W) Check for updates

Evolutionary Psychology
October-December 2016: 1-14

© The Author(s) 2016

Reprints and permissions:
sagepub.com/journalsPermissions.nav
DOIL: 10.1177/1474704916670166
evp.sagepub.com

®SAGE

Incorporating Development Into
Evolutionary Psychology: Evolved
Probabilistic Cognitive Mechanisms

David F. Bjorklund'

Abstract

Developmental thinking is gradually becoming integrated within mainstream evolutionary psychology. This is most apparent with
respect to the role of parenting, with proponents of life history theory arguing that cognitive and behavioral plasticity early in life
permits children to select different life history strategies, with such strategies being adaptive solutions to different fitness trade-
offs. | argue that adaptations develop and are based on the highly plastic nature of infants’ and children’s behavior/cognition/brains.
The concept of evolved probabilistic cognitive mechanisms is introduced, defined as information processing mechanisms evolved to
solve recurrent problems faced by ancestral populations that are expressed in a probabilistic fashion in each individual in a
generation and are based on the continuous and bidirectional interaction over time at all levels of organization, from the genetic
through the cultural. Early perceptual/cognitive biases result in behavior that, when occurring in a species-typical environment,
produce continuous adaptive changes in behavior (and cognition), yielding adaptive outcomes. Examples from social learning and
tool use are provided, illustrating the development of adaptations via evolved probabilistic cognitive mechanisms. The integration
of developmental concepts into mainstream evolutionary psychology (and evolutionary concepts into mainstream developmental

psychology) will provide a clearer picture of what it means to be human.
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I’m a developmental psychologist by training, but I always had
an interest in evolution. At one level, development (ontogeny)
and evolution (phylogeny) are both concerned with changes
over time, the only difference is the magnitude—a single life-
time versus a species’ history. When evolutionary psychology
hit the mainstream in the late 1980s, I thought I’d spend some
of my scholarly efforts integrating the two disciplines, figuring
after writing a couple of papers on evolutionary approaches to
developmental psychology, or developmental approaches to
evolutionary psychology, I’d get back to my primary research
interests of children’s memory and strategy development.

The task was more difficult than I thought. Some of the
underlying assumptions of developmental and evolutionary psy-
chology, circa 1990s, were fundamentally at odds. Evolutionary
psychology had adopted Richard Dawkins’s gene’s-eye view,
which implied to many developmental psychologists, rightly
or wrongly, a form of genetic determinism. Developmentalists,
particularly, those adopting a developmental contextual

perspective, argued that genes are only a single component in
complex developmental systems, and any perspective, such as
evolutionary psychology, that invoked a central role to evolved
psychological mechanisms in determining behavior was wrong-
headed in that it gave little more than lip service to the role of
experience in the production of adult phenotypes (Lickliter &
Honeycutt, 2003). Moreover, evolutionary psychologists sensi-
bly focused on the behavior of adults—the ones that do the status
striving, mating, and parenting central to getting copies of one’s
genes into the next generation—and saw little reason to focus on
development. Dating back to Weissman at the turn of the 20th
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century, a central tenet of evolutionary theory is that what hap-
pens during the lifetime of an animal can have no effect on
evolution. No matter how many generations of mice have their
tails snipped off, mice will still be born with tails. Consciously or
not, this made development an epiphenomenon for many evolu-
tionary psychologists—vitally important to the individual but of
no consequence to the evolution of the species.

My guess is that both evolutionary and developmental psy-
chologists would chaff at such depictions, arguing, on the one
hand, that experience does indeed play a role in evolutionary
explication and, on the other hand, that evolutionary accounts are
not necessarily incompatible with developmental contextual
viewpoints of ontogeny. Yet, it became clear to me that there
would be no simple rapprochement between these two historical
accounts of humanity, and a new discipline was required to
bridge the gap. My colleagues and I believed that the role of the
emerging field of evolutionary developmental psychology was,
primarily, to answer two questions: “How can an understanding
of our species’ phylogeny help us better understand our current
ontogeny?” and “How do evolved, inherited information pro-
cessing mechanisms become expressed in the phenotypes of
adults?” (Bjorklund & Pellegrini, 2000, 2002). I am pleased to
say that both the developmental and evolutionary psychological
landscapes have changed over the last quarter century, and
although evolutionary ideas are not fully integrated into develop-
mental psychology nor are developmental ideas fully integrated
into evolutionary psychology, they are no longer foreigners, each
speaking a language incomprehensible to the other.

Although there is still overt antagonism to evolutionary
psychological thinking among some developmentalists today
(e.g., Lickliter & Honeycutt, 2003; Overton, 2015), evolution-
ary thinking has gained at least a passing acceptance among
developmental psychologists, particularly among those study-
ing social-cognitive development (e.g., Nielsen, 2012;
Tomasello, 2009; Whiten & Flynn, 2010); but evolutionary
thinking has also caught the attention of scholars concerned
with cognitive development (e.g., Geary, 1995, 2005; Spelke
& Kinzler, 2007) and educational psychology (e.g., Geary &
Berch, 2016; Gray, 2016). Here, however, I focus on the incor-
poration of ideas from developmental biology and psychology
into mainstream evolutionary psychology, particularly the con-
cept of developmental plasticity, and propose a developmental
model for understanding adaptations.

Evolutionary and Developmental Psychology:
Some Common Ground

Mainstream evolutionary psychology, if not fully incorporating
a developmental perspective into evolutionary theory, has
tacitly acknowledged the existence of evolutionary develop-
mental psychology, with chapters related to development being
included in both the first and second editions of Buss’s Hand-
book of Evolutionary Psychology (2005, 2016), as well as in the
Oxford Handbook of Evolutionary Psychology (Barrett &
Dunbar, 2007). Chapters written from an evolutionary devel-
opmental perspective have frequently been included in edited

volumes dealing with specific aspects of evolutionary psychol-
ogy (e.g., The Oxford Handbook of Evolutionary Family Psy-
chology, Salmon & Shackelford, 2011; The Evolution of
Violence, Shackelford & Hansen, 2014; Evolutionary Perspec-
tives on Social Psychology, Zeigler-Hill, Welling, & Shackelford,
2015; Evolutionary Medicine, Alvergne, Jenkinson, & Faurie,
2016), and research topics related to developmental theory are
frequently found in the mainstream evolutionary psychology
journals (e.g., Evolution and Human Behavior, Evolutionary
Psychology, and Evolutionary Behavioral Sciences).

One area of mutual interest of evolutionary and develop-
mental psychology is parenting. Developmental psychologists
have long looked at individual differences in parenting, and
early experience in general, as the source of individual differ-
ences in emotional, cognitive, and social development in chil-
dren and the adults they will become. For example, children
whose parents are described as authoritarian, involving strict
control and critical evaluation of children’s behavior, are more
likely to be withdrawn, discontented, and distrustful of others
compared to children whose parents’ style is described as
authoritative, involving warmth and promoting self-
regulation (e.g., Baumrind, 1967; Pettit, Dodge, & Brown,
1988); children from intellectually stimulating homes perform
better in school and have higher 1Qs than children from less-
stimulating homes (e.g., Brooks-Gunn, Linver, & Fauth, 2005;
NICHD Early Child Care Research Network, 2002), and chil-
dren from impoverished homes with little emotional support are
more likely to engage in high-risk behaviors as adolescents and
young adults than children growing up in resource-rich and
emotionally supportive homes (e.g., O’Connor, 2003). The
implication of these lines of research is that children are sensitive
to early environmental conditions, with adult cognitive, social,
and emotional outcomes being shaped by early experiences.

On the surface, such findings seem at odds with the thinking
of many evolutionary psychologists, who, while not denying
the role of experience in forming adult personality and out-
comes, would place greater emphasis on evolved psychological
mechanisms in shaping behavior and less on individual differ-
ences in early rearing environments. In fact, behavioral genetic
research has shown that a greater proportion of individual dif-
ferences in personality and 1Q, for example, is attributed to
genetics than to within-family environmental (i.e., parenting)
factors (e.g., Harris, 1998; McCartney, Harris, & Bernieri,
1990). However, individual differences in early experience are
of central importance in at least one major evolutionary
account, life history theory (Del Giudice, Gangestad, &
Kaplan, 2015; Hill & Kaplan, 1999; Stearns, 1992), and a cadre
of psychologists have applied developmental thinking to this
theory to provide a research literature that not only applies
evolutionary concepts to explain development but also inte-
grates developmental theory into evolutionary psychology.

Life History Theory

Life history theory examines decisions organisms make in allo-
cating time and energy to various aspects of their development.
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For example, in Trivers’s (1972) parental investment theory,
individuals have conflict between how much time and effort
they invest in mating versus parenting. Life history theory takes
this further, including a developmental aspect. How much
energy should be devoted to somatic growth versus reproduc-
tion, for example, and how much effort and energy should be
devoted to current development (or reproduction) versus later
development (or reproduction)? How individuals respond to
life history trade-offs (e.g., more energy devoted to bodily
growth vs. more energy devoted to reproduction) constitutes
an organism’s life history strategy, with such strategies being
adaptive solutions to different fitness trade-offs. At the broad-
est level of analysis, life history strategies vary on a dimension
of slow versus fast. Do individuals reach physical maturity
early or late? Do they reproduce early and often, investing little
in individual offspring, or later and less often, investing more in
each offspring? And is life expectancy short or long? How
many years can an individual expect to live?

Some evolutionary developmental psychologists adopted
variants of life history theory to propose that children are sen-
sitive to early environmental conditions and adjust important
aspects of their developmental trajectory in anticipation of
future environments. The first to do this were Belsky, Stein-
berg, and Draper (1991) who proposed that

a principal evolutionary function of early experience—the first
5-7 years of life—is to induce in the child an understanding of
the availability and predictability of resources (broadly defined)
in the environment, of the trustworthiness of others, and of the
enduringness of close interpersonal relationships, all of which
will affect how the developing person apportions reproductive
effort. (p. 650)

Basically, Belsky and his colleagues argued that children
evolved the neural and behavioral plasticity necessary to adjust
important aspects of their development to match current and
anticipated environmental conditions. Subsequent research has
shown that children growing up in homes with harsh child-
rearing practices, low resources, and exposure to violence
adopt fast life history strategies, with children engaging in
more aggressive and risky behavior, establishing unstable pair
bonds, providing less parental investment per offspring, and
girls achieving menarche and engaging in sex earlier than chil-
dren growing up in less harsh and more predictable environ-
ments (e.g., Ellis, 2004; Ellis, Figueredo, Brumbach, &
Schlomer, 2009; Nettle, 2010; Nettle & Cockerill, 2010; Placek
& Quinlan, 2012). For instance, Simpson and his colleagues
(2012) reported that children living in highly unpredictable
environments (e.g., different adult males living in the house-
hold, parental job changes, changes in residences) during their
first 5 years of life had their first sexual encounter earlier, had
more sex partners, and engaged in higher levels of risk-taking
and delinquent behavior at age 23 than children growing up in
more predictable homes. Most developmental and clinical
psychologists adopt the traditional developmental psycho-
pathology perspective in making sense of these outcomes,

interpreting this pattern of development as reflecting mala-
daptive behavior, which it is from a strictly societal perspec-
tive. However, from an evolutionary developmental
perspective, it represents potentially adaptive outcomes for
children growing up in harsh and unpredictable circumstances
(Ellis et al., 2009, 2012).

Developmental Plasticity

A major theme in developmental research stemming from life
history theory is that natural selection has favored developmen-
tal plasticity. Children are sensitive to their early environments
and adjust their behaviors and cognitions accordingly—often,
but not always, in adaptive ways. This is captured by the con-
cept of conditional adaptations, defined as

evolved mechanisms that detect and respond to specific fea-
tures of childhood environments—features that have proven
reliable over evolutionary time in predicting the nature of the
social and physical world into which children will mature—and
entrain developmental pathways that reliably matched those
features during a species’ natural selective history. (Boyce &
Ellis, 2005, p. 290)

Current conditions serve as cues for future conditions. So, for
example, children growing up in resource-rich homes with
secure attachments to parents and reliable social relations will
adopt a slow life history strategy, delaying maturation and
sexual behavior and investing much in few offspring (a quality
over quantity approach), whereas it would be more advanta-
geous for children growing up in less supportive environments
to adopt a fast life history strategy.

Developmental plasticity is central to the thinking of devel-
opmentally oriented evolutionary biologists and psychologists
who argue that natural selection has favored plasticity and
sensitivity to local environments (Bjorklund, 2006; Ploeger,
van der Maas, & Raijmakers, 2008; West-Eberhard, 2003).
Such responsivity to early environments is especially important
for humans whose prolonged period of immaturity requires
them to adjust to variations in social environments and antici-
pate future ones.

My colleagues and I have argued that developmental plas-
ticity should be considered when examining the evolved cog-
nitive mechanisms that underlie psychological adaptations.
Evolved cognitive mechanisms are a central tenet of main-
stream evolutionary psychology, defined as information pro-
cessing mechanisms shaped by natural selection over
phylogeny to solve recurrent problems faced by our ancestors
associated with survival and reproduction (Buss, Haselton,
Shackelford, Bleske, & Wakefield, 1998; Pinker, 1997; Tooby
& Cosmides, 1992, 2005). Yet, a missing component in evolu-
tionary psychology’s explication of evolved cognitive mechan-
ism is development. Adaptations develop, as do the cognitive
mechanisms that underlie them. Recall earlier I stated that one
of the key questions for evolutionary developmental psychol-
ogy was “How do evolved, inherited information processing
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Figure |. Geary’s hierarchically organized system.

mechanisms become expressed in the phenotypes of adults?”
My colleagues and I have argued that such mechanisms
develop and can be better explained via the concept of evolved
probabilistic cognitive mechanisms (Bjorklund, 2015; Bjorklund
& Ellis, 2014; Bjorklund, Ellis, & Rosenberg, 2007).

Evolved Probabilistic Cognitive Mechanisms

Geary (1995, 2005) argue that children are born with skeletal
competencies, information processing biases, or constraints
that are fleshed out over the course of development principally
via play. These perceptual biases and abilities are the lowest
levels of a hierarchically organized system in the evolutionarily
relevant domains of folk psychology, folk biology, and folk
physics (see Figure 1). It is through experience in species-
typical environments that children develop the higher-order
adaptations that have been favored by natural selection. Bjork-
lund, Ellis, and Rosenberg (2007) proposed that skeletal com-
petencies evolved because of selectively structured Gene X
Environment x Development interactions, which arise in each
generation and are influenced by prenatal and postnatal

environments, reflecting the inheritance not only of genes but
of entire developmental systems. This is reflected by the con-
cept of evolved probabilistic cognitive mechanisms defined as,

information-processing mechanisms that have evolved to solve
recurrent problems faced by ancestral populations; however,
they are expressed in a probabilistic fashion in each individual
in a generation, based on the continuous and bidirectional inter-
action over time at all levels of organization, from the genetic
through the cultural. These mechanisms are universal, in that
they will develop in a species-typical manner when an individ-
ual experiences a species-typical environment over the course
of ontogeny. (Bjorklund et al., 2007, p. 22)

Evolved probabilistic cognitive mechanisms assume that natu-
ral selection has operated not only on genes but on entire devel-
opmental systems, of which genes are an integral part, but only
a part. For example, neurons generated from stem cells move to
their “proper” place in the brain directed not by a complicated
genetic program so much as by the activation of adjacent neu-
rons and the presence of neurotransmitters. Neurons that fire
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together, whether due to external stimulation or internally gen-
erated activity, recruit additional neurons, resulting in canali-
zation of neural systems. For example, the timing of the
development of sensory parts of the brain is coordinated with
perceptual experiences such that the development of one sen-
sory system (e.g., audition) does not compete for neurons with
another system (e.g., vision; Turkewitz & Kenny, 1982). This
pattern can be disturbed, however, when an animal receives
stimulation in one sense modality in excess or earlier than
“expected” (i.e., when sensory and neural development are
uncoupled). This has been well documented in research with
precocial birds that receive visual stimulation while still in the
egg, days before they would normally have such experience
(see Bjorklund, 1997, for a review). After hatching, these ani-
mals’ auditory abilities are hampered (i.e., they fail to display
species-appropriate auditory imprinting), although they show
greater than typical visual discrimination abilities (Lickliter,
1990). Essentially, receiving species-atypical experience inter-
feres with the choreographed dance between gene-influenced
neural maturation and perceptual experience, producing
species-atypical behavior. From this perspective, adaptive cog-
nitive mechanisms are not “instincts” in the way that they are
typically thought of, but rather the result of selection not only
of genes, but of genes expressed in a species-typical environ-
ment developing on a species-typical schedule.

In previous papers, we provided examples of evolved prob-
abilistic cognitive mechanisms for the development of the other
race effect for face discrimination in infants and the develop-
ment of fear of snakes (Bjorklund, 2015; Bjorklund & Ellis,
2014). In each case, infants’ initial low-level perceptual biases,
in interaction with species-typical experience, produce species-
typical, adaptive behavior. For instance, infants are initially
biased to attend to physical stimuli that have many of the
features of primate faces (e.g., top-heavy configuration, verti-
cal symmetry, and eyespots) and are initially able to discrimi-
nate equally well among monkey and human faces, male and
female faces, and faces from their own and other races. How-
ever, with experience, perceptual ability narrows, with infants
by 9 months of age being increasingly able to discriminate
among faces from their own race, for example, but no longer
among faces from other races (Kelly et al., 2007, 2009), unless
they have experience viewing faces from other races (Anzures
et al., 2012). Concerning fear of snakes, infants and children
have no initial fear of snakes but, like adults (Ohman, Flykt, &
Esteves, 2001), more easily identify snakes (and spiders)
embedded in a background of flowers and mushrooms than
vice versa (LoBue, 2010; LoBue & DeLoache, 2010) and, like
monkeys (Cook & Mineka, 1989), more easily associate a fear-
ful voice to videos of snakes than to other potentially dangerous
animals (DeLoache & LoBue, 2009). It is apparently the
snake’s unique sinusoidal movement that is the feature produc-
ing special attention to them, in that the effect disappeared
when videos of snakes were replaced by photographs. Consis-
tent with the concept of evolved probabilistic cognitive
mechanisms, infants and young children appear to have per-
ceptual biases that, in interaction with maturationally paced

events and species-typical experiences, produce species-
typical adaptions. These adaptations are not inevitable and will
not emerge should children experience a species-atypical envi-
ronment (e.g., frequently seeing faces of monkeys; Pascalis
et al., 2005). Such observations obviate the need to propose a
“fear of snake” instinct or a module dedicated to discriminat-
ing especially well faces from one’s own race.

In the next two sections, I present evidence for evolved
probabilistic cognitive mechanisms in two other evolutionarily
relevant domains: social learning and tool use.

Social Learning

Humans are the most social of animals. We live in complex
societies with diverse roles and rules, cooperate and compete
with one another (and with other groups of people), try to read
the minds and behaviors of other people, and learn from one
another via teaching or simply by watching. In fact, according
to the social brain hypothesis, it was social pressures—having
to deal with conspecifics—that drove ancestral humans’ to
evolve increasingly complex cognition (Alexander, 1989;
Dunbar, 2003; Hare, 2011). Alexander (1989) went so far as
to state that Homo sapiens invented a new natural selection
pressure: ourselves.

Much research and theorizing in evolutionary psychology
pivots around human social cognition and behavior. Whether
it be making deals with others without being cheated, recog-
nizing and enforcing moral codes, cooperating with other
people and groups of people, or effectively competing for
resources or status within a variety of different groups, the
ability to deal effectively with other thinking and emoting
individuals is central to success. All of these social skills have
their origins in childhood.

One important aspect of human social cognition is social
learning. At its most general, social learning can be defined as
occurring in a situation “in which one individual comes to
behave similarly to another” (Boesch & Tomasello, 1998,
p. 598). Social learning allows an animal to acquire behaviors
by observing others, avoiding the costs and energy expenditure
used in trial-and-error learning. Consistent with the concept of
evolved probabilistic cognitive mechanisms, there are basic-
level processes that promote the development of social learn-
ing, beginning in infancy. Moreover, many of these low-level
processes are also likely precursors to most, if not all, adult
social-cognitive abilities.

Social Responsivity in Young Infants

Humans are born with limited motor, perceptual, and cognitive
abilities, and although these abilities show rapid improvement
over the first year of life, young humans remain highly depen-
dent on adult care for survival for longer than any other mam-
mal. Natural selection has shaped both infant and adult
psychology to foster positive social relations between infants
and their parents. In fact, Bowlby’s (1969) attachment theory
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was predicated on the idea that infants evolved certain signals
and abilities to promote social relations with their parents.

Infants’ social orientation begins at birth. For example,
neonates will preferentially look at light displays that depict
biological motion (Bardi, Regolin, & Simion, 2011, 2014;
Bertenthal, Proffitt, & Cutting, 1984). To assess this, infants
watch moving light displays, some of which depict a person
walking (10—12 light patches placed at joints), whereas other
light displays include an upside down walking person or ran-
domly moving patterns of light. From birth, infants attend lon-
ger to light patterns generated by an upright walking person
than to other patterns, although they do not seem to treat it as a
person until about 9 months (Bertenthal, 1996).

Newborns look longer at face-like stimuli (e.g., two dots
placed over a single dot within a headlike figure) than
nonface-like stimuli (Easterbrook, Kisilevsky, Hains, & Muir,
1999; Johnson, Dziurawiec, Ellis,& Morton, 1991; Mondloch
et al., 1999) and will also match certain facial gestures of adult
models, such as tongue protrusion (neonatal imitation; Meltz-
off & Moore, 1977; but see Oostenbroek et al., 2016), although
such “imitation” is at chance levels by 2 month of age, not to
reappear until the latter part of the first year (Abravanel &
Sigafoos, 1984; Jacobson, 1979). Rather than representing a true
form of social learning, several researchers have proposed that
neonatal imitation reflects an ontogenetic adaptation, serving to
foster social communication between infant and parent at a time
when infants cannot exert intentional control over their social
reactions (Bjorklund, 1987; Byrne, 2005). Consistent with this
argument, Heimann (1989) reported that infants’ social interac-
tion with their mothers at 3 months of age was positively related
to the amount of neonatal imitation they displayed at birth.

Young infants’ social orientation not only serves to promote
strong social bonds with their caregivers but also serves as the
basis of later social relationships (see Simpson & Belsky, 2008;
Thompson, 2006). For instance, infants who are slow to
develop typical signs of sociality (e.g., eye contact, cooing, and
social smiles) are more likely to be victims of abuse later in life
(e.g., Martin, Breezley, Conway, & Kempe, 1974; Sherrod,
O’Connor, Vietze, & Altemeier, 1984).

Viewing Others as Intentional Agents

Being attentive to social others will get a child only so far. The
basis for human social interaction is viewing others as inten-
tional agents. People’s behavior is motivated by what they want
and what they know, making their actions not random or
impossible to anticipate, but goal directed. Infants do not enter
the world with this knowledge. The first signs of viewing others
as intentional beings can be seen in shared attention, which
involves a triadic interaction between an infant, another person,
and an object. For instance, a father may point toward the
family cat while getting the infant’s attention, drawing the
infant into a social relationship that extends beyond the
father—infant dyad (Tomasello, 2009; Tomasello & Carpenter,
2007). Although preliminary signs of shared attention may be
found in the first months of life (e.g., Csibra, 2008; Kovacs,

Téglas, & Endress, 2010), it is not until about 9 months of age
before infants actively engage in shared attention, when they
will look in the direction someone else is looking or pointing,
engage in repetitive interaction with an adult and an object, and
hold up or point to objects for another person to see (see
Carpenter, Nagell, & Tomasello, 1998; Tomasello, 2016).
During shared attention, the two participants experience the
same thing at the same time and realize they are experiencing
this together (Tomasello & Carpenter, 2007).

Shared attention abilities improve over the next year. For
instance, by 10 months, infants seem to understand social gaze
and expect partners in conversation to look at one another
(Beier & Spelke, 2012). By 12 months, infants will point to
inform others about events they are not aware of (Liszkowski,
Carpenter, & Tomasello, 2007), and over the second year of
life infants will use another person’s gaze to direct their own
attention (Brooks & Meltzoff, 2002) and point to objects an
adult is searching for (Liszkowski et al., 2007).

Although sharing a perceptual experience may not appear to
be a great social-cognitive feat, it has substantial consequences
for the ability to learn from others (and for other aspects of
social cognition). Moreover, shared attention is a skill that is
not readily observed in other primates. Although chimpanzees
and some monkeys will follow another’s gaze and point out
objects to others (Briuer, Call, & Tomasello, 2005; Leavens,
Hopkins, & Bard, 2005), most researchers agree that there is no
evidence of shared attention in mother-reared great apes
(Herrmann, Call, Hernandez-Lloreda, Hare, & Tomasello,
2007; Russell, Mauthner, Sharpe, & Tidswell, 1991; Tomasello
& Carpenter, 2005; but see Leavens et al., 2005).

Learning by Observing

Infants’ and young children’s social orientation and their belief
that others behave as intentional agents make social learning
highly likely and a powerful mechanism for acquiring infor-
mation. Infants in the latter part of the first year and early into
the second year begin to display signs of social learning, copy-
ing the actions of adults to acquire new behaviors (e.g., Barr &
Hayne, 2003; Piaget, 1962). However, infants and toddlers are
more likely to copy the actions of adult models when those
actions were executed intentionally rather than by accident
(Carpenter, Akhtar, & Tomasello, 1998; Hamlin, Hallman, &
Woodward, 2008). That is, the intention of the model seems
more important to an infant observer than the actual behavior.
In a study that illustrated this, 14- to 18-month-old infants
observed an adult engage in a series of complex actions, all
intentional, but some successful and others unsuccessful
(Meltzoff, 1995). For example, in one task, a model made
intentional movements to remove cubes at the end of a dumb-
bell (successful condition); whereas in another task, the infant
watched as the model attempted to remove the ends of the
dumbbell but failed (unsuccessful condition). When later given
the dumbbells, infants who watched either the successful or
unsuccessful attempts removed the ends of the dumbbell more
often than infants in control conditions, who did not see a
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demonstration of the dumbbell. They apparently understood
the intentions of the model and executed the model’s goal
(remove the ends) rather than the exact behavior (in the unsuc-
cessful condition).

From at least 3 years of age, children readily acquire the
actions of both adult (e.g., Horner & Whiten, 2005; Nagell,
Olguin, & Tomasello, 1993) and child (e.g., Flynn & Whiten,
2012; Hopper, Flynn, Wood, & Whiten, 2010; Whiten &
Flynn, 2010) models from observation of tool use on novel
tasks. But there are different forms of social learning, and
children will use the different types depending on the nature
of the task and their age. Emulation is the most frequently used
form of social learning for children 2 years of age and younger,
in which children attempt to achieve the goal of a model but do
not necessarily copy the exact behaviors of a model to achieve
that goal (Nielsen, 2006). Emulation can be contrasted with
imitation, in which the child uses the same or similar behavior
as a model to achieve the model’s goal (Tomasello, 2000).
Beginning around age 3, children take imitation to an extreme,
engaging in what has been termed overimitation—copying all
actions of a model, even those obviously irrelevant to attaining
the goal (Lyons, Young, & Kiel, 2007; Nielson, 2006). For
instance, in one study, preschool children watched as a model
made of series of actions to get a toy out of a locked box. Some
of the actions were necessary and others were clearly unneces-
sary to achieve the goal. When later given the chance to open
the box themselves, children were even told to avoid “silly”
unnecessary actions. Nonetheless, children generally copied all
the actions of the model, both those relevant and irrelevant
(Lyons et al., 2007). Children are not necessarily oblivious to
the irrelevant behaviors of a model and will sometimes omit
unnecessary actions when they know about an object’s causal
structure (Schulz, Hooppell, & Jenkins, 2008), when they know
the goal of a task beforehand (Williamson & Markman, 2006),
or when they have some awareness of the specific intentions of
the model (Gardiner, 2014; Gardiner, Grief, & Bjorklund,
2011). Despite the contextual nature of overimitation, it is the
primary social-learning strategy for preschoolers and persists
into adulthood in some contexts (McGuigan, Makinson, &
Whiten, 2011). Overimitation is not limited to children from
Western cultures but has also been observed in 2- to 6-year-old
Kalahari Bushman children (Nielsen & Tomaselli, 2010).

Overimitation appears not to be a cognitive “error” that
children overcome with age and experience, but an evolved
adaptation for learning about cultural artifacts and their uses
(Whiten, McGuigan, Marshall-Pescini, & Hopper, 2009).
Although some animals build nests, dams, or hives, and others
modify sticks, stones, or various parts of plants to use as tools,
humans’ lives are filled with artifacts, all cultural inventions,
and an economic way to learn about them is to assume that a
more-informed member of the species knows how to use them
and to copy a model’s action as precisely as possible. This may
result in acquiring some irrelevant actions, but these can be
weeded out via individual learning. In support of this argument,
children believe that a model’s actions are normative—how
one is “supposed” to interact with artifacts. For instance,

preschool children corrected a puppet who eliminated irrele-
vant actions previously performed by a model, stating that the
puppet was “doing it wrong” (Kenward, 2012; see also Keupp,
Behne, & Rakoczy, 2013). In a similar vein, Gergely and Csi-
bra (2005; Csibra & Gergely, 2011) proposed that children’s
overimitation is a human adaptation permitting fast and accu-
rate transmission of information between people, which they
refer to as natural pedagogy, which may facilitate perhaps the
most potent form of social learning, teaching. Although expli-
cit teaching has been observed in limited degrees in some large-
brain mammals (e.g., Bender, Herzing, & Bjorklund, 2009;
Boesch, 1991), it is an especially powerful form of transmitting
information in humans (although Lancy, 2015, notes that par-
ent—child teaching is rare in traditional cultures).

Humans, of course, are not the only animals that engage in
social learning, with our close relatives chimpanzees (Pan tro-
glodytes) and bonobos (Pan paniscus) also displaying substan-
tial levels of learning by observation (see Whiten, 2010).
However, chimpanzees’ preferred mode of social learning
appears to be emulation rather than imitation (e.g., Horner &
Whiten, 2005; Nagell et al., 1993), the exception being encul-
turated apes—animals raised much as a human child would be
raised (e.g., Bering, Bjorklund, & Ragan, 2000; Buttelmann,
Carpenter, Call, & Tomasello, 2007; Tomasello, Savage-
Rumbaugh, & Kruger, 1993). This suggests that humans’ com-
mon ancestor with chimpanzees and bonobos also likely had
the basic cognitive abilities for advanced social learning and
the plasticity necessary to modify their developmental trajec-
tory in response to changes in environment (Bjorklund, 2006).
There is also no evidence of overimitation in chimpanzees (see
Nielsen, 2012), possibly because chimpanzees do not differ-
entiate between intentional versus accidental actions as well as
human children do.

Despite the wide range of cultures humans live in, most
adults master the requisite skills necessary to navigate their
social environment, and they attain these skills following a
universal, species-typical developmental pathway. As I’ve out-
lined here, social learning (and likely other forms of social
cognition) is based on exercising low-level biases and social—
cognitive abilities, beginning with attention to faces (or face-
like stimuli), matching facial expressions, and shared attention/
viewing others as intentional agents. These early biases and
abilities increase the chance that children will be attentive to
others when they engage in important (as well as trivial) actions,
with many of these actions being associated with the use of
artifacts. Young children’s tendency to overimitate and to
assume that a model’s actions are normative become especially
important when related to tools, which are ubiquitous in all
human environments. Natural selection has seemingly prepared
children to become tool users through the exercise of evolved
probabilistic cognitive mechanisms, the topic of the next section.

Children, the Tool Users

All animals must learn to deal with objects in their physical
world, but, as noted earlier, many, perhaps most, of the objects
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that humans encounter are cultural artifacts, things made by
people for a specific purpose. One large category of cultural
artifacts is tools, devices used for “doing work” or solving
specific problems. Humans’ bipedal style of locomotion freed
hands with opposable thumbs not only to carry things but also
to use and to create objects to help solve problems.

Exploration and Object Play

But it is not just manual dexterity that makes H. sapiens master
tool users and makers. Beginning in infancy, humans are biased
first to explore and then to play with objects. At birth and for
several months after, infants’ limited motor abilities prevent
them from actively interacting with objects, but this changes
beginning around 4 or 5 months, as babies reach for and grasp
objects within arm’s length (Harris, 2005). Infants learn the
affordances of objects through their manual exploration. For
example, 6-, 8-, and 10-month-old infants interacted with
water, discontinuous netting, a flexible sponge, and a rigid
wood cube differently, banging the rigid cube and pressing the
flexible sponge (Bourgeois, Khawar, Neal, & Lockman, 2005).
According to Lockman (2000, p. 137), “the origins of tool use
in humans can be found during much of the first year of life, in
the perception-action routines that infants repeatedly display as
they explore their environments.”

Object exploration (What can the object do) is followed by
object play (“What can / do with the object?”” Hutt, 1966).
Whereas most of an infant’s interactions with objects in the first
9 months can likely be described as exploration, most interac-
tions with objects after this time are better described as object
play (Belsky & Most, 1981)—the active manipulation of objects,
such as banging them and throwing them, but also the use of
objects to build something, in a playful context. Although esti-
mates vary, approximately one third of children’s activity during
the preschool years involves playing with objects (see
Pellegrini, 2016; Pellegrini & Bjorklund, 2004; Rubin, Fein, &
Vandenberg, 1983, for reviews), with similar values being
reported for children in hunter gatherer societies (e.g., Bakeman,
Adamson, Konner, & Barr, 1990; Bock, 2005; Sigman et al.,
1988). Researchers have provided similar estimates of object
play to that of children for chimpanzees, the nonhuman primates
that use tools most often in the wild (Ramsey & McGrew, 2005).

One purported purpose of object play is to allow children to
discover the affordances of objects, which may facilitate sub-
sequent tool use. For example, researchers reported that 5- and
6-year-old children were more likely to appropriately modify a
tool (bend a pipe cleaner, so it can be used as a hook) when they
were given the chance to explore the properties of the object
beforehand, in conjunction with observing a model use the tool,
than children not permitted to manipulate the materials
(Cutting, Apperly, Chappell, & Beck, 2014). Several early
studies reported that children given the opportunity to play with
objects (e.g., sticks and clamps) that were subsequently used in
a tool task (e.g., retrieving a box from the end of a table)
performed better on the tool-use tasks than children who
observed the problem being solved (e.g., Cheyne & Rubin,

1983; Smith & Dutton, 1979; Sylva, Bruner, & Genoa,
1976), although these findings were not replicated when
potential experimenter bias was eliminated (e.g., Simon &
Smith, 1983, 1985; Smith & Whitney, 1987). Subsequently,
Gredlein and Bjorklund (2005) measured amount of object-
oriented play in 3-year-old children in free-play sessions and
then, in a separate session, assessed children’s ability to select
and use a proper tool to retrieve an out-of-reach toy. They
reported that boys performed the tool retrieval task better than
girls (although girls performed comparably after a simple hint,
cf. Chen & Siegler, 2000) and that there was a positive correla-
tion (» = .59) between the amount of object-oriented play
during the previous free-play sessions and performance on the
tool retrieval task for boys but not for girls, causing Gredlein
and Bjorklund (2005) to suggest that boys may be more sensi-
tive to such environmental experiences than girls. These find-
ings are consistent with Geary’s (2005, 2010) proposal that sex
differences in early behavior interact with skeletal but still
developing folk physics systems, accounting for different beha-
vioral competencies in males and females.

Through exploration and object play, children may dis-
cover the causal structure of complex objects. Although such
structure may be obvious for simple tools, causal relations
must be inferred for some human inventions. For example,
pressing a button on the TV remote to turn on or off the
television involves an invisible chain of events that includes
mechanisms inside both the remote and the television. When
causal structure is hidden, children can discover the actions
needed to solve a problem through play and may indeed be
motivated to focus their exploration on discovering causal
structure. For example, when preschool children were pre-
sented with a box with two levers, moving some combinations
of which resulted in a toy popping out of the box, they
explored the box, discovering in the process the steps needed
to make the toy pop out (Schulz & Bonawitz, 2007). Young
children understand cause and effect, and through object
exploration and play, they may be able to draw accurate con-
clusions about the causal structure of artifacts and how they
can be used (Schulz, Gopnik & Glymour, 2007).

Developing the Design Stance

Infants and young children are not only motivated to interact
with objects, but early in development they learn that an artifact
that is used to solve a problem was in fact designed for a
specific function, referred to as the design stance (Dennett,
1990). For example, one of the tools that infants in Western
cultures first learn to use is the spoon. Over the course of their
first 2 years of life, infants learn how to grip spoons properly
(Connolly & Dalgleish, 1989) and often use this action plan
rigidly, even when alternative actions with a spoon would pro-
duce desired results. This was illustrated in a study in which 12-
to 18-month-old infants were given a spoon or an unfamiliar
spoon-like tool to use to solve a novel problem (Barrett, Davis,
& Needham, 2007). Infants sat in front to a box with a light
display. The box had a small hole on one side, and the light
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could be turned on by inserting the handle end of the spoon (or
the novel tool) into the hole. An experimenter demonstrated
how the tools could be used to turn on the light by holding the
bowl end of the spoon and inserting the handle and then giving
infants the opportunity to use the tool to turn on the light them-
selves. The infants rarely grasped the bowl end of the spoon to
solve the problem, although they did so more frequently for the
unfamiliar tool. They were experienced spoon users, knew that
spoons were to be held by the handle, and showed a lack of
flexibility in using the spoon in a novel way. They were able
to identify the affordances of objects to solve this task, however,
as reflected by their successful use of the similarly shaped novel
tool. Their prior knowledge of what spoons are “for” resulted in
what is referred to as functional fixedness, a lack of flexibility
when it comes to using a familiar tool.

Functional fixedness was first identified in adults (Duncker,
1945) and is generally thought of as a “mental block” that
hinders effective problem-solving. However, the design stance,
though sometimes resulting in overly rigid behavior, more typi-
cally results in adaptive outcomes. By identifying what a par-
ticular artifact is for, children (and adults) can more efficiently
use tools that were in fact designed for a specific purpose.

Children acquire the design stance for new tools relatively
early. For example, when shown a new object and told its
function (e.g., a box-like object used for catching bugs),
3-year-old children are less likely to see an alternative use for
the object (e.g., collecting raindrops), associating it with its
originally designed purpose (e.g., Bloom & Markson, 1998;
Casler & Kelemen, 2005; German & Johnson, 2002). According
to the Casler and Kelemen (2005, p. 479), “young children
exhibit rapid learning for artifact function, already possessing
an early foundation to some of our most remarkable capacities as
tool manufacturers and users.” Kelemen (2004) proposed that
the tendency to attribute purpose or design to objects and events
is characteristics of the preschool child and extends to natural
events (e.g., rocks are “for climbing”) as well as human arti-
facts. Kelemen refers to this tendency as promiscuous teleology.

The design stance may be unique to humans (Ruiz & Santos,
2013). For example, although chimpanzees have been observed
to use tools in the wild, they (along with bonobos and gorillas)
seem not to realize that a tool freely chosen to solve a task was
more likely to be effective in achieving a goal than a tool
someone was obliged to use. In contrast, 14-month-old human
infants were more likely to select the tool that was freely cho-
sen by a model to solve a task, a reflection of the design stance
(Buttelmann, Carpenter, Call, & Tomasello, 2008). Interest-
ingly, orangutans performed more like children than the other
great apes on this task, suggesting that hints of the design
stance can be found in the great apes. This is especially inter-
esting in that orangutans are less likely to use tools in the wild
than gorillas, bonobos, or chimpanzees.

Tools as Social Objects

Children’s biases to manipulate and play with objects to dis-
cover their affordances and their early design-stance

orientation are coupled with social-learning abilities in acquir-
ing proper tool use. As we noted in the previous section, by 3
years of age children readily learn to use tools from watching
others, and in fact tend to copy all behaviors associated with a
model, whether relevant or not (i.e., overimitation). Children
also assume that all of a model’s behaviors are normative and
that someone would not purposefully perform unnecessary
actions. In fact, observation seems to be a more effective means
for learning about tools than manipulation for young children.
This was illustrated in a study in which 2- and 3-year-old
children actively manipulated tools to subsequently retrieve a
toy from an apparatus or observed an adult demonstrate how to
use the tool or both (Gardiner, Bjorklund, Greif, & Gray, 2012).
Children learned about the tools better through observation
than by manual exploration. The authors argued that, “Evolu-
tionarily, learning tool use through observation would have
been selected over modes of independent learning for the effi-
cient and accurate transmission of crucial, adaptive tool-use
knowledge” (p. 252).

The Ineluctable Road to Tool Use

Effective tool use in humans in nearly inevitable, but it is not
based on an innate “tool use” adaptation unique to our spe-
cies. Rather, infants have biases to manipulate objects, with
the purpose of both seeing what objects can do (exploration)
and what they can do with the objects (play). In the process,
they discover affordances of the objects and develop action
plans for using them. As children’s basic cognitive abilities
develop, their general tendency to see purpose in the objects
and events in the world (the design stance and promiscuous
teleology) make it increasingly likely that they will learn to
use objects as culturally prescribed. This is further facilitated
by social-learning biases that result in children viewing the
actions of others as normative and worthy of often precise
imitation. Human infants and children share some of these
perceptual, motor, and cognitive biases with other great apes,
but some seem unique to our species (Bjorklund & Gardiner,
2011) and best described in terms of evolved probabilistic
cognitive mechanisms.

Conclusions

Natural selection has operated at all stages of the life span but
perhaps has operated most profoundly during the early years. In
contemporary hunter-gatherer societies, and surely for our
ancestors, approximately 50% of children failed to survive
beyond their fifth year, making infancy and childhood the
“crucible for natural selection” (Volk & Atkinson, 2013).
Although many of these adaptations served simply to foster
immediate survival, others set the stage for the acquisition of
adaptations that would be functional in both contemporary and
future environments.

Learning becomes important for a long-lived, slow-
developing organism as H. sapiens, and learning requires plas-
ticity, the ability to modify one’s behavior and cognition in
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response to environmental demands. To this end, an important
evolved feature of many animals, but especially humans, is
plasticity. Human infants and children evolved to be sensitive
to early environmental conditions and to adjust their ontoge-
netic trajectories accordingly, both to deal with current condi-
tions and to anticipate future ones. Plasticity is an evolved
feature of our species and is especially evident in youth. Many
mainstream evolutionary psychologists have recognized this,
as reflected by recent findings derived from life history theory;
but evolutionary developmental psychologists posit that
evolved plasticity is “the rule” rather than the exception and
that most if not all adaptations of adulthood should be viewed
through a developmental lens. More specifically, I propose that
most adaptations have their origins in low-level perceptual and
cognitive biases/abilities that, in interaction with maturation-
ally paced development and species-typical experience, pro-
duce adaptive, species-typical behavior, as reflected by the
concept of evolved probabilistic cognitive mechanisms. Many
of the low-level biases/abilities may be domain specific in
nature, as proposed by mainstream evolutionary psychologists
(Tooby & Cosmides, 1992), for example, the design stance for
tool use. Others may be related to a single broad domain, such
as social relations (e.g., viewing others as intentional agents),
or be domain general in nature (e.g., perceptual narrowing,
important in acquiring the other race effect in face discrimina-
tion but also important in phoneme discrimination; Kuhl et al.,
2006). Natural selection works with what is available and is as
capable of making use of existing mechanisms for new pur-
poses as it is of evolving new ones.

Evolutionary developmental psychology has made substan-
tial strides over the past quarter century, and research and
theory in this subdiscipline of both developmental and evolu-
tionary psychology will surely continue. My hope, however, is
that evolutionary developmental psychology will not simply sit
between mainstream evolutionary and developmental psychol-
ogy, perhaps serving as a translator for one discipline to the
other when the need arises. Rather, my hope is that develop-
mental concepts can be fully incorporated into mainstream
evolutionary psychology and evolutionary concepts can be
fully incorporated into developmental psychology. These two
historical behavioral sciences have much more in common than
most practioners believe, and their integration will result in a
greater understanding of what it means to be human.
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