Greater 
physical complexity may be indicated by a larger number 
of modifications to a physical environment or diet within a 
shorter time frame, or a larger number of manipulations to 
an object or travel route required to procure a food reward. 
These factors may interact and overlap. For example, more 
complex communicative skills may overlap with group 
size, territory size, or social structure. When examined 
in this way, it becomes clear that the assumed advantage 
for group-living species may undersell contributions from 
other socioecological pressures, such as weaning periods 
and foraging strategies.

A better understanding of the association between 
selection pressures and cognitive skills in different do-
mains is hampered by the lack of a clear framework for 
assessing domain-general cognition across a range of 
species that differ as dramatically as, for example, spiders 
from chimpanzees. Given the impossibility of establishing 
standardized cognitive assessments applicable across such 
a range of species with such varied morphological adap-
tations, one option is to neglect the search for a general 
intelligence factor (g) and to instead focus on specific traits 
(Vonk & Edge, 2022). Alternatively, it may be preferable 
to examine domain-general constructs such as flexibility 
that can be exhibited in different ways by different species 
(see also Colombo et al., 2021). For carnivores such as 

bears, flexibility may be shown in adjustments to diet 
across seasons (Vonk, 2022). For orangutans, flexibility 
may be adjusting social organization based on predator 
threat, territory size, and captivity (Harrison & Chivers, 
2007). In general, flexibility can be defined as the ability to 
adaptively adjust behavior in response to socioecological 
changes or constraints. Thus, it includes the component of 
inhibiting previously rewarded but currently maladaptive 
behaviors, as well as the component of innovating new 
behaviors (Johnson-Ulrich et al., 2018). It should be 
expected that flexibility is related to complexity, as both 
constructs by definition involve breadth of phenomena and 
possible responses. 

Although comparative psychologists traditionally 
focused on domain-specific traits and abilities, they have 
more recently engaged in the pursuit of a better understand-
ing of general intelligence in nonhuman animals (hereafter 
nonhumans; e.g., Arden & Adams, 2016; Bar-Hen-Sch-
weiger & Henik, 2020; Burkart et al., 2017; Damerius et 
al., 2019). Intelligence is almost always viewed through 
an anthropocentric lens (de Waal, 2016; Leslie, 2018) that 
fails to appreciate the diverse learning challenges, sensory 
modalities, brain structures, and cognitive mechanisms 
of nonprimate species. Bar-Hen-Schweiger and Henik 
(2020) presented a recent alternative that focuses on men-
tal manipulations and noted that “the generalization of 
ability reflects learning, cognitive flexibility and improved 
adaptation” (p. 694). Similarly, we focus on the flexibility 
to apply cognitive processes across contexts—sometimes 
even crossing social and physical domains—as one hall-
mark of “cognitive complexity.” For example, the human 
ability to apply empathy to inanimate objects may be seen 
as an extreme, but not necessarily adaptive, demonstration 
of flexibility, whereas a chimpanzee’s ability to respond 
to competitive but not cooperative signals (Hare, 2001) 
would be a sign of inflexibility. Furthermore, the inability 
to interpret signs of emotion, such as fear, in species other 
than one’s own would be a serious limitation and demon-
stration of inflexibility.  

A lack of flexible responding can also be tied to an 
inability to generalize beyond specific perceptual fea-
tures—for example, learning to expect the delivery of a 
food pellet upon hearing a tone at a particular frequency 
rather than expecting delivery of food pellets for relatively 
high- frequency but not relatively low-frequency tones. 
Researchers sometimes conflate this lack of generalization 
with associative learning. However, associative processes 
can explain generalization even when transfer stimuli 
are vastly different from training stimuli as long as they 
are more similar to the trained rewarded stimuli on some 
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dimension than the unrewarded stimuli. In general, when 
examining transfer performance on experimental tasks, 
researchers have unnecessarily dichotomized associative 
processes from so-called “higher-order” cognitive pro-
cesses. This is a false dichotomy, as these latter processes 
necessarily depend on the associative processes that are 
often demeaned by researchers as being characteristic of 
“lower” organisms (see also Vonk & Edge, 2022). Indeed, 
Macphail (1985, 1987) infamously argued that all of 
cognition could be reduced to associative processes. From 
here, he concluded that there are no fundamental differenc-
es in cognitive ability across the vertebrates—a position 
that was met with nothing short of derision at the time 
but is now viewed as prescient (Colombo et al., 2021). 
However, whereas Macphail’s argument for similarity 
across vertebrates stemmed from a dismissal of the idea 
of so-called higher order cognitive processes, comparative 
psychologists embracing Macphail’s “null hypothesis” 
today fall on the other side of the spectrum—instead 
seemingly motivated by a willingness to attribute “higher 
order” processes to a wider range of species.

Elsewhere, Povinelli and Vonk (2004) outlined what 
Povinelli (2020) now refers to as the asymmetric depen-
dency problem, in which “higher” processes necessarily 
depend on attention to observable phenomena, whereas 
processes involving reasoning about these observable 
features need not give rise to conceptual representations of 
the causal relations between them. That is, it is not possible 
to form “higher order” representations or abstractions of 
stimuli without first attending to their observable features. 
However, it is possible to reason about these observable 
features without forming more abstract relational interpre-
tations of the stimuli. Thus, it is impossible to dissociate ab-
straction from associative processes, as the former depends 
on the latter. Any dichotomizing of cognitive processes 
(e.g., “higher” vs. “lower” associative processes) will be 
unproductive, as cognition is better conceived of as a com-
plex network of associated processes, some of which are 
primarily implicit/automatic, canalized, and widely shared 
and others of which are possibly unique to particular spe-
cies, with humans just one of many interesting examples. 
Here, instead of characterizing a particular type of process 
as being high level or low level, we indicate the extent to 
which learning (either behavior or knowledge) is applied 
broadly across features, contexts, and experiences, with the 
idea that less constrained generalization will be indicative 
of cognitive flexibility (as one form of intelligence). Thus, 
instead of focusing on whether transfer is based on observ-
able features or an abstraction of the relation of the stimulus 
to other stimuli, we focus on whether learned behaviors or 

knowledge can be applied to novel scenarios (e.g., social vs. 
foraging), where other aspects of the problem change. To 
the extent that generalization extends beyond the confines 
of perceptual features (e.g., color or pitch) or combinations 
of features, we would considerate it a demonstration of 
cognitive flexibility—a hallmark of cognitive complexity.

An unfortunate extension of the inappropriate di-
chotomizing of associative and cognitive processes is the 
tendency to attribute associative processes to a behaviorist 
framework and to assume that a cognitive framework can 
elevate cognition beyond “simple associations.” When 
researchers interpret the responses of nonhuman subjects 
with reference to the association of specific observable 
features or events with positive outcomes, their interpre-
tations are described as behaviorist. In contrast, when they 
appeal to constructs such as theory of mind, metacognition, 
or abstract causal reasoning, their interpretations are said 
to be mentalistic or cognitive. For behaviorist accounts, all 
responses are grounded in previous experience and learned 
associations between behaviors and outcomes, whereas 
cognitive accounts allow for individuals to make infer-
ences about outcomes they have not yet experienced and 
to predict outcomes based on unobservable causal forces 
such as mental states. This long-standing tension between 
behaviorists and cognitivists represents another unnec-
essary dichotomy that is poorly grounded in our current 
understanding of cognition, which recognizes the important 
role of both behavioral inputs and the cognitive processes 
that act upon them. Povinelli’s (2020) asymmetrical depen-
dence problem is relevant here again to remind the reader 
that one cannot make inferences about unobservable causal 
forces without first attending to the observable behaviors 
from which internal states can be inferred. Importantly, un-
observable cognitive mechanisms cannot be inferred in the 
absence of associations between observable manifestations. 
Furthermore, one need not embrace behaviorist principles 
exclusively to appreciate that an animal’s ecology informs 
its responses and abilities (Leslie, 2018). Even apparently 
complex behavior, such as tool use, depends on both innate 
predispositions and learning, including both operant con-
ditioning and social learning (Amodio et al., 2018). Rather 
than being bogged down in debating the supremacy of 
behaviorist or cognitive accounts of leaning, we advocate 
for a focus on the generality versus specificity of learning 
that occurs. 

Researchers have sometimes contrasted “rule-based” 
responding with associative learning, where rules are as-
sumed to represent more abstract representations of the re-
lations between stimuli/behaviors/events (Povinelli, 2020). 
Rather than fixating on whether an association between 
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observable features (or between functional features and 
outcomes) or an abstract representation of unobservable 
causal forces defines learning, we focus on how broadly 
knowledge is applied once acquired. Whereas rules refer-
ring to the relations between behaviors and outcomes are 
more likely to be flexibly and broadly applied compared 
to associations between specific perceptual features or 
between perceptual features and outcomes, rules can also 
be limited in the extent to which they are generalized be-
yond the learning context. Moreover, there is evidence that 
animals, such as pigeons, that do not exhibit rule formation 
in categorization tasks may nonetheless exhibit a great 
degree of flexibility within the context of an associative 
learning system (O’Donoghue et al., 2020). Focusing on 
the breadth of transfer across tasks, contexts, and features 
of the environment also eliminates the need to focus on 
analogous tests of comparable abilities in species that vary 
considerably in morphological adaptations.

Although we have thus far focused on breadth of 
generalization as indicative of cognitive flexibility, we also 
recognize that overgeneralization would conversely be in-
dicative of cognitive limitations. For example, researchers 
have championed the flexibility of ants that seem to distin-
guish between conspecifics and alien species in their burial 
practices (Renucci et al., 2010). However, in the case of 
ants that remove live conspecifics doused with a chemical 
typically associated with death (Diez et al., 2013), the ants’ 
response is hardwired and restrictive, exhibiting little to 
no flexibility. Moreover, this response might be classified 
as a social behavior, but the ants are responding in a fixed 
manner to a physical compound rather than reasoning 
about whether conspecifics are alive or dead, highlighting 
the futility of labeling the cognitive mechanism as social or 
physical in nature. 

We hope to contribute to a clearer understanding of 
how cognitive flexibility evolved across social and physical 
domains. Currently, it is unclear how species’ socioecolo-
gies prepare them to learn—for example, whether a com-
plex social environment confers greater natural social skills 
through inheritance or provides the foundation from which 
animals might acquire skills and concepts that they are not 
innately endowed with (or some combination of the two 
mechanisms). We argue that the distinction between social 
and physical cognition has been oversold and that lack of 
transfer across domains indicates a cognitive limitation 
rather than domain specificity per se. Last, following Sol 
(2009a, 2009b), we argue that the variability and unpredict-
ability of the environment (including social and foraging 
complexity), rather than a single ecological factor, predict 
breadth of transfer across domains.

Hypotheses Regarding the Evolution of 
Cognitive Complexity

Various hypotheses have presented possible selec-
tion pressures for cognitive evolution. For example, the 
Machiavellian intelligence (Byrne & Whiten, 1988) and 
social brain hypotheses (Dunbar, 1998, 2014; Humphrey, 
1976; Jolly, 1966) argue that larger brains evolved to 
deal with social challenges. These hypotheses center 
on the observation that group-living organisms depend 
on the ability to evaluate, remember, and generalize 
from observed group dynamics to achieve reproductive 
success. Cognitive abilities that may be selected for in 
complex societies include self-awareness, perspective 
taking, reputation formation, empathy, social learning, 
and culture (Hauser, 1988; Whiten & van Schaik, 2007). 
Complex social relationships presumably select for “more 
effective strategies of achieving social success (including 
deception, manipulation, alliance formation, exploitation 
of the expertise of others, etc.)” (Gavrilets & Vose, 2006, 
p. 16823). Larger brains are capable of supporting this 
greater cognitive complexity.

Social success is facilitated by the smaller litter 
sizes, longer weaning periods, and greater opportunities 
for social learning that typically occur in group contexts. 
With the added protection that groups provide, parents 
can invest more in fewer offspring and for longer. This 
reproductive strategy allows for the investment in larger 
brains; the longer protective period of infancy provides the 
brain time to develop compared with species that do not 
invest in significant offspring rearing. In addition, group 
living offers the benefits of social learning, which in turn 
may facilitate the development of a greater breadth of 
solutions to problems (e.g., Hauser, 1988), which may be 
conceptualized as flexibility. There is less need to learn via 
trial and error or to innovate (i.e., develop a novel solution 
to a problem) when one can hijack another’s expertise. 

The cultural intelligence hypothesis (Whiten & van 
Schaik, 2007) emphasizes the role of social learning in the 
evolution of intelligence; however, the authors speculate 
that both innovation and social learning encourage suc-
cess of species in new environments, which encourages 
evolution (Whiten & van Schaik, 2007). Although much 
has been made of the potential importance of sociality, it 
is unclear whether sociality selects for domain-general 
skills, or specifically for social cognitive skills, such as 
social learning. In our view, much work needs to be done 
to identify whether factors selecting for cognition do so 
with regard to domain-general or domain-specific cognitive 
skills. For example, social living may contribute to skills 
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such as theory of mind and reading of communicative 
cues but may have little influence over the emergence of 
domain-general abilities such as causal reasoning and work-
ing memory. Furthermore, if group members depend less on 
innovation compared with solitary individuals, it is possible 
that innovation and flexibility are more strongly selected 
for in solitary rather than group-living individuals. Given 
that innovation may be a central component of cognitive 
flexibility, we argue for a greater emphasis on nonsocial 
selection pressures, such as dietary breadth and unpredict-
ability of physical environments (Sol, 2009a, 2009b). 

As one example of a hypothesis focused on forag-
ing factors, the technical intelligence hypothesis (Byrne, 
1997) emphasizes the need to extract food sources as a 
driving force for cognition. Specifically, consuming foods 
that require tool use or manipulation to extract should be 
linked to a better understanding of object properties and 
relations, enabling efficient tool use and possibly causal 
reasoning. Similar to our question presented earlier as to 
whether social complexity should lead to domain-specific 
or domain-general skills, it is unclear whether selection 
pressures such as the need to extract food operate on spe-
cific cognitive skills or lead to domain-general skills such 
as the capacity for inhibition and innovation, relational 
understanding, and causal reasoning. Causal reasoning 
itself is a nebulous and difficult construct to define and, 
indeed, has been argued to have little utility in clarifying 
the cognitive mechanism underlying animals’ behaviors 
(Povinelli & Henley, 2020).

Although most commonly considered separately, 
social and foraging challenges need not be viewed as 
mutually exclusive predictors of cognition. Indeed, the 
technical intelligence hypothesis recognizes that group 
living may facilitate the transfer of knowledge regarding 
tool use and other skills necessary for foraging success. 
Hypotheses centered on foraging complexity (e.g., Milton, 
1981) rarely contrast predator and prey species or view 
hunting as a primary driver of cognition. However, hy-
potheses centered on group living have acknowledged the 
role of collaborative hunting in potentially shaping coop-
eration and other social skills (Boesch, 2003). For exam-
ple, Strübin et al. (2011) presented a fascinating argument 
that collaborative hunting may select for group living 
rather than treating group living as the selection pressure 
for presumed sophisticated cognitive abilities underlying 
collaboration. Their hypothesis was based on observations 
of collaborative hunting in goatfish (Mullidae) that either 
adopted solitary lifestyles or formed small groups. Group 
members engaged in collaborative hunting, taking on the 
role of chasers or blockers, whereas solitary fish engaged 

in a different foraging technique—exploiting stationary 
hidden prey. Notably, the authors found it unnecessary 
to refer to complex cognitive processes to explain the 
flexibility exhibited by the hunters; their behavior could 
be explained solely by the rule “Maintain maximum 
distance from conspecifics.” Other observations support 
the interplay of foraging and social factors in determining 
cognition. Even relatively solitary species may have long 
weaning periods that confer the opportunity for young to 
learn socially from their mothers (e.g., bears; Mazur & 
Seher, 2008; Morehouse et al., 2016). Next, we expand 
on the need to consider sociality and foraging complexity 
in a continuous rather than a dichotomous manner and to 
recognize that these broad classes of selection pressure are 
not mutually exclusive.

The cognitive buffer hypothesis (Sol, 2009a, 2009b) 
posits that increased brain size evolved in response to in-
creasing variability in the environment. This is particularly 
salient for species with a generalist ecology, as they are 
likely to face various novel or unfamiliar conditions that 
require increased behavioral flexibility (Sayol et al., 2016). 
Although defined variously (Audet & Lefebvre, 2017), be-
havioral flexibility is typically thought to consist of inhibi-
tion as well as innovation; however, it is not always clear 
how these components are related (Johnson-Ulrich et al., 
2018). Both components are important because to behave 
flexibly, individuals must learn to cease engaging in be-
haviors that are no longer productive and to initiate novel 
responses that may have no previous history with reward. 
Thus, individuals may have to generate novel solutions 
through insight and trial and error rather than being able 
to generalize from previous learning histories. Recently, 
behavioral flexibility has been proposed as a proxy for 
general intelligence and a promising complement to more 
traditional measures of learning and executive function 
(Reader & MacDonald, 2003). Understanding differences 
in cognitive and behavioral flexibility across taxa will be 
aided by appreciating the diverse social and ecological 
challenges faced by different species. Dynamic environ-
ments likely require more innovation than unchanging 
environments (Sol, 2009a). According to the cognitive 
buffer hypothesis, the primary function of a large brain 
is to “buffer” against environmental hurdles and increase 
survival rates (Allman et al., 1993; Deaner et al., 2003). 
However, complexity is determined by both dietary 
and social factors. A large brain can facilitate cognitive 
processes such as innovation through the construction 
of novel or altered behaviors (Sol, 2009b). Socially me-
diated learning allows the transmission of innovations to 
offspring and/or group members. Evolution of innovative 
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behaviors may favor large social systems that present more 
opportunities for close kin to benefit from the innovations 
over generations. The ability to learn socially may lead to 
increased knowledge and innovation over time, increasing 
the cognitive skills of younger generations. 

Of interest, Osiurak and Reynaud (2020) recently 
outlined a technical reasoning hypothesis that turns tra-
ditional thinking about cumulative technological culture 
on its ear. These authors eschew the distinction between 
social and asocial learning mechanisms (e.g., Boyd et al., 
2011; Dean et al., 2012; Hernik & Csibra, 2009; Tennie 
et al., 2009; Tomasello, 1999) and emphasize the role of 
nonsocial cognitive processes as necessary for cumulative 
technological culture. In their theory, technical reasoning 
skills also underlie metacognition and theory of mind—
cognitive abilities that have previously been examined as 
facets of social cognition. However, they reject the notion 
of technical reasoning as a domain-general skill, instead 
defining it as the ability to reason about physical object 
properties. They do note that technical reasoning is both 
analogical and causal; that is, one sees the relevance of 
knowledge from one situation to another and also under-
stands the effects of the knowledge on the environment. 
However, they are careful to acknowledge that the trans-
mission and extension of knowledge does not necessarily 
depend on a causal understanding of the mechanics of the 
technology. We diverge from Osiurak and Reynaud in that 
we see the ability to reason about causal and unobservable 
properties and generalize their application across contexts 
and experiences as a domain-general skill. We see no rea-
son why knowledge gained in a physical context cannot 
be transferred to a social context (see Bastos & Taylor, 
2020). For instance, although controversial, some have 
advanced the idea that individuals use conspecifics as 
“social tools” (e.g., begging an individual that can retrieve 
an out-of-reach object and pass it to the solicitor) much 
like they manipulate physical tools (e.g., using a stick to 
rake in an out-of-reach food item; Bard, 1990). We do not 
distinguish between physical and semantic knowledge 
here. These differences notwithstanding, there is signifi-
cant agreement on the notion that the ability to adapt and 
innovate is central to cognitive achievement. In a 1963 
article in Southwestern Social Sciences Quarterly, Leon 
C. Megginson paraphrased Darwin in this manner:

According to Darwin’s Origin of Species, it is not the 
most intellectual of the species that survives; it is not the 
strongest that survives; but the species that survives is the 
one that is able best to adapt and adjust to the changing 
environment in which it finds itself. (p. 4)

Defining Complexity

Foraging Complexity
Before we can evaluate the contributions of social 

and foraging challenges to shaping cognition, we must 
consider how social and foraging complexity should be 
defined. There has been greater effort toward building a 
consensus of what constitutes foraging complexity (rela-
tive to social complexity), with researchers stressing the 
extent to which organisms adopt a generalist diet or exhibit 
flexibility in foraging strategies; need to extract food such 
as nuts, fruits with hard or spiny outer shells, insects that 
burrow in trees or underground, and so on; and exploit 
food resources that are patchily distributed in time and 
space (Byrne, 1997; Milton, 1981). Animals that depend 
on a single food source that may be acquired using a single 
behavioral strategy, such as anteaters, are likely to be less 
cognitively flexible compared with omnivores that eat a 
variety of foods requiring different behavioral techniques 
to acquire. For example, within the bear family, several 
omnivores, such as black bears and brown bears, eat fish 
and other meat, nuts, berries, seeds, and so on. Others, 
such as polar bears, are obligate carnivores and are expert 
predators of seals and other aquatic animals. Giant pandas 
subsist entirely on bamboo and have developed specialized 
adaptations for stripping and consuming bamboo. Thus, 
there should be a range of cognitive complexity within 
the ursid family if dietary factors predict cognition (Vonk, 
2022; Vonk et al., 2021) with brown bears—for example, 
outperforming polar bears and giant pandas on measures 
of general cognition because brown bears are generalist 
foragers. Although evidence exists that brown bears have 
the largest relative brain size among ursids (Gittleman, 
1986), which may be linked to their generalist diet, data 
on cognition across bear species are too sparse to answer 
questions about foraging complexity and cognition in this 
family to date (Vonk, 2022).

If extractive foraging is key to cognitive complexity, 
one might not expect cognitive differences between these 
bear species, because extraction is involved in procuring 
bamboo for giant pandas and seal meat for polar bears 
(arguably) as well as items in the diet of brown bears. 
Furthermore, hunting live prey is likely to require a cog-
nitive skill set not needed, and therefore not selected for, 
in pandas. Cognitive differences between bears could help 
shed light on the factors that have been critical in shaping 
those differences, although it is important to consider that 
it is unlikely to be a single factor that explains differences 
in all traits. For example, specialists such as giant pandas 
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might outperform other species on tasks that require spe-
cific skills, such as certain spatial memory tasks. Tarou 
(2004) found that pandas outperformed spectacled bears 
on a win–stay foraging task, whereas the opposite was true 
of a win–shift task. In win–stay strategies, animals search 
again at sites where they have previously found food; in 
win–shift strategies, animals do not return to previously 
depleted sites. Thus, use of these strategies should depend 
on whether animals are foraging for foods that replenish 
at short intervals—in other words, their “patchy distri-
bution” in time and space. In another study, pandas out-
performed Asian small-clawed otters in tests of working 
and reference memory (Perdue et al., 2011). These otters 
exhibit more seasonal flexibility in their diet compared 
with pandas, consume foods such as shellfish that require 
extraction, and are much more social compared with 
pandas. Therefore, in tests of general cognition we would 
expect small-clawed otters to score better than pandas. 
However, given that pandas consume plants that replenish, 
it is not surprising that pandas may perform better than 
otters on win–stay spatial memory tasks. Thus, it is not 
sensible to focus solely on, for example, social complexity 
or extractive foraging as predictors of cognition without 
considering the particular cognitive skill being tested and 
the animal’s ecology in its entirety.

Social Complexity
Despite the greater focus on sociality as a predictor 

of cognition, there has been less agreement as to what 
constitutes complex sociality, although a recent special 
issue was devoted to the topic (Kappeler et al., 2019). 
Typically, researchers forge a sharp divide between social 
and “asocial” species, glossing over the great variability in 
more specific elements of sociality. For instance, sociality 
is commonly defined as network size (Dunbar & Shultz, 
2007; Freeberg et al., 2012), which varies quite consid-
erably, or as the structure of the society itself, including 
whether it contains smaller groups in a fission–fusion 
dynamic (Kappeler et al., 2019). 

Sociality should not be restricted to group-living 
species, because that would exclude other types of social 
relationships such as those between bonded mates, parents 
and offspring, and communal breeders (Boucherie et al., 
2019; Kappeler et al., 2019). We advocate for Kappeler 
and colleagues’ (2019) framework of social organization, 
social structure, mating system, and care system as dis-
tinct components of social complexity. However, even 
animals that have traditionally been viewed as asocial, 
such as orangutans, brown and black bears, and clouded 
leopards, exhibit social behavior and recognize rank when 

they encounter conspecifics. Recently, Elbroch and col-
leagues (2017) found that pumas—considered a solitary 
species—tracked social interactions of neighboring pumas 
and exhibited reciprocity in tolerance of conspecifics. This 
finding is the first indication of a social strategy in a soli-
tary species and demonstrates a greater degree of sociality 
in these animals than previously recognized (Vonk, 2018). 
Species that share a prolonged weaning period with their 
offspring should be distinguished from species that, for 
example, bury their eggs and never have contact with their 
offspring, such as sea turtles (Kamel & Mrosovsky, 2005). 
That is, socialization that occurs before weaning should 
be considered to contribute to the development of an 
organism’s social cognition. In primates, we have argued 
that reproductive strategies may be especially critical to 
shaping cognition (Vonk & Edge, in press), and indeed 
pair bonding has emerged as the primary predictor of large 
brains in ungulates and birds (Dunbar & Shultz, 2007; 
Shultz & Dunbar, 2007). Thus, we propose extending 
Kappeler et al.’s framework to account for social interac-
tions that take place outside the context of the group. 

Additionally, although Lott (1991) highlighted the 
importance of intraspecific variation in aspects of social 
complexity 3 decades ago, sociality is generally attributed 
at the species rather than the individual level. Given our 
focus on laboratory studies as well as field studies, we 
cannot ignore the importance of an individual’s social 
experiences and rearing history, and its possible impact 
on cognitive performance (Boesch, 2020). For example, 
it is possible for an individual to belong to a large social 
network but have few individual contacts. The current 
structure of the social group may lead to intraspecific 
variation in behaviors such as feeding tolerance (DeTroy 
et al., 2021). Additionally, an individual’s network may 
appear quite different depending on the analysis that is 
used to identify social networks (Castles et al., 2014). 
Individuals that lack typical socialization during critical 
periods of development should not be classified as social 
solely with relation to species-level sociality. Similarly, 
individuals that have not been exposed to typical physical 
environments might not exhibit species-typical abilities. 
For example, it is known that impoverished environments 
can impact spatial memory in rodents (Rosenzweig & 
Bennett, 1996). Thus, in determining the inputs to an ani-
mal’s social environment, both individual and group-level 
experiences must be considered (DeTroy et al., 2021). In 
what follows, we discuss particular types of flexibility and 
generalization that can occur and that might be impacted 
by these environmental factors.



40

COMPARATIVE COGNITION & BEHAVIOR REVIEWS

Vonk, Vincent, and O’Connor

Generalizing Across Features of the Stimulus 
or Environment

Tool use was once considered a unique and defining 
trait of humans (reviewed in Striedter, 2013)—a notion 
that was overturned by observations of termite fishing 
in human’s closest extant relative, the chimpanzee 
(Goodall, 1964). The comparative record was then 
updated to suggest that tool use was exhibited by a few 
of human’s closest relatives. For example, chimpanzees 
and capuchins are frequent spontaneous tool users in the 
wild and in captivity. It is now widely recognized that 
many species exhibit some form of tool use (reviewed 
in Bentley-Condit & Smith, 2009) including dolphins 
(Patterson & Mann, 2011), elephants (Hart et al., 2001), 
bears (Deecke, 2012; Waroff et al., 2017), chimpanzees 
(Pruetz & Bertolani, 2007), and some other nonhuman 
primates (Visalberghi & Trinca, 1989). Most recently, 
researchers have focused on tool use in avian species, 
such as corvids (Teschke & Tebbich, 2011), finches 
(Teschke et al., 2011), and parrots (van Horik & Emery, 
2016). Thus, the current interest in nonhuman tool use 
has moved beyond determining its ubiquity across spe-
cies and is focused on characterizing species’ differing 
cognitive representations of relations between tools and 
other objects. 

Animal tool use studies provide a prime example of 
the challenges that emerge when one attempts to contrast 
competing cognitive mechanisms as explanations for 
the observed behavior; reliance on perceptual features 
alone versus a deeper understanding of tool and object 
properties; and the physical laws that govern their asso-
ciation inferred from attention to relations between those 
perceptual features and outcomes. By definition, tool use 
requires an individual to manipulate two different objects 
outside their bodies to meet some end (Tebbich et al., 
2007). This simplified definition focuses on the physical 
behaviors associated with tool use but fails to address the 
more nuanced cognitive processes needed to effectively 
use tools. There has been a growing shift in literature away 
from “success testing,” which dichotomizes performance 
into two exclusive results—success or failure (Taylor, 
2014). This shift allows for a greater focus on the under-
lying cognitive mechanisms at play, providing a more 
comprehensive and nuanced understanding of tool use 
and the conditions under which this behavior has evolved. 
This research effort, however, continues to be stymied by 
diverging interpretations of the results—namely, whether 
tool use can be explained as a manifestation of causal 
reasoning or more simplistic associations that result in the 

appearance of causal reasoning (Teschke et al., 2011). As 
Shettleworth (2010) cogently argued,

There is no good evidence that anything other than the 
mechanisms of associative instrumental learning . . . 
underlies tool using by any nonhuman species. . . . [But] 
some animals seem quite good at recognizing the function-
al relevance of tools, and this could reflect a predisposition 
to perceive the affordances of certain classes of objects. 
(p. 412)

As just discussed, it is an empirical challenge to 
differentiate between tool use that (a) results from asso-
ciations between perceptual properties and outcomes and 
(b) is demonstrative of complex and abstract conceptual 
representations of object relations. These more complex 
processes have been notoriously difficult to define but are 
most often conceptualized as “causal reasoning” or “caus-
al understanding”—terms used to describe the ability to 
both understand the physical forces on a causal level and 
subsequently formulate and generalize rules to novel situ-
ations based on this understanding. Seed and Byrne (2010) 
postulated that “low-level” cognitive functions relied on 
attention to superficial, observable features (i.e., pull 
from the side closest to the food), whereas “high-level” 
functions encompassed mental representations of the un-
derlying physical properties of a task (i.e., gravity, surface 
continuity, weight, opacity). 

Determining the mechanism through which animals 
exhibit tool use is made more complicated when attempting 
to parse out the application of complex rules from attention 
to perceptual features of a task. Is it that an individual has 
generalized a rule about surface continuity, understanding 
the causal properties of the task (i.e., a reward cannot 
pass over a noncontinuous surface because gravity will 
cause the reward to fall down a hole), or did they simply 
form an association between features and outcomes (i.e., 
a noncontinuous surface means they will not receive a 
reward)? Povinelli and Henley (2020) argued that because 
higher order representations of physical forces must be 
predicated on the observation of perceptible object prop-
erties and relations, there is no experimental design that 
would allow researchers to draw conclusions about higher 
order processes with tool use. In any procedure, the indi-
vidual will be presented with an object that has observable 
relevant functional features, even if the specific object is 
novel to them. There is no way for the subject to extract 
a relevant conceptual rule from the situation if this is not 
the case. Therefore, when first-order reasoning about a 
physical problem is both sufficient and necessary to find a 
solution, it is imprudent to attempt to explain the pattern 
of behaviors through higher order processes. Despite 
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the consequent pessimism regarding the ability of any 
experiment to identify the existence of these higher order 
processes in nonhumans, current experimental paradigms 
have the ability to indicate the specific features to which 
nonhumans attend when generalizing the use of familiar 
objects to novel objects and contexts. 

Although unable to clearly disentangle representa-
tions of causal forces from representations of perceptual 
features, researchers can still answer many interesting 
questions concerning the nature and development of non-
humans’ understanding of the properties of objects. One 
question concerns the role of learning mechanisms such 
as trial-and-error learning versus insight, although the 
concept of insight itself is controversial (Striedter, 2013). 
Köhler (1925/2019) defined insight as the awareness of 
functional relationships in a given situation and its rapid 
application to formulate a solution to the present situation. 
Köhler’s work with chimpanzees was groundbreaking and 
opened the floodgates for future investigations into insight 
in other nonhuman species. One notable study presented 
the chimpanzees with a suspended banana that was out 
of reach; the arena also contained a number of boxes and 
sticks that could be used to reach the fruit. Sultan was the 
most adept at solving the given problem, learning in less 
than a day to stack the boxes under the banana to reach 
it. Although Sultan was unable to immediately solve the 
problem, requiring multiple attempts to stack the boxes in 
such a way that they would not topple over, the speed at 
which he was able to ascertain a solution to the problem 
was remarkable. Köhler described the “moment of insight” 
as, after a period of thinking about the problem and possi-
ble solutions, the chimps rapidly began to use the tools at 
their disposal—namely, the boxes—to reach the banana. 
The results of this and other similar studies conducted 
by Köhler have been criticized for these interpretations, 
with many suggesting that the chimpanzees’ behaviors are 
more in line with trial-and-error-style problem-solving 
rather than insight (Chance, 1960). This critique has been 
further supported by the high level of familiarity that 
the chimps had with the tools at their disposal. They had 
time to become familiarized with the structure and func-
tionality of the boxes and sticks, thus shedding doubt on 
the reported rapidity with which Sultan appeared to have 
solved the box-stacking problem—as even with previous 
access to the boxes, he still was unable to complete the 
task immediately (Chance, 1960). 

In a similar paradigm, Epstein and colleagues (1984) 
found that, in response to a banana suspended out of reach, 
pigeons moved a box from its initial location to directly 
under the banana, allowing them to access it. Despite 

the similar behaviors demonstrated by the pigeons, the 
researchers argued that this was the result of stringing to-
gether a series of previously conditioned behaviors rather 
than an example of “insight.” Similar critiques have been 
lofted at the interpretations of Köhler’s studies; Köhler 
was able to objectively demonstrate a series of behaviors 
that resulted in a solution but was only able to speculate 
about the underlying cognitive processes. Fuller (1990) 
argued that insight, as defined by Köhler, is not predicated 
on a deep conceptual understanding of the physical prop-
erties involved but rather is a reflection of the convergence 
of perceptual and experiential cues. Köhler likely made a 
false attribution to higher order processes, when the most 
parsimonious (and sufficient) explanation required postu-
lating only first-order relational reasoning. 

 The principle of parsimony is paramount in the 
discussion of tool use; it is prudent to default to the lowest 
denominator of cognitive complexity that can explain a 
pattern of behavior (Teschke et al., 2013). However, one 
should be careful not to equate the idea of “lower level” 
complexity with the idea of inferiority or simplicity. 
Instead, one should focus on whether a particular level 
of processing is dependent upon an earlier level. For 
example, even humans cannot infer causal forces such as 
gravity without processing observable cues such as falling 
objects. Thus, predicting outcomes based on observable 
cues reflect only lower level processes. In testing proce-
dures, immediate transfer of tool use from a familiar to a 
novel context has been taken to support the notion that the 
subjects abstracted a generalized rule relating to the causal 
relationship between their tool usage and the resulting 
reward (Striedter, 2013; however, see Barker & Povinelli, 
2019, for a discussion of why even Trial 1 performance 
cannot be taken as diagnostic of causal representations). 
In contrast, the inability to immediately transfer the use of 
a tool to a novel context is often taken to suggest that the 
individual attended to a specific element of the task, rather 
than abstracting a general rule about the physical proper-
ties involved (van Horik & Emery, 2016). For example, if 
an individual uses the weight of an object (regardless of 
whether this is felt tension when lifting or an attribution of 
weight as a feature of an object; Povinelli, 2012) to topple 
a structure, knock a coconut from a tree, or break into a nut, 
one might expect them to generalize that a more heavily 
weighted object is more apt to aid in solving the so-called 
Aesop’s Fable task compared with a lighter object. In this 
task, subjects throw stones into a tube filled with water to 
gain access to a now-floating reward. For our purposes, 
it is less relevant to what feature the subjects attended 
(proprioceptive feedback or object weight), and more im-
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portant that the knowledge gained by solving one problem 
could be used to solve another, in a different context and 
across different task features. Rooks (Bird & Emery, 2009) 
and crows (von Bayern et al., 2009) succeeded in the Ae-
sop’s Fable task. The rooks had the opportunity to observe 
stones being put into the tube, whereas the crows had no 
such prior experience. Both species generalized from the 
features of the task—the rooks from their opportunity to 
observe the task directly and the crows from prior experi-
ence with different, but conceptually similar items, which 
may represent a broader form of transfer. It is unlikely that 
an individual would come into a testing situation entirely 
naïve to previous associations related to physical proper-
ties; thus, even the crows’ impressive transfer was based 
on observable features of their environment. 

It is important for researchers to recognize and under-
stand the experiences from which their test subjects may 
be generalizing, especially when it comes to interpreting 
the results of studies, so as to not overstate their findings. 
In one study championed as evidence of causal reasoning, 
apes were presented with two ropes, and each was affixed 
to a bucket—one with food and the other without (Schrauf 
& Call, 2011). The bucket with food was heavier and thus 
harder to pull. The apes demonstrated a preference for the 
heavier bucket, suggesting that they understood something 
about the relationship between the increased weight of the 
bucket and the presence of food in the bucket. This prefer-
ence was lost, however, when they were presented instead 
with arbitrary cues about the location of the food, using 
colors to differentiate between the two buckets. This sug-
gests that the functional cues of weight were more salient in 
solving the task relative to the (in this case) arbitrary color 
cues. It is tempting to attribute these results to the ability to 
understand and generalize physical properties on a causal 
level, but there is a more parsimonious explanation. It 
may not be that the individuals formed an abstract concept 
about weight and its causal significance but rather that they 
generated a simple association between the tension upon 
lifting and a reward. It makes sense for apes to attend to 
cues related to the weight of a branch in determining if it 
will yield food, given their semiarboreal nature. Although 
color is also a relevant cue to ripeness of fruit, for exam-
ple, it would not be linked to the presence or absence of 
hidden food. Animals should be predisposed to form strong 
associations to ecologically pertinent forms of information 
in relevant contexts, even if they do not abstract causal 
relations between the notion of weight and gravity.

It is not simply this rule of parsimony but also a gen-
eral lack of supporting evidence that calls into question the 
link between tool use and higher order physical cognition. 

Woodpecker finches are habitual tool users; however, their 
tool use in the wild appears to be dependent on habitat and 
resource availability (Tebbich et al., 2002). This contextu-
al difference provides researchers with the opportunity to 
compare the performance of tool-using and non-tool-using 
individuals of the same species. Teschke and colleagues 
(2011) compared tool-using and non-tool-using wood-
pecker species with small tree finches—a closely related, 
non-tool-using species—on a battery of physical tasks. 
These tasks included a simple reversal task to test their 
general learning abilities; wherein after an acquisition 
phase, during which they learned to associate a color 
with a reward, the color–reward pairing was changed in 
the reversal phase. The second task was a non-tool-using 
physical task, called the seesaw task, that was designed 
to test the subjects’ understanding of surface continuity. 
They had to perch on one of two levers that would cause 
the reward to roll down the surface toward them; however, 
one side of the seesaw surface was continuous, and the 
other had a hole, resulting in the subject failing to access 
the reward if they chose the incorrect lever. In the third 
task, the subject had to select one of two canes, only one 
of which would result in the retrieval of a reward. The final 
task was a novel box-opening task designed to test their 
perseverance and ability to apply a series of behaviors. The 
presupposition was that, if tool use evolved in conjunction 
with enhanced cognitive abilities, the woodpecker finches 
would be more successful than the small tree finches. In 
contrast, small tree finches outperformed the woodpecker 
finches on the physical tasks, making fewest overall errors 
on both the seesaw task and the cane task; however, this 
difference was significant only when compared with the 
non-tool-using woodpecker finches. The woodpecker 
finches outperformed the small tree finches only on the 
novel box-opening task, which the researchers postulated 
may be attributable to their extractive foraging ecology, 
which may result in increased perseverance, a trait neces-
sary in opening the box (Teschke et al., 2011).

A similar study comparing woodpecker finches’ and 
small tree finches’ performances on a two-trap tube task 
yielded similar results, contradicting the narrative of the 
coevolution of tool use and advanced physical cognition 
(Teschke & Tebbich, 2011). The trap tube task requires 
individuals to use a tool to gain access to a reward that 
is inside a horizontal clear tube; they must avoid pushing 
the reward into the vertical trap located along the bottom 
length of the tube. Successful reward procurement can 
be accomplished through following rules, such as “push 
from the side farthest from the food” or through under-
standing observable features such as surface continuity 
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and unobservable causal forces such as gravity. Teschke 
and Tebbich (2011) found that the two species performed 
similarly on the task, suggesting that physical cognition 
may have evolved in a context independent of tool use. 
Contrary to these results, however, when comparing 
tool-using New Caledonian crows with non-tool-using 
carrion crows (Teschke et al., 2013), the expected pattern 
of tool-using individuals outperforming non-tool-using 
individuals on physical tasks emerged. It is, thus, unclear 
how experience with tool use impacts performance on a 
variety of tasks. Neither species of crows are highly social 
corvids compared to, for example, the Florida scrub jay 
(Clayton & Emery, 2007; Holzhaider et al., 2011), again 
suggesting that aspects of their foraging ecology, such as 
their generalist diet, may be more pertinent to their high 
level of cognitive skill.

If tool use generally reflects greater cognitive 
complexity, this should be evidenced by a relationship 
between tool use and other markers of general cognitive 
ability. Some of the most compelling evidence in support 
of a relationship between complex cognition and tool use 
are the strong correlations between brain size and tool use 
in primates (Reader & Laland, 2002) and birds (Lefebvre 
et al., 2002), as well as higher degrees of folding observed 
in the cerebellum of tool-using birds compared with their 
non-tool-using counterparts (Iwaniuk et al., 2009). This 
presumed relation between brain size and cognitive com-
plexity has been strongly supported, given that larger and 
more complex brains may be predictors for enhanced rule 
formation ability (Teschke & Tebbich, 2011). Although 
tool use has been heralded as a clear indication of ad-
vanced physical cognition (Emery & Clayton, 2009), there 
is scant evidence to support this claim, with most studies 
concluding that complex cognitive abilities may not be a 
necessary precursor to tool use (Teschke et al., 2011). The 
underlying argument contesting the complexity of tool use 
in animals is that such behaviors may be more represen-
tative of widely shared learning mechanisms rather than 
cognitive complexity. 

A more fruitful line of inquiry examines other possi-
ble selection pressures driving tool use. Such studies have 
suggested the possibility that tool use may be driven by 
environmental or social factors, indicating the need for 
pointed investigations into ecologically relevant forces 
that may shape the development of tool use in a variety of 
species. Various conditions in the wild may contribute to 
a species’ ability to use tools, either through abstractions 
of perceptual features or unobservable causal forces (note 
that in both cases the animal is assumed capable of ab-
stracting rules or representations, but what differentiates 

the mechanism is the nature of the underlying representa-
tion). It may be advantageous for species that commonly 
encounter variations of the same problem to formulate and 
generalize a rule to such situations. Macaws, which live in 
forest canopies and feed off berries and seeds, would ben-
efit from understanding distal object relations, dictating 
how and which objects they can pull toward themselves 
to increase their foraging success (van Horik & Emery, 
2016). The adversities faced by animals in the wild select 
for cognitive mechanisms that allow individuals to be 
successful in experimental tasks. Woodpecker finches, for 
example, are extractive foragers, which may explain why 
they were particularly adept at a novel box-opening task. 
Similar to the opaque box they were presented with in the 
experiment, when foraging in the wild, they are unable 
to have visual contact with their reward, so they may be 
biologically prepared to excel at this type of task (Teschke 
et al., 2011). Many species that have never exhibited tool 
use in the wild have demonstrated the ability to spon-
taneously use tools in experimental tasks (Spaulding & 
Hauser, 2005), stressing the importance of current envi-
ronmental inputs over natural ecologies in some contexts. 
In sum, research efforts should focus less on the perceived 
dichotomy between simple associations and causal rea-
soning about physical properties underlying tool use in 
nonhuman animals and more on how their ecological and 
evolutionary histories contribute to this capability (see 
also Povinelli & Henley, 2020).

Although we have focused on attention to observable 
features in the context of physical tool use, many social be-
haviors can be attributed to generalization that occurs from 
specific features as well. For example, domestic piglets 
exhibited the ability to ascertain the identity of handlers 
through an associative process (Brajon et al., 2015). They 
demonstrated differential responses to novel handlers with 
whom they were unfamiliar based on a combination of 
their experiences with previous handlers and the behav-
iors of the novel handlers. If their first interaction with 
a handler was positive, it resulted in an overall decrease 
in aversion to unfamiliar handlers, particularly those that 
were motionless, in comparison with those slowly moving 
toward the piglets. The pigs appeared to associate unfa-
miliar handlers that were motionless with more positivity, 
showing increased approach and exploratory behaviors, 
compared with the unfamiliar handlers that were moving. 
This suggests that the piglets were able to both discriminate 
between handlers and formulate rules based on the context 
of their social environment and observable cues such as 
speed of motion. If pigs could be shown to use motion 
outside of the context of approach/avoidance of handlers 
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to make inferences about which humans were most likely 
to provide food or assistance to other individuals, it would 
constitute evidence that they generalized from their own 
experience with the handlers to a general characteristic (or 
reputation; see next) that would transfer to the handler’s 
behavior with other pigs, and perhaps humans as well. 

Generalizing Across Contexts
The ability to generalize knowledge or apply a be-

havior established in one context to a novel context indi-
cates cognitive flexibility. In the social context, flexibility 
might be exhibited if animals generalize from avoiding 
food that has been gazed upon by dominant animals in a 
competitive context (Hare et al., 2000) to understanding 
that cooperative humans must direct their gaze toward the 
object of their desire in a cooperative instrumental helping 
task (Warneken & Tomasello, 2006).1 However, research-
ers have instead typically argued that even chimpanzees 
should exhibit these attention reading skills only in the 
contexts that are closest to the conditions under which 
they have evolved—that is, competition (Hare, 2001; 
Hare & Tomasello, 2004). When transfer occurs within 
the same narrow constraints, it is likely not indicative of 
the generalization of an abstract rule but simply the gener-
alization from learning about some observable features to 
the most physically similar available option. For example, 
researchers often proclaim evidence for causal reasoning 
when animals generalize use of one kind of rigid tool (like 
a stick) to another (a tool made of PVC) while avoiding 
use of more pliable objects (ferns, rubber strips), citing the 
fact that a novel tool was not specifically associated with 
food rewards in training. However, generalization based 
on perceptual similarity is widespread within the animal 
kingdom and is a fundamental aspect of learning. Using a 
salient feature such as rigidity to choose between two or 
more tools is a kind of generalization based on features 
that is unlikely to differentiate animals of differing levels 
of cognitive complexity. Nevertheless, even in the case of 
such readily observable cues, chimpanzees sometimes fail 
to explore or test such features before attempting to use 
tools in experimental tasks (Povinelli & Frey, 2016) and 
sometimes fail to demonstrate transfer between function-
ally similar tasks (Martin-Ordas et al., 2008). 

Although we focused on a form of physical cogni-
tion—tool use—in the previous section, perceptual fea-
tures can also be used to generate successful performance 
on tasks of social cognition. For example, chimpanzees 

1. Note that neither instance requires an understanding of 
“seeing” as an unobservable mental state.

can use physical behaviors such as transfer of food by 
hand within the lab and transfer of food from buckets in an 
outdoor habitat to successfully choose a generous donor in 
a task intended to assess reputation formation (e.g., Sub-
iaul et al., 2008). Both dogs and cats have recently been 
shown to choose containers associated with humans eating 
and showing pieces of food, but both species may exhibit a 
bias for attending to specific human actions. Despite their 
different domestication backgrounds and evolutionary 
histories, both species may learn to attend to these actions 
because of their shared rearing environment with humans 
(Chijiiwa et al., 2020). A social lifestyle does not differen-
tiate dogs from cats in a task in which attending to specific 
physically observable features suffices to allow them to 
choose the baited container.

On the other hand, applying a rule across completely 
different tasks or contexts requires more flexibility even 
if not representing a higher level of abstraction. This kind 
of generalization can occur within physical and social 
contexts. For example, following from our earlier example 
of reputation judgments, if a chimpanzee can infer that 
an individual that behaves generously in a feeding con-
text might make a better ally in a cooperation task (e.g., 
Melis et al., 2006), then the chimpanzee may have used 
information about food sharing to predict performance in 
a different kind of social task. Of course, the chimpanzee 
may also simply be choosing an individual for which it has 
formed positive regard to interact with in different con-
texts without reasoning about how their attributes might 
contribute to performance in various situations. In either 
case, if the positive regard drives choices across contexts, 
it allows greater flexibility in an individual’s decision 
making compared with when positive regard is limited to 
a very specific context—for example, engaging in mutual 
grooming with one partner consistently while not being 
tolerant of food sharing with the same individual. This 
flexibility (or lack thereof) is much easier to measure and 
quantify, whereas the cognitive representation underlying 
behavior remains elusive.

 The individual that attends to the reliability of an 
automatic feeder to produce food when pecked may make 
similar attributions of reliability (reputation) to a nonso-
cial agent, thus demonstrating the same cognitive process 
across social and physical tasks. In both cases, the indi-
vidual is reasoning about reliability of outcome regardless 
of the specific attributes of the agent. In a physical task, a 
bird that learns that a preferred food degrades over time 
(Clayton & Dickinson, 1999) may also use its understand-
ing of time to predict when berries and fruits may ripen or 
replenish after longer intervals. Thus far, we know of little 
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experimental evidence of such transfer in any species, but 
animals clearly apply constructs broadly within natural 
settings. For example, arboreal primates that can learn to 
use heavier stones (among other features) to crack nuts 
(Ferreira et al., 2010; Sirianni et al., 2015) presumably 
also reason that heavier bodies require stronger branches 
when traversing through the treetops (although even this 
assumption remains untested). With regard to social be-
havior, it is almost certain that group-living primates can 
generalize their understanding that a dominant animal will 
both displace others at a food source and receive more 
grooming from their peers (Watts, 2000). Whether this is 
achieved via a representation of constructs such as domi-
nance or the idea that some individuals reap more benefits 
than others is difficult to ascertain. 

It is even more challenging to present evidence of 
nonhumans generalizing a rule from a physical context 
to a social context, or vice versa. Such evidence would 
help dispel the notion of domain-specific learning. We 
know of only two relevant empirical studies. Jelbert et 
al. (2015) examined the transfer of causal cognition from 
New Caledonian crows using physical tools to using a 
conspecific as a social tool in a collaborative task and 
concluded in favor of domain-specific processes. Al-
though the crows could engage in collaborative behavior, 
their behavior reflected transfer of specific prior expe-
rience rather than generalization of a rule regarding the 
causality of cooperation. Because the use of social tools 
has been exhibited by species that are both highly social 
and that use tools, the authors questioned whether the 
use of social tools has emerged because of highly social 
lifestyles or a transfer of causal reasoning originating 
from tool use to the social domain. Based on the perfor-
mance of the crows in their study, these authors argued 
for domain specificity in causal cognition, whereas we 
would argue for a lack of causal understanding more 
broadly, thus limiting its generalizability. Interestingly, 
the crows learned to drop stones into an apparatus to re-
lease rewards for themselves and a partner, but they had 
been previously trained to drop stones into a hole, so it is 
unclear to which extent they understood the causal role 
of dropping the stone in the current task or if they were 
simply continuing to do what had previously led to being 
rewarded. Even more social corvids—rooks—performed 
similarly in related studies; they were unable to learn to 
wait for their partner in the loose string cooperative task 
(Scheid & Noe, 2010; Seed et al., 2008). Thus, social 
complexity again did not predict better performance in a 
task that required reasoning about both conspecifics and 
a physical apparatus.

In another groundbreaking study involving birds, 
Bastos and Taylor (2020) showed that kea integrate infor-
mation across social and physical domains to infer events 
involving sampling. For example, they use knowledge of 
relative quantities as well as biases of experimenters and 
physical constraints, such as barriers, to predict sampling 
events. The authors take their findings as evidence of 
domain-general cognition in kea. Another example of a 
domain-general mechanism that can easily be imagined to 
apply in both social and physical domains is the capacity 
to perform transitive inference. In the social domain, an 
animal that can compute and track dominance rankings 
can successfully predict which conspecifics would prevail 
in a conflict even if they have never observed an alterca-
tion between those specific conspecifics (Paz-y-Miño et 
al., 2004). In the physical domain, this ability could be 
applied to tracking the impact of various time intervals on 
depleted food resources even when never having foraged 
after a specific time interval. So, for example, if a scrub 
jay knows that a mealworm degrades after both 18-hr 
and 24-hr intervals, it does not need direct experience to 
realize that there is no benefit to searching sites 20 hr after 
caching mealworms there. When tested for the ability to 
track dyadic relationships, social species appear to outper-
form less social species (Bond et al., 2003, 2010), but the 
question of transfer from social to nonsocial contexts has 
seldom been addressed. The work of Bastos and Taylor 
and of Bond and colleagues serve as a useful framework 
for conducting further work with additional species.  

Despite the ability to imagine the application of these 
kinds of cognitive processes across domains, it is difficult 
to present data that support these domain-general abilities 
in any species. This is due in part to the reality that re-
searchers typically test animals on one or a small number 
of specific problems at a time. If test batteries are given, 
even those designed to test knowledge in both physical 
and social domains (e.g., Herrmann et al., 2010; MacLean 
et al., 2017), they do not explicitly test the transfer of new-
ly acquired knowledge across tasks, making it impossible 
to distinguish between generalization of knowledge and 
independent learning or innate abilities. Many abilities 
that give the appearance of complexity are likely sculpted 
by an animal’s evolutionary history and actually provide 
little evidence of flexibility. The case of the cleaner wrasse 
described next illustrates this point.

Cleaner wrasses are important members of the coral 
reef ecosystem, keeping host fish clean of parasites when 
they arrive in areas known as “cleaning stations.” Cleaners 
will often partake in cheating behaviors when they eat the 
protective mucus layer from the host fish, rather than con-
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suming the parasites and bacteria, resulting in the host fish 
punishing the cleaner. To combat this adverse response, 
cleaners (the agent) swim toward nearby predators, using 
them as social tools, to protect against such punishments 
(the target). Wismer and colleagues (2016) found that 
cleaners discriminated between models of predator and 
nonpredator species and were subsequently able to gener-
alize this knowledge to novel pairs of models. They were 
able to accomplish this independent of features such as 
shape, color, and familiarity. The predator models included 
morphologically distinct species such as moray eels and 
groupers, originating from both the cleaners’ native Great 
Barrier Reef and the Caribbean. Although the cleaners had 
no previous experience with the Caribbean species, they 
were morphologically and ecologically similar to their 
Great Barrier Reef counterparts (i.e., the Nassau grouper 
and the peacock cod). The cleaners’ ability to discriminate 
between predator and nonpredator models of species with 
which they had no possible previous encounters suggests 
that they were able to generalize based on previous experi-
ences with comparable species from their native territory; 
however, it is unknown on what basis the generalization 
occurred. This ability to effectively discriminate between 
predator and nonpredator species is necessary for the im-
plementation of a broad “predator is safe haven” rule that 
the cleaners demonstrated: When faced with a predator 
and nonpredator species, the predator species will provide 
security from the attacking host fish, whereas a nonpreda-
tor species will provide no such cover. 

The “predator is safe haven” rule is ecologically rel-
evant and particularly salient for the cleaners. In contrast, 
when presented with two models of the same category 
(i.e., two predator models or two nonpredator models), the 
cleaners showed no preference for the “correct” model that 
would provide superior protection, suggesting that they 
were unable to abstract a “one-of-two stimuli is safe haven” 
rule, as it lacks ecological validity. From an ecological 
perspective, neither situation presents a superior choice 
that would result in better protection from punishment; 
with two predator models, both would theoretically provide 
safe haven, whereas with two nonpredator models, neither 
would provide safe haven. Thus, the ability to discriminate 
between two models in the same category is not sufficiently 
salient to the cleaners to develop an effective rule (Wismer 
et al., 2016). Cleaners’ ability to formulate and generalize a 
rule regarding safe haven from punishment is largely based 
on their natural ecology and not flexible. 

This finding highlights the importance of consider-
ing species’ natural ecologies when interpreting results 
as evidence of transfer. Although it provides important 

context to demonstrate that cleaners did not develop a 
“one-of-two stimuli is safe haven” rule, this result serves 
only to confirm that placing too much emphasis on their 
ability to seemingly abstract and generalize the “predator 
is safe haven” rule when presented with novel model pairs 
may lead to an overstatement of their cognitive abilities. 
To discount their natural ecology would be to suppose 
more sophisticated cognitive abilities for a behavior that, 
although seemingly complex, is highly canalized. In an 
elegant series of studies, Prétôt and colleagues (2016a, 
2016b) demonstrated the importance of structuring a task 
with features relevant to a species’ natural ecology before 
drawing strong conclusions regarding species differences. 
Cleaner fish surprisingly outperformed primates in a 
dichotomous choice task, but in this case, because the 
result was surprising, the researchers probed further to 
understand why the primates underperformed in this task 
(Prétôt et al., 2016a). Unfortunately, when results of com-
parative studies confirm researchers’ biases, researchers 
typically do not engage in this kind of post hoc testing 
to give the underperforming species the best chance to 
demonstrate their abilities. Typical experimental tasks are 
biased toward primates, often using visual or auditory cues 
rather than tactile or olfactory cues and allowing primates 
to manipulate objects using hands and fingers, similar 
to how humans would respond. Researchers have often 
focused on presenting different species with the same task 
(often based on tasks first presented to humans) instead 
of investigating the same ability using different tasks that 
are uniquely geared toward the study species (see also 
Eaton et al., 2018; Vonk et al., 2021). These biases are 
likely to provide confirming evidence for hypotheses em-
phasizing the importance of social complexity given our 
own similarity to other social species like primates. These 
methodological challenges will need to be overcome 
before we can determine which species truly demonstrate 
across-context transfer.

Generalizing Across Experiences
Knowledge can also be applied from one’s own 

experience or perspective to imagining that of another 
or from another’s imagined perspective or experience to 
one’s own. Two of the most influential developmental 
psychologists—Piaget and Vygotsky—advocated for al-
ternative models of learning, with Piaget focused on direct 
experience and Vygotsky focused on learning from experts 
within one’s cultural milieu. Piaget’s model of intellectual 
development emphasizes the acquisition of knowledge 
through the individual’s direct experience with their envi-
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ronment (Piaget, 1967). The individual progresses through 
a series of stages from a focus on self-directed to outward 
actions and increasingly abstract representations. Piaget 
differentiated between social, physical, and logico-math-
ematical knowledge. Social knowledge is based on social 
conventions, whereas physical knowledge is based on 
physical experiences. Logico-mathematical knowledge 
consists of relationships between objects. In this model, 
Piaget discussed cognitive functions, which remain 
constant, and cognitive structures, which change quanti-
tatively and qualitatively over a lifetime (Piaget, 1967). 
Piaget’s theory of constructivism lays the groundwork for 
recognizing the interaction of innate abilities and learning 
based on specific environmental inputs.

Mother–Offspring Interactions
One particularly important context for learning oc-

curs from mother to offspring. Species communally reared 
by their mother, siblings, and other group members, as in 
African wild dogs (Malcolm & Marten, 1982) and prairie 
voles (Solomon, 1991), encourage the transmission of 
knowledge over generations. Some carnivore mothers 
(e.g., domestic cats: Caro, 1980; tigers: Schaller, 1967; 
lions: Schenkel, 1966; cheetahs: Kruuk & Turner, 1967; 
otters: Liers, 1951) modify their hunting behavior in a 
series of stages so that their young can mimic them in a 
manageable sequence, building more complex behaviors 
on top of simpler, easier-to-learn behaviors (Leyhausen, 
1979). Caro (1994) documented the changes in mother 
cheetahs’ predatory behaviors as their cubs age. When 
the cubs are younger than 1 month, females kill the prey 
themselves, but when the cubs are about 5 months old, 
mothers release their prey in front of their cubs and expect 
them to kill it, thus providing them with the direct experi-
ence of killing prey (Caro, 1994). Similarly, omnivorous 
meerkat adults assist in the provision of young pups. As 
the pups grow, the adults kill, disable, or leave the prey 
(e.g., a scorpion) intact before providing it to the pups 
(Thornton & McAuliffe, 2006). It is expected that the 
offspring generalize from these specific experiences to 
develop into proficient hunters in their own right. When 
they produce their own young, mothers will repeat these 
same “teaching” actions. If the mothers have reenacted 
behaviors that were directed toward them early in life, 
they may have understood that the behavior is of partic-
ular value for young dependents. More likely, their own 
teaching behaviors are initiated by specific behavioral 
cues from the cubs. As cubs age, they may not need to 
have the behavior modeled or shaped directly but may 
learn from observing others engaging in behavior such as 

hunting. Throughout ontogeny, there may be a shift from 
learning only through direct experiences to being able to 
learn vicariously through observing others.

Groupmate Interactions
In contrast to Piaget’s constructivist theory, Vygotsky 

(1978) emphasized the role of culture more strongly than 
independent learning. He defined learning as “the acqui-
sition of many specialized abilities for thinking about a 
variety of things” (p. 36), which aligns well with our view 
that species develop domain-general abilities that allow 
them to apply this knowledge across a variety of contexts. 
Vygotsky emphasized that social competition, communi-
cation, and cooperation were facilitated through learning 
and developed for “culturally organized, . . . psychological 
functions” (p. 40). Through social learning, members of 
groups learn from observing the behavior of conspecifics; 
the more time individuals spend in a group, the more 
diverse the experiences. As such, social inheritance in-
creases, which increases the complexity of cultural and 
cognitive abilities (Cole & Packer, 2019). Social learning 
has allowed some species to more effectively dominate 
and invade environments, encouraging the evolution of 
other species around them (Tinker et al., 2009). The social 
learning of these species rapidly pushes forth the evolution 
of cognitive abilities, driving the biological evolution of 
other species at a quicker pace. In this evolutionary arms 
race, predator and prey are coevolving to outsurvive the 
other (Abrams, 1986). 

Because of the ability to innovate novel behav-
iors and to acquire these behaviors from groupmates, 
group-living species such as chimpanzees might exhibit 
behavioral diversity across populations (Whiten, 2017). 
However, non-group-living species such as orangutans 
also show some evidence of cultural transmission, sup-
porting our argument that sociality may not be the key 
predictor of various generalization abilities. For example, 
orangutans in Borneo and Sumatra exhibit different pat-
terns of leaf use (van Schaik et al., 2003). It is customary 
for orangutans at one location in Borneo to wipe their 
face with leaves, but this behavior is absent in other Bor-
nean populations and in Sumatra. Similarly, behaviors 
including tree-hole use, seed extraction tool use, and the 
use of leaves such as sponges or scoops vary between 
and within Southeastern Asia locations (van Schaik et al., 
2003). This variation in tool use suggests that, although 
physically able to exhibit the same behaviors, orangutan 
groups have different traditions that allow for the trans-
mission of different behaviors. 

In experimental studies of cultural transmission, 
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researchers are better able to precisely determine the 
mechanism by which behaviors spread in different popula-
tions. For example, using two complex tool-use problems, 
researchers demonstrated cultural transmission between 
groups and within groups of chimpanzees (Pan troglo-
dytes; Whiten & van Schaik, 2007). Foraging innovations 
spread between one troop and into a subsequent troop, 
providing evidence that behaviors can be culturally trans-
mitted through observation (Whiten & van Schaik, 2007). 
Although there has often been speculation that culture is 
specific to primates, traditions have also been indicated 
outside the primate order. For example, a population of 
humpback whales (Megaptera novaeangliae) living west 
of Australia migrated into the territory of another popula-
tion, and before long the resident population adopted the 
unique vocalizations of the transient population (Noad et 
al., 2000). Cetaceans are one of the few groups of mammals 
that appear to learn vocal production (Janik, 2014; although 
see Mercado & Perazio, 2021). Fascinating examples 
of orca behavior also indicate that mother killer whales 
change their individual vocal signature when pregnant 
so that their offspring imitate this novel signature. Once 
the young whale is proficient with the new song, mothers 
revert to their own signature so that each maintains its own 
individual call (Weiss et al., 2006). Presumably, the change 
in a female’s song production is mediated by hormonal 
changes during pregnancy rather than a conscious effort to 
teach one’s young, but either way, it reflects an important 
and adaptive degree of flexibility. 

Interspecific Interactions
Whereas instances of cultural transmission are usual-

ly documented within species, there are rare, documented 
cases of direct interspecific transmission of behaviors. In 
at least one species of moths (Asian corn borer, Ostrinia 
funacalis), male moths mimic their natural bat predator 
calls in their courtship song; this discourages male com-
petition and encourages females to “freeze” long enough 
for copulation (Nakano et al., 2013). In another case of 
vocalization mimicry and transfer, an African elephant 
(Loxodonta Africana) housed with two Asiatic elephants 
(Elephas maximus) acquired Asiatic elephant vocaliza-
tions (Poole et al., 2005). Cross-fostering experiments 
with birds and primates have shown that both taxa learn 
the vocalizations of host species rather than the calls of 
their own species (Eriksen et al., 2009; Hansen et al., 
2010; Masataka & Fujita, 1989), although other reports 
suggest that such learning is rather limited (in macaques; 
see Owren et al., 1993). It is beyond the scope of this 
article to discuss all the fascinating examples of intra- and 

interspecies social learning; it suffices to note that the 
ability to generalize from observing others to applying 
similar actions, emotions, and vocal communications to 
one’s own actions is widespread. 

Human–Animal Interactions
Because of anthropogenic changes in the environ-

ment, the ability of animals to generalize information from 
humans is of increasing interest. For example, domestic 
dogs use novel social cues from humans to find food with 
or without the human in the room (Hare et al., 2002). Dogs 
select the correct container after a human physically points 
to it, while standing on the opposite side of the room 
with another container, and choose the correct container 
with no human in the room and only a physical marker 
on the correct container (Hare et al., 2002). This finding 
again suggests that there is nothing uniquely social about 
the skill of using points as a cue to find food, as the skill 
transfers to the use of a physical cue in the absence of any 
social agent. Like dogs that evolved from highly social 
wolves, domestic cats—which evolved from asocial an-
cestors—when presented with a two-object forced choice 
task, use their owner’s gaze and vocal signals to identify 
the correct food bowl (Pongrácz et al., 2019). The abilities 
of domestic dogs and cats to make inferences about hu-
mans indicate that the social-cognitive abilities that enable 
them to communicate with humans in unique ways are 
not unique to an evolutionary history of group living but 
are skills that are likely honed through the domestication 
processor ontogenetic experiences. Furthermore, asocial 
reptiles also follow gaze (Simpson & O’Hara, 2019; 
Wilkinson et al., 2010).

Nondomestic species with extensive experience 
with humans also demonstrate the ability to read human 
communicative cues, such as commands to engage in 
imitative behaviors. Jaakkola and colleagues (2010) 
trained blindfolded dolphins to copy behaviors of another 
dolphin, demonstrating that the dolphins could form a 
representation of another’s behavior through echolocation 
or auditory cues and then enact the same behaviors with 
their own bodies. Dolphins successfully copied vocal 
and motor behaviors, exhibiting flexibility in imitation. 
Dolphins have been documented relating their body to 
a human body and adopting behaviors that seem similar 
to those of a human (Herman et al., 1999), even when 
viewing humans on television screens, which requires an 
additional ability to understand that the television image 
represents a live human (Herman, 2002). In addition to 
social imitation and generalization, dolphins imitating the 
actions of individuals on a television screen with no human 
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or conspecific assistance demonstrates that generalization 
is not restricted to an interactive social context. Although 
it could be argued that observing social agents on a televi-
sion is a social context and still involves reasoning about 
motivations of social agents, it is absent the kind of inter-
active behaviors and cues present when interacting with 
live agents. So-called ghost controls are frequently imple-
mented in studies of social learning to examine whether 
subjects acquire demonstrated behaviors similarly when 
no social agent is performing the action. Some authors 
have demonstrated that animals fail to imitate when they 
do not ascribe intentionality to the agent, and this appears 
to be the case for both highly social and less social species 
(bearded dragons, Kis et al., 2015; marmosets, Burkart et 
al., 2012). Thus, little transfer of learning from social to 
nonsocial agents can occur in both highly social and less 
social species.

There are many interesting examples where individ-
uals of various species apply information gleaned from 
observing others to their own behavior in similar contexts. 
For example, individuals can take on complementary roles 
in cooperative tasks, switching roles as the task requires, 
which suggests that they are able to generalize from 
observing another’s actions to the mechanics required to 
produce the action themselves (chimpanzees, Povinelli et 
al., 1992a; although see Péron et al., 2011, for a failure in 
African grey parrots and Povinelli et al., 1992b, for a failure 
in rhesus macaques). New Caledonian crows could learn 
to perform complementary behaviors in a collaborative 
task but behaved similarly regardless of whether a partner 
was present or absent or whether rewards were equal, 
causing the researchers to question their understanding of 
the task and their ability to transfer causal knowledge from 
the physical to the social domain (Jelbert et al., 2015). 
However, organisms can benefit from eavesdropping the 
interactions of others (Abdai & Miklósi, 2016), can ac-
knowledge when they need to teach skills to others (as in 
the case of mothers teaching their young to hunt), and can 
reference others for information about how to proceed in 
ambiguous situations through social referencing (even in 
asocial species like cats; Merola et al., 2015).

Generalizing From One’s Own Experience to 
Another’s and Vice Versa

One of the recent developments in theory of mind 
research (discussed next) is the advent of experience 
projection tasks (Heyes, 1998; Karg et al., 2015; Vonk & 
Povinelli, 2011) in which individuals project an internal 
mental experience of their own onto another in the same 

situation or context. For example, if you and I are facing 
each other and I turn my computer screen or my phone 
to face you when showing you an interesting video of 
animal behavior, I am recognizing that your perspective 
is different from mine and that you cannot see what I see. 
I am generalizing my own visual experience of when I 
can see an object to your experience based on the line of 
sight from your eyes to the object. Your visual experience 
also has implications for your knowledge of that object. 
In experimental tasks, chimpanzees may be given the 
experience of being unable to see through opaque visors, 
goggles, or blindfolds that appear identical on the outside 
to transparent visors that they are also given experience 
with. They can then generalize that others wearing the 
same visors can see only when wearing the transparent 
version and that therefore, only that individual will be 
responsive to silent visual gestures (e.g., Vonk & Povi-
nelli, 2011). Although extremely clever versions of these 
paradigms have been developed for use only with apes so 
far (e.g., Karg et al., 2015), results have not revealed any 
compelling evidence that even apes can succeed in such 
tasks. Because the nature of the construct to be generalized 
is not directly observable (see next), this may be one type 
of generalization that is beyond the grasp of nonhumans.

However, researchers have argued that some species 
infer others’ goals, presumably through generalizing from 
their own goals in a given context. For example, apes 
react differently to a human’s action based on whether 
it is intentional or accidental (Call & Tomasello, 1998), 
distinguish the goals of another’s actions (Buttelmann et 
al., 2017), and assist others to complete their goals (Hare 
& Tomasello, 2004; Warneken & Tomasello, 2006). These 
findings mirror the early studies of Premack, who found 
that the chimpanzee Sarah could choose an image within 
a sequence of actions that completed the desired outcome 
of the actor (Premack & Woodruff, 1978a, 1978b). These 
studies are heralded as evidence that apes observe other 
apes (and even humans) and predict outcomes ostensibly 
based on the attribution of others’ goals, demonstrating 
the ability to generalize from another’s experience to their 
own and vice versa. They are able to observe another con-
specific, infer the preferred behavior in that individual’s 
situation, and act on that to either assist or outcompete the 
conspecific. Being able to apply this skill in both cooper-
ative and competitive situations demonstrates a form of 
generalizing of the skill across contexts within the social 
domain. However, even such demonstrations can (and in-
deed must) be explained by reference to the generalization 
of observable features or cues as to the outcome without 
reference to the internal mental state (see the aforemen-
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tioned asymmetric dependency problem; Povinelli, 2020; 
Povinelli & Vonk, 2004). Here, we are less concerned with 
the nature of the underlying representation and its abstract-
ness but focus on the extent to which the information can 
be generalized across experiences and contexts.

Generalizing From Others’ Knowledge
Organisms may also recognize that other individuals 

have knowledge that they do not have and that may be 
exploited to serve their own goals. For example, with the 
concept of social tool use, the subject uses another indi-
vidual (conspecific or otherwise), rather than a physical 
object, to reach a goal or target (Bard, 1990; Whiten & 
Byrne, 1988). When one individual (the agent) follows 
another individual (the social tool) to a lucrative foraging 
patch (the target), the agent capitalizes on the knowledge 
of the social tool to reach their target without having to 
expend additional effort to search for a food source. The 
ability for an individual to generalize rules about the 
effective implementation of social tools in different con-
texts suggests a possible propensity toward generalization 
across experiences. The informed forager paradigm has 
been applied in pigs (Held et al., 2000), horses (Andrieu 
et al., 2016), and nonhuman primates (Hall et al., 2017), 
and it demonstrates that many species can exploit the 
knowledge of others for their own gains, showing that they 
generalize what another knows to their own situation.

Some species are also able to draw inferences from 
third-party interactions. That is, observing two other indi-
viduals interacting may produce knowledge that is relevant 
for the observer. For example, an observer may determine 
who is dominant between two other individuals, and this 
will have direct relevance when they must decide who to 
recruit as an ally or who to compete against for resources. 
Chimpanzees have been documented “eavesdropping” on 
other members of the troop to their own benefit (Melis et 
al., 2006), a behavior that is evident in a vast number of 
taxa (birds: Johnstone, 2001; Mennill et al., 2002; Otter 
et al., 1999; fish: McGregor & Doutrelant, 2000; Oliviera 
et al., 2001; lemur and sifaka: Fitchel, 2004; Oda & Ma-
sataka, 1996; marmoset and squirrel monkeys: Shriner, 
1998; dik-dik: A. J. Lea et al., 2008; hyena, lion, and 
African wild dog: H. Webster et al., 2010). Chimpanzees 
infer the reputation of human strangers who behaved 
either generously or selfishly toward another individual 
(Subiaul et al., 2008). When given the option to request 
food from either the selfish or generous stranger, chim-
panzees preferred to beg from generous donors that they 
had not previously interacted with themselves (Subiaul et 
al., 2008). In a related study, Russell et al. (2008) found 

that chimpanzees preferred to sit close to generous versus 
selfish strangers after observing third-party interactions. It 
might be assumed that sociality contributes to the ability 
to learn from third-party interactions as less social spe-
cies (e.g., domestic cats: Chijiiwa et al., 2021; Leete et 
al., 2020) have not yet shown reputation effects, but the 
ability has also been elusive in domestic dogs (Kundey et 
al., 2011; Nitzschner et al., 2012; Piotti et al., 2017). In 
fact, apparent evidence for reputation effects in dogs may 
be explained by local enhancement (Jim et al., 2020). Lack 
of affirming evidence for asocial species may have less to 
do with being reared in asocial environments than with a 
lack of skill for transferring information from others’ per-
spectives. In support of this hypothesis, individuals with 
autism—a developmental disorder with social interaction 
impairments—have also failed to demonstrate reputation 
formation (Izuma et al., 2011). Furthermore, Suraci et al. 
(2017) provided evidence for possible eavesdropping in 
black bears, which are relatively solitary, and Herrmann 
et al. (2013) found that both orangutans and chimpanzees 
approached nice versus mean experimenters after indirect 
observations. These findings are consistent with our view 
that the distinction between social and asocial species is 
less useful for predicting skill sets, social and physical, 
than presently assumed.

Using information gleaned from observing 
third-party interactions and applying that to predict 
one’s own interactions can be effective in reducing 
the cost of experiencing things firsthand. Information 
obtained through direct experience is more accurate but 
imposes costs to the individual, whereas social infor-
mation—information obtained indirectly, through other 
individuals—is less expensive for the individual but less 
reliable. According to the “costly information hypothe-
sis,” individuals should maximize their personal benefits, 
relying on social information when personal (directly 
obtained) information is too costly, and prioritizing per-
sonal information when the cost is relatively low (M. M. 
Webster & Laland, 2008). In line with this hypothesis, 
species apply rules flexibly across a variety of contexts 
to ensure an advantageous cost–benefit ratio. Honeybees, 
for example, employ a “copy-if-dissatisfied” rule (Gruter 
et al., 2013). The premise of this rule is predicated on 
bees’ predisposition to rely on previous experience when 
determining where to forage. As long as the individual 
bee is satisfied with their energy yield from known food 
sources, they are less likely to rely on social information 
from conspecifics. This rule focuses on the benefits more 
than the cost; if the benefits of relying on personal in-
formation decrease such that the individual is no longer 
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satisfied with their food source, they will then rely on 
social information to increase their benefits. 

In contrast to the copy-if-dissatisfied rule, other 
species, such as minnows (M. M. Webster & Laland, 
2008) and guppies (Kendal et al., 2004), exhibit a “copy-
if-asocial-learning-is-costly” rule, which focuses more on 
the costs. When perceived predation risk was increased, 
the reliance on social information subsequently increased 
in both species. Guppies demonstrated a preference for 
foraging alone as long as the remainder of their school 
was in sight; however, when the distance became such 
that they lost visual contact, the benefits of foraging alone 
were rapidly outweighed by the potential predation costs 
that foraging as a group mitigates (Kendal et al., 2004). 
In a more recent study, however, Hasenjager and Dugat-
kin (2017) showed an interesting divergence from this 
established pattern. They found that social information 
transference was related to present ecological conditions, 
specifically predation threat. When the threat of predation 
was low, the guppies exhibited increased transmission of 
social information, and when the threat was high, there was 
less evidence of transmission. The researchers suggested 
that this pattern may result from an overall lack of first-
hand information during times of elevated risk, lending to 
a perceived increase in cost of relying on deficient social 
information; it may be better to accept the cost of using 
firsthand information in a situation where there may be an 
even higher cost to relying on inadequate social informa-
tion. This suggests that guppies flexibly apply social rules 
to a variety of situations dependent on the cost to them. 
Interestingly, social information is applied in a physical 
context—that of foraging, again blurring the distinction 
between domains.

Cowbirds also appear to follow this copy-if-asocial-
learning-is-costly rule, in the contexts of both foraging 
and nest selection. Cowbirds are brood parasites, often 
opting to lay their eggs in the nest of an unsuspecting host 
bird. Females determine the most economical decision, 
reliance on social or personal information, depending 
on the context and their present status (Davies & White, 
2018). Successful nest prospecting generally correlates 
with foraging success in individuals that show a reliance 
on personal information, whereas those that do not exhibit 
the same level of individual success should resort to so-
cial information to maintain a competitive edge in nest 
prospecting. In a systematic examination of this pattern of 
behaviors, Davies and White (2018) found that the degree 
to which female cowbirds relied on social information 
was inverse to the amount of personal information they 
had previously accrued. Researchers found that it was 

not a lack of attention to social information that dictated 
individual’s use of such information but rather the active 
decision as to what sources of information they relied upon 
in different contexts. When they lacked direct information 
regarding the location of a food source, they demonstrated 
a proclivity to rely heavily upon social information, sug-
gesting the implementation of context-specific rules that 
assure maximization of benefits. 

It is not solely the sociality of a species that allows 
for the differential application of rules across a variety of 
contexts but also the potential for individuals to acquire 
different levels of personal information. When all individ-
uals in a group have the same information, it negates the 
advantages of applying context-specific rules about when 
to rely on directly or socially acquired information. It is 
only when there is the potential for individuals to have 
novel, privileged information that they can share or with-
hold to their greatest benefit that context-specific rules are 
adaptive. Similarly, it would be adaptive for such rules to 
develop in species that encounter diversity in the content 
of both personal and social information. For species with a 
generalist ecology, the amount and variety of information 
available to be shared socially is higher than in those with 
a specialist ecology. 

The ability to generalize information based on both 
direct and indirect social interactions comes from a variety 
of taxa. Evidence for this type of generalization is most 
likely ascertained from highly social species because of 
their natural exposure to intricate social groupings. In par-
ticular, we acknowledge that these generalization abilities 
may be heavily documented in primates because of the 
surplus of literature and research dedicated to these spe-
cies. Primates have been studied for decades because of 
their genetic proximity to humans. Thus, an abundance of 
evidence for abilities deemed particular to social species 
cannot be interpreted as such without investigating similar 
mechanisms in less social species. Shifting our focus from 
domain-specific to domain-general abilities will illumi-
nate many parallel abilities in less social species as well. 
Perhaps most telling, the mechanisms of social learning 
are not unique to social species. For example, social 
learning has been demonstrated in asocial reptiles such as 
lizards and turtles (Davis & Burghardt, 2011; Kis et al., 
2015). Mechanisms for learning via observation can be 
adaptive even for relatively solitary species. Animals need 
not inhabit social groups to encounter other organisms. 
In these encounters, learning about another’s method of 
food extraction would be beneficial so long as one has the 
requisite morphology to benefit from this knowledge. Ob-
serving predators preying on other prey species may also 
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inform an organism of that predator’s status as a potential 
threat. However, we need not think of these instances of 
learning from interactions of agents as any different from 
learning about the interaction of objects through observa-
tion, so there is no reason to assume that social learning 
is specifically social or possible only for social species. In 
addition to demonstrations that asocial species can learn 
socially, recently researchers have suggested that individ-
ual learning processes may play a stronger role in learning 
behaviors such as tool use (e.g., Bernstein-Kurtycz et al., 
2020; Bandini & Tennie, 2020) than previously consid-
ered. If these researchers are correct, then the adoption of 
particular strategies or techniques is heavily dependent 
upon context and available resources and the benefits of 
social living may have been overstated. 

Generalizing Across Observed versus Inferred 
Experiences

One of many outstanding questions in comparative 
psychology is the extent to which nonhumans can reason 
about unobservable causal forces, which can be applied 
in both social and physical domains (Vonk & Povinelli, 
2006). Because unobservables cannot, in principle, be 
directly observed via any sensory modality, they can only 
be inferred from directly observable events, associations, 
or behaviors. This sets up the asymmetric dependency 
problem (Povinelli, 2020; Povinelli & Vonk, 2004) in 
which a system for representing conceptual and causal re-
lations necessarily depends upon a system that represents 
observable features and events alone, which makes the 
latter system necessary and sufficient for explaining most 
(if not all) cases of transfer that have been championed by 
researchers as evidence for the former. 

The ability to reason about unobservables is pre-
sumably facilitated by symbolic representation because 
words and/or symbols can be used to represent constructs 
that cannot be directly referenced (Macphail, 1985; 
Premack, 1983). Although there is still some debate 
(Lyn, & Christopher, 2020), it is generally agreed that 
nonhumans do not exhibit a true symbolic communi-
cation system, which should inhibit both their ability 
to represent unobservables and researchers’ ability to 
uncover such an ability should it exist. However, if it 
could be demonstrated that nonhumans infer the presence 
of an underlying causal force from observable events 
and further generalize the operation of this same force 
in other circumstances, this would constitute a flexible 
representation of associations between observable events 
and behavioral contingencies rather than an inflexible 

response based on operant reinforcement. For example, 
an individual that understands a conspecific’s knowledge 
about where food is hidden can apply this knowledge to 
predict different behaviors such as pattern of search in a 
foraging situation and aggression against competitors, all 
motivated by the same knowledge state.

Although difficult to study empirically, one unob-
servable construct that has received an immense amount 
of attention from experimenters constitutes the broad 
array of mental states (e.g., desires, intentions, beliefs, 
knowledge states, emotions). The ability to represent such 
states in others is known as theory of mind (ToM; Premack 
& Woodruff, 1978b). ToM was long championed as a 
uniquely human capacity, although recently researchers 
have begun to consider that some animals, such as great 
apes, may possess some components of ToM (Buttelmann 
et al., 2017; Kano et al., 2019; Krupenye et al., 2016). The 
idea that some components of an attribute such as ToM 
may be present in lieu of the entire suite of abilities is 
a novel and important consideration (see also de Waal & 
Ferrari, 2010; Smith et al., 2012). Recognizing this pos-
sibility will allow researchers to detect greater variability 
in abilities compared with when they are searching for 
all-or-none capacities. Acknowledging that components of 
an attribute may appear to different degrees will increase 
the likelihood of identifying key factors in the expression 
of these components by increasing the variability in the 
trait to be accounted for. Thus far, only highly social 
animals have demonstrated evidence of some components 
of ToM, such as perspective-taking. For example, corvids 
(Bugnyar & Heinrich, 2006; Bugnyar et al., 2016; Dally et 
al., 2006; Güntürkün & Bugnyar, 2016) and canids (Mag-
innity & Grace, 2014) have been ascribed with the ability 
to reason about states of visual attention. Evidence for 
understanding of second-order false belief states, even in 
apes (Call & Tomasello, 2008; Kaminski et al., 2008; Karg 
et al., 2016; Krachun et al., 2009, 2010), has been more 
elusive. Furthermore, even the most compelling research 
has been rigorously evaluated and subject to alternative 
interpretation (e.g., Andrews, 2018; Ben-Yami, 2016; 
Heyes, 2017; Scarf & Ruffman, 2017). 

Although researchers have claimed to overcome the 
asymmetric dependency problem by devising new tests 
with greater controls (Krupenye et al., 2016) or different 
types of rules that must be generalized (Lurz & Krachun, 
2011, 2019), it is an inescapable reality that any behavioral 
test must present subjects with observable cues on which 
they could infer the underlying mental state. Thus, any 
pattern of results can be explained with reference to the 
behavioral states alone (Povinelli & Vonk, 2004). Although 
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experience projection tasks (such as the goggles task 
discussed earlier; Vonk & Povinelli, 2011) may hold the 
most promise, even these have been critiqued (Andrews, 
2005; Lurz & Krachun, 2019). Even if the goal of identi-
fying ToM incontrovertibly in nonhumans is unattainable, 
researchers can determine which species show the ability 
to generalize across diverse cues, or track more complex 
interactions, and the extent to which these skills are tied to 
various aspects of social and foraging complexity.

Although experimental tests are diagnostic only with 
regard to the type of observable cues that subjects can 
generalize from, there exists great variability in perfor-
mance in such tests. Most species fail to reach the level of 
performance that researchers would accept (erroneously, 
because of the fundamental logical flaw with such tests) 
as evidence for ToM. Researchers have sometimes argued 
that species fail ToM tests because they are being asked 
to reason about the mental states of humans, rather than 
of conspecifics (Maginnity & Grace, 2014). However, 
the same researchers do not launch this criticism when 
animals respond to human cues successfully (e.g., Buttel-
mann et al., 2017; Hare et al., 2006; Kano et al., 2019; 
Krupenye et al., 2016). Nor do they highlight the fact that 
humans readily extend their mental state attributions to 
other species. In fact, ToM is so dominant within human 
cognition that we find it difficult not to attribute mental 
states such as intentionality to even inanimate objects. If 
nonhumans are limited to reasoning about mental states in 
only their conspecifics, and only in certain contexts, their 
ToM is significantly limited in comparison (see also Vonk 
& Povinelli, 2006). This is a fundamental case of failure to 
exhibit cognitive flexibility.

Likewise, if chimpanzees can wield ToM only in 
competitive but not cooperative contexts (Hare, 2001; Hare 
& Tomasello, 2004), a severe limitation in generalization is 
exhibited. Therefore, it is still an open question as to which 
species might share some components of the ToM capacity 
present in humans, and the extent to which the ability can be 
generalized beyond contexts that mirror evolutionary condi-
tions that acted as selection pressures for the trait. Presum-
ably, the adaptive function of ToM is to allow an organism 
flexibility in responding to the outcome of a particular inner 
mental state when a novel outward behavior is expressed, 
thus providing greater predictive power and flexibility than 
if one did not have ToM. If the employment of ToM yields 
no greater predictive power than a system that reasons about 
the observable cues on which inferences of ToM are based, 
it seems unlikely it would evolve in any species, including 
humans, especially considering the presumed additional 
burden it would impose on brain development.

Two outstanding questions remain: Why would 
humans alone develop ToM? What adaptive benefits does 
such an ability confer that led to its emergence? A possible 
advantage of the ability to reason about mental states is to 
explain events after they have occurred. However, little 
research has addressed whether other species engage in 
backward reasoning (Povinelli & Dunphy Lelii, 2001) de-
spite the importance of this question (Völter et al., 2020). 
Although it seems reasonable to assume that ToM would 
evolve in highly social species in order to understand the 
intentions of groupmates, it is unclear what element of so-
ciality would be most predictive of ToM, and less socially 
complex species have not been tested in the most prom-
ising paradigms. Given that various highly social species 
have been tested and have not passed tests purported to 
measure ToM, and nonsocial species have not been tested 
and therefore not been shown to fail these tests, there is 
no compelling reason to accept the commonly assumed 
association between complex sociality and ToM abilities 
(Dunbar, 2014; Tomasello, 2000).

Furthermore, other predictive factors have seldom 
been explored. Although researchers have presumed a 
role of domestication in shaping the social cognition of 
domestic dogs (Hare & Tomasello, 2005), dogs were 
selectively bred from wolves that exhibit a high degree 
of sociality and a somewhat generalist diet. Therefore, 
it would be difficult to disentangle the role of an evolu-
tionary history of complex social behavior, foraging com-
plexity, and domestication in shaping canine cognition. 
Comparisons of the abilities of domestic dogs and wolves 
suggest that wolves often perform similarly to domestic 
dogs in tests of social and physical cognition, particularly 
when they have been exposed to humans from an early 
age (Brucks et al., 2019; Heberlein et al., 2016; Range & 
Virányi, 2013). Such studies are complicated by the fact 
that nonhumans are often tested for their understanding 
of human mental states rather than for their understanding 
of conspecifics’ mental states, and the subjects’ history 
with humans is not always adequately accounted for (see 
Marshall-Pescini et al., 2017, for a review of the need to 
account for the species’ social ecology). Udell and Wynne 
(2010) articulated a two-stage domestication hypothesis in 
which the subjects’ ontogenetic history was as important 
as the domestication process in determining its ability to 
read human communicative states, harkening back to our 
earlier point about considering the individual’s history in 
addition to the ecology of its species.

 Although it is more intuitive to suppose that develop-
ment of a system for reading mental states would depend 
upon the need to assess motives, attention, and knowledge 



54

COMPARATIVE COGNITION & BEHAVIOR REVIEWS

Vonk, Vincent, and O’Connor

in close associates, it is possible that perspective taking 
emerged as a broader need to assess the attention of po-
tential prey or predators rather than conspecifics. Alterna-
tively, ToM may have emerged from a more general cog-
nitive capacity for the representation of multiple possible 
physical states, which might be beneficial for species that 
engage in extractive foraging or track the temporal and 
spatial availability of food and other resources. Thus far, 
researchers have focused only on aspects of canid ecology 
that relate to sociality. Dietary factors have not been ex-
plicitly linked to the general capacity to represent multiple 
states in mind simultaneously—the basic foundation for 
ToM capacities (but see S. E. G. Lea & Osthaus, 2018). 

Of course, mental states are only one special class 
of unobservables. Other causal forces include gravity, 
transfer of force, and other physical forces. Whereas one 
can observe the outward manifestations of such forces, 
one cannot observe the force itself. As with most hypo-
theticals, there is evidence that humans reason about such 
constructs because of our ability to communicate such 
ideas in speech and writing. When animals evidence some 
understanding of such principles, it is difficult if not im-
possible to disentangle their understanding from reliance 
on the perceptual cues that are correlated with the force it-
self. And reasoning about the physical cues alone, because 
of this almost perfect correspondence, is just as predictive, 
at least within highly similar contexts (Vonk & Povinelli, 
2006). Therefore, this type of transfer may not only be the 
most difficult for nonhumans to achieve, it is also the most 
challenging to obtain evidence for. Note that we are not 
assuming that such abilities do not exist, just that there is 
little available evidence to draw on. It is also premature to 
conclude whether social or foraging complexity contribute 
to such abilities, given the absence of clear evidence in 
nonhuman species.

General Conclusions
To date, researchers have been distracted by attempts 

to firmly categorize cognitive mechanisms underlying 
interesting behaviors into associative or cognitive strat-
egies while failing to acknowledge the futility of such 
distinctions. We argue that it will be more productive to 
dispense with such fixations and examine the flexibility 
with which animals apply knowledge and skills across 
varied tasks and situations. Although we cannot use 
transfer performance to assess generalization of the most 
complex cognitive representations that we know humans 
can master, existing examples of generalizations continue 
to reveal interesting patterns of performance that indicate 

the breadth of transfer of knowledge and experience. This 
variability in transfer across features, contexts, and expe-
riences can help researchers determine the contributions 
of various aspects of sociality and foraging complexity to 
shaping cognition in a wide range of species. 

Given the paucity of similar tests across animals 
exhibiting less complex sociality and foraging strategies, 
it is premature to draw conclusions regarding the selection 
pressures responsible for cognitive flexibility. However, 
we suspect that the need to flexibly adapt to changing envi-
ronments (Sol, 2009a, 2009b) will stand out as an import-
ant predictor. We have identified several other challenges 
in identifying factors responsible for shaping cognition. 
First, researchers have exhibited dichotomous thinking 
when parsing animals into the two categories of social 
and asocial rather than representing the true complexity of 
animals’ social environments. Reproductive and parenting 
strategies and interactions between predators and prey 
have not featured heavily in the discussion of cognitive 
evolution. Although examination of foraging strategies 
has identified patchy food distribution and the need for ex-
tractive foraging as important factors in shaping cognition 
(Byrne, 1997; Milton, 1981), animals have also been clas-
sified as generalists or specialists with regard to foraging 
strategies, and a full picture of how these factors interact 
to predict cognition has not yet emerged. Perhaps the most 
striking omission is the lack of theories incorporating both 
sociality and foraging strategies as interacting predictors. 
Cognition has not emerged in a vacuum, so it is critical 
that researchers attend to multiple predictive factors rather 
than focusing on single predictors in isolation.

Thus far, it is not clear whether more highly social 
species exhibit greater cognitive flexibility compared with 
less highly social species. The latter species have provided 
far less data, particularly with regard to social cognitive 
tasks, making it difficult to determine associations with 
particular aspects of foraging complexity independently 
of social factors. However, in the vast evidence we have 
reviewed for various types of generalization, we see no 
reason to suppose that sociality confers any specific advan-
tage either specifically within the social domain or more 
broadly. The question of whether any advantages conferred 
by environmental factors are domain specific or domain 
general has not been advanced despite its importance.

 Enough information has accrued to allow us to 
conclude that humans are unique in both abstraction and 
breadth of generalization abilities. Perhaps it is the unique 
confluence of social and physical factors (i.e., the need 
to rely on social connections in their unique agricultural 
economy) that has allowed for uniquely human cognition. 
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We see much overlap between social and physical cog-
nitive skills and suggest that a blurring of the distinction 
between domains and a focus on seeking domain-general 
transference of knowledge and skill will yield more infor-
mative insights for the study of cognitive evolution. We 
prefer to think of social and physical domains, not as two 
distinct domains each requiring their own unique cogni-
tive processes but as different contexts in which the same 
cognitive processes can be flexibly applied.
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