
systematically covary with religious disbelief (Zmigrod et al.,
2018). Cultural differences can also be found on a larger scale,
with young East Asian children often outperforming Western
children on a range of executive function indices (Lan et al.
2011; Oh & Lewis 2008; Sabbagh et al. 2006).

Taken together, executive functions are not well-defined,
which holds for both empirical bottom-up and theoretical top-
down approaches, and there is increasing evidence that they
show characteristics that are typical for culture-related associative
processes: malleability, context-dependency, lack of transfer, and
cultural dependency. Heyes’ key argument for classifying execu-
tive functions as cognitive instincts rather than cognitive gadgets
seems to be heritability: if executive functions were a product of
culture rather than genes, why have they been shown to be heri-
table, observable in other animals, too, and to be enhanced in
humans? Interestingly, a closer look reveals that these signs of
heritability are not inconsistent with a cultural basis of executive
functions either.

First, executive functions indeed seem to be heritable, at least
to some degree (Friedman et al. 2016). Notably, however, more
targeted studies on this genetic contribution suggest they rely
on a complex interplay of different neurotransmitter functions
(Logue & Gould 2014), with a particularly important role of dop-
amine (Cools & D’Esposito 2010). Given that the efficiency of the
frontal and striatal dopaminergic pathways is heritable to some
degree (Colzato et al. 2011), there are at least two ways that exec-
utive functions might be heritable even if they rely on associative
processes. For one, various forms of associative learning rely on
monoaminergic processes (Schultz 2013; Tully & Bolshakov
2010), so what looks like the heritability of executive functions
might actually reflect the heritability of the domain-general asso-
ciative learning mechanisms they rely on. For another, the online
operations of executive functions have been shown to rely on dop-
aminergic efficiency (Cools & D’Esposito 2010), suggesting that
frontal and striatal control pathways rely on the dopaminergic
fuel provided by the ventral tegmental area and the substantia
nigra. If so, what might be heritable might not be the engine
being driven (i.e., executive functions proper) but the (amount,
availability, and/or quality of the) fuel driving it. In any case, it
is important to consider that signs of heritability do not deter-
mine whether it is the function of interest that is heritable, or
just the infrastructural factors it needs to operate on. As an exam-
ple, although the ability to acquire language is heritable (Byrne
et al. 2007; Kovas et al. 2007), this is not in and of itself a reason
to conclude that language itself must be genetically coded
(Deacon 1997; Heyes 2018).

Second, Heyes (2018) further pointed towards observations that
executive functions can also be observed in nonhuman animals,
which would suggest they have a longer genetic history. Still, the
fact that executive functions can be observed in animals does not
invalidate executive functions as cognitive gadgets (as also argued
for imitation processes, Heyes 2018). Instead, it merely suggests
that in animals too, (rudimentary forms of) these processes can
develop. Interestingly, in reviewing recent evidence comparing
human and nonhuman primates, researchers have concluded that
similarities in executive functions often reflect similarities in
domain-general reinforcement learning mechanisms (e.g., as dur-
ing reward learning), and that certain basic control processes
may actually rely on different brain regions across species
(Eisenreich et al. 2017; Heilbronner & Hayden 2016; Mansouri
et al. 2017). Therefore, similar to how language might have latched
itself onto the brain as a parasite to its host (cf. Deacon 1997),

certain culture-specific executive functions could have developed
onto partially different brain networks in different species.

Third, not only do executive functions seem to be heritable and
observable in other animals, but also there are reasons to believe
they have evolved into more superior or enhanced functions in
humans. However, this enhancement could be culture-driven, or
rely on other genetic benefits (e.g., enhanced associative learning
or the ability to develop symbolic representations). This aside,
the superior nature of these functions has also been questioned
altogether. For example, Heyes (2018) cites evidence that self-
control – the ability to inhibit one’s impulses – might be enhanced
in humans. However, others have argued that this ability is still
rather poor in humans, and its seemingly enhanced nature could
be partially due to procedural differences in measuring self-control
across species (Hayden 2018). As for working memory capacity,
some have argued this ability to be comparable (Carruthers
2013), or even inferior to some of our closest ancestors (Inoue
& Matsuzawa 2007). In fact, Lotem et al. (2017) have suggested
that while having a larger working-memory buffer in humans
could be possible, having a smaller working-memory capacity
might be more adaptive. Last, it is true that humans show a
remarkably higher proficiency in switching between different
tasks, and thus enhanced cognitive flexibility. However, this differ-
ence has been attributed to differences in language proficiency,
rather than switching abilities per se (e.g., Hermer-Vazquez
et al. 2001). In fact, a set of recent studies using a nonverbal com-
puter task showed that baboons and children, as well as semi-
nomadic adults from north Namibia, were better at switching
away from a certain strategy to select more optimal strategies
than were adults from North America (Pope et al. 2015; 2019).

Heyes (2018) emphasizes that no mental process is likely to
be the product of nature, nurture, or culture alone, and she
admits that “learning and cultural inheritance play major roles
in the development of human executive function” (p. 74). We
suggest taking these roles somewhat more seriously and consider
executive functions not as cognitive instincts but as cognitive
gadgets. Ultimately, this question will depend on one’s exact def-
inition of executive functions, one’s level of analysis, and the
specific executive function of interest, but we suggest that exec-
utive functions can be considered an emergent property arising
from a complex interplay of different basic reinforcement learn-
ing processes, working at the level of more distributed or abstract
representations (e.g., Abrahamse et al. 2016; Eisenreich et al.
2017). Such a perspective could further promote the study of
how executive functions emerge through development, how
they can be acquired and become conditioned and bound to
context, and how this can lead to substantial inter-individual
and cultural differences in the development of these particularly
interesting “cognitive gadgets.”

Cognitive gadgets: A provocative but
flawed manifesto

Marco Del Giudice

Department of Psychology, University of New Mexico, Albuquerque, NM 87131.
marcodg@unm.edu https://marcodg.net
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Abstract

The argument against innatism at the heart of Cognitive Gadgets
is provocative but premature, and is vitiated by dichotomous
thinking, interpretive double standards, and evidence cherry-
picking. I illustrate my criticism by addressing the heritability
of imitation and mindreading, the relevance of twin studies,
and the meaning of cross-cultural differences in theory of
mind development. Reaching an integrative understanding of
genetic inheritance, plasticity, and learning is a formidable
task that demands a more nuanced evolutionary approach.

The provocative thesis of Cognitive Gadgets (Heyes 2018) is that
human abilities such as imitation, mindreading, and language –
the traits that allow our species’ extensive cultural transmission –
are not adaptations produced by biological evolution or, as repeated
throughout the book, “in our genes.” Instead, these abilities are
themselves “gadgets” that have been created and refined by cultural
group selection. Although they give the illusion of innateness, they
are taught to children through social practices, and learned with the
support of enhanced domain-general mechanisms such as attention,
social motivation, working memory, and – most importantly –
associative learning. Except for potentiating these general-purpose
cognitive tools, genetic evolution has had virtually no role in
shaping the distinctive traits that define human nature.

Why evolution should have followed this route in our species
is a mystery, and Heyes does not offer any rationale or theoretical
model to make sense of it. In fact, she stresses that genetic
evolution could have played a role – the evidence from cognitive
science just happens to say otherwise. The first question, then, is
whether the book makes a compelling empirical case for its
almost-blank-slate argument. Cognitive Gadgets presents a wealth
of interesting findings and useful criticism of previous research;
but as a refutation of innatism I found it surprisingly weak.
Consider Heyes’ treatment of genetic assimilation. In a nutshell,
genetic assimilation occurs when traits that initially develop
through learning (or other types of plasticity) get increasingly
under genetic control, as selection favors variants that make the
learning process faster and more reliable. In principle, assimila-
tion can proceed so far that the trait develops entirely under
genetic guidance, with no environmental input.

Heyes claims that she found no evidence of genetic assimilation
for abilities like imitation and mindreading. Granting the premise
for now, Heyes assumes that the heritability of a trait estimated
from twin studies is an indicator of whether the trait develops
with minimal environmental input (“poverty of the stimulus,”
high heritability) or with considerable input from the social envi-
ronment (“wealth of the stimulus,” low heritability). For imitation,
the book cites one study of 2-year-olds by McEwen et al. (2007) as
showing that “identical twins are no more alike in their imitative
ability than fraternal twins” (p. 208). But this is not what the
study found. The correlation was significantly higher in identical
twins, and the authors estimated the heritability of imitation at
30%. This figure is well within expectations: The heritability of cog-
nitive traits is small in infancy, but increases to about 30%–40% in
childhood and reaches 50%–60% by late adolescence (Briley &
Tucker-Drob 2017). Heyes fails to cite another study of imitation
in 2-year-olds (Fenstermacher & Saudino 2007), which also
found a higher correlation in identical twins and estimated herita-
bility at 45%. For mindreading, Heyes cites one study by Hughes
et al. (2005), which found the same correlation between identical

and fraternal twins, indicating negligible genetic influences on indi-
vidual differences in children’s theory of mind. She omits to men-
tion that, although the authors found no specific genetic
contributions to theory of mind, there was a significant influence
of nonspecific genetic factors shared with verbal ability (accounting
for about 15% of variance). Other twin studies of theory of mind in
children and adults have found heritabilities in the 15%–35% range
(McEwen et al. 2007; Ronald et al. 2006; Warrier et al. 2018). Thus,
contrary to Heyes’ claim, both imitation and mindreading skills
show a nontrivial proportion of genetic variance. Moreover, the
apparent heritability of mindreading is most likely deflated by the
rather noisy measures employed in these studies.

A deeper question is whether twin correlations and heritabilities
are germane to the book’s argument. In contrast with Heyes’
assumptions, the proportion of genetic versus environmental vari-
ance says very little about the nature of environmental inputs and
the trait’s history of genetic assimilation. Consider a genetically
assimilated trait that has become fixed in a population, and
shows little or no genetic variation among individuals. By necessity,
most of the variance of such a trait would be environmental. Or
consider a hypothetical developmental process in which an envi-
ronmental variable triggers the expression of alternative, genetically
specified behaviors that are the same for all the individuals in a spe-
cies. The resulting trait would show low heritability and high envi-
ronmental variance; but the role of the “stimulus” would be limited
to selecting from a menu of pre-specified alternatives. To further
complicate things, nonshared environmental variance in a trait
may reflect random events and insults (e.g., infections) rather
than learning or organized plasticity; and genetic variance may cap-
ture the effects of deleterious mutations besides those of functional
alleles. In general, the factors that drive the development of a trait
may not be the same factors that produce individual differences in
that trait. Moreover, a particular skill can be both evolutionarily
novel and socially learned, but depend for its acquisition on traits
that show substantial genetic variation. To illustrate: playing chess
is a cultural “gadget” if there ever was one, and yet interest and apti-
tude for chess are about 40–50% heritable (de Moor et al. 2013;
Olson et al. 2001; Vinkhuyzen et al. 2009). By Heyes’ criteria,
one should conclude that playing chess is more likely to be a “cog-
nitive instinct” than imitation or mindreading. In sum, the book’s
argument for rejecting genetic assimilation is conceptually flawed
and supported with cherry-picked data.

To remain on the topic of mindreading, Heyes cites interesting
cross-cultural evidence that the stages of theory-of-mind acquisi-
tion differ between individualistic countries like the United States
and Australia and collectivistic countries like China and Iran. But
these findings are damning only if one holds an inflexible model
in which the various components of mindreading (Schaafsma
et al. 2015) can interact only in one pre-specified way, with no
meaningful input from the social environment. Of note, the
observed sequence changes typically involve two particular tasks
out of five (“diverse beliefs” and “knowledge access”; see Duh
et al. 2016; Kuntoro et al. 2017; Shahaeian et al. 2011; 2014; for
a puzzling exception, see Dixson et al. 2018). The overall picture,
then, is one of patterned variation on a background of stability.
Heyes also cites evidence that theory of mind development is
markedly delayed in Samoan children (Mayer & Träuble 2013).
However, this literature contains several inconsistent findings
that cannot be explained by cultural differences (see Liu et al.
2008; Mayer & Träuble 2015). Some apparent delays may reflect
culture-specific issues with task demands, as Mayer and Träuble
(2015) noted in their follow-up to the original Samoan study.
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At the same time, theory-of-mind skills are not independent from
other cognitive traits, and are significantly associated with IQ
(e.g., Baker et al. 2014; Rajkumar et al. 2008). It may be impossible
to fully make sense of the cross-cultural data on developmental
trajectories without addressing the thorny issue of national differ-
ences in cognitive ability (e.g., Rindermann 2018).

These examples serve to illustrate a double standard that is
applied throughout the book: whenever the data do not support
a rigidly “preformist” view of development, they are implicitly or
explicitly counted as positive evidence for an associative account.
But in several of the examples discussed in Cognitive Gadgets, asso-
ciative learning is little more than a hypothetical mechanism (or a
plausible contributing factor), and it is unclear if the models pro-
posed by Heyes are able to explain the totality of the evidence.
Moreover, the apparent simplicity of associative accounts often
hides a lot of complexity (and inefficiency), which is revealed
only by careful unpacking (e.g., Dickinson 2012; Hanus 2016).
For all these reasons, Heyes’ rejection of innateness in favor of
almost-blank-slate associationism seems highly premature.

I will not discuss the book’s case for cultural group selection in
any detail, except to note that the argument is fully – and admit-
tedly – speculative. To be clear, I see nothing wrong with bold
speculation; but there is some irony in the sudden shift away
from the hard-nosed empiricism of the rest of the book, precisely
at the point where Heyes needs to explain how all the distinctive
content of human nature can be outsourced to culture-mediated
learning. For example, it is unclear if the selection process envi-
sioned in the book could provide enough robustness and reliabil-
ity to enable adaptive evolution; if it could work on a realistic
timescale, given the long “life cycle” of groups compared with
that of individuals; how it would respond to conflicts of interests
between different social actors, and between group and individual
fitness; and how it would prevent genetic adaptation from catch-
ing up with cultural transmission.

Even though my review of Cognitive Gadgets is critical, I
strongly recommend the book to other evolutionary-developmental
psychologists. It will stimulate them, challenge them to think more
deeply about their assumptions, and prompt the field to open the
developmental “black box” and become more explicit about com-
putational processes. I see a clear parallel with much recent work
in artificial intelligence (including neural networks), which shares
the book’s empiricist attitude and faith in the power of domain-
general learning (Marcus 2018; see also Lake et al. 2017). This
new wave of research is a fantastic opportunity for evolutionary-
developmental psychology. Understanding how learning is instan-
tiated in the mind/brain, guided by evolved developmental pro-
grams, and integrated with innate information is a daunting task,
which has been made even harder by a scarcity of explicit models
(Frankenhuis & Tiokhin 2018). Computational tools like reinforce-
ment learning can help understand what (and how much) pre-
existing information is needed to perform efficiently and reliably
in the real world (Frankenhuis et al. 2018), and how evolved devel-
opmental programs may respond to novelties in the environment,
from optical mirrors to online interactions.

These questions can be approached in a spirit of synergy and
integration (e.g., Frankenhuis et al. 2018; Lake et al. 2017; Versace
et al. 2018), or – less productively – as a zero-sum competition
between genetic inheritance and learning. Back to Cognitive
Gadgets, it is unfortunate that Heyes sets up her main argument
as a dichotomy between two extremes. Psychological mechanisms
are either genetically encoded, domain-specific “instincts” that
develop with minimal environmental input; or culturally

transmitted “gadgets” that are learned through domain-general
processes, with minimal or no contribution from genetic factors.
The only middle-ground option entertained in the book – and
quickly dismissed – is genetic assimilation (see above). This
black-and-white contrast leaves out a world of more plausible
possibilities. For example, psychological mechanisms may reliably
develop a basic level of functionality with minimal input, but
depend on learning (often directed and canalized) in order to
reach full competence. Although basic preferences for sweet ver-
sus bitter flavors are present at birth, food preferences are
expanded and fine-tuned through years of intensive but nonran-
dom learning, which yields cultural similarities as well as differ-
ences (Rozin 1990a; 1990b). Furthermore, even established
preferences for or against certain foods can be adaptively over-
turned by conditions such as pregnancy and nutrient deficiency
(Berthoud 2011; Flaxman & Sherman 2000; Rozin 1990a).

By tuning their operating parameters, general processes such
as associative sensory-motor learning can be canalized to reliably
yield specific, adaptive outcomes.

My colleagues and I have proposed such a canalization hypoth-
esis for the development of mirror neurons (Del Giudice et al.
2009). Also, distinct mechanisms specialized for different tasks
may reuse some basic information-processing algorithms – for
example, reinforcement learning – while adapting them to the par-
ticular nature of each task. Modularity, functional specialization,
and the difficulty of distinguishing between domain-general and
domain-specific processes have been addressed in considerable
depth in the work by Clark Barrett et al. (e.g., Barrett 2012;
2015; 2017; Barrett et al. 2016), which reconciles the notion of spe-
cialized adaptations with a sophisticated view of learning and plas-
ticity. A powerful idea stemming from this approach is that
cognitive mechanisms may develop hierarchically, through “mod-
ule spawning” and progressive specialization induced by different
categories of inputs (Barrett 2012; 2015). Heyes never considers
these possibilities, which have been discussed for years in main-
stream evolutionary psychology (e.g., Buss 2015). It remains to be
seen whether Cognitive Gadgets will herald a genuine paradigm
change, or succeed mainly as a timely provocation.

Language is not a gadget

Peter Ford Dominey

INSERM U1093 Cognition, Action and Sensorimotor Plasticity, Université de
Bourgogne, UFR Staps, BP 27877, 21078 Dijon, France.
peter.dominey@inserm.fr

doi:10.1017/S0140525X19001092, e175

Abstract

Heyes does well to argue that some of the apparently innate
human capabilities for cultural learning can be considered in
terms of more general-purpose mechanisms. In the application
of this to language, she overlooks some of its most interesting
properties. I review three, and then illustrate how mindreading
can come from general-purpose mechanism via language.

Although I agree with Heyes’ main stance that emphasizes the
power of general-purpose mechanisms in contributing to higher
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particularly for gestures, including the distinctive human realm of
rituals (Whiten 2019a); Clay & Tennie (2018), for example, found
that children tended to overimitate causally irrelevant hand ges-
tures made while solving an object manipulation task, while
bonobos ignored them. But I suggest that the majority of skills
a child acquires through observational copying, such as how to
make an unfamiliar tool do its job, do not rely on fidelity of bodily
copying, which plays little part in the now more than 50 reports of
“overimitation” (Hoehl et al. 2019). Is there any evidence to the
contrary? More generally, what is the empirical evidence for the
oft-repeated assertion that cumulative culture relies on high-
fidelity copying – especially the bodily imitation on which
Heyes’ model focuses?

In that model, Heyes likewise seems overenthusiastic about the
role that adults imitating a toddler can play in building a child’s
imitative capacity “from scratch” using domain-general associat-
ive learning. Caregivers may sometimes imitate infants’ facial
expressions in face-to-face interactions, but is there any evidence
they routinely imitate toddlers’ limb and other bodily move-
ments? Is Heyes really suggesting that the boy copying “clasp
hands behind back” developed the ability to imitate this because
often in the past he did this or similar actions, and his parents
copied him? And how could looking in mirrors, or synchronous
activities, deliver this example? The same goes for chimpanzees
and orangutans, able in “‘do-as-I-do” tests to copy novel test
items like “touch back of head” (Call 2001; Custance et al.
1995), that they surely have not learned because others copied
them doing this? And what of avian imitation of bodily actions,
like using foot versus beak (Heyes & Saggerson 2002; Zentall
et al. 1996)? As I remarked in a critique following Heyes’ initial
promotion of the ASL model (Whiten 2005), there is a more
general problem here too. Most of what a parent does cannot
match what their infant is doing – they are attending to feeding,
changing nappies, cooking, and so on – so for the infant to learn
about matching, there would have to be some specific signal indi-
cating “now, here is my rare perceptual match to what you just
did.” I think no such signals are known. Moreover, bodily imita-
tion is not “correlated” in the sense of being synchronous anyway;
imitation follows a model’s acts.

So does the underlying process of imitation, from perception
to matching action, remain a black box? Well yes; we remain
ignorant of how the brain does it and how it comes to do so.
Similarly, a humanoid robot that can achieve the whole process,
globally, is yet to be created? It would be illuminating to see if
such a robot could build the ability if programmed only with ASL.

Author’s Response
Cognition blindness and
cognitive gadgets

Cecilia Heyes

All Souls College and Department of Experimental Psychology,
University of Oxford, Oxford OX1 4AL, United Kingdom.
cecilia.heyes@all-souls.ox.ac.uk users.ox.ac.uk/~ascch/

doi:10.1017/S0140525X19001158, e187

Abstract

Responding to commentaries from psychologists, neuroscien-
tists, philosophers, and anthropologists, I clarify a central pur-
pose of Cognitive Gadgets – to overcome “cognition blindness”
in research on human evolution. I defend this purpose against
Brunerian, extended mind, and niche construction critiques of
computationalism – that is, views prioritising meaning over
information, or asserting that behaviour and objects can be
intrinsic parts of a thinking process. I argue that empirical evi-
dence from cognitive science is needed to locate distinctively
human cognitive mechanisms on the continuum between gad-
gets and instincts. Focussing on that requirement, I also address
specific challenges, and applaud extensions and refinements, of
the evidence surveyed in my book. It has been said that “a writ-
er’s idea of sound criticism is ten thousand words of closely rea-
soned adulation.” I cannot disagree with this untraceable wag,
but the 30 commentators on Cognitive Gadgets provided some
30,000 words of criticism that are of much greater scientific
value than adulation. I am grateful to them all. The response
that follows is V-shaped. It starts with the broadest conceptual
and methodological issues and funnels down to matters arising
from specific empirical studies.

R1. Cognition blindness

One of the overarching aims of Cognitive Gadgets is to encourage
people interested in human evolution to think not only about
brains, bodies, behaviour, and beliefs, but also in a computational
way about how our minds work. I was trying to overcome “cog-
nition blindness,” a tendency among evolutionists to look straight
past an important resource – the kind of cognitive science, thriv-
ing in labs all over the world since the 1970s, that casts mental
processes as software running on the brain (Block 1995). Some
commentators revealed, inadvertently, just how tenacious cogni-
tion blindness can be. While making otherwise valuable points,
these commentators looked straight past the software and wrote
about cognitive gadgets as if they are parts of the brain, chunks
of behaviour, or airy bridges between brain and behaviour built
out of folk psychology and pure maths (e.g., Badcock,
Constant, & Ramstead [Badcock et al.]; Iannetti &
Vallortigara; Jablonka, Ginsburg, & Dor [Jablonka et al.];
Smaldino & Spivey; Sperber; Tennie; Whiten). The arcuate fas-
ciculus is part of the brain, not of the mind. “Social organisation,”
“norm,” “conformity,” and (in frequent usage) “decision rule”
refer to behavioural regularities rather than computational pro-
cesses. And in many models, terms such as “inference” and
“belief” are taken from folk psychological stock and applied so
promiscuously that they lose all meaning, leaving maths to do
the work.

Of course, it is vital to study the brain and behaviour, often
with the help of mathematical models and folkweave characterisa-
tions of the mind, but Cognitive Gadgets recommends a major
addition to the evolutionist’s armoury. It suggests that we can bet-
ter understand human evolution if we recognise that the brain
interacts with behaviour via cognitive mechanisms; these mecha-
nisms are among the targets of genetic and cultural selection; and
folk psychology seldom provides the most precise and empirically
grounded descriptions of how these mechanisms work. In many
cases – such as the mechanisms involved in object recognition,
speech production, and reading – folk psychology is simply silent.
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Mathematical models can help fill the silence, but without more
abstract, software characterisations of what the mind is doing,
these models struggle to make testable predictions (Coltheart
2002; 2012).

Dominey and Fenici & Garofoli certainly do not suffer from
cognition blindness. They see the computationalism of Cognitive
Gadgets clearly and challenge it head-on. At the heart of their
challenge are a lament and an historical claim. They lament
that computationalist cognitive science makes little contact with
lived experience and, therefore, with the humanities. It sides
with the natural sciences, offering “explanation” rather than
“understanding,” in the language of “information” rather than
of “meaning.” The historical claim is that this could easily have
been otherwise. If computer technology had not been advancing
so rapidly when behaviourism ran out of steam, the cognitive rev-
olution would have produced a more humane, meaning-based
cognitive science (Bruner 1990).

I am sympathetic to the lament and I find the historical claim
fully plausible. It is deeply regrettable that we are still a long way
from knowing how to integrate explanation and understanding,
information and meaning, science and the humanities. However,
I doubt that the direction of cognitive science can be changed
from on high by the kind of metaphysical arguments advanced
by critics of computationalism (e.g., Baggs, Raja, & Anderson
(Baggs et al.); Clark & Chalmers 1998; Hutto & Myin 2017;
Malafouris 2016), and, even if such inorganic change were possi-
ble, I am not sure there would be a net gain from switching
sides. A cognitive science that jettisoned computationalism for
“meaning” would lose most of the insights accumulated over the
last 50 years and, although closer to the humanities, would be
alienated from the natural sciences. As long as a meaning-based
approach continues to dominate social and developmental psy-
chology (e.g., Tomasello 1999; 2014; 2019; Whiten), I see no dan-
ger that it will be abandoned completely by those who study the
mind. Furthermore – and this may be where I differ most from
Dominey and Fenici & Garofoli – I am not disturbed by the his-
torically contingent origins of computationalism. I see both com-
putationalism and folk or “belief-desire” psychology – the
“meaning” framework – as products of cultural evolution. They
each have strengths and weaknesses, and are eminently revisable.
For now, as highlighted by van Bergen & Sutton, there are advan-
tages to be gained from using both folk psychology and computa-
tionalism to understand the evolution of the human mind.

R2. Grist and mills

In one of my efforts to overcome cognition blindness, to point at
what is missing from cultural evolutionary studies, I borrowed an
800-year-old metaphor of the mind from St. Thomas Aquinas. I
said that cultural evolution operates not only on the grist of the
mind (e.g., beliefs, ideas, behaviours, skills, artefacts) but also
on the mills (cognitive mechanisms). Like most metaphors, this
one is far from perfect. Mills work on grist and cognitive mecha-
nisms work on beliefs, ideas, behaviours, skills, and artefacts
(BIBSA); cognitive mechanisms take these particulars as input
and transform them. So far, so good. But whereas mills turn
grist into flour, cognitive mechanisms turn BIBSA into more
BIBSA. Beliefs, ideas, behaviours, skills, and artefacts – the
usual targets of cultural evolutionary analysis – are both inputs
and outputs of cognitive processing.

As Smaldino & Spivey noticed, the grist-and-mills metaphor
would have been even more imperfect if I had used it to capture

not the synchronic relationship between cognitive processes and
their contents, but the diachronic relationship between social
interactions and neural mechanisms. I agree with them that
“the social mechanisms of language use and the neural mecha-
nisms of language processing may not be well treated as ‘a grist’
and ‘a mill’, respectively.” Fortunately, although the mutually for-
mative relationship between social interactions and cognitive
(rather than neural) mechanisms was a central theme of
Cognitive Gadgets, I did not try to capture that relationship
with a metaphor of any kind. Instead I characterised it as a rela-
tionship in which cognitive mechanisms undergo cultural
evolution.

I am pleased to find that I have much in common with Baggs
et al., but they are also unhappy about the grist-and-mills meta-
phor. At first blush it seems that, in their view, this metaphor mis-
led me into thinking that “the things we do and make” are mere
products of cognitive processes. On this reading, to cast behaviour
and artefacts as grist is to overlook the vital role of the agent’s own
behaviour in determining the information to which s/he has
access, and to underestimate the importance of both artefacts
and the behaviour of other agents as carriers of information in
their own right. But when the first blush has subsided, this is an
implausible reading of the concern expressed by Baggs et al.
Cognitive Gadgets does not say a lot about artefacts because it
focusses on social cognition (language, mindreading, imitation)
rather than instrumental cognition (e.g., causal understanding,
spatial navigation), but it dwells at great length on the importance
of social interaction – what we do with others – in informing and
shaping the human mind. Given this emphasis, it is more likely
that Baggs et al. are objecting to the metaphysics of the
grist-and-mills metaphor. They are challenging the assumption –
enshrined in both computationalism and contemporary Western
folk psychology – that thinking, acting, and artefacts are three fun-
damentally different kinds of things. They see value in the idea of
“the extended mind” (Clark & Chalmers 1998), the view that
behaviour and objects can be intrinsic parts of a thinking process.

There is something exhilarating about philosophical work on
the extended mind. Consistent with the cultural evolution of
mindreading, it shows that our thinking about thinking could eas-
ily have been both coherent and radically different from the way it
is now. However (call me old-fashioned), I cannot see what would
be gained, in everyday life or in cognitive science, by switching
from the view that the mind is “in the head” to the view that
the mind is (partly) in the world. The capacity of a puddle to con-
strain dance movements and inspire mischief can be captured not
only by casting the puddle as “a component in our action control”
(Baggs et al.), but also in the conventional way by casting the
puddle as an environmental input to action control – grist to a
mill. Similarly, in the diachronic case, when I say that the child-
hood development of imitation draws on experience with optical
mirrors, and of being imitated by others, I struggle to see what
would be gained by casting the mirrors and the actions of other
agents as component parts of the child’s developing mind. It is
kind of cool to think of it that way, but would the extended
mind perspective suggest different empirical questions, or make
existing questions more empirically tractable?

Baggs et al. also chide me (gently) for neglecting niche con-
struction, “the idea that animals reshape their environments
through their actions, and this in turn structures the selection
pressures exerted on current and future generations.” It is not
clear whether niche construction is a bold new concept, like the
extended mind, or a catchy new term for an important and
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pervasive phenomenon that has long been recognised by evolu-
tionists (Feldman et al. 2017; Gupta et al. 2017). Without attempt-
ing to resolve that issue, which is way above my pay grade, I can
only say that I am puzzled when people suggest that niche con-
struction – a ubiquitous phenomenon throughout the animal
kingdom – is not just important in humans, but a key to under-
standing distinctively human characteristics. It is a bit like the
problem posed by research on social learning strategies in nonhu-
man animals (Heyes 2018, ch. 5). If nearly all animals have social
learning strategies, we need to find out what it is about human
social learning strategies that makes us different. Similarly, if
nearly all animals engage in niche construction, we need to find
out what it is about human niche construction that makes us dif-
ferent. Most of the explanatory work is done by the difference-
maker rather than the base concept – in the case of social learning
strategies, by the recognition that, in humans, some social learn-
ing strategies are explicitly metacognitive.

R3. Gadgets and instincts

In the movies, Frankenstein screams maniacally “It’s alive! It’s
alive!” as his monster begins to twitch. We have no trouble under-
standing what Dr. F. is asserting (and denying) even though he is
drawing on a distinction, between life and death, that affords
many intermediates and ambiguous cases. A creature can be
more or less alive, closer or further away from death; there are
entities – viruses, zombies, Frankenstein’s monster – that resist
classification; and, as it says in The Book of Common Prayer
(2007/1549), “In the midst of life we are in death.” The distinction
between cognitive gadgets and cognitive instincts, although less
profound, is similarly sinuous.

The first thing I should emphasise is that a cognitive gadget is
not an entity “created by cultural evolution alone” (Whiten). As
highlighted by Sperber, I am convinced that “The rich interactive
complexity of developmental processes makes it absolutely clear
that, in cognition as in other biological systems, there are no
pure cases of nature or of nurture; no biological characteristic is
caused only by ‘the genes’ or only by ‘the environment’” (Heyes
2018, p. 24). Rather, a cognitive gadget is a cognitive mechanism
with distinctively human characteristics that have been shaped pre-
dominantly by selection operating on cultural variants. In contrast,
a cognitive instinct is a cognitive mechanism with distinctively
human characteristics that have been shaped predominantly by
selection operating on genetic variants. The terms cognitive gadget
and cognitive instinct mark the ends of a continuum of cases
(Sperber), with, I argued in Cognitive Gadgets, imitation and
mindreading close to the gadget end, and things like associative
learning and the inborn face bias (Iannetti & Vallortigara)
close to the instinct end of the continuum.

There are many evolutionary processes that could, in principle,
send a cognitive process from one end of the continuum into a
“messy middle ground” (Rathkopf & Dennett) between gadgetry
and instinctiveness. For example, in principle, genetic assimilation
(Del Giudice) could increase the role of genetically inherited
information in shaping development, and genetic accommodation
could amplify the roles of nature, nurture, and/or culture
(Jablonka et al.). As Del Giudice underlined, this is not a “zero-
sum competition.” All of these in-principle possibilities I happily
embrace. What puzzles me is that those commentators who were
critical of the gadget-instinct distinction seem to share my interest
in examining how different factors (genetic, cultural, “plasticity,”
etc.) combine to produce cognitive development, but do not seem

to believe that, in order to do this, one must be able to get an
empirical handle on what and how each factor is contributing
in any given case. It is as if they want to know how different
ingredients and oven settings contribute to the texture and flavour
of a cake but do not believe that, to find out, one must be able to
distinguish their contributions through intervention – for example,
by adding more flour – and by examining patterns of covariance –
for example, by comparing cakes baked at 180, 190, and 2000C.

Badcock et al., Jablonka et al., and Sperber say very little
about empirical matters. They distinguish types of interaction
between genetic and experiential influences – or genetic and spe-
cifically cultural influences – without considering how the types
could be distinguished in practice. For example, they do not
explain how we would know whether genetic accommodation
had or had not occurred (Jablonka et al.), or how we can tell
apart cases in which “A biological function [has been] fulfilled
through the cultural evolution of an appropriate trait” and in
which “cultural evolution [has taken] advantage of biologically
evolved dispositions” (Sperber). On the other hand, Del
Giudice, revisiting our disagreement about mirror neurons
(Cook et al. 2014; Del Giudice et al. 2009), concerns himself
with empirical matters but offers a counsel of despair. He doubts
that twin studies can provide positive evidence of genetically
inherited contributions to development, and remarks ominously
that “It may be impossible to fully make sense of the cross-
cultural data on developmental trajectories without addressing
the thorny issue of national differences in cognitive ability.”
However, Del Giudice does not direct us to empirical methods
that are, in his view, better able to trace the contributions of
nature, nurture, and culture to cognitive development. It seems
that he wants to consign cognitive mechanisms to the middle
ground between gadgetry and instinctiveness because he despairs
of our ever being able to find positive evidence of genetic, learn-
ing, and cultural contributions.

As I acknowledge repeatedly in Cognitive Gadgets, both explic-
itly and by poring over data, it is very difficult indeed to get an
empirical handle on the contributions of nature, nurture, and cul-
ture to cognitive development. For example, after discussing a
range of methods, I note:

“each of the methods outlined above is highly fallible. When learning
opportunity A (for example, talking with a parent about mental states)
correlates with cognitive ability B (mindreading), it could be because a
hidden factor C (linguistic skill), is influencing both A and B, not because
A is causing B. Likewise, twin studies may indicate a relatively large
genetic contribution to development simply because the people included
in the study happen to have grown up in very similar environments,
and, in cross-species comparisons, convergent evolution can be mistaken
for a strong influence of learning on development. Given these risks, in
this area of science, as in most others, we have to place more trust in
research that includes effective control procedures, and to look for conver-
gent evidence – for signs that studies using different samples and methods
are pointing to the same conclusion.” (Heyes 2018, p. 50)

In my view, it is neither legitimate nor helpful to respond to these
challenges with a “messy middle default,” – that is, by assuming
that all three sources of information contribute about equally in
all cases, or by assuming out of tribal loyalty (e.g., to behaviourism
or High Church evolutionary psychology) that one of them is
dominant. Cognitive Gadgets offers and uses a methodological tem-
plate for parsing cognitive development, based on the distinction
between poverty and wealth of the stimulus. I would be flabber-
gasted if this template were exactly right. It certainly needs
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refinement and to be augmented by modelling, especially non-
linear modelling (Smaldino & Spivey). But I shall stick to my
guns on what the current evidence suggests – that many distinc-
tively human cognitive mechanisms lie at the gadget end of the
continuum (see below) – and, more generally, on the necessity
for empirical evidence from cognitive science to back up claims
about the roles of nature, nurture, and culture in cognitive develop-
ment. I will be content if Cognitive Gadgets proves to be “a timely
provocation” (Del Giudice) in this respect; if it encourages those
interested in human evolution to recognise that claims about the
innateness and genetic assimilation of cognitive processes are not
helpful unless they are backed by specific, discriminative empirical
evidence. We should not allow nativism to be a matter of taste.

R4. More about gadgets

Before turning to the evidence surveyed in Cognitive Gadgets, I
would like to say a little more about what I had in mind when
I coined the term “cognitive gadgets.” (Gadgets are out in the
world now, so people can make of them what they will, but I
still feel a bit proprietary.)

First, I have been convinced by Buskell (2018) that “minority”
cognitive processes – such as those specialised for chess (Del
Giudice), lace making, or abacus calculation – are cognitive gad-
gets in good standing, and that they could prove to be a valuable
resource in empirical research on the cultural evolution of typi-
cally human cognition. However, following High Church evolu-
tionary psychology, I am especially interested in the types of
cognitive mechanisms – such as mindreading, episodic memory,
language, imitation – that are present in most people alive
today. These human-nature–defining cognitive gadgets are, for
me, the paradigmatic cases. Note, with Badcock et al., that
many people who now identify as “evolutionary psychologists”
are not High Church. I may even be one of them. But, of course,
insofar as the departure from orthodoxy involves rejection of
computationalism, I regard it as heresy.

Second, Del Giudice and Sperber take me to be yet more
devout about associative learning than I really am. I see associative
learning as a powerful engine, but not the only engine, in the con-
struction of cognitive gadgets. As I tried to make clear in my dis-
cussions of metacognitive social learning strategies and
mindreading (Heyes 2018, chapters 5 and 7), like Dominey, I
regard language as another major generator.

Finally, I want to put my hands up and acknowledge that,
although it suggests that cognitive gadgets are shaped by cultural
group selection, the book says relatively little about evolutionary
dynamics (Del Giudice; Smaldino & Spivey). It is the work of a
cognitive scientist interested in evolution, not of an evolutionist
interested in cognitive science. I hope researchers with complemen-
tary expertise will take up the challenge, using modelling and
historical-anthropological data to assess the plausibility of the
hypothesis that distinctively human cognitive mechanisms (along
with grist – social organisation, norms, beliefs, etc.) have been
shaped by cultural selection. In the meantime, let me reiterate
baldly an argument in favour of cultural selection that did not
make it from the book to the precis: We know of three sources
of adaptive fit between a species-typical trait and its environment
– intelligent design, genetic selection, and cultural selection
(Dennett 2017). Intelligent design now contributes to the develop-
ment of some distinctively human cognitive mechanisms (e.g., there
are education programmes designed to promote literacy), but it is
not a plausible candidate for most of these mechanisms (e.g.,

mindreading, imitation). Genetic selection is the option backed
by High Church evolutionary psychology, but, I argue in
Cognitive Gadgets, contemporary evidence from cognitive science
is not consistent with the idea that genetic selection is the principal
architect of the human mind. Therefore, to the extent that distinc-
tively human cognitive mechanisms are adaptive – do their jobs
well – it must be because they have been shaped by the third
designer, cultural selection.

R5. Evidence

R5.1. Starter kit

R5.1.1. Face preference
Iannetti & Vallortigara draw attention to a very interesting,
recently published electroencephalographic study showing a stron-
ger neural response to upright than inverted face-like stimuli in
newborns (Buiatti et al. 2019). At first I could not work out why
Iannetti & Vallortigara regard this study as contrary to my sugges-
tion that an inborn face bias is part of the genetically inherited
starter kit for distinctively human cognition. The results are entirely
consistent with the behavioural evidence on which I based this
claim, showing that newborns have an attentional bias in favour
of face-like stimuli. Having read Iannetti & Vallortigara’s commen-
tary more carefully, I think there has been a misunderstanding due
to their focus on the brain (hardware) and my focus on cognition
(software). They identify the inborn face bias with a particular neu-
ral response. For them, the inborn face bias is a neural response.
Therefore, by definition, as this neural response declines the inborn
face preference goes away; it is a transitory phenomenon rather than
something that persists to become part of mature face processing.
In contrast, for me the inborn face bias is a functional entity
observed at a particular stage in development; it is whatever
makes newborns attend more to face-like stimuli. On this cognitive
view, the decline of a particular neural response in the first few days
post-partum is entirely consistent with the inborn face bias being a
foundation for growth, via domain-general learning, of more spe-
cific face-related attentional biases.

R5.1.2. Executive functions
In their commentary based on careful reading of Cognitive Gadgets
and packed with interesting data, Braem & Hommel challenge my
suggestion that enhanced executive functions are part of the genetic
starter kit for distinctively human cognition. Instead, they (and now
I) find it plausible that, insofar as inhibitory control, working mem-
ory and cognitive flexibility are more advanced in humans than
other animals, it is due to genetically based changes in associative
learning plus sociocultural input during development. I found
myself wondering, if this is correct, how free-living nonhuman ani-
mals could get enough of the right kind of social interaction to sup-
port the development of their executive functions. But that is my
only immediate reservation. I hope Braem, Hommel, and others
pursue the hypothesis that executive functions are cognitive gadgets,
and, whatever the answer, that this line of enquiry has the benefits
identified in their final paragraph. Stimulating research of this kind
is exactly what I hoped Cognitive Gadgets would do.

R5.2. Case studies

R5.2.1. Selective social learning
Rathkopf & Dennett encourage me – in a charmingly collegial
way, but also with force – to reflect on the “benefits of embracing
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the messy middle,” especially in relation to selective social learn-
ing. They argue that there are likely to be many varieties of social
learning rule between those I describe as planetary and the explic-
itly metacognitive rules I describe as cook-like. There are likely to
be many intermediate rules that involve increasing degrees of
comprehension along with the competence. It is possible that
Rathkopf & Dennett overestimate the amount of comprehension
I’m packing into cook-like social learning rules. Just as a cook
does not need to know the chemistry that makes it wise to bake
a cake at 180°, a user of copy digital natives does not need to
know the epistemology that makes it wise to learn IT skills
from people born after 1985. But Rathkopf & Dennett’s main
point is well-taken: evolution is typically gradual, and therefore
we should be on the lookout for intermediate forms.

The question is: Where should we look? It is easy to take any
distinction between types of cognitive process and dream up a
third (or fourth, or fifth …) type that shares characteristics with
both. It is much harder to formulate new testable hypotheses;
to conceptualise an intermediate type of cognitive process in a
way that is both rooted in existing evidence and makes it possible
to distinguish empirically between the new type and the types we
already knew about. It is hard but, unless intermediates are con-
ceptualised in this way, theorising about the evolution of mind
will continue to float free of empirical science. I want research
on the evolution of cognition to be messy in another sense – to
get down and dirty with the data. With this kind of engagement
as a cherished goal, I would look for intermediates between plan-
etary and cook-like social learning rules in the cognitive science of
implicit metacognition (Shea et al. 2014), not, like Rathkopf &
Dennett, in research on “rational imitation.” Experiments by
Beisert et al. (2012) suggest that, in both human infants and
chimpanzees (Buttelmann et al. 2007), rational imitation effects
are due to distraction. For example, a head movement is less likely
to be copied when the model’s hands are wrapped than when
they’re free, not because the subject understands wrapped hands
to indicate lack of free choice, but because distraction by the wrap-
ping procedure makes it less likely that the subject will attend to
the head movement. If this is correct, if rational imitation effects
are due to distraction, they are produced by wholesomely plane-
tary social learning biases (Heyes 2016b).

Like many others (e.g., Tennie), but in contrast with Whiten, I
see the inheritance of behaviour via social learning in animals as
importantly different from human culture because it is not cumu-
lative; it does not afford cultural selection. However, in previous
work my colleagues and I have given a straightforward answer
to Whiten’s question about how to test for explicit metacognition
in non-linguistic creatures:

If, contrary to our hypothesis, non-human animals have system 2 metacog-
nition, they should be able to learn that reward-seeking behaviour is success-
ful after making decisions that are unlikely to be correct (low confidence)
and unsuccessful after making decisions that are likely to be correct (high
confidence). This could be tested by, for example, using a reverse transfer
test after training in a wagering task (Shea et al. 2014, p. 191).

R5.2.2. Imitation
Del Giudice is right to point out that twin studies have limited
value in parsing the contributions of nature, nurture, and culture
to cognitive development (e.g., Feldman & Ramachandran 2018),
and that, away from my home turf of experimental psychology
and cognitive neuroscience, I misreported the results of a twin
study of imitation. It was Hughes et al. (2005), not McEwen

et al. (2007), who found the same correlation between identical
and fraternal twins. McEwen et al. found a .3 difference between
the within-pair correlations, and concluded: “individual differ-
ences in imitation at age 2 years could be attributed to modest
heritability, but mainly environmental influences” (p. 485).
Echoing a crucial point made by Braem & Hommel about endo-
phenotypes, McEwen et al. also noted: “The fact that 30% of the
variance can be attributed to genetic factors could mean that
genes directly influence individual differences in imitation mech-
anisms, although it is entirely possible that the impact is on more
basic perceptual, attentional or motivational factors” (p. 485).
Fortunately, the case for imitation as a cognitive gadget rests
not on twin studies – which were not even mentioned in the
chapter of Cognitive Gadgets devoted to imitation – but on exper-
imental data confirming predictions of the associative sequence
learning (ASL) model, and indicating wealth of the stimulus.

In her deep and well-informed commentary, Powell argues
that, even if the ASL model is right about the development of imi-
tation, the resulting cognitive mechanism may be not a cognitive
gadget but a “cultural starting point”; not a mechanism favoured
by cultural selection because it promotes cultural inheritance but
a mechanism, made possible by social elements of the genetic
starter kit and dependent on social learning for its development,
that acts as a platform for the evolution of true cognitive gadgets. I
find this proposal very interesting indeed, and not only because it
converges with work that Jonathan Birch (2017) and I are doing
on “the cultural evolution of cultural evolution.” Powell is acutely
aware of the challenges inherent in explaining not only how cog-
nitive gadgets get off the ground, in evolutionary and develop-
mental time, but also on the subtle interplay between social
practices and cognitive mechanisms as targets of cultural selection
(see also McNamara & Neha; Smaldino & Spivey). I am not
entirely convinced by Powell’s evidence that parents’ imitation
of infants, and social partners’ positive responses to being imi-
tated, are sustained only by “incremental increases in the
human genetic predisposition for social motivation and atten-
tion.” For example, many of the studies she cites, which claim
to show that infants and adults respond positively to being imi-
tated, did not include adequate controls for contingency, and
there is evidence that, when imitation and contingency are disso-
ciated, it is the latter that makes us feel warm towards others
(Catmur & Heyes 2013). But these reservations aside, Powell’s
subtle analysis has given me much to think about. I am grateful
to her.

Tennie’s planet-of-the-apes reflections on imitation were also
enlightening. I love the idea that “ape imitation is a gadget lent
to apes by humans,” and I am intrigued by his evidence that imi-
tation evolved only about 500,000 years ago.

Whiten and I have a long, and usually friendly, history of dis-
agreement about imitation. Instead of repeating answers to some
of his “twenty questions” that I have offered in the past (e.g.,
Heyes 2016c), I would like to highlight a point of solid agreement
between us: imitation of the topography of body movements
(what Whiten calls “high fidelity copying”) is important primarily
for the inheritance of social, rather than instrumental, behaviour
(Heyes 2013). Also, I am glad he drew attention to a key feature of
the ASL model: it implies that imitation is compositional.
Through social interaction (being imitated, synchronous action,
mirror experience, etc.), the child builds up a repertoire, or vocab-
ulary, of action units that can subsequently be imitated when they
are encountered in novel sequences and configurations. Just as
language users can understand sentences they have never heard
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before, imitators can copy compound body movements they have
never seen before. Finally, Whiten is surely right that it would be
valuable to have more information about the sources of imito-
genic experience available to children in their everyday lives.
However, evidence that children learn to imitate, in the manner
proposed by the ASL model, is accumulating fast (e.g., de Klerk
et al. 2018).

R5.2.3. Mindreading
I particularly enjoyed the commentaries that focussed on mind-
reading (Apperly; Dominey; McNamara & Neha). Although
open to the idea that mindreading is culturally inherited, they
identified patches where my treatment of the subject is “thin”
(McNamara & Neha) and added valuable thickness.

My reading of the evidence to date suggests that much of what
is culturally inherited, at least in WEIRD societies, amounts to
mental state concepts. However, I would not contest Apperly’s
proposal that, “in a long social apprenticeship,” learning from
others to identify relevant information is yet more important in
the development of mindreading. Similarly, although I live on
the information side of the information-understanding divide
(see sect. R1 above), and do not embrace the extended mind for
day-to-day scientific use (see sect. R2), I find great value in the
ideas that mindreading is culturally inherited via narrative prac-
tice and analogical mapping (Dominey; Fenici & Garofoli;
Hutto 2007). Furthermore, I was educated by McNamara &
Neha’s evidence of how “teaching and learning environments
vary across cultures to provide children with context-specific
opportunities to develop the cognitive abilities needed to thrive
as adults.” Their reference to “culture itself” implies that the
domain of culture is exhausted by what I call grist – behaviour,
beliefs, artefacts, etc. – whereas a primary aim of Cognitive
Gadgets is to show that distinctively human cognitive mechanisms
are also cultural. However, that quibble did not dampen my
enthusiasm as McNamara & Neha directed us to rich seams of
data from cultural psychology.

R5.2.4. Language
I need to think further about themany subtle and interesting points
made byDominey, but I am sympathetic to his view that language is
a very special cognitive gadget. I do not believe that language is nec-
essary for all gadget construction – for example, the ASL model
implies that imitation can get going without it – and I take seriously
the idea that language itself is rooted in associative learning.
However, once language is in place, even with a toehold, it enables
the evolution and development of a wide array of other gadgets. If
Dominey and I differ at all in the importance we assign to language,
it is probably because he is preoccupied by sophisticated cultural
grist – creation myths, mathematical concepts, the causal roles of
mental states – whereas I am at least equally interested in the
cultural inheritance of nonverbal social behaviour and motor skills.
Verbal instruction is ofmore limited value in learning shibboleths –
facial, postural, and vocal gestures that distinguish one social group
from another – and the skills involved in making and using tools
(Stout & Hecht 2017).

Jablonka et al. remind us that many peripheral mechanisms
have been genetically specialised for language – “the innervation
and musculature around the mouth, the larynx and the vocal
cords; the unique function of the expanding muscles around
the lungs” – and go on to say that “There is no reason to believe
that the cognitive system, responsible for the activation and con-
trol of this physiology, somehow managed to remain unbiased

towards it.” Quite right, there is no reason to doubt that the
mature cognitive system is biased for language. But the evidence
surveyed in chapter 8 of Cognitive Gadgets provides many reasons
to doubt that the biasing was done by selection operating on
genetic variants. Research in cognitive science on the roles of
domain-general sequence learning and social shaping in the
development of language makes it fully plausible that, while
genetic selection has done the lion’s share on peripheral mecha-
nisms, cultural selection has shaped the cognitive mechanisms
responsible for language processing. If theorising about the evolu-
tion of human cognition is to be evidence-based, any claim that
our minds are genetically specialised for language must, I believe,
engage with that research.

R5.2.5. Autobiographical memory
Autobiographical memory was not one of my case studies but in
their fascinating commentaries, McNamara & Neha and van
Bergen & Sutton showed that it deserves a central place in “an
expanded cognitive science of gadgets.” The combination of
cross-cultural and intervention studies, clinical relevance, and
hypotheses linking different gadget-generating social practices
with ecological conditions, makes autobiographical memory rich
territory for cultural evolutionary psychology. I hope future
work will examine further how elaborative and repetitive remi-
niscing change not only what is remembered and when, but
also the computational processes of remembering.
Autobiographical memory also presents an excellent opportunity
to develop the idea of a compound gadget (van Bergen & Sutton;
Dominey). All gadgets are compounds in that, like any complex
cognitive mechanism, they incorporate many subroutines. But
are some gadgets compounds in a deeper sense – combinations
of other gadgets, such as episodic memory and mindreading,
that can function alone or, in different contexts, as a single sys-
tem? Like all questions about the individuation or “unitisation”
of cognitive mechanisms, the answer is far from obvious and can-
not be solved by intuition. The beauty of computational cognitive
science is that it uses, not intuition or folk psychology, but empir-
ical methods to find out about the structure and functions of the
mind (Shallice & Cooper 2011). That is why, in Cognitive Gadgets,
I recommend cognitive science as a valuable resource to anyone
interested in human evolution.

R6. Concluding remark

Although a part of me would have preferred 30,000 words “of
closely reasoned adulation,” what the commentators have pro-
vided is much more invigorating and instructive. I am grateful
to them all for reading the book, and offering critiques that will
help evolutionary psychology to identify more and better cogni-
tive gadgets.

Acknowledgments. I am grateful to Martin Eimer, Noel Malcolm, and Nick
Shea for their help in preparing this response to commentaries.
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