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ABSTRACT
Massive Modularity:
An Ontological Hypothesis or
An Adaptationist Discovery Heuristic?
by
VILLENA SALDAÑA Joseph David de Jesús
Doctor of Philosophy
Cognitive modules are internal mental structures. Some theorists and empirical researchers
hypothesize that the human mind is either partially or massively comprised of structures that
are modular in nature. Modules are also invoked to explain cognitive capacities associated
with the performance of specific functional tasks.
Jerry Fodor (1983) considered that modules are useful only for explaining relatively low-level
systems (input systems). These are the systems involved in capacities like perception and
language. For Fodor, the central (high-level) systems of mind — those involved in capacities
like judgment (the “fixation of belief” in Fodor’s jargon), planning (practical reasoning),
decision-making, and so forth — are not explainable in terms of modular mechanisms.
However, some other philosophers as well as proponents and practitioners of evolutionary
psychology consider that it is sensible — and even necessary — to invoke modules for
explaining these systems, too. Indeed, the debate over modularity is mainly a debate over the
modularity of central systems (high-level cognitive capacities).
Admittedly, it is also possible to raise doubts about the modularity of peripheral systems (Prinz,
2006), but this kind of skepticism is not widespread in the literature. In contrast, both the
empirical and the theoretical (a priori) cases in favor of central modularity are usually
contested on multiple fronts and in tough terms. The case for the modularity of central systems
is the core of the case for the massive modularity of mind hypothesis (viz. the hypothesis that
consists in asserting that both the peripheral and the central systems of human mind are largely
composed of modules).
Granted, the massive modularity of mind hypothesis is an empirical statement and, as such, its
truth should be ultimately decided in an empirical way, not a priori (Sperber, 1994, 2001).
Nonetheless, much of the debate over massive modularity has taken place on theoretical
grounds. This is due to an alleged underdetermination of the hypotheses regarding the
modularity of central systems by data. In such conditions, the remaining open option has been
to advance theoretical considerations in favor of the plausibility — and not directly in favor of
the empirical truth or truthlikeness — of the massive modularity of mind generally, and of the
modularity of some central systems in particular. These theoretical considerations are mostly
based on an adaptationist view of evolution cum a classical computationalist approach to mind.
They include arguments about the nature and evolution of hierarchically ordered complex
systems (the evolvability of complexity argument), a presumption of optimality expressed in
the apparent design of phenotypic traits shaped by natural selection (the task-specificity
argument) and dismissing nonmodular mental architectures as computationally intractable (the
tractability argument).
Is the massive modularity of mind hypothesis a cogent view about the ontological nature of
human mind or is it, rather, an effective/ineffective adaptationist discovery heuristic for

generating predictively successful hypothesis about both heretofore unknown psychological
traits and unknown properties of already identified psychological traits? Considering the
inadequacies of the case in favor of massive modularity as an ontological hypothesis, I suggest
approaching and valuing massive modularity as an adaptationist discovery heuristic.

(VILLENA SALDANA Joseph
David de Jesus)
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1. INTRODUCTION

Cognitive modules are internal mental structures. As such, their existence, if any, is a matter
of inference and not something that can be determined by means of direct observation —
modules are unobservable. In this respect, the truth of the hypothesis claiming that the mind
is massively comprised of modules is open to a debate that is more theoretical than empirical
in nature. How to ground a hypothesis that suggests the existence of a massive number of
unobservable processes?

Some theorists and empirical researchers (cognitive psychologists, cognitive
neuropsychologists, cognitive neuroscientists, evolutionary psychologists, among others)
invoke modular internal structures in order to make sense of the mechanisms that underlie
human cognitive capacities that are associated with the performance of tasks that are
specialized (because they involve very specific and non-generic problems) and functional
(because their successful completion enhance the relative fitness of the corresponding
organism). Tellingly, cognitive modules also serve for making sense of intriguing
psychological phenomena such as the persistence of perceptual illusions, selective
impairments of cognitive capacities (e.g., impaired face recognition or prosopagnosia [also
called face blindness], impaired color vision or achromatopsia [also called color blindness],
impaired visual motion perception or akinetopsia [also called motion blindness], and so forth)
and double dissociations 1 (e.g., incapacity to recognize visual words [alexia] without
incapacity to recognize visual objects [gnosia] and gnosia without alexia), among others.

1

The consensual definition of single and double dissociations is as follows: “Let A and B be two tasks
and let a and b be two manipulations, variables or factors. A single dissociation is observed if a affects
performance on A but not on B. A double dissociation is observed if, in addition, b affects performance
on B but not on A” (Dunn & Kirsner, 2003, p. 1).

1

Cognitive modules can be understood either as information-processing mechanisms
(computational modules) or as bodies of mental representations (intentional modules) — later,
from chapter 2 and onwards, I will call the intentional modules “Chomsky modules” following
Samuels (2000). Jerry Fodor (1983) considered that modules are useful only for explaining
low-level mental systems (input systems and output systems). These are the systems involved
in cognitive capacities like perception and language as well as in action and motor behavior
(see Section 2.3.3). In this respect, Fodor argued that the notion of cognitive modularity helps
to understand the automaticity of perception as well as its suspected cognitive impenetrability.
The reasoning is straightforward: perception is automatic and cognitively impenetrable
because perception is modular — modules are automatic and cognitively impenetrable. That
is to say, the hypothesis that perception is the result of cognitive modules allows one to make
the prediction that perception is a reflex-like phenomenon — i.e., an automatic phenomenon
— and that, as such, it is not affected or controlled top-down — i.e., it is not penetrated — by
cognitive states like beliefs and desires.

To show the success of this prediction, start considering the persistence of perceptual
illusions regardless of the changes in our cognitive states that result from newly gained
information. Specifically, think about the Müller-Lyer illusion. This illusion is customarily
offered as a test for the hypothesis that perception is modular. The illusory phenomenon is
generated by the perception of the pair of horizontal straight lines shown in Fig. 1.1 and fits
the prediction of automaticity and cognitive impenetrability attributed to perception. Here,
even when we measure both lines and gain the new belief — and also the new knowledge —
that they have actually the same length, we cannot stop seeing the second line as longer than
the first one.

2

Fig. 1.1. Müller-Lyer illusion

The Müller-Lyer illusion illustrates at best how certain beliefs (a particular kind of
cognitive state) are unable to affect the operation of the modules responsible for visual
perception.

On the other hand, as predicted from the hypothesis that perception is modular, there
are also empirical pieces of evidence for claiming that desires (another kind of cognitive state)
are unable to penetrate perception. Consider a conjectured module responsible for speech
parsing. This module explains why one cannot avoid attributing some meaning to a linguistic
utterance produced by a speaker of one’s mother tongue even in case one desires not to
understand such an utterance at all. Thus, it is plausible to assert that modules are the reason
behind the seemingly enigmatic automaticity and cognitive impenetrability of visual
perception and speech parsing.

Importantly, Fodor stressed that the distribution of modules in the human mind is
circumscribed to the peripheral (low-level) systems — that is, modules are present only in
input systems and output systems. For him, the central (high-level) systems of mind — those
involved in cognitive capacities like judgment (the “fixation of belief” in Fodor’s jargon),
planning (practical reasoning), decision-making, and so forth — are not explainable in terms
of modular mechanisms — among other reasons, because they do not seem to be automatic

3

and cognitively impenetrable. However, some other philosophers as well as proponents and
practitioners of evolutionary psychology consider that it is reasonable — and even necessary
— to invoke modules for explaining the central systems of mind, too. In their view, modules
count as the best explanation for a multitude of high-level and low-level cognitive capacities
such as statistical reasoning, managing hazards, identifying threats, detecting cheaters in social
exchange, meta-representation, eye-direction detection, face recognition, child-care
motivation, sexual jealousy, choosing and wooing a mate, and so forth (Cosmides & Tooby
1987; Tooby & Cosmides, 1992, 1995a, 1995b). In this way, modules are also said to count
as the best explanation for particularly puzzling psychological phenomena such as the content
effect related to the Wason selection task (Cosmides, 1989) and the conjunction fallacy in
probabilistic reasoning, among other recurrently observed but difficult-to-explain “cognitive
illusions” (Cosmides & Tooby, 1996; Kahneman & Tversky, 1996). Interestingly, cognitive
illusions are often presented as empirical evidence in favor of central (high-level) modularity
just like perceptual illusions are presented as empirical evidence in favor of peripheral (Fodorlike / low-level) modularity.

In this view, the theory of mind mechanism (ToMM) might be appreciated as an
example of how to build modular explanations for universal high-level human capacities
(Baron-Cohen, 1995; Baron-Cohen, Leslie, & Frith, 1985; Leslie, 1991, 1992; Scholl & Leslie,
1999). ToMM is proposed by evolutionary developmental psychologists as part of an evolved
system of modules that allow humans to “read minds.” That is to say, ToMM is proposed as
part of a system of modules that causes human individuals to (i) infer other people’s mental
states (motives, intentions, knowledge, perceptual states, emotions) based on the behavior they
exhibit, (ii) track those mental states as well as (iii) predict other people’s future behavior in
terms of the attributed mental states and propositional attitudes about propositional attitudes
(e.g., meta-representations such as I think that Mary thinks that p; I think that Mary desires
that q; I think that Mary thinks that I think that r; I think that Mary desires that I desire that s,

4

and so forth). So, when we attribute a theory of mind to individuals, the expression ‘theory of
mind’ “refers to the capacity to interpret, predict, and explain the behaviour of others in terms
of their underlying mental states” (Scholl & Leslie, 1999, p. 132). Since this capacity is an
evolved one (“the mind reading instinct,” as Baron-Cohen [1995] calls it mirroring Pinker’s
[1994] phrase “the language instinct”), then it must have a specific innate basis. It cannot be
entirely learned (for example, how to learn the conceptual and causal differences between
beliefs and desires?).

According to Baron-Cohen’s (1994, 1995) proposal, apart from ToMM, there are three
more modules in the Mindreading System: an Intentionality Detector (ID), an Eye Direction
Detector (EDD), and a Shared Attention Mechanism (SAM). For all we know, these three
modules plus ToMM are operating by four years of age in standard human individuals across
cultures. This acceptance of a reliable development in standard human individuals suggests
that modularity and development are not incompatible concepts; in fact, not even peripheral
modular mechanisms such as the early visual system need to exist “full-blown” in the newborn
baby (the Theory of mind is a system of modules that undergo a developmental process, as
also happens with language). Remarkably, “[c]hildren become competent reasoners about
mental states, even though they cannot see, hear, or feel them” (Scholl & Leslie, 1999, p. 133).
Different researchers argue that the cognitive ability to “read minds” ultimately produced by
this system of modules plays a significant role in social learning and confers selective
advantage to the individuals who possess it since these individuals become better able to
interpret and predict other people’s actions, a skill that has a positive impact on fitness and
hence evolutionary significance2. Thus, the specific adaptive information-processing problem
solved by the mind reading system is conjectured to be one related to social intelligence,

2

For Baron-Cohen (1995), this skill has a non-negligible impact on fitness because “if another
organism's next action is going to be to attack you, or to share its food with you, or to mate with you,
you would do well to anticipate this quickly, since any of these actions could indeed "affect reproduction,
however distally".” (p. 12)
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specifically, “the rapid comprehension and prediction of another organism's behavior” in both
competitive and cooperative contexts (Baron-Cohen, 1995, p. 12).

Now, the cognitive and social abnormalities usual in autism spectrum disorder are
predicted as consequences of a specific deficit in the development of the module ToMM in
certain individuals — the impairment of ToMM is generally caused by the impairment or
absence of the module SAM (Shared Attention Mechanism), though there are also cases in
which ToMM is impaired in its own right (Baron-Cohen, 1994). Thus, autism is presented as
empirical evidence for the hypothesis that high-level capacities are modular (Leslie, 1992).

In this respect, the lack of ToMM would explain why autists are “blind” to what is
going on inside other people’s minds — autists do not make sense of other people’s behaviors
in terms of their mental states (Baron-Cohen, 1988, 1990). Specifically, while being able to
detect intentionality and eyes direction, which means that the modules ID and EDD are present
and operating in their mental machinery, autists are ordinarily unable to generate metarepresentations such as ‘I think that Mary thinks that her candy is in the cupboard.’ This is
evidence of a selective pattern of breakdown and impairment.

Further, though autistic individuals typically lack the cognitive capacity to “read
minds,” they might show a good performance in the execution of other cognitive tasks and it
is not unusual for them to have relative strength in performance intelligence quotient (PIQ) —
i.e., a measure of nonverbal skills such as visual-spatial processing, novel problem solving,
attentiveness to visual detail, and visual-motor integration and speed (Shah & Frith, 1993;
Stewart, Watson, Allcock, & Yaqoob, 2009). Individuals with trisonomy 21 or Down’s
syndrome, on the other hand, show a poor performance in categorical and analogical reasoning
(Natsopoulos, Christou, Koutselini, Raftopoulos, & Karefillidou, 2002) and have an average
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IQ of 503 (Hamburg, et al., 2019; Mégarbarné et al., 2013) but are able to reason about mental
states in a more consistent way than autists do, as they interpret and predict other people’s
actions in terms of attributed mental states and propositional attitudes (Leslie, 1992; Yirmiya,
Solomonica‐Levi, Shulman, & Pilowsky, 1996). Arguably, the impairments proper to the
Down’s syndrome are evidence of a different pattern of breakdown, one in which ToMM is
not absent in the mental machinery of a particular groups of mentally handicapped individuals.

At this point, it should be clear that the debate over modularity is mainly a debate over
the modularity of central systems (high-level cognitive capacities). Admittedly, it is also
possible to raise doubts about the modularity of the peripheral systems of human mind (Prinz,
2006), but that kind of skepticism is not widespread in the literature. Indeed, there seems to be
a consensus regarding the operation of modules in perception and language4. In contrast, both
the empirical and the theoretical (a priori) cases built in favor of central modularity are usually
contested on multiple fronts and in tough terms. In this respect, many authors argue that the
observations offered as positive empirical evidence of the existence of modular central systems
are easily — and adequately — interpreted without invoking anything similar to cognitive
modularity. It is also common to argue that the theoretical considerations advanced in favor of
central modularity are unconvincing and sometimes inconsistent (Fodor, 2000). Certainly, the
massive modularity of mind hypothesis has been under frequent and fierce criticism during

3

Autists have an average IQ of 69.4. See Charman et al., (2011).
Recent research argues that visual perception, which is part of the peripheral systems of human mind,
is top-down influenced and thus not informationally encapsulated. (For an exhaustive review of the
literature, see Collins & Olson, 2014.) According to the data this research presents, visual perception is
influenced by beliefs, desires, emotions, motivations, and so on (Macpherson, 2012; Siegel, 2012;
Stokes, 2014). If such is the case, then visual perception is cognitively penetrable and a fortiori not
modular. This contradicts Pylyshyn (1999), who defended the cognitive impenetrability of early visual
perception. Even more, this recent research could also be used as empirical evidence against the
distinction between perception and cognition (Clark, 2013). In opposition to this view, Firestone and
Scholl (2016) contend that “there is in fact no evidence for such top-down effects of cognition on visual
perception” (p. 3). In any case, if the empirical evidence against the modularity of the peripheral systems
of human mind proves successful, this evidence will also count as evidence against the massive
modularity of mind hypothesis. Now, it is a matter of fact that the debate on this hypothesis has been
tantamount to a debate on the modularity of the central systems of human mind. Here is where
philosophers of cognitive science and other theorists have historically concentrated their argumentative
efforts.

4
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the last three and a half decades. Among other things, it has been called a promiscuous view
of modularity (Buller & Hardcastle, 2000) and “modularity theory gone mad” (Fodor, 1987,
p. 27).

Therefore, put into context, the case for the modularity of central systems is the core
of the case for the massive modularity of mind hypothesis (viz. the hypothesis that consists in
asserting that both the peripheral and the central systems of human mind are largely —
although not necessarily exclusively — composed of modules). And since the massive
modularity of mind hypothesis is one of the hallmarks of evolutionary psychology, a research
program whose founders depict as an adaptationist version of the classical computational
theory of mind (Tooby & Cosmides, 1992, 2016), then it is understandable that the case for
the modularity of mind hypothesis has occupied an important place in the writings of both the
proponents and the critics of evolutionary psychology.

Granted, the massive modularity of mind hypothesis is an empirical and existential
statement and, as such, its truth should be ultimately decided in an empirical way, not a priori
or by means of armchair arguments (Sperber, 1994, 2001). Nonetheless, much of the debate
over massive modularity has taken place on theoretical grounds. This is due to an alleged
underdetermination of the hypotheses regarding the modularity of central systems by data
(Rich, Blokpoel, de Haan, & van Rooij, 2020). In such conditions, the remaining open option
has been to advance theoretical considerations in favor of the plausibility — and not directly
in favor of the empirical truth — of the massive modularity of mind generally, and of the
modularity of central systems in particular. These theoretical considerations are mostly based
on an adaptationist view of evolution cum a classical computationalist approach to mind. They
include arguments about the nature and evolution of hierarchically ordered complex systems
(the evolvability of complexity argument, see section 4.1), a presumption of (local) optimality
(or sub optimality) expressed in the apparent design of phenotypic traits shaped by natural
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selection (the task-specificity argument, see section 4.2) and dismissing non-modular mental
architectures as computationally intractable (the tractability argument, see section 4.3).

The usually theoretical nature of this controversy could be a reason behind the interest
of philosophers in it — and also a reason for the relatively substantial impact of their proposals
to solve the general conundrum. That is precisely the concern of this dissertation. Is massive
modularity a cogent hypothesis about the ontological nature of human mind and its “proper
joints”? Or is it an efficient discovery heuristic for generating predictively successful
hypothesis about both heretofore unknown psychological traits and unknown properties of
already identified psychological traits?

There are several issues related to this question and I shall tackle them in each of the
following chapters. Since the term ‘module’ has been used in many different ways in the
debate, chapter 2 elaborates on what I argue are the most relevant and productive senses of
cognitive

modularity:

biologically

based

computational

modules

(which

include

informationally narrow-encapsulated modules and informationally wide-encapsulated
modules) and biologically based intentional modules. In doing so, my aim is to shed light on
the controversy as well as to pave the way for developing a more straightforward discussion.
It is far from my intentions to interpret the modularity debate as one purely semantical and
originated in a sort of ambiguity or lack of precision in the definition of terms (Pietraszewski
& Wertz, 2021). Make no mistake: this dissertation is not an exercise in linguistic philosophy
or lexicography.

Chapter 2 also offers a clarification of the view of modules as adaptive psychological
traits (Darwin cognitive modules) and the rationale behind computational modularity. Finally,
it articulates the massive modularity of mind hypothesis putting it into the context of the

9

research program of evolutionary psychology and the work of other evolutionarily oriented
theorists and philosophers.

In chapter 3, I present and analyze the main theoretical considerations that is
customary to offer in favor of the massive modularity of mind hypothesis. Specifically, I assess
the feasibility of three theoretical arguments that give (non-demonstrative) support to this
hypothesis: the evolvability of complexity argument, the task-specificity argument, and the
tractability argument.

In chapter 4, I highlight the pitfalls of the three theoretical arguments in favor of the
massive modularity of mind hypothesis presented in chapter 3. Among other things, I suggest
that the evolvability of complexity argument is an argument in favor of developmental
modularity and not in favor of cognitive modularity, which is a concept related to the flow of
information. As for the task-specificity argument, I argue that task-specificity is not equivalent
to functionality. This is because there are phenotypic traits that enhance fitness and are not
task-specific (exaptations) and there are task-specific phenotypic traits that do not enhance
fitness (e.g., vestigial organs), which means that specialization does not guarantee
functionality. I highlight that the primary effect of selection is functionality (fitness
maximization) rather than specialization.

Chapter 5 elaborates on what is regarded as the paradigmatic example of modularity
in high-level cognition: the cheaters-detecting module. This module is presented by Cosmides
(1989) and others as an evolved functionally specialized information-processing mechanism
that detects non-reciprocators in social exchange situations, that is, people who accept benefits,
but who do not pay the required costs. Some critical remarks are offered about the reliance on
the Wason selection task as an appropriate tool to test the hypothesis that there are inferential
procedures specialized in detecting cheaters.

10

Considering the inadequacies of the case in favor of massive modularity as an
ontological hypothesis, and the interminable debate over it, chapter 6 suggests approaching
and valuing massive modularity as an adaptationist discovery heuristic. Considerations about
the notion of heuristic are offered, and evolutionary psychology is presented as a research
program that can be benefitted from potentially successful empirical predictions appealing to
massive modularity as a heuristic without insisting in the cogency of the arguments in favor
of massive modularity as an ontological hypothesis5. Chapter 6 also explains the theoretical
hierarchy and methodology of this particular evolutionary view of the psychological and
behavioral sciences, as well as its endorsement of methodological adaptationism.

5

Interestingly, in recent years, advocates of the minimal conception of modularity (modules understood
just as functionally specialized information-processing mechanism) have given up using the term
‘module’ and prefer, rather, to talk about “mental adaptations” and “evolved inferential systems” (Boyer
& Barrett, 2016). The term ‘module’ has also been abandoned by the philosopher of mind and cognitive
science Peter Carruthers, one of the main proponents of the massive modularity of mind hypothesis. He
considers that it is a word so strongly associated with Jerry Fodor’s work — i.e., so strongly associated
with the concept of modules as informationally narrow-encapsulated information-processing
mechanisms — that it is not appropriate to continue using it when attempting to convey some other
sense (P. Carruthers, personal communication, August 4, 2020).
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2. MODULES AND MASSIVE MODULARITY

2.1. Why invoke modules?

For most of us, adult human beings, perceiving the world and thinking in general feels like a
seamless experience. There are neither abrupt switches between unrelated mental states nor
random discontinuities and intrusions in the execution of everyday life tasks. The phenomenal
experience that corresponds to the succession of the mental events we have is so smooth —
and prima facie also logical — that it causes the proposition that the mind is a unity to appear
not just true but also commonsensical. Admittedly, the mind feels like a relentless and
continuous causal flow of perceptions, emotions, beliefs, desires, moods, and actions, not like
a fragmented collection of discrete mechanical processes and unconscious rule-following
activities. Certainly, the hypothesis that the human mind is partitioned into numerous and
relatively independent or semiautonomous especially dedicated information-processing
mechanisms (computational modules) and bodies of innate representations (intentional
modules) — that is, the hypothesis that aims to carve the mind at its “proper joints” 6 or
functional units of processing — results far from intuitive and commonsensical.

Yet this bold hypothesis might count as a plausible explanation for the astonishing
multitude of activities modern adult humans routinely carry out across a broad range of not
necessarily linked domains such as recognizing faces, detecting cheaters in social exchanges,
acquiring a language, reading minds, experiencing disgust in front of potentially toxic
substances, perceiving moving objects, reasoning probabilistically, gauging one’s level of
social acceptance, identifying living beings, decision-making, mating, assessment of danger,
and so forth. To a large degree, it seems unconvincing to argue that, despite the fact that their

6

“By restricting their areas of inquiry in a domain-specific way, these fields [perception and certain
areas of psycholinguistics] were able to carve nature at the joints, discovering functionally isolable
subunits that have been variously called modules, cognitive specialisations, faculties, or “mental
organs” (Barkow, Cosmides, & Tooby, 1992, p. 445).
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subject matters and underlying formal procedures are so different in nature, there is just one
general cognitive capacity or strategy behind all these actions.

Modules are invoked under the principle of ‘divide-and-conquer’ (Marr, 1976) as
means for explaining in a cognitively suitable fashion the strikingly diverse facts mental life
is composed of. Considering this rationale, and following a suggestion by Richard Samuels
(2000), I distinguish two classes of cognitive modules: computational modules and intentional
modules or Chomsky modules (in reference to Noam Chomsky [1980a, 1980b]). The former
are information-processing internal mechanisms, while the latter are domain-specific bodies
of mental representations akin to theories. The massive modularity of mind hypothesis is
formulated in terms of computational modules: it states that the mind is largely or entirely
comprised of information-processing internal mechanisms. Peripheral modularity is also
understood in terms of this kind of modules — this position states that modules are involved
in processes typical of input and output systems (see section 2.3.3). Among computational
modules, I further elaborate on two species: Fodor modules (in reference to Jerry Fodor [1983,
2000]) and Carruthers modules (in reference to Peter Carruthers [2006a, 2006b, 2006c]).
Fodor modules are informationally narrow-encapsulated modules, while Carruthers modules
are informationally wide-encapsulated modules.

The distinction between informational narrow-scope encapsulation and informational
wide-scope encapsulation is due to Peter Carruthers (2006a, 2006b). On the one hand,
informational narrow encapsulation is informational encapsulation in a strong sense (Fodor’s
sense): a module is understood as a system that, once activated, cannot be affected by
information that is stored outside its proprietary database even when such information is
relevant to the task performed by the module (recall the Müller-Lyer illusion, see Fig. 1.1) On
the other hand, the concept of informational wide encapsulation does not rest on a stark
distinction between an extensionally determined subset of information held in the mind that
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can affect a module in the course of its processing (i.e., its proprietary database) and an
extensionally determined subset of information held in the mind that cannot affect or penetrate
it (i.e., the information stored outside the module). It just happens that most of the information
(not an extensionally determined subset) held in the mind does not affect the wideencapsulated module in the course of its processing because the algorithms it has — some
frugal search heuristics and stopping rules — are such that only a partial amount of the total
available information held in the mind is consulted before completing or aborting a task7. For
more details about informational narrow-scope encapsulation and informational wide-scope
encapsulation, see Section 3.3., in which the difference is further elaborated in order to make
sense of the tractability argument in favor of the massive modularity of mind hypothesis.

Now, in analytical terms, Fodor modules and Carruthers modules do not exhaust the
notion of computational module. They are biologically based computational mechanisms that
have a characteristic ontogeny or a reliable pattern of development. I suggest calling the
broader class of biologically based computational modules ‘Sperber modules’ (in reference to

Human cognitive modules

D. Sperber 1994, 2001, 2005) (See Fig. 2.1).

Informationally narrowencapsulated modules
Biologically based computational
modules

(Fodor modules)

(Sperber modules)

Informationally wideencapsulated modules

Biologically based intentional
modules

(Carruthers modules)

(Chomsky modules)

7

In general, as School and Leslie (1999) stress “[t]he essence of architectural [computational]
modularity is a set of restrictions on information flow. The boundaries of modules in this sense are
(either one-way or two-way) informational filters. Either some of the information inside the module is
not accessible outside the module (the so-called ‘interlevels’ of processing), or some of the information
outside the module is not accessible inside the module. (It is important to keep in mind, however, that
informational restrictions of this sort are always a matter of degree.)” (p. 133).
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Fig. 2.1. Human cognitive modules

It is worth emphasizing that to be biologically based — to be biologically “incarnated”
— is not a necessary condition for a mechanism to fulfill in order to be computational in nature.
Indeed, the distinctive feature of a classic computational mechanism is manipulating
representations (see section 2.3.1), not having certain strong nativist (Fodor modules) or
interactionist (Carruthers modules) pattern of development. By this criterion, I do not preclude
the possibility of implementing an artificially designed — and hence not a phenotypic
character that is expression of an organism’s genotype — computational module in a human
brain. An example of this implementation is the external hardware’s sensory system that
allows the artist Neil Harbisson8 to infer from sound signals the chromatic colors standard
humans attribute to physical objects. This hardware (the “cyborg antenna”) is implanted
permanently in Harbisson’s head. (Harbisson, 2012, 2016).

Another point that is important to highlight is that all human cognitive modules
(computational modules and intentional modules alike) are “Darwin modules” — again, this
is an empirical statement, not a definition that precludes the possibility of designing and
developing artificial cognitive modules in a laboratory, viz. cognitive modules that are not the
outcome of biological evolution and natural selection. A Darwin module is a mechanism that
evolved to process information in adaptive ways. So, a Darwin module is an adaptation and,
as such, its origin is natural selection — this is because selection is the evolutionary force
behind the origin of all adaptive traits (Williams, 1966).

8

Neil Harbisson is an individual born with achromatopsia (a rare condition also known as “color
blindness”), who claims to be the first “officially recognized” cyborg of the world since the United
Kingdom Passport Office accepted the inclusion of the electronic hardware attached to his head in his
passport picture. Harbisson claims that the antenna is an organ, and not a device.
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The main feature of a Darwin cognitive module is functional specialization (Barrett &
Kurzban 2006; Cosmides & Tooby, 1987; Tooby & Cosmides, 1992). They are functional in
a purely biological sense. This means that Darwin modules are functional because they are
fitness-enhancing psychological traits. Separately, Darwin modules are specialized because
their structures serve for the execution of specific tasks (they respond to specific problems;
eventually, the specific problem might be either a fine-grained problem or a coarse-grained
problem, see section 4.2, in which the notion of task-specificity is further elaborated as well
as disentangled from the notion of functionality).

It is important to take into account that there are bodily and mental or psychological
adaptations. For example, the heart is a bodily complex adaptation, while the emotion of
disgust is a mental adaptation, one that is part of our “behavioral immune system” (Murray &
Schaller, 2016; Schaller, 2014, 2016; Schaller & Duncan, 2007; Schaller & Park, 2011).
Human cognitive modules are mental adaptations.

More specifically, human cognitive modules are complex mental adaptations — they
may be interpreted as our “cognitive instincts” (Pinker, 1994). Their structures evidence an
improbable tight fit with the environment due to natural selection. This improbable tight fit
with the environment caused our hunter-gatherer forebears to have a high relative fitness in
their corresponding populations. In this respect, activities such as reading, playing chess, and
driving a car — as well as many other modern skills that are alien to the Pleistocene people
from whom we inherit our genes — are incidental by-products or effects of cognitive modules
that evolved to execute other tasks9.

9

According to Barrett and Kurzban (2006): “Evolved collision-avoidance systems could be recruited in
driving, strategic social cognition systems could be recruited in chess, and systems evolved for
identifying objects such as tools or animals could be recruited to identify letters or words in reading”
(p. 635).
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Granted, it is difficult to single out a common essential property of all the abovementioned kinds of modules: computational modules (which include Fodor modules,
Carruthers modules, and the more generic Sperber modules or biologically based
computational modules) and intentional modules (Chomsky modules). Domain specificity
seems to be a good candidate, though (Coltheart, 1999). This is because the raison d’être
behind positing modules in order to make sense of cognition is to refer to how freely or how
limitedly different items of information flow in the architecture of mind. Yet it is imperative
to stress some nuances when making use of the concept of domain-specificity since not all
cognitive modules are said to be domain-specific in the same manner.

Computational modules can be called domain-specific in two senses. On the one hand,
they can be called domain-specific in case they are only turned on or triggered by a particular
and highly restricted class of representations or inputs, that is, if they are input-specific
(Fodor’s, Carruthers’, and Sperber’s senses); and, on the other hand, they can be called
domain-specific in case they are specialized in the solution of a particular class of problems
or, what amounts to same, in case they are specialized in performing a specific task, that is, if
they are task-specific (sometimes evolutionary psychologists like John Tooby and Leda
Cosmides [1992] refer to this sense of domain-specificity in modules, mostly, when they
defend the massive modularity of mind hypothesis by means of the task-specificity argument
[see section 3.2]).

On the other hand, intentional modules are domain-specific in relation to the content
of a task, that is, they are bodies of knowledge about a particular subject matter, like (folk)
physics, (folk) psychology, (folk) biology, (folk) arithmetic, and so forth. They are contentspecific. To sum up, domain-specificity can be understood as input-specificity, task-specificity,
and content-specificity.
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In order to avoid potential misunderstandings, I would like to stress that when I talk
about modules in the context of this dissertation, I refer to human cognitive modules (i.e.,
internal mental/informational structures that underlie human cognitive competences) unless I
explicitly deviate from this use. Surely, there are many other interesting and handy senses in
which the term ‘module’ is used across different academic disciplines and spheres of life. For
example, there are modules in art theory (Jablan, 2005) and economic theory (Marengo,
Pasquali, & Valente, 2005). Modules are even invoked in management theory for describing
the structure of an organization (Benasi, 2009; Campagnolo & Camuffo, 2010; Garud,
Kumaraswamy, & Langlois, 2003; Karim, 2006). Interestingly, some high-fidelity sound
systems are described as modular, too — and not precisely in a metaphorical sense, by the
way. Those systems are said to be modular insofar as they are decomposable and their discrete
components are relatively independent in the execution of their corresponding functions (i.e.,
they are in-put specific and task-specific). That said, however, I must admit that the sense of
modularity closest to the cognitive use is the biological/developmental sense. Some comments
are in order.

Start with the fact that there is not a univocal definition of modularity in biology
(Wagner, Mezey & Calabretta, 2005). Yet this lack of analytical precision does not undermine
the relevance of the concept of modularity for understanding the key biological phenomenon:
evolution or descent with modification — i.e., change in the frequency of alleles within a
population from generation to generation. Indeed, “biologists have observed that organisms
exhibit a modular structure all the way up and all the way down, from the operating machinery
of cells to the organization of cells into tissues, tissues into organs, and so on” (Barrett, 2006,
p. 202). Massive biological modularity seems to be widespread in the writings of
developmental biologists (Carruthers, 2006b; West-Ebhard, 2003).
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Modularity is considered a necessary condition or prerequisite for the evolvability of
complex organisms (complexity in living organisms is an indicator of adaptation). In other
words, adaptive evolution, as we understand it (descent with modification plus selection),
would have been impossible without modular or building block-like structures (Wagner &
Altenberg, 1996). This is because evolution by natural selection requires single targets. It does
not operate in an organism as a whole but in specific and semi-independent phenotypic traits
with a relatively autonomous pattern of development (modules). Obviously, these single
targets must be variations that enhance fitness — i.e., variations that cause an expected number
of progeny per parent higher than the one caused by other available variations in the population.

The concept of modularity that underlies the above paragraph is connected to
properties such as dissociability (Needham, 1933) and quasi-independence (Lewontin, 1978).
The reading of these properties — and hence the reading of biological modularity — is purely
in terms of functional specialization (Barrett, 2015a, 2015b; Brandon, 1999). This means that
living complex organisms must be functionally dissociable into specialized traits that can be
semi-independently modified by natural selection without affecting other specialized traits of
the organism (see section 3.1). In which case, “modularity allows the adaptation of different
functions with little or no interference with other functions” (Wagner, 1996, p. 38). Thus, the
concept of modularity articulates a “building block hypothesis:” new improvements do not
compromise past achievements (Wagner & Altenberg, 1996) 10 . This is a key idea in
evolutionary developmental biology or “evodevo.” Modules are not innate in the sense of
being “preformed.” They are results of evolved developmental systems and gene-environment
interactions (Barrett, 2006).

10

A further reason in favor of biological modularity comes from sexual reproduction. The functional
phenotypic units remain constant despite the fact that genetic variation is rearranged in every generation
in organisms that reproduce sexually — think about a hand or a leg, which are the results of numerous
genes. This functional stability means that the genetic rearrangement is not entirely “random” and that
operates within the boundaries of the “gene nets” that produce functional phenotypic units. See Wagner
& Altenberg (1996).
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Figure 2.2 shows the representations of two biological modules, C1 and C2. One can
appreciate that each module is a set or complex of phenotypic characteristics. C1 = {A, B, C,
D} and C2 = {E, F, G}. The modules serve functions F1 and F2 separately. The primary
function of C1 is F1, whereas the primary function of C2 is F2. Phenotypic characteristics A,
B, C, and D are integrated in the set C1 — i.e., in the module C1 — because of the presence
of many pleiotropic effects of genes G1, G2, and G3 on them11. A, B, C, and D are relatively
independent to the set C2 — i.e., to the module C2 — of phenotypic characteristics E, F, and
G because of a relative lack of pleiotropic effects on them of the genes G4, G5, and G6, which
composed the gen net that serves as principle of integration for the set C2.

Fig. 2.2. Representation of two biological modules12

11

A pleiotropic effect is the result of a single gene affecting multiple phenotypic traits. In Fig. 3, all
genes present pleiotropic effects. For example, gen G1 affects characters A, B, and D of module C1,
but also the character G of module C2. Gen G4, on the other hand, affects characters E, G, and F of
module C2 and none of module C1. To phrase the matter another way, pleiotropy is a one-to-many map.
It maps a gen to multiple phenotypic characteristics. See Paaby & Rockman (2013); Stearns (2010).
12
Figure adapted from Wagner (1996); Wagner & Altenberg (1996); Wagner, Mezey & Calabretta
(2005).

20

It is worth emphasizing that the proximity between the notions of cognitive and
biological modularity explains why there are some important attempts to understand cognitive
modularity just as a special case of biological modularity. In this respect, according to Dan
Sperber (2005), “if cognitive modules are real components of the cognitive system and not
mere boxes in a nominalist flow-chart model, then they’re a subtype of biological modules”
(p. 55). Specifically, cognitive modules are architectural modules (tokens), which means
phenotypically discrete end-points of developmental pathways associated with certain
biological modules (types), as a single hair is an architectural module (token) result of a
development process associated with a biological module (type). “Natural selection shapes
developmental systems so as to favor particular types of outcome. The actual token outcomes,
however, will always have a level of detail that is not in any sense specified” (Barrett, 2006,
p. 207) by selection or in the genes. This means that a developmental process (type) might
produce numerous architectural modules (tokens) that, apart from not being numerically
identical, could have different properties due to the contingent interaction of the genes with
the environment.

Again, saying that (human) cognitive modules are ultimately biological modules
should not be understood as a definition. It is an empirical claim. The artificial creation of
cognitive modules that could be implemented in a human brain is not metaphysically
impossible. For similar reasons, it is also an empirical claim, and not a definition, to say that
all biological modules are Darwin modules — i.e., to say that all biological modules evolved
by natural selection since they are complex functional organizations. This empirical claim does
not exclude the metaphysical and empirical possibility of developing artificial (not evolved)
biological modules in a laboratory (See Fig. 2.3).
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Fig. 2.3. Relationships between Darwin modules, cognitive modules, and biological
modules13.

13

‘X’ means ‘there is something,’ while ‘Ø’ means ‘there is nothing.’
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2.2. Darwin cognitive modules

Human cognitive modules produce and regulate behavior. They are mental adaptations and,
as such, their origin is natural selection (Buss, 1995). This is the reason to call them Darwin
mental modules — recall that the major contribution of the 19th century naturalist Charles
Darwin to the study of life evolution is the empirically well-informed, logically elegant, and
original explanation of adaptations in terms of the theory of natural selection:

“natural selection is daily and hourly scrutinising, throughout the world, the slightest
variation; rejecting those that are bad, preserving and adding up all that are good;
silently and insensibly working, whenever and wherever opportunity offers, at the
improvement of each organic being in relation to its organic and inorganic conditions
of life. We see nothing of these slow changes in progress, until the hand of time has
marked the lapse of ages” (Darwin, 1859/2009, p. 65-66).
The cognitive modules we are currently equipped with are heritable phenotypic traits
that evolved because the behavior they ultimately produce caused our hunter-gatherer
ancestors — viz., foraging hominids and even pre-hominid primates (Tooby & Cosmides,
1995a, p. xvi) — to be more reproductively successful than their contemporary competitor
conspecifics. That is to say, the cognitive modules we are equipped with caused our ancestors
to have a higher relative fitness14. If so, they might be interpreted as “our cognitive instincts”
(Tooby & Cosmides, 1995a, p. xii). As Carruthers (2006b) put it, “[h]ow could the mind be a

14

D. S. Falconer and Trudy F. C. Mackay (1996) characterize the fitness of an individual as “the
contribution of genes that it makes to the next generation, or the number of its progeny represented in
the next generation” (p. 335). The absolute fitness of an individual A1 is typically designated as W1. On
the other hand, the relative fitness of an individual A1, or 𝑤! , measures its differential reproductive
success. Specifically, the relative fitness of A1 is the fitness of A1 relative to the average absolute fitness
$.
of the population. Here, ‘average’ is interpreted as weighted arithmetic mean. Therefore, 𝑤! = 𝑊! ⁄𝑊
$
$
𝑊 is the average absolute fitness of the population. 𝑊 = ∑ 𝑛" 𝑊" ⁄∑ 𝑛" , where 𝑛" is the number or
frequency of each individual genotype or phenotype in the population and 𝑊" the absolute fitness of
each those individual genotypes of phenotypes. Logically, the average relative fitness is 1, 𝑤
$=
∑ 𝑛" 𝑤" ⁄∑ 𝑛" = 1 (Crow & Kimura, 1970; Endler, 1986). It is worth mentioning that the relative fitness
of A1 may also be defined in terms of a reference genotype in the population (normally the fittest one).
In this case, one divides the absolute fitness of A1 by the absolute fitness of the reference genotype (Day
& Otto, 2001; Orr, 2007).

23

major cause of fitness-enhancing behaviors without being a product of natural selection?” (p.
15).

In this respect, mental adaptations are not just typical of the peripheral mental systems
(the proper region of Fodor modules), which is a phylogenetically primitive part of the mind
(Robbins, 2013). Mental adaptations mark almost every aspect of the human cognitive
architecture, including the central systems. The reason is straightforward: since the behavior
regularly produced by the operation of the central systems (judgment, planning, decisionmaking, and so forth) has a non-negligible impact on fitness (differential reproductive success,
which is the selective value of the individual, i.e., the character “selected for” by natural
selection), then the evolutionary history of the central systems is more likely to be a matter of
selection than a matter of chance (genetic drift, gene flow, mutation). The controversial issue
is whether or not the adaptations in charge of the central systems of mind are cognitive
modules (internal relatively autonomous and dissociable domain-specific structures).

Jerry Fodor (1983, 2000) is skeptical about any explanation of central systems in
modular — i.e., computational — terms. For him, informational narrow encapsulation is the
essential feature of cognitive modules, and the central systems are not informationally narrowencapsulated. Yet, as previously said (see Section 2.1), not all computational modules need to
be informationally narrow-encapsulated (Fodor modules are informationally narrowencapsulated, but Carruthers modules are not; Carruthers modules are informationally wideencapsulated) (Barrett, 2018). Meanwhile, avoiding the concomitant problems of
computational modules and informational encapsulation, the philosopher Richard Samuels
(1998, 2000) considers that intentional modules — i.e., Chomsky modules — explain the
operation of human mind central systems.
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So far, then, cognitive modules (whether computational or intentional, whether
peripheral or central) are psychological evolved traits that solve specific adaptive informationprocessing problems posed by the ancestral environment to our forebears. Increased
functionality for reproduction (that is, a form that allows a better contribution to the organism’s
propagation) is a consequence of natural selection, a filtering process that discriminates
between the many different available phenotypic traits in a population generation after
generation over a vast amount of time. Inevitably, natural selection favors the most efficient
variants from a fitness-enhancing point of view in tackling specific adaptive problems
(Cosmides & Tooby, 1994). Examples of these adaptively problematic situations concerning
the processing of information are cooperation, allocation of resources, prey stalking, contagion
avoidance, plant gathering, mating, and so forth. “By selecting designs on the basis of how
well they solve adaptive problems, this process [natural selection] engineers a tight fit between
the function of a device and its structure” (Cosmides & Tooby, 1995, p. 1200).

Overall, cognitive modules might be understood as cognitive solutions for cognitive
problems in the “environment of evolutionary adaptiveness” (EEA). As coined by John
Bowlby (1969), the EEA refers to the environment in which a biological system evolved. He
suggests that biological systems achieve their function and work efficiently only within this
original order of things. In the case of humans, the EEA is to be found in a period of time that
is roughly coextensive with the Pleistocene epoch (2.5/1.8 million to 11 thousand years ago).
Numerous pieces of evidence show that after the end of the Pleistocene epoch, which
corresponds to the melting of the great ice sheets that covered North America and Northern
Europe during the Last Glacial Period, material and social conditions of multiple human
populations changed rapidly and extraordinarily, as never before. Consider that agriculture
was invented and civilization as we know it was born. The plain consequence is that our
modern human world does not resemble the environment in which we evolved as species
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(Diamond, 1997). For sure, this is not just an anecdotal piece of information. It has
evolutionary consequences.

Interestingly, the concept of EEA was created by John Bowlby, who was an important
psychiatrist-psychoanalist, and not a practitioner or theoretician of evolutionary biology.
While studying the nature and structure of human mind and trying to make sense of potential
dysfunctions, Bowlby felt urged to distinguish between the environment in which modern
humans live currently and the one in which they evolved originally. This distinction is not a
pressing need for biologists interested in the evolution of behavioral and non-behavioral
features of non-human living organisms since, other things being equal, the current
environment of those other entities is virtually equivalent to the environment in which they
evolved originally.

Now, evolutionary psychologists, who promoted enthusiastically the idea of evolved
information-processing mental devices or Darwin cognitive modules in the psychological and
behavioral sciences during the last three and a half decades, use the term ‘EEA’ in a sense
different from that articulated by Bowlby. In effect, evolutionary psychologists propose not to
take ‘EAA’ as a sort of designation for a certain period in history. In fact, two species might
have evolved during the same period of time but have different EEAs. The EEA should not be
conceptualized as a geographic region either. Accordingly, the EEA corresponding to humans
is neither the East-African savannah (the place in which modern humans evolved) nor the late
Pleistocene (the period of time in which modern humans evolved as a species). The EEA
should be understood as a set of selection pressures over evolutionary time 15 (Tooby &
Cosmides, 1990).

15

Evolutionary time comprises from one thousand to ten thousand generations. If a generation is equal
to twenty years in human beings, the evolutionary time for humans is from twenty thousand to two
hundred thousand years.
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Thus, given the fact that each aspect of a complex adaptation responds to a specific
selection pressure over a large number of generations (statistically recurrent adaptive
problems), it follows that every adaptation has a specific EEA (Tooby & Cosmides, 2016).
That is, different adaptations pertaining to the same organism — say, the human eye and the
human knee — have different EEAs. It is important to notice that if the EEA of an adaptive
trait ceases to exist and, as a result, it stops giving a reproductive advantage related to its
original task, then that trait will likely disappear — say, the legs of whales — or become a
functionless vestigial organ — say, the human vermiform appendix or the human coccyx, a
structure also known as the “tail bone” (Coyne, 2009) — or be co-opted for a new usage
(exaptation, see Section 6.3.1)—for example, the wings of penguins being co-opted as flippers
and the wings of ostriches (Struthio camelus) being co-opted for maintaining balance
(stabilizers), braking maneuvers (Schaller, 2008; Schaller, Herkner, & Prinizinger, 2005), and
courtship (Bolwig, 1973).

Interestingly, the extraordinary changes that took place during the last (roughly)
eleven thousand years since the end of the Pleistocene epoch — i.e., since the beginning of
the Holocene epoch — and the invention of agriculture did not bring a radically new
environment for human phenotypic traits. At present, we do not happen to inhabit a world that
is absolutely incompatible with our evolved adaptations. If such were the case, and the
environment had changed so radically over the course of few thousand years, a period of time
that is too short for the evolution of new complex adaptations, then we would have already
gone extinct as a result of being unable to handle efficiently the various new selection
pressures.

For sure, the ecosystem and society have changed, but not the laws of nature.
Obviously but still importantly, the laws of physics are the same. Largely, the EEAs of bodily
adaptations such as the heart and the liver seem to be the same. They perform the same function
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today as they did in the ancestral past. They are neither vestigial organs nor exaptations. Nor
they are atavisms 16 . Are we confident enough to say anything similar regarding our
psychological adaptations or Darwin cognitive modules? Have the EEAs corresponding to the
Darwin cognitive modules changed since the end of the Pleistocene epoch? In any case,
changes in the EEA of an adaptation, even if not radical, count as new selection pressures
against that adaptation as they make it “out of tune” in its fitness-enhancing performance
(Hagen, n.d.).

As just said, it is a plain fact that the laws of nature have not changed since the end of
the Pleistocene epoch, but the configuration and dynamism of human groups and societies
certainly have. The cultural and societal changes have been enormous during the last eleven
thousand years. It is completely reasonable to think that there are new selection pressures in
the current environment that involve cognition and that old selection pressures of the same
nature might have been gone already away. Is it also reasonable to think that natural selection
has shaped new cognitive adaptations for tackling these novel adaptive problems ever since?

Evolutionary psychologists consider this possibility very unlikely (Cosmides &
Tooby, 1987; Tooby & Cosmides, 1992). They point out a lag in time between the rise of new
adaptive cognitive problems and the evolution of new cognitive traits to tackle them. They
argue that ten thousand years is not enough time for natural selection to shape new complex
adaptations in humans such as psychological mechanisms or Darwin cognitive modules.
Moreover, the evolution of new complex adaptations requires certain stability in the
corresponding EEAs across millennia. Yet the social and cultural changes have been incessant,
and, as a result, the new adaptive cognitive problems have not remained stable for enough time

16

Atavisms are “sudden reversions to ancestral morphological features in very small proportions of
individuals of a population” (Cabej, 2019, p. 535). That is, atavisms are traits that reappear in some
individuals after being lost during the evolutionary history of a species. In humans, hypertrichosis
(excessive hairiness), polythelia (supernumerary nipples), and tails are examples of atavisms (Adams
& Shaw, 2008, Hall, 1995).
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as to allow the work of natural selection to take place and the subsequent evolution of new
cognitive (complex) adaptations. As Darwin said, complex adaptations evolve in small steps:
“If it could be demonstrated that any complex organ existed which could not possibly have
been formed by numerous, successive, slight modifications, my theory would absolutely break
down. But I can find out no such case.” (Darwin, 1859/2009, p. 146). Some comments are in
order.

A complex adaptive trait — the typical example is the vertebrate eye — is adapted to
the environment in many respects. This is because a complex adaptive trait is a set of characters
(a functional organization) that make a specific contribution to the solution of a fitness-related
problem. The complexity in the structural composition of these adaptations — their apparent
design — is a sign of their functional specialization (Wagner & Altenberg, 1996). To evolve,
complex adaptations require changes in its different components insofar as they constitute a
functional whole. Indeed, “the more complex the organization of the system, the more
implausible it is that it might have arisen by chance macro-mutation or random genetic walk”
(Carruthers, 2006b, p. 16-17). And this series of required changes is a gradual process that
takes more years than those since the end of the Pleistocene epoch and the rise of new — and
mostly ephemeral — adaptive cognitive problems.

By definition, “complex adaptations are phenotypic traits requiring multiple, specific
mutations to yield a functional advantage” (Pál & Papp, 2017, p. 1086). In this respect, claims
of new adaptations in certain groups of humans during the last few thousand years, such as
lactase persistence (the ability of adults to digest lactose) (Bersaglieri et al., 2004), blue eyes,
and light skin, do not count as a rebuttal of the skepticism regarding the evolution of new
cognitive adaptations. As a matter of fact, the mentioned new human adaptations are simple
and not complex in nature. They are mostly determined by a change in a single gene and —
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hence — evidence that selection favoured one allele and disfavoured other(s)17. Specifically,
blue eyes result from a variant in the HERC2 gene that inhibits the expression of the adjacent
OAC2 gene (Eiberg et al., 2008; Sturm et al., 2008), while light skin in Europeans is a
phenotypic trait associated with a variant in genes like SLC24A5, OCA2, TYRP1 and KITLG
— in East Asians light skin is associated with a variant in other genes (OCA2, DCT, KITLG,
EGFR and DRD2) (Lamason et al., 2005; Lao, de Gruijter, van Duijn, Navarro, & Kayser,
2007). (This shows that light skin is a convergent adaptation in Europeans and East Asians.)
On the other hand, lactase persistence involves a variant (C/T-13910) in the lactase gene LCT
in people of European descent, and three different variants (G/C-14010, T/G-13915 and C/G13907) of this gene in East Africans (Check, 2006; Tishkoff et al., 2007). (This shows that
lactase persistence is a convergent adaptation in Europeans and East Africans.)

Whatever the case might be, it is pretty obvious that humans are still subject to natural
selection and evolutionary psychologists should not be interpreted as if they were claiming
that human evolution came to a halt during the last ten thousand years (five hundred
generations). Their point is just that this period is too little for novel complex adaptive traits
to evolve in response to different and changing selective pressures. They add that, since
contemporary human beings spread across different continents exhibit around ten per cent of
genetic differences, we can draw the conclusion that most genetic variations occurred before
modern humans started to leave Africa one hundred thousand years ago. Consequently, our
genetic makeup has remained constant since then. If this is true, the structures of our adaptive
psychological mechanisms (Darwin cognitive modules), which depend on our genetic makeup,

17

An allele is a variant form of a gene. A gene has more than one allele if a single nucleotide
polymorphism (SNP) occurs within it. A SNP is the variation of a nucleotide at a single position in a
DNA sequence — i.e., a point mutation — that occurs in at least 1% of a population (Wright, 2003). If
such a variation occurs in less than 1% of a population is just referred as a mutation. As an example of
a point mutation that constitutes a SNP, consider the nucleotide sequences TTGCTATT and
TTGCAATT at the same position in two stretches of DNA. These sequences contain a difference in
a single nucleotide. If such a variation occurs in at least 1% of the population of interest, then we
have a SNP (“Single Nucleotide Polymorphism (SNP)”, 2008).
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have remained constant during the Holocene (roughly the last eleven thousand years) (Starratt
and Shackelford, 2010). Hence, we walk through the streets of a modern world equipped with
a “stone age brain” (Cosmides & Tooby, 1997b).

The concept of EEA confers a valuable discovery heuristic to evolutionary
psychologists. If cognitive mechanisms are adaptations — i.e., if they are Darwin modules —
and, as such, have EEAs, then, in case we are able to determine in a plausible manner the
adaptive information-processing problems faced by our ancestors, the kind of information
available to them as well as the corresponding genetic, developmental, and historical
constraints on selection, then we will be in position to hypothesize the cognitive adaptations
that probably evolved by natural selection as response to those adaptive problems. Arguably,
this would permit to predict the existence of heretofore unknown psychological mechanisms18.
That is why the reconstruction of EEAs is a major issue in evolutionary psychology (Foley,
1995; Tooby & DeVore, 1987). Among other disciplines, hunter-gatherer studies, crossspecies comparative studies, and paleoanthropology open a window to the adaptive
information-processing problems ancestral humans had to tackle.

An interesting example of Darwin cognitive module is a psychological mechanism
that embodies aspects of a calculus of probability — specifically, aspects of Bayes’ rule —
and, when activated by inputs of its proper domain, causes humans to reason inductively in an
efficient manner (Cosmides & Tooby, 1996). The existence of such a mechanism is
hypothesized considering that making decisions under conditions of uncertainty was an
adaptive problem for our hunter-gatherer forebears. In these circumstances, the decisionmaking procedure could have been improved if probabilities were taken into account as inputs
— the question is in which way the ancestral human accessed to the this kind of information.
This problem endured long enough to allow the evolution of a complex adaptation to tackle it.

18

For more details on this “forward engineering” analysis, see section 6.2.1.
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Indeed, uncertainty was typical of the conditions in which ancestral humans approached the
endeavor of critical fitness-related activities such as foraging for food, avoiding predators, and
predicting the behavior of other humans.

To the best of our knowledge, the probabilistic data these humans had available to
perform a statistical inference — i.e., to make a decision under conditions of uncertainty —
were their own experiences and those shared by closed individuals in the form of frequencies
(e.g., the hunts in this area were successful 5 times out of the last 20 times), not unobservable
single event probabilities (e.g., hunting in this area has a probability of success of 25%). Thus,
since ancient humans were in need of a decision-making procedure under conditions of
uncertainty and the environment in which they operated provided them with probabilistic
information in the form of observable frequencies, then the hypothesis is that there is an
evolved reasoning mechanism corresponding to this adaptive information-processing problem
that takes frequentist representations of prior probabilities as inputs and transforms them into
a frequentist representation of a posterior probability. Cosmides and Tooby (1996) contends
that the algorithm underlying this transformation satisfies Bayes’ theorem. Interestingly,
empirical evidence shows that the performance of frequentist versions of problems are better
than non-frequentist versions.

Another interesting example of a Darwin cognitive module is the one constituted by
the proposal and subsequent testing of a hypothesis about the existence of an evolved
mechanism of fear (Öhman & Mineka, 2001). Why do we fear so intensely animals such as
reptiles and not real contemporary life-threatening objects such as automobiles? Reptiles do
not put our life at risk in everyday life, but automobiles do. Data divulgated by the World
Health Organization (2018) reveal that road traffic deaths are 1.35 million each year, so why
do not we just feel paralyzed at the view of them and not at the view of reptiles? The starting
premise is that the fear typically shown — as well as the fear easily learned — by humans
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should be explained appealing to the evolutionary history of our species, and not to the
conditions of modern and urban life. Our remote mammalian ancestors needed to respond
efficiently to predators which posed a risk to their life and fitness. The hypothesis is that natural
selection shaped a module of fear as a response. Thus, the module of fear is a predatory defense
system sensitive mostly to stimuli relevant to the adaptive problems faced by our mammalian
ancestors (reptiles, not automobiles, for sure). This module is turned on once snakes are
perceived (Öhman & Mineka, 2003). Humans and other primates experience intense fear when
exposed to these reptiles19.

2.3. Computational modules

2.3.1. Computational modules and three levels of explanations for machines carrying out
information-processing tasks

As said in the first section of this chapter (see section 2.1), computational modules are
information-processing internal mechanisms that underlie cognitive capacities. Peripheral
modularists like Fodor (1983) hold that computational modules underlie only low-level
cognitive capacities (e.g., perception, motor behavior), whereas massive modularists like
Carruthers (2006a, 2006b, 2006c), Sperber (1994), Tooby and Cosmides (1992), Barrett and
Kurzban (2006), and others, hold that computational modules underlie both low-level and
high-level cognitive capacities (e.g., reasoning, decision-making, planning). A cognitive
capacity is customarily individuated in terms of a disposition to execute certain specific
information-processing task. More formally, it involves a computation of a specific
input/output function ψ: “Given an initial or input state, i, the capacity ψ realizes a final or

19

Evolutionary psychologists remark that we should not draw the conclusion that this module evolved
by threats posed by snakes just through human specific evolution, which is a common misunderstanding
among some critical interpreters like Richardson (2007). This module evolved in response to threats
posed by reptiles (ancestors of snakes) through mammal evolution.
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output state o = ψ(i) as specified by a capacity defining function ψ: I → O” (van Rooij, 2008,
p. 941). This means that cognitive capacities are not random or capricious. They serve for
solving particular information-processing problems through the execution of especially
dedicated computational processes. Now, consider that processes have goals. Logically,
different goals define different computations — classically understood as manipulations of
representations, functions that map elements of particular class of inputs to elements of a
particular class of outputs — when it comes to information processing. Thus, the argument
goes, different goals define different computational modules (information-processing internal
mechanisms) which, in turn, put into action especially dedicated processes to deal with specific
information-processing problems.

For instance, the assessment of dangers is an information-processing problem and so
there must be a cognitive capacity to solve it through the execution of a specialized process.
The hypothesis is that a computational module underlies this cognitive capacity. Importantly,
there are also bundles of related cognitive capacities — and, therefore, bundles of related
computational modules. What is typically called in general terms visual perception is an
example of these cognitive bundles. Visual perception can be conceptualized as the process of
getting relevant descriptions of the external world from images of it in the retina. As such,
visual perception is a phenomenon that is not unitary. It can be disentangled into a multitude
of sub-processes. (In this light, vision might be further conceptualized as a super-capacity that
is decomposable into a multitude of sub-capacities.)

For all we know, the faculty of vision, broadly understood, contributes to the execution
of various specialized information-processing tasks such as perceiving moving objects,
identifying predators, and estimating the reproductive value and fertility of potential mates,
among others. These information-processing tasks are noticeably diverse but all of them are
categorized as visual inasmuch as they are processes whose inputs are images of the external
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world and their outputs descriptions of it relevant to specific adaptive information-processing
problems (i.e. information-processing problems related to fitness).

Interestingly, among the explanations of visual perception in humans, there is an
important one expressed in terms of computational modules (Marr 1976, 1978, 1982/2010).
Sure enough, vision is one of the paradigms of the computational approach to cognition and
the posthumous work of David Marr, Vision: A computational investigation into the human
representation and processing of visual information (1982/2010), is a key contribution to
computational neuroscience and cognitive science in general. He famously proposed three
levels of explanations in order to understand an information-processing device (see Table 2.1).

Computational theory

-

What is the goal of the

Representation and algorithm

-

computation?

-

implemented?

physically?

What is the representation

strategy by which it can
be carried out?

-

How can the representation
and algorithm be realized

for the input and output?

What is the logic of the

-

computational theory be

Why is it appropriate?
-

-

How can this

Hardware implementation

What is the algorithm for
the transformation?
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Table 2.1. Three levels of explanation for machines carrying out information-processing
tasks20

Marr’s three levels of explanations are extremely influential as a framework for
explaining human cognitive capacities. The top level is the level of the abstract computational
theory of the device. In our case, the level of the abstract computational theory of the human
brain. Recall that the brain is not just a generic computer — thinking otherwise is falling into
the trap of a widespread cliché in the name of parsimony and versatility. Rather, the brain is a
computer that executes different and very specific — as well as presumably non-arbitrary —
kinds of computations. As said before, the computations run by human brains are not random
or capricious. They have goals. And so, we have to ask ‘what is the goal of the computation
under study?’ Computations respond to the information-processing problems that have to be
solved by individual humans (viz., to the adaptive information-processing problems posed by
the environment to individual humans), rather than to the sole nature of the hardware (brains)
in which the computations’ algorithmic formulations happen to be ultimately implemented.
As Marr (1982/2010) put it, “an algorithm is likely to be understood more readily by
understanding the nature of the problem being solved than by examining the mechanism (and
the hardware) in which it is embodied” (p. 27). To this extent, “trying to understand perception
by studying only neurons is like trying to understand bird flight by studying only feathers”
(Marr, 1982/2010, p. 27). We have a cognitive capacity, and we have to ask what function f it
realizes, being f an input-output mapping f: I → O (van Rooij, Wright, Kwisthout, & Wareham,
2018, p. 492).

20

Table adapted from Marr (1982/2010). An early formulation of the concept of three levels of
explanation is in Marr and Poggio (1977).
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One needs to know the specifics of the information-processing problem to be solved
— i.e., the nature of the task to be executed — in order to make sense of the computational
mechanism that is supposed to have evolved to handle it. (More generally, computational
modules are also advanced for explaining cognitive capacities that did not evolve by natural
selection such as reading, playing chess, driving a car, and many others. See section 2.1 for
by-products of evolved cognitive modules.)

A computational-level theory of capacity ψ states a domain of inputs that trigger the
capacity ψ, IT = {i1, i2, ...}. It also states a range of outputs OT = {o1, o2, ...}, as well as a
function, ψT: IT → OT that maps each input i ∈ IT to an output o = ψT(i) (van Rooij, 2008). In
our example, the computational theory of vision maps how to go from one kind of information
to another, i.e., how to go from available inputs (images of the external world) to the expected
outputs (useful descriptions of the external world). Notice that both inputs and outputs are
pieces of information expressed by means of representations — images and descriptions of the
external world are representations of it.

The characteristics of these representations are chosen in the context of the middle
level of explanation. Here is also specified the algorithm to transform the representations of
the inputs (in our example, images of the world detected in the retina) into the representations
of the outputs (in our example, descriptions of the world). In other words, the middle level of
explanation determines how to compute the function ψT: IT → OT postulated in the first level
of explanation. The algorithm it specifies is “a finite procedure that outputs [ψT(i)] in a finite
number of computational steps for any input i ∈ I” (van Rooij, Wright, Kwisthout, &
Wareham, 2018, p. 492). For Cosmides and Tooby (1995) it corresponds to cognitive
neuroscience. Finally, the third level is the level of hardware implementation, the
implemententational-level theory. In our case, this is the level of neuroanatomy and

37

neurophysiology. Here algorithms and representations are realized physically, and the
corresponding algorithms are put into effect through physiological processes.

The three levels of explanation (computational theory, representation and algorithm,
hardware implementation) are not absolutely independent of each other: “The computational
level can be understood as describing what cognition does, while the algorithmic and
implementational levels describe how it does this” (Rich, Blokpoel, de Haan, & van Rooij,
2020, p. 1384). It is obvious that the hardware level depends on the computational level and
the algorithm level. It also happens that the algorithm level depends on the computational and
hardware level — it depends on the computational level because it implements the algorithm
that achieves the goal of the computation and it depends on the hardware level because the
algorithm cannot be physically realized in any sort of hardware. However, the computational
level, which happens to be the most abstract, is independent of the algorithm and hardware
levels since it is only focused on the information-problem that has to be solved. This
constitutes a top-down approach to making sense of cognition which is instantiated in the
forward engineering methodology of evolutionary psychology that we will discuss later in
relation to the massive modularity of mind hypothesis (see section 6.2.1).

38

2.3.2. The principle of modularity, modular architecture, and the computational theory of mind

Modularity is a core principle of software engineering (Parnas, 1972). It denotes the property
of a system whose components are functionally specialized and loosely coupled. A system is
modular in a computational sense if its components are designed in such a way that they are
input-specific, task-specific as well as relatively independent in their processing of information.
That is to say, modular systems are functionally decomposable.

David Marr (1976) makes explicit the principle of modularity (divide and conquer)
that shapes the algorithmic design and hardware implementation of computer programs: “Any
large computation should be split up and implemented as a collection of small sub-parts that
are as nearly independent of one another as the overall task allows” (p. 485). Actually, as
argued in the previous section (section 2.3.1), Marr introduced the principle of modular design
to cognitive science when he famously interpreted the faculty of vision as one comprising
different computational modules — viz., different information-processing mechanisms that
are relatively independent, input-specific, and task-specific (highly specialized).

In this respect, information-processing mechanisms require a cognitive architecture.
If so, assuming the truth of the hypothesis that the mind is comprised of computational
modules (information-processing mechanisms) to a greater or lesser extent, it follows that the
mind has a cognitive architecture. Why? Because computations are possible in a system due
to the existence of a cognitive architecture. A cognitive architecture is a fixed structure
(Pylyshyn, 1996). It gives the physical mechanisms — i.e., the cognitive constants — that
execute algorithmic processes of the incoming variable information (inputs) in order to
transform it into another kind of information (outputs). To put it simply, the cognitive
architecture determines the cognitive capacity of a system and it does not change when the
system is in different cognitive states. That is, the cognitive architecture does not change when
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the system has arrived in different beliefs, desires, goals, and so forth; it does not change no
matter the new content of the information processed by the system. The information is variable,
while the cognitive architecture is constant. This means that the architecture is cognitively
impenetrable: neither momentary nor long-lasting cognitive states of the system affect it. It is
fixed. It counts as a functional characterization of the system (Pylyshyn, 1998).

Thanks to the modular architecture, when a system happens to perform poorly in one
or more specific tasks, it is easy to localize where the malfunctioning parts are and to figure
out how to repair or replace them. It becomes possible to refurbish the failing isolable
components in order to boost the performance of the system in the execution of the specific
underachieved tasks. In fact, it is even possible to make radical changes in one module without
affecting others so that the system becomes able to tackle new problems while retaining its
capacity to face past problems. This shows flexibility and a commonality with the notion of
evolvable modularity advanced by evolutionary developmental biology (see section 2.1).

Additionally, modularity makes systems fast since it causes their components to be
relatively uncommunicated (Parnas, 1972) — in fact, as the principle of modularity states, the
components are as weakly connected as their tasks allow. It is important to notice that a
fundamental virtue of modular systems is that they are easy to understand. This is because it
is possible to study each component separately. Logically, a better comprehension of a design
tends to bring a better design. Hence, a modular design causes the systems to be flexible, fast,
and comprehensible.

Now, terms such as ‘cognitive architecture,’ ‘information-processing mechanisms’
and the like take us to the ground of a specific theory of cognition: the computational theory
of mind (Fodor, 1975; Newell & Simon, 1976; Pylyshyn, 1984). This view is associated with
the classical version of computationalism (Turing’s sense), which is arguably the dominant
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variant of computationalism. (Parenthetically, “of all the theoretical approaches that have been
offered for understanding mental processes, none has been as successful, both in terms of
popularity and explanatory power, as the computational theory of mind” [Barrett, 2005, p.
270]).

Based on the plausible assumption that the key to explain human cognitive capacities
effectively is invoking information-processing models, this theory of cognition provides an
unambiguously computational and mechanistic account of mental phenomena. It states that
the mind manipulates symbols/representations by means of algorithms or logical rules that
apply to these symbols/representations due to their sole formal/syntactic properties. In other
words, it states that the mind performs computations. If so, “intentional processes are syntactic
operations defined on mental representations” (Fodor, 2000, p. 1). Here, the symbols are
particular physical states of neurons that represent certain information and that, depending on
their corresponding functional role(s), could be even identified as beliefs or desires — in a
different context, say, the context of a book, a symbol could be an array of ink marks
representing a word.

When combined in specific logical manners, symbols (inputs) give rise to new
symbols (outputs) — that is, logical combinations of neuronal connections / neurochemical
patterns (inputs) give rise to new neuronal connections / neurochemical patterns (outputs)
(McCulloch & Pitts, 1943). To this extent, symbols have a dual reality: representational and
causal. They embody information and, when syntactically arranged, they mechanically cause
the occurrence of some other symbols. This equates to saying that the mind is a classical
computer — i.e., a symbol manipulating device — and that, as such, its nature is processing
information: mental processes are computational transformations; they are causal sequences
driven by the shape and not the content of the symbols in question (Kim, 2011). More precisely,
the computational theory of mind portrays the human mind as a set of computations that are
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digital (Piccini, 2012). Now, since digital computers confirm that physical things can realize
computational processes through the manipulation of representations (Machery, 2010), then
we are presumably justified in concluding that the mind is in fact a physical entity that carries
out symbolic inferences. Thus, as its numerous and passionate proponents hold, the
computational theory of mind could effectively offer a key to solve the main problem of
cognitive science: how is cognition realized in a physical world? The otherwise skeptical Jerry
Fodor (2000) declares:

However things eventually work out for computational nativism in cognitive science,
this really is a lovely idea and we should pause a moment to admire it. Rationality is
a normative property; that is, it’s one that a mental process ought to have. This is the
first time that there has ever been a remotely plausible mechanical theory of the causal
powers of a normative property. The first time ever. (p. 19)
Finally, yet importantly, insofar as modules are subprograms of the mind that combine
physical states of neurons following certain logical pattern, all modules’ operations are
computable by corresponding Turing machines (Turing, 1936). They are processes determined
by an algorithm — which means that they are operations defined on syntactically structured
symbols. In fact, modules may be seen as both abstract Turing machines and concrete neural
networks.
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2.3.3. Fodor modules

Fodor modules are innate computational modules that underlie certain peripheral or low-level
cognitive capacities. Although he is not the first author that discussed mental modularity, Jerry
Fodor is certainly the most influential. His book The modularity of mind (1983) stands out as
one of the most quoted and widely read pieces ever in the field of cognitive science. In it,
Fodor laid the foundations of a debate over the architecture of human mind that has persisted
for almost four decades. Interestingly, since the very beginning of that classic work, Fodor
acknowledges that part of his motivation in articulating the concept of mental module is to
vindicate faculty psychology and certain aspects of the infamous phrenological tradition
associated with the neuroanatomist Franz Josef Gall during the late 18th century and early 19th
century.

Fodor’s ground-breaking agenda did not include offering a definition of modularity
— at least, not a standard one in terms of necessary and sufficient conditions. Rather, he
limited himself to characterize this concept through a cluster of nine properties:

(1) domain-specificity (in-put specificity),
(2) automaticity,
(3) inaccessibility to consciousness,
(4) swiftness of processing,
(5) informational encapsulation,
(6) shallow outputs,
(7) fixed neural architecture,
(8) susceptibility to characteristic breakdown (dissociability), and
(9) characteristic ontogeny.
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Informational encapsulation is the most significant of this group of properties: “A
module sans phrase is an informationally encapsulated cognitive mechanism, and is presumed
innate barring explicit notice to the contrary” (Fodor, 2000, p. 58).

Cognitive modules are conceptualized as informationally encapsulated because, once
turned on by their distinctive inputs and along the course of their processing of information
previous to the rendering of any output, they do not have access to all the information available
to the individual organism whose cognitive mechanisms they are (Sperber, 2005). This means
that modules are insensitive to items of information outside themselves in the course of their
processing even in the cases in which some of that information happen to be relevant to their
expected output and the computational task they are performing — recall the Müller-Lyer
illusion (see Fig. 1.1) in which one cannot stop perceiving the second line as longer than the
first one even when we have the belief and the empirical evidence that both lines have the
same length.

Here, the meaning of ‘encapsulation’ is not strictly metaphorical. To some degree, the
meaning is literal. Modules are capsules. They are information-processing mechanism that
once activated happen to be shielded from external information. Beliefs, desires, and others
cognitive states cannot affect their processing — which means that cognitive modules are
cognitively impenetrable. Furthermore, not even information coming from other low-level
mechanism can affect modules once they are turned on — accordingly, for example,
information coming from the olfactory system cannot affect the processing of the auditory
system21. Indeed, while working, a completely encapsulated module is said to be limited to its

21

An interesting counterexample to the informational encapsulation between cognitive mechanisms
proper to the low-level systems is the McGurk effect (McGurk & MacDonald, 1976), which allegedly
shows that the auditory system is not encapsulated relative to vision. When individuals watch a video
of a person speaking a phoneme and, at the same time, they are presented with a sound corresponding
to other phoneme, they hear a third phoneme. For more about this point, see Prinz (2006). Importantly,
we should take into account that what is into question here is not the encapsulation of the auditory
system but the encapsulation of speech recognition. Appealing to the fact that speech recognition is
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own database to process the items of information that triggered them into action and that
consequently belong to the domain of its characteristic inputs 22 . Again, the emblematic
example of informational encapsulation is the systematic non-veridical perception yielded by
one of my visual modules after processing the information in light coming from the MüllerLyer illusion figure (see Fig. 1.1). Likewise, if I move one of my eyeballs with my finger, I
will see the screen in front of me as it were moving despite the fact that I know this device is
not moving at all (Fodor, 1983). These two cases illustrate a particular species of informational
encapsulation: cognitive impenetrability. They show two instances of perception not being
penetrated — viz., not being affected — by cognitive states — in the two examples, the
corresponding cognitive states are beliefs — that contradict the perceived image of the distal
object.

Fodor himself and other modularity theorists agree to the view that when a cognitive
mechanism is classified as a module that is because such mechanism is modular “to some
interesting extent” (Fodor, 1983, p. 37). In which case, modularity is not an all-or-nothing
concept. It is a concept whose application admits nuances within a continuum. We do not need
to use a checklist for determining whether or not a given cognitive mechanism is a module.
They do not need to have all the properties of the list in order to be accepted as modules. That
said, however, when a cognitive system is informationally encapsulated, it tends to have most
— or all — of the remaining eight properties. Indeed, “if a psychological system has most of
the modularity properties, then it is very likely to have all of them” (Fodor, 1983, p. 137).

multisensorial does not count necessarily as evidence that the auditory system is unencapsulated. Speech
recognition is not equivalent to the auditory system.
22
Sperber (1994) points out that modules have a proper domain (that is, the domain that comprises their
distinctive inputs) and an actual domain (that is, the domain of representations that actually turn on the
modules even if some of those representations do not belong to the proper domain of the module). For
instance, the facial recognition module has a proper domain (representations corresponding to noses,
eyes mouths, and so forth) but also an actual domain (representations corresponding to certain shapes
of clouds also can triggered the facial recognition module).
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In this respect, encapsulation is associated with domain specificity — i.e., input
specificity — because just a specific class of representations of physical stimuli can turn on
encapsulated systems. It is important to distinguish between these two concepts. On the one
hand, domain-specificity refers to the limits to the flow of information previous to the
activation of a module. Specifically, it refers to the fact that only a particular class of
representations can turn on a module — for example, the visual system is activated by
representations [inputs] coming from the retina, not from representations produced by the
eardrum. On the other hand, informational encapsulation refers to the flow of information once
the module has been activated by an item of information belonging to its characteristic class
of inputs — for example, once the visual system has been activated by representations coming
from the retina, the course of its processing is not affected by representations outside its
proprietary database.

Encapsulated systems tend also to be automatic (because central systems do not
control them, which is tantamount to say that they are not top-down controlled), inaccessible
to consciousness (because they are computationally isolated and opaque to introspection; more
specifically, introspection only has access to their outputs, not to their internal processing),
swift (because they are computationally efficient and fast in comparison to the operation of
central systems), and producers of shallow outputs (because their outputs are not conceptual;
that is, their outputs are not thoughts or propositional attitudes). In addition, encapsulated
systems usually are susceptible to a characteristic breakdown (selective impairment) and have
a fixed neural architecture (implemented in a relatively discrete region of the brain) as well as
a characteristic ontogeny (non-learning dependent path or innateness) because they are
computationally isolated (Robbins, 2013).

Admittedly, Fodor’s characterization of modules has deserved both praise and
criticism. After almost forty years of the publication date of The modularity of mind (1983),
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there are still major disagreements in the philosophical and cognitive science literature about
what counts as a module and what not — and, consequently, about how spread modules are in
the organization proper to the systems of human mind. At this point, it should be remarked the
important fact that Jerry Fodor does not endorse the massive modularity of mind hypothesis
— in this sense, the title The modularity of mind (Fodor, 1983) is a hyperbole. In fact, Fodor
rejects openly this hypothesis about the architecture of the mind (Fodor, 1983, 1987, 2000).
His own theoretical proposal is that the modularity of mind is peripheral and not massive. In
this respect, consider that Fodor distinguishes four layers in the architecture of mind: sensory
transducers, input systems, central systems, and output systems. Figure 2.4 represents how the
information flows in this setting.

Fig. 2.4. Information flow in the architecture of mind23

Each module has its own sensory transducer (e.g., the eardrum for the auditory system,
the retina’s rods and cons for the visual system). The sensory transducers transform physical
stimuli into neural signs (low-level representations). The input systems process transduced
information (low-level representations) and have mid-level representations as outputs (e.g., a
representation of a surface). The central-systems, meanwhile, process mid-level
representations and yield high-level representations (e.g., from the mid-level representation of
a surface it issues the belief that there is a table in the room). The output systems produce
motor behavior.

23

Figure from Robbins (2013).
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For Fodor, modular cognitive mechanisms may be found just in the peripheral systems
of the mind (input and output systems), not in the central systems. That is to say, the mind is
peripherally modular, not massively modular. Specifically, modularity is distinctive to the
input systems (e.g., perception and language processing). They are domain-specific, automatic,
inaccessible to consciousness, swift, informationally encapsulated, and so forth. Modularity
may also be a structural feature of the output systems, but Fodor admits he has no further
evidence for it and, therefore, he avoids asserting — and he avoids negating, too — that these
systems are modular. In contrast, he declares explicitly that central systems (e.g., reasoning,
decision-making, planning, the fixation of belief (judgment), among other conceptual
operations) are not modular at all and the reason is straightforward: they are not
informationally encapsulated. In some respect or other, since they integrate pieces of
information from different domains, the central systems have access to all the cognitive states
(beliefs and desires) of the individual as well as to perceptual outputs coming from a vast array
of different modules (olfactory outputs, visual outputs, auditory outputs, and so on).
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2.4. Intentional modules

Intentional modules are bodies of mental representations akin to theories. Unlike
computational modules, they are not information-processing mechanisms. But, just as
computational modules, they are also invoked in order to explain specific cognitive capacities.
Importantly, they are domain-specific bodies of representations, and not just random
collections of information about any topic or domain. The most notable example — and also
the rationale behind the designation of this kind of mental structures as ‘Chomsky modules’
(Samuels, 2000; Samuels, Stich & Tremoulet, 2000) — is the “mental organ” proposed by
Noam Chomsky (1980a, 1980b). Such a module — the Universal Grammar — explains our
linguistic competence in terms of an innate and mostly unconscious knowledge of linguistic
rules. As any other organ or limb, the pattern of development corresponding to this faculty is
genetically determined: it does not need to learn in order to grow. This means that Chomsky
modules are innate. Segal (1996) puts it graphically: “just as we have specific genetic
characteristics that determine that we grow hair and not horns, so we have specific genetic
characteristics which ensure that we grow a language faculty” (p. 147). More examples of
Chomsky modules are folk physics, folk biology, and folk mathematics, among others (Carey
& Spelke, 1994).

Ultimately, the existence of Chomsky modules does not entail the existence of any
kind of computational modules or information-processing mechanisms, whether domaingeneral or domain-specific ones. This is because they could explain some cognitive
competences without the intervention of computational modules. That is to say, intentional
modules are not necessarily realized by computational modules. Connectionist systems are
possible explanations for how the contents of an intentional module bring about the execution
of specific tasks in absence of computational modules (Segal, 1996).
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That said, however, it is certainly possible for intentional modules to coexist with
domain-general and domain-specific computational modules alike. Indeed, computational
modules, as informationally encapsulated processing mechanisms, usually operate using the
knowledge contained in their own databases or intentional modules — e.g., a module for
syntactic processing has as part of its internal structure an intentional module about syntax
(Coltheart, 1999); a module for executing arithmetic computations might appeal to an
intentional module of arithmetic knowledge (Carston, 2006).

Interestingly, it is also possible for intentional modules to coexist just with domaingeneral computational modules (Samuels, 1998). That is why endorsing the coexistence of
intentional modules and computational modules does not necessarily bind us to endorse the
massive modularity of mind hypothesis, which is stated in terms of domain-specific
computational modules.
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2.5. Massive modularity of mind hypothesis

The massive modularity of mind hypothesis reveals itself as a bold and ambitious depiction of
the human cognitive architecture. To put it crudely, this hypothesis depicts a baroque and not
that elegant structural design as typical of the architecture of human minds — and, tellingly,
also as typical of the architecture of other animals’ minds (Carruthers, 2006b). It states that
our mind is a system largely — though not necessarily exclusively 24 — composed from
numerous modular cognitive mechanisms shaped opportunistically by natural selection in
order to tackle information-processing problems and regulate the behavior of our Pleistocene
hunter-gatherer forebears in an adaptive manner (we conceptualized these cognitive
computational mechanisms as ‘Darwin modules’ in section 2.2). In this respect, it’s worth
mentioning that natural selection is an evolutionary force whose effects, as Jacob (1977)
suggested, are closer to the far from optimal, though functional, works of a down-to-earth
tinkerer who takes advantage of already existing structures than to the designs and products of
a minimalist and stylish engineer who can start his work from the scratch and has access to the
materials more suitable for the completion of his job.

This view of cognitive modularity as massive and pervasive to the peripheral and the
central mental systems alike — from vision and spatial orientation to food aversion, decisionmaking, friendship, and racialism, among others — is commonly associated with the
proponents of evolutionary psychology (Barrett & Kurzban, 2006; Buss, 1999; Cosmides &
Tooby, 1987; Pinker, 1997; Tooby & Cosmides, 1992). More specifically, the massive
modularity of mind hypothesis is associated with the work and research agenda of a group of

24

Ermer, Cosmides, and Tooby (2007b) hold that “[t]he mind probably does contain a number of
functionally specialized programs that are relatively content-free and domain-general [non-modular
programs] …, but these can regulate behavior adaptively only if they work in tandem with a bevy of
content-rich, domain-specialized ones that solve the aforementioned problems” (p. 158). This means
that the massive modularity of mind hypothesis does not entail rejecting the possibility of some mental
mechanism being non-modular and contributing in some manner to the adaptive regulation of behavior
insofar as they work in association with cognitive modular mechanisms.
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scholars and academic psychologists also known as “the Santa Barbara School” since its most
active and visible promoters (the cognitive psychologist Leda Cosmides and the biological
anthropologist John Tooby) founded and co-direct the Center for Evolutionary Psychology at
the University of California, Santa Barbara. Precisely, Tooby and Cosmides (1995a) state the
massive modularity of mind hypothesis in the following metaphorical terms as they offer a
foreword to Simon Baron-Cohen’s Mindblindness (1995): “our cognitive architecture
resembles a confederation of hundreds or thousands of functionally dedicated computers
(often called modules) designed to solve adaptive problems endemic to our hunter-gatherer
ancestors” (p. xiii-xiv). For this representative couple of evolutionary psychologists and
massive modularists, the components of our cognitive structure are more likely to resemble
such an elaborate multitude of functionally dedicated computers, than they are “to resemble a
single general-purpose computer equipped with a small number of general-purpose procedures
such as association formation, categorization, or production-rule formation” (Tooby &
Cosmides, 1995b, p. 1189). So the massive modularity of mind hypothesis stands in opposition
to a view of the mind as a generic information-processing machine.

Evolutionary psychologists consider that an evolved psychological mechanism is a set
of processes that:

“1. Exists in the form it does because it (or other mechanisms that reliably produce it)
solved a specific problem of individual survival or reproduction recurrently over
evolutionary history.
2. Takes only certain classes of information or input, where input (a) can be either
external or internal, (b) can be actively extracted from the environment or passively
received from the environment, and (c) specifies to the organism the particular
adaptive problem it is facing.
3. Transform that information into output through a procedure (e.g., decision rule) in
which output (a) regulates physiological activity, provides information to other
psychological mechanisms, or produces manifest action and (b) solves a particular
adaptive problem. (Buss, 1995, p. 6)
Importantly, the massive modularity of mind hypothesis receives additional
theoretical and conceptual support and justification by authors and philosophers somewhat
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sympathetic to the research program of evolutionary psychology such as Peter Carruthers
(2006a, 2006b) and Dan Sperber (1994, 2001). In this light, Carruthers (2006a) states the
massive modularity of mind hypothesis in the following terms:

“the human mind should consist of a whole host of functional and multifunctional
systems and subsystems, which are to some degree dissociable from one another, and
whose internal computational processes are encapsulated from most of the information
held elsewhere in the mind at that time” (p. 185).
Importantly, as Carruthers (2006b, 2008) makes explicit, the massive modularity of
mind hypothesis entails that the mind is modular all the way down. That is to say, the mind is
a hierarchic system of modules, in which “all but the bottom layer of modules will be construed
out of other modules as parts” (Carruthers, 2008, p. 294). This means that modules have
embedded modules as components, and the embedded modules are, in turn, composed of
further embedded modules, and so forth. Routinely, modules are complexes of modules unless
they are modules at the bottom layer of the cognitive hierarchy.

Now, we should take into account that endorsing the modularity of the central systems
of mind in addition to the seemingly uncontroversial modularity of the peripheral systems of
mind goes logically hand in hand with the defenestration of some of the nine properties
deployed by Fodor in his classic The modularity of mind (1983) to characterize the concept of
cognitive module. Indeed, “it is obvious that by ‘module’ we can’t possibly mean ‘Fodormodule’, if a thesis of massive mental modularity is to be even remotely plausible” (Carruthers,
2006b, p. 7). Interestingly, given the fact that many massive modularists are motivated by the
research agenda of evolutionary psychology (see section 6.2.1), the leading evolutionary
psychologists Elsa Ermer, Leda Cosmides, and John Tooby (2007b) see the necessity of an
explicit decoupling from Fodor’s modularity: “Fodor’s (1983) concept of a module is neither
useful nor important for evolutionary psychologists” (p. 153). This is statement is far from
being an exaggeration. Mainstream evolutionary psychologists — and, by extension,
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mainstream massive modularists — reduce the concept of module to the sole property of
functional specialization (Barrett & Kurzban, 2006). In any case, the most obvious candidates
to be toppled from the influential characterization of cognitive modules given by Fodor (1983)
— which, parenthetically, is the most widespread characterization of modularity in the
cognitive science literature, pace the multiple effort of evolutionary psychologists for
dismissing it — are informational encapsulation, swiftness of processing, and shallow outputs.
Furthermore, unlike peripheral modules, central modules cannot have proprietary transducers.

Consider again the work of the developmental psychologist Simon Baron-Cohen
(1994, 1995) on theory of mind and autism. Baron-Cohen defends the existence of an evolved
Mindreading System composed of four modules (Intentionality Detector (ID), Eye Direction
Detector (EDD), Shared Attention Mechanism (SAM) and Theory of Mind Mechanism
(ToMM)), rejects informational encapsulation, shallow outputs, and innaccesibility to
consciousness as necessary features of modularity. Why to get rid of these properties?

As pointed out when discussing Fodor’s (1983, 2000) position in a previous section
(see Section 2.3.3), the central systems of mind are by their own nature non-encapsulated (that
is, they are not narrow-encapsulated, which is Fodor’s sense of informational encapsulation).
This is because, in the course of their processing (that is, once they are turned on or triggered
into action by an input), the central systems of mind tend to integrate information coming from
different cognitive subsystems — and eventually from all the background beliefs — of the
individual organism. Indeed, the cognitive mechanisms proper to the central systems of human
mind do not happen to be shielded from information outside their proprietary databases in the
course of their processing. This means that the cognitive mechanisms proper to the central
systems of human mind (e.g., decision-making) are global in their information intake when
operating and not like the cognitive systems proper to the peripheral systems (e.g., perception)
which are local in their information intake. On the other hand, observation tells us that
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processes such as reasoning, planning, and decision-making are far from being swift in humans
— in fact, Fodor (1983) characterized cognitive modularity as swift because the peripheral
systems (what he takes as the modular systems of mind) are faster than the central systems
(what he takes as the non-modular systems of mind) when it comes to process information
(transforming one kind of representations into other kind of representations). Sure, reasoning,
planning, and decision-making, among other high-level cognitive capacities, tend to be slower
than perception, speech parsing, and other low-level cognitive capacities. Additionally, the
outputs of reasoning, planning, decision-making, and so forth, are conceptual and not shallow;
the representations they render as outputs are, for example, conceptual thoughts, beliefs,
desires and other propositional attitudes.

In a similar vein, the property “characteristic ontogeny” interpreted in a strong nativist
sense as something that is “hard wired” and innate is a further member of Fodor’s (1983)
original cluster of nine properties that hardly fits with the modularity of central systems that
the massive modularity of mind hypothesis entails (Barrett, 2006; Barret & Kurzban 2006;
Cowie, 2008). Indeed, advocates of massive modularity prefer to endorse an interactionist and
non-nativist position that appeals not just to genes, but also to interactions with the
environment and self-organizing processes during development (Barrett, 2006; Barrett &
Kurzban, 2006) — this amounts to a reliable development of modules and not to a
characteristic ontogeny of modules. In any case, whatever the properties associated with the
cognitive modules referred by the massive modularity of mind hypothesis ultimately are, make
no mistake that such properties will not turn to be a matter of stipulation nor the output of an
a priori conceptual analysis, but properties that we must discover in an empirical manner, as
Dan Sperber (1994) puts it when coining the expression ‘massive modularity.’ Interestingly,
for this representative modularist, cognitive modules are a natural kind, and they constitute a
type of biological modules (Sperber, 2005) (see section 2.1).
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Trying to follow Sperber’s suggestion, Carruthers (2008) gives a notion of module not
in a dogmatic or purely analytical way but taking into account the conclusions of the main
arguments (empirical evidence and theoretical considerations) that have been offered in
support of the massive modularity of mind hypothesis in the literature — among them, the
evolvability of complexity argument, the task-specificity argument, and the tractability
argument (see Chapter 3). Here, the job is not to postulate an a priori notion of modularity, but
to extract one combined notion from the assessment of modularist arguments and empirical
evidence that are not necessarily offered by motivations and concerns similar to those of Jerry
Fodor (1983, 2000). In fact, common-sense thinking, biology, evolutionary theory, and
artificial intelligence, among others, model their own understanding of module. The evaluation
of these arguments allows Carruthers (2006b, 2008) to suggest that all modules are

-

isolable function-specific processing systems,

-

relatively independent,

-

their operations aren’t subject to the will,

-

have complex input and out connections with others,

-

have distinct neural realization,

-

are frugal in the use of information,

-

have internal operations that are inaccessible to other modules, and — with
exception of bottom layer modules —

-

are constructed out of other modules.

“Then then the claim that the mind is massively modular in organization means that it
is composed out of many, many, such systems” (Carruthers, 2008, p. 294). Separately,
according to this categorization, the massive modularity of mind hypothesis entails that almost
all modules are domain-specific (input-specific), that most modules are innate (that is, that
most modules have a reliable development, as explained paragraphs above), and that some
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modules are narrow-encapsulated (Fodor’s sense of informational encapsulation) (Carruthers,
2008, p. 295).

Importantly, the massive modular mind hypothesis makes reference to a massive
number of computational mechanism (information-processing mechanism) not necessarily to
a massive number of intentional modules: “The thesis of massive modularity is generally
understood to apply only to processing systems” (Carruthers, 2006b, p. 3). Suggestively,
evolutionary psychologists consider that the distinction between computational modules and
intentional modules (Chomsky modules) might be computationally valid, but irrelevant from
a fitness-functionalist (Darwinian) point of view (Frankenhuis & Ploeger, 2007). This is
because both computational modules and intentional modules are forms of cognitive
specificity shaped by natural selection for yielding fitness-enhancing behavior. In substance,
it makes no difference “whether an organism comes equipped with innate knowledge
[intentional module] that, say, red berries are poisonous, or with cognitive procedures
[computational module] that lead it to infer that small red objects are aversive” (Frankenhuis
& Ploeger, 2007, p. 701). In both cases, the result amounts to the same in fitness-functionalist
terms, that is, the organism will avoid the consumption of a possible dangerous element and
not put in risk its expected number of progeny.
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3. THEORETICAL CONSIDERATIONS IN FAVOR OF MASSIVE MODULARITY

3.1. The evolvability of complexity argument

What I suggest calling ‘the evolvability of complexity argument’ draws the conclusion that
modularity — insofar as understood in the seemingly uncontroversial and generic sense of
dissociable and quasi-independent subsystems without any necessary reference to whether or
not these subsystems are information-processing — constitutes a foreseeable outcome when it
comes to the evolution of complex systems like the human mind.

This argument is inspired by Herbert A. Simon (1962), who defended the thesis that
evolutionarily stable complex systems tend to be hierarchically organized and nearly
decomposable, which, it’s worth emphasizing, is not necessarily equivalent to defending the
claim that complex systems tend to be modular in their organizations. Indeed, Simon never
talked explicitly about modularity in the 1962 paper cited so enthusiastically by massive
modularists like Steven Pinker (1997) and others. Simon introduces his position on the
evolution of complex systems by means of a parable:

“Let me introduce the topic of evolution with a parable. There once were two
watchmakers, named Hora and Tempus, who manufactured very fine watches. Both
of them were highly regarded, and the phones in their workshops rang frequently —
new customers were constantly calling them. However, Hora prospered, while
Tempus became poorer and poorer and finally lost his shop. What was the reason?
The watches the men made consisted of about 1,000 parts each. Tempus had so
constructed his that if he had one partly assembled and had to put it down — to answer
the phone say — it immediately fell to pieces and had to be reassembled from the
elements. The better the customers liked his watches, the more they phoned him, the
more difficult it became for him to find enough uninterrupted time to finish a watch.
The watches that Hora made were no less complex than those of Tempus. But he had
designed them so that he could put together subassemblies of about ten elements each.
Ten of these subassemblies, again, could be put together into a larger subassembly;
and a system of ten of the latter subassemblies constituted the whole watch. Hence,
when Hora had to put down a partly assembled watch in order to answer the phone,
he lost only a small part of his work, and he assembled his watches in only a fraction
of the man-hours it took Tempus.” (Simon, 1976, p. 470)
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Peter Carruthers (2006b) presents the “modular version” of Simon’s argument as
follows:

1. Biological systems are designed systems, constructed incrementally.
2. Such systems, when complex, need to have massively modular organization.
3. The human mind is a biological system, and is complex.
4. So the human mind will be massively modular in its organization.

The hidden/implicit premise of this reasoning is that modularity is a necessary
condition for the evolution of complex systems by natural selection. This is because
modularity warrants the evolutionary stability of complex systems and allows selection to
target single traits, as Simon’s parable suggests. That is to say, individual bearers of systems
that consist of dissociable and quasi-independent components — i.e., individual bearers of
modular systems — tend to outcompete in reproductive terms those conspecific organisms
who bear non-modular systems. Natural selection favors modular systems over non-modular
systems, which amounts to saying that the alleles involved in the generation of non-modular
systems are likely to be removed from the gene pool of the corresponding population (or
stopped from entering it) for not being as adaptively valuable — i.e., for not being as
replicatively successful — as those involved in the generation of modular systems. Meanwhile,
the alleles involved in the generation of modular systems are likely to be preserved, multiplied
and ultimately become species-typical. These alleles do not vary substantially between
individuals. To illustrate this point, take into consideration the following generalization.

Each complex system executes many functional tasks (i.e., tasks that have an impact
on fitness), say complex system S1 executes T1, T2… T200. Evolutionarily speaking, this is
tantamount to say that the complex system S1 is able to respond to two hundred selection
pressures. Complex systems have components, say complex system S1 has components C1,
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C2… C200. It might happen that (i) the execution of each task by a complex system depends on
many of its components working together, say the execution of the tasks T1, T2… T200 of the
complex system S1 depends on the components C1, C2… C100 working together.

It might also happen that (ii) the execution of each task by a complex system depends
on all its components working together, say the execution of the tasks T1, T2… T200 of the
complex system S1 depends on the components C1, C2… C200 working together. Suppose that
the functional task T20 (say, face recognition) is not being executed properly by the complex
system S1 — that is, the execution of the functional task T20 is currently detrimental to the
relative fitness (differential reproduction) of the individual bearer of the complex system S1.
In which case, the individual bearer of the complex system S1 is responding inefficiently to a
specific selection pressure (say, recognizing faces). It would be extremely complicated to
operate changes on the complex system S1 as a whole in order to improve its performance
regarding that very specific functional task T20 in either case, (i) or (ii). Where to start the
evolutionary overhaul? How to fix the problem in the execution of the functional task T20 if
either many (C1 & C2 … & C100) or all the components (C1 & C2 … & C200) of the complex
system S1 are involved in that task?

Fine-tuning the performance of the complex system S1 in relation to the functional
task T20 would be a much more practical affair if the architecture of S1 were modular than in
case its architecture were non-modular. That is to say, the refurbishment of S1 turns to be an
easy and efficient process if the components of S1 are organized in such a way that they are
relatively independent among themselves regarding the execution of different and specific
functional tasks — i.e., if they are functionally isolable and can be treated as single targets of
modification or removal. If the organization of the complex system S1, on the other hand,
involved different components in the execution of a single functional task, that is, if the
organization of S1 were non-modular, then specific selection pressures would not have distinct
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targets in S1 (Gibbs & Van Orden, 2010). If such were the case, the system S1 would happen
to put its individual bearer in a weak evolutionary position. Indeed, it would be a system of
difficult overhaul by the sole means of natural selection. This is because tiny modifications in
one component of the system would have consequences in the functionality of other
components, and it would become “extremely difficult to debug or to improve, whether by a
human designer or in the course of natural evolution, because a small change to improve one
part has to be accompanied by many simultaneous compensating changes elsewhere” (Marr,
1976, p. 485). This is David Marr’s principle of modular design.

In essence, specialized phenotypic traits — those that are task-specific and taskefficient — are independent targets of selection. Thus, if the component C20 is functionally
specialized, autonomous (dissociable and quasi-independent25) and separately modifiable, that
is to say, if the component C20 is developmentally modular in nature (see section 2.1), then
natural selection just operates on it — and not in the complex system S1 as a whole — for
enhancing the organism’s execution of the fitness-related task T20. This means that a
component is modular to the extent that selection can act on it independent of other
components of the system it belongs to (Barrett, 2006; Barrett & Kurzban, 2016; Wagner &
Altenberg, 1996). Hence, if we accept the thesis that the mind is a complex system — i.e., the
thesis that the mind has components organized in certain functional and non-random manner
— in conjunction with the prima facie uncontroversial thesis that its organization evolved by
natural selection as long as the behaviors the mind contributes to produce impinge on
individual organisms’ fitness, then we are entitled to predict that the organization of the human
mind is probably massively modular. This is because “modularity allows the adaptation of
different functions with little or no interference with other functions” (Wagner, 1996, p. 38).
The reasoning comes from evolutionary developmental biology.

25

“By quasi-independence is meant that the developmental paths are such that a variety of mutations
may occur, all with the same effect on the primary character, but with different effects on other
characters” (Maynard Smith, 1978, p. 41).
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If successful, this argument shows that, from an evolutionary point of view, it does
not make much sense to think that multiple components of the mind are involved in the
execution of a single functional task. Nonetheless, the fact that multiple single components of
the mind are not jointly involved in the execution of a single functional task does not preclude
the possibility that multiple single components of the mind execute separately multiple
functional tasks — that is, that each component of the mind contributes in different ways to
the fitness of the organism. In other words, the evolvability of complexity argument does not
offer a case against the “domain-generality” (task-generality) of some — or all — mental
modules. Following the terms of the above generalization, once rejected (i) and (ii) as
implausible in terms of the evolutionary efficiency of selection, it might still be the case that
(iii) some — or all — components C1, C2… C100 of complex system S1 execute separately
multiple functional tasks, e.g., the component C1 executes independently the functional tasks
T1, T2… T4; the component C2 executes independently the functional tasks T5, T6… T9; the
component C3 executes independently the functional tasks T10, T11… T15; and so on.

The task-specificity argument (see next section) enters the picture at this point in order
to reject (iii).

62

3.2. The task-specificity argument

The slogan of the task-specificity argument is “a jack of all trades is necessarily a master of
none” (Cosmides & Tooby, 1994, p. 89). Like the evolvability of complexity argument, this
new case in favor of the massive modularity of mind hypothesis is based on a series of
conceptual considerations borrowed from an adaptationist understanding of evolutionary
theory. In particular, the evolvability of complexity argument is based on a subtle conceptual
reasoning about the evolutionary stability of complex systems elaborated by the Nobel Prize
in Economics laureate H. A. Simon (1962), while the task-specificity argument is grounded
on an optimality approach to the study of the evolution of phenotypic traits that has elements
of engineering and game theory (Maynard Smith 1978; Maynard Smith, 1982; Parker &
Maynard Smith, 1990) (see section 6.3.3). As such, the task-specificity argument refers to the
evolutionary benefits that come from the “division of labor” in the phenotypic traits that
comprise a living organism.

The core idea of the task-specificity argument is that numerous functionally
specialized information-processing mechanisms — i.e., numerous task-specific cognitive
modules — perform more efficiently — and so produce a higher fitness payoff — than a
reduced number of general (and hence not specialized) information-processing mechanisms.
Arguably, this is why natural selection is likely to have favored the evolution of a massively
modular mind in humans and other animals, and not of a domain-general intelligence packed
with a set of rules for solving a large array of unconnected adaptive information-processing
problems (Barrett & Kurzban, 2006; Carruthers 2006b). “This adaptive tailoring often takes
the form of content-rich, domain-specialized procedures that are useful in making inferences
and decisions about one problem domain, but would be useless (or even harmful) if applied to
a different problem domain” (Ermer, Cosmides, & Tooby, 2007b, p. 154).
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As framed, the task-specificity argument suggests that natural selection shaped as
many task-specific programs as statistically recurrent adaptive information-processing
problems the Pleistocene humans faced in the course of their existences. That is to say, the
argument predicts ambitiously — and also controversially — that there exists a single and
distinct functionally specialized cognitive mechanism (i.e., a module) for each computational
selection pressure the ancestral environment demanded our hunter-gatherer forbearers to
tackle in order to produce minimal adaptive behavior (higher relative fitness than that of their
conspecifics in the corresponding population). “[W]e know this because we are here today”
(Cosmides & Tooby, 1994, p. 91). If so, the mind is neither a single domain-general computer
nor is comprised of such things as multi-task modules — this is a plain rejection of the scenario
(iii) presented at the end of the previous section.

“Roughly speaking, then, we should expect there to be one distinct subsystem for each
reliably recurring function that human minds are called upon to perform. (And
whenever the function performed is complex, the sub-system in question should itself
decompose into an array of sub-sub-systems, and so on.)” (Carruthers, 2006b, p. 20)
As advanced by Cosmides and Tooby (1994), the argument runs as follows:

1. When two adaptive problems have solutions that are incompatible or simply
different, a single general solution will be inferior to two specialized solutions.
2. Our Pleistocene ancestor had to be good at solving an enormously broad array of
adaptive problems… These different adaptive problems are frequently
incommensurate: they cannot, in principle, be solved by the same mechanism.
3. Therefore, the human mind can be expected to include a number of functionally
distinct cognitive adaptive specializations.

The logic that underlies this reasoning is that, from an engineering (optimal) point of
view, generality sacrifices efficiency:
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“Wherever different materials need to be processed at the same time, it will be much
more efficient to employ two distinct processing systems which can handle those
materials in parallel, rather than relying upon a single general-purpose system which
would have to tackle the tasks sequentially. For in the animal world generally, speed
of learning, speed of decision-making, and speed of reaction time are crucial
determinants of survival and reproduction.” (Carruthers, 2006b, p. 20).
If so, it is not accurate to think about efficiency within this context — the context of
naturally evolved living systems — in terms of how large the number of different problems a
single generic (domain-general) trait can solve. Things — it is argued — are exactly the
opposite. Versatility in a single trait in itself does not guarantee efficiency26; that is why the
evolutionary force of natural selection favors increasing specialization over generality:
“Content-free, general purpose problem-solving mechanisms are extraordinarily weak — or
even inert — compared to specialized ones” (Ermer, Cosmides, & Tooby, 2007b, p. 156).

Different adaptive information-processing problems pose different computational
challenges. This is the key idea to understand the task-specificity argument: the problems
whose solutions require different computations are not efficiently solved by the same
computational device. Indeed, “because what counts as the wrong thing to do differs from one
class of problems to the next, there must be as many domain-specific subsystems as there are
domains in which the definitions of successful behavioral outcomes are incommensurate”
(Ermer, Cosmides, & Tooby, 2007b, p. 156). For example, fitness-enhancing behavior
regarding choosing nutritious food differs from fitness-enhancing behavior regarding choosing
fertile mates. Using a common and general-purpose cognitive mechanism for solving this
couple of different adaptive information-processing problems paves the way to the
evolutionary failure of an organism, i.e., to rank below the average relative fitness in the
population the organisms belong to. Indeed, general-purpose problem-solvers did not evolve

26

A single trait is versatile if it has the capacity to execute multiple tasks in a changeable environment
posing different and new selection pressures to a population of living organisms.
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because they tend to be outcompeted by a set of special-purpose cognitive mechanisms or
Darwin cognitive modules (Carruthers, 2004b). “No one supposes that there could be a
general-purpose sensory organ, which could fulfill all of the functions of sight, hearing, taste,
touch, and smell” (Carruthers, 2004b, p. 300).

For this and other similar reasons, it is difficult to conceive the principles of logic and
rationality as the defining algorithms of a hypothetical general-purpose cognitive mechanism
that might help us to solve a large array of different adaptive cognitive or computational
problems, from choosing food and establishing alliances to choosing and retaining mates.
Indeed, postulating truth (a correspondence between thoughts and the external world as it is),
logic (the preservation of statement’s truth in a reasoning), and rationality (the normative
pursuit of truth as the aim of beliefs) as the universal norms of human mind and the cognitive
systems it encompasses results misleading and a little bit naïve (Hoffman, 2019; Hoffman &
Singh, 2012; Mark, Marion, & Hofman, 2010). Briefly, the human mind was gradually shaped
by a feedback process (natural selection) whose sole criterion was the degree to which the
computations the human mind ran caused our Pleistocene ancestors to have higher relative
fitness in their corresponding populations, not the degree to which these computations were
true, deductively logical, and epistemically rational. To put it crudely, the goal of minds is
neither producing sound arguments nor generating true beliefs: “[M]inds, are not, in fact, logic
machines, but survival machines” (Barret, 2005, p. 262).

In the struggle for survival and reproduction, the more intense the selection pressures
are the less general and more functionally specialized we should expect the traits of those
individual organisms whose genes ultimately outnumber their conspecifics’ genes in the next
generations to be. “The selective accumulation of variants that confer increased fitness
therefore tends to optimize the parameters of the design with respect to the organism’s (or
engineered system’s) overall state of local adaptation” (Seger & Stubblefield, 1996, p. 94). To
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this extent, “enhanced functionality is the only criterion to which natural selection responds”
(Cosmides & Tooby, 1994, p. 91).

Oddly, some people are prone to argue that having domain-general cognitive
mechanisms is evolutionarily advantageous because this kind of versatile mechanisms might
help us to solve future new and unexpected adaptive problems, viz. selection pressures our
ancestors never faced before but for which (luckily) we happen to be already equipped. Again,
this way of thinking is misleading and a little bit naïve. The effect of natural selection is to
equip us with phenotypic traits to tackle in an efficient (locally optimal) manner those
problems already faced by our ancestors. So it seems clear that the phenotypic traits natural
selection shapes — i.e., those traits we inherit from the reproductively successful individuals
of past generations (our ancestors) — are not partly or wholly thought to deal with problems
never seen before. This is because the problems that do not yet exist cannot give any
performance feedback to the filtering process natural selection certainly is.

To phrase the matter another way, natural selection does not foresee the traits that are
going to be advantageous in the future. Its operation is limited to produce traits reproductively
advantageous in the face of statistically recurrent fitness-related problems up to now, not traits
useful for tackling future new adaptive problems. Admittedly, some adaptations can be
eventually co-opted for new uses, but that is a historical contingency natural selection did not
take into account while shaping the corresponding adaptation turned into an “exaptation” (see
section 6.3.1).

At this point, recall that the general idea of the evolvability of complexity argument is
that, when it comes to evolutionarily stable complex systems, natural selection is more likely
to produce a modular architecture than a non-modular one (see section 3.1). Meanwhile, the
task-specificity argument suggests that the numerous modules that are likely to integrate the
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mind are task-specific (domain-specific) and not domain-general. This is because, from a
biological point of view, distinct tasks predict distinct adaptive mechanisms (Gallistel, 2000).
If combined, the evolvability of complexity argument and the task-specificity argument give
stronger theoretical support to the massive modularity of mind hypothesis than they do in
isolation — for sure, the support they give is not deductive in nature.

The morale is that the range of distinct cognitive capacities exhibited by humans is
indicator of a collection of corresponding distinct cognitive mechanisms. This idea is
provocatively illustrated by evolutionary psychologists through a metaphor that portraits the
human mind as a sort of Swiss Army knife (Pinker, 1994). Swiss Army knives are well-known
apparatuses that integrate ingeniously numerous tools with very specific and unambiguous
functions (task-specificity). Understood in this way, the particular design of each tool included
in a Swiss Army knife gives an efficient solution to a specific problem. From this fact, it
follows that the tools were not made to be interchangeable. How people use them is thought
to be determined by their specific forms and corresponding functions. (And, arguably, so
happens with the “tools” that compose the human mind: “We do not use our color-vision
system to talk, or our language system to see color. We use specialized modules for the
functions they evolved to solve” [Baron-Cohen, 1995, p. 11]). Certainly, a Swiss Army knife
is not, in any sense, a single universal tool for general use. This is the rationale behind the
simile of the human minds as a Swiss Army knife. The human mind is “not a general-purpose
computer but a collection of instincts adapted for solving evolutionarily significant problems
— the mind as a Swiss Army knife” (Pinker, 1994, p. 420).

This metaphor is at first glance appealing, but once it is analyzed in a careful way it
appears deceptive to some extent. Not surprisingly, over the past few decades, it has caused
unnecessary problems for the proponents of the massive modularity of mind hypothesis.
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First, the principle of individuation proper to a computational human module is its
proper domain (its input-specificity or task-specificity), not its physical substratum. Or putting
it more formally, a particular instance of a computational human module (i.e., a hic et nunc
architectural module) is phenotypically discrete not only because it is realized in a discrete
physical entity but ultimately due to the fact that it is an isolable information structure that
process a specific kind of information in a particular manner — that is, computational human
modules are discrete processes. Certainly, despite the fact of having a neural basis, the modules
are cognitive mechanisms and, as such, they are distinct and isolable from the point of view
of its proper domain (its input-specificity or task-specificity), not from an ontic perspective.
They are not physically discrete physical objects whose clean design follows a blueprint
(Carruthers, 2006b). They are tools in an information-processing sense but not tools like those
physically discrete and deliberately designed objects that are included in a Swiss Army knife.

Secondly, unlike the tools that comprise a Swiss Army knife, the modules’
computational structures do not need to be optimal — at least, not globally optimal — and
minimalist but just to achieve efficiency in terms of relative fitness. This means that the
modules just need to cause their individual bearers to be more reproductively successful than
the individual bearers of other available alternative computations tackling the same problem
in the same population. Surely, they are not “elegant machines.” Indeed, this is lack of elegance
is the style of “engineering” proper to natural selection, a process that is a sort of tinkering, as
already suggested (see section 2.5).

Natural selection does not design from the scratch nor following a blueprint. Its work
starts from other previously available traits and, consequently, the resultant apparent designs
are not necessarily elegant. Make no mistake: natural selection is a filtering process that
removes from an existing genome the alleles that are associated with the less enhancing-fitness
available phenotypic traits that are found in a population. It is not a creative process that
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introduces to an existing genome the alleles that may generate an optimal phenotypic trait.
Furthermore, the alleles present in an existing genome constitute a genetic constraint to the
phenotypic expression of new alleles. That is why “there is probably no adaptation that (when
examined closely enough) exhibits optimal design for its function” (Andrews, Gangestad, &
Matthews, 2002, p. 495).
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3.3. The tractability argument

The tractability argument in favor of the massive modularity of mind hypothesis is based on
two ideas. The first one is that the computational theory of mind is true. According to this
influential theory of cognition, human cognitive processes are computational in nature (see
section 2.3). The second idea underlying the tractability argument is that non-modular mental
architectures are computationally intractable and this counts as a reason against their existence
because human cognitive capacities are constrained by computational tractability27 insofar as
humans are finite systems and have limited computational resources. The alleged reason for
the intractability of non-modular mental architectures is that the processes they would execute
demand much more time (what one can consider as “astronomical time”), memory,
information, and computational power than those possessed by a standard modern human mind
and even by any reasonable computing machine. In other words, the processes non-modular
mental architectures would run are realizations of algorithms that compute functions in an
exponential and non-polynomial time. That is to say, a combinatorial explosion would
paralyze the human mind when performing its habitual and daily life tasks if it were composed
from non-modular subprograms or processes (Cosmides & Tobby, 1994).

“A content-independent, specialization-free architecture contains no rules of
relevance, domain-specialized procedural knowledge, or content-rich privileged
hypotheses to restrict its search of a problem space, and so could not solve any
biological problem of routine complexity in the amount of time an organism has to
solve it” (Ermer, Cosmides, & Tooby, 2007b, p. 156).
Since it seems to be obvious that the human mind is not paralyzed while performing
its habitual and daily life tasks, and that it does not take centuries or billions of years to perform
them either, then, this reasoning goes, the architecture of the human mind must be modular
rather than non-modular. This is because modularity (encapsulation) warrants tractability

27

That “human cognitive capacities are constrained by computational tractability” is what van Rooij
(2008) calls “the tractable cognition thesis.”
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insofar as it ensures information-frugality and processing-frugality (see below for more details
and the definitions of those kinds of frugality).

As schematized by Peter Carruthers (2006c), the argument is the following:

1. The mind is realized in processes that are computational in character.
2. If cognitive processes are to be realized computationally, then those computations
must be tractable ones.
3. In order to be tractable, computations need to be encapsulated.
4. Therefore, the mind must consist wholly or largely of modular systems.

Premise (1) is the signature thesis of the computational theory of mind. This premise
elaborates on one of the premises of the evolvability of complexity argument explained in the
first section of this chapter (see section 3.1) — specifically, it elaborates on the proposition
that the mind is a complex system. In substance, this premise of the tractability argument adds
to the idea that the mind is a complex system the further notion that it is a computationally
realized complex functional system.

Premise (2) is stated as a result of trying to figure out how to realize cognitive
processes (mental processes) into algorithmically specifiable processes — that is, how to
realize cognitive processes (mental processes) into computational ones. Importantly, if
cognitive processes are to be realized computationally, then those computations must be
tractable. As Carruthers (2003) put it, “the computational processes that realize human
cognition will need to be tractable ones, of course; for they need to operate in real time with
limited computational resources” (p. 505). More precisely, a cognitive capacity must be
expressed in terms of a function that is computable in polynomial time, that is, in terms of a
function that is computationally tractable.
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Formally, a function that is computable in polynomial time (time O(|i|α) where α is a
constant) is a function that is tractable, whereas a function that is computable in superpolynomial (exponential) time (time O(α|i|) where α is a constant) is a function that is
intractable (van Rooij & Wareham, 2012). Table 3.1 shows that exponential running time
grows much faster that polynomial running, and that it becomes soon unrealistic
(computationally intractable) for any reasonable computer:

Assume 100 steps per second

Assume 10,000 steps per second

|i|

O(|i|2)

O(2|i|)

O(|i|2)

O(2|i|)

2

0.04 sec

0.04 sec

0.02 msec

0.02 msec

5

0.25 sec

0.32 sec

0.15 msec

0.19 msec

10

1.00 sec

10.2 sec

0.01 sec

0.10 sec

15

2.25 sec

5.46 min

0.02 sec

3.28 sec

20

4.00 sec

2.91 hrs

0.04 sec

1.75 min

30

9.00 sec

4.1 months

0.09 sec

1.2 days

50

25.0 sec

8.4 × 104 years

0.25 sec

8.4 centuries

100

1.67 min

9.4 × 1019 years 1.00 sec

9.4 × 1017
years

1,000

2.78 hr

7.9 × 10290

1.67 min

years

7.9 × 10288
years

Table 3.1. Comparison of polynomial running time and exponential running time for
different input sizes |i|28

28

Table from van Rooij, 2008, p. 948.
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One of the already mentioned underlying contentions of the tractability argument is
that modularity (encapsulation) ensures frugality. In this view, a given system is said to be
tractable if it satisfies two demands (Carruthers, 2006a):

(a) Information-frugality: A system is informational-frugal if its algorithms do not
require it to check too much information in order to reach a solution in real time.
(b) Processing-frugality: A system is processing-frugal if its algorithms are not too
complex to be executed in real time.

More precisely, since we are concerned with cognitive processes proper to actual
human beings, the information-frugality and processing-frugality that are demanded should be
understood “within timescales characteristics of actual human performance” (Carruthers,
2006c, p. 14). The computational tractability required by premise (2) is computational
tractability for human brains, not for any possible — and not yet discovered — computer.

As for premise (3), which is the key premise of the tractability argument in favor of
the massive modularity of mind hypothesis, it states that computational tractability — i.e.,
information-frugality cum processing-frugality — requires informational encapsulation. This
premise derives from the writings on modularity of the late Jerry Fodor (1983, 2000). Here is
where the controversy begins…

Why does tractability require informational encapsulation? Carruthers (2003) makes
strong claims in this regard:

“cognition should be realized in a system of encapsulated modules. You only have to
begin thinking in engineering terms about how to realize cognitive processes in
computational ones to see that the tasks will need to be broken down into separate
problems which can be processed separately (and preferably in parallel). And any
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processor that had to access the full set of the agent’s background beliefs (or even a
significant sub-set thereof) would be faced with an unmanageable combinatorial
explosion. We should therefore expect the mind to consist of a set of processing
systems which are isolable from one another, and which operate in isolation from most
of the information that is available elsewhere in the mind” (p. 505).
It is true that a system is information-frugal if it is not affected in the course of its
processing by information held in the mind outside its proprietary database. In other words, it
is true that a system is information-frugal if it is informationally encapsulated in Fodor’s sense.
By this criterion, informational encapsulation enhances computations because encapsulated
mechanisms present cost reduction regarding memory search (information-frugality) and,
since the range of items of information that encapsulated mechanisms have access to while
operating is limited, there is also a limited number of possible relations between those items.
Thus, the risk of a combinatorial explosion (intractability) decreases. Fair enough.
Nevertheless, we should take into account two important things.

First, the massive modularity of mind hypothesis states that, apart from the peripheral
systems of mind (input systems and output systems), which are encapsulated in Fodor’s sense,
the central systems of mind are also modular. And, secondly, it is the case that these systems
are not informationally encapsulated, at least not in Fodor’s sense (the strong sense of
informational encapsulation). The information they have access to when turned on goes
beyond their own processing databases. In other terms, they are global, not local — they could
eventually access any item of information in the individual’s background beliefs. That is why
Carruthers (2006a) makes a subtle distinction between narrow-scope encapsulation (Fodor’s
encapsulation) and wide-scope encapsulation (let’s call it “Carruthers’ encapsulation”):

(c) Narrow-scope encapsulation: Concerning most of the information held in the mind,
a system is encapsulated if it cannot be affected by that information in the course
of its processing.
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(d) Wide-scope encapsulation: A system is encapsulated if it cannot be affected by
most of the information held in the mind in the course of its processing.

For a narrow-scope encapsulated system, most of the information held in the mind
cannot affect it, but there is information held in the mind that, as a matter of fact, do affect it.
So, there is a stark distinction between a small and extensionally determined subset of
information held in the mind that actually affects the encapsulated system once is turned on
(the information contained in the system’s proprietary database) and the huge and
extensionally determined subset information held in the mind that just cannot affect (penetrate)
it in the course of its processing. This is encapsulation in a strong sense: a module is understood
as a system shielded from information that is stored outside its proprietary database in the
course of its processing. Certainly, if encapsulated in some sense, central systems are not
narrow-scope encapsulated (Fodor’s sense).

For a wide-scope encapsulated system, on the other hand, there is not a stark
distinction between an extensionally determined subset of information held in the mind that
can affect it in the course of its processing and an extensionally determined subset of
information held in the mind that cannot affect or penetrate it. It just happens that most of the
information (not an extensionally determined subset) held in the mind does not affect the wideencapsulated systems because the algorithms they have — some frugal search heuristics and
stopping rules — are such that only a partial amount of the total available information held in
the mind is consulted before completing or aborting a task. The search of information they
perform is not exhaustive. In substance, it’s “quick and dirty.”

For Carruthers (2006a, 2006b, 2006c), central systems are encapsulated in the widescope sense. That’s what makes them information-frugal. Furthermore, wide-scope
encapsulation also makes them processing-frugal because, if a system could access the full set
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— or a significant subset — of the information held in the mind in the course of its processing,
that system’s algorithms would be extremely complex. Indeed, “they [would] have to specify,
in respect of each item of information that the system could access, what step should be taken
next” (Carruthers, 2006a, p. 184).

Thus, as premise (3) states, tractability is realized if computations are informationally
encapsulated. The encapsulation in question can be narrow-scope (in the case of peripheral
systems) or wide-scope (in the case of central systems). This is because informational
encapsulation causes the systems to be information-frugal and processing-frugal, which are
the two demands that must be satisfied by a system in order to be called computationally
tractable.

Accordingly, in case the processes executed by peripheral and central systems were
non-modular (unencapsulated processes), they would be computationally intractable — they
would demand more time and computational resources than those available to human brains.
Therefore, if human cognitive processes happen to be computationally tractable (which
empirical evidence and one’s experience seems to indicate), they must be modular in nature.
So, at the end of this reasoning, we are presumably justified to conclude (4): the mind must
consist wholly or largely of modular systems29.

Interestingly, J. Fodor was well aware of the tractability problem (actually, he refers
to this computational conundrum by means of the label “the frame problem”) but was reluctant
to interpret it as an indicator of some sort of modularity in the central systems. According to

29

Further “computational support” to the idea that the mind is massively modular is arguably found in
the fact that the efforts of computer scientists to develop feasible (tractable, real-time) intelligent
systems or robots has concluded on cognitive architectures that are massively modular (Carruthers,
2004a, 2004b).
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him (1983, 2000), the central cognitive systems are akin to scientific confirmation because
they are also isotropic and Quineian. Some comments are in order.

The central cognitive systems are isotropic because everything the individual knows
is relevant to determining what decision she ought to make or what else she ought to believe.
(Here an epistemological version of the frame problem materializes: how to know when the
evidence you have looked is enough? [Fodor, 1987]) Being isotropic seems to be incompatible
with being informationally (narrow-scope) encapsulated.

On the other hand, the central cognitive systems are Quineian because the degree of
acceptance of any given belief is related to the level of acceptance of any other and to the
whole system of beliefs taken collectively.

Being isotropic and Quineian, central systems cannot be informationally (narrowscope) encapsulated — recall that a cognitive mechanism is informationally (narrow-scope)
encapsulated (Fodor’s sense) if, in the course of its processing, it is not affected by information
held in the mind outside its proprietary database. Such unencapsulation would count as
evidence of the non-modular nature of central systems.

Reasoning, fixating beliefs (judging), decision-making, planning, and so on, lack a
frame for determining in a computationally tractable manner which information is relevant to
which problem and, as a result, while performing a task, they have potential access to
everything the individual organism knows, which means that they are not informationally
(narrow-scope) encapsulated.

Fodor inferred from the tractability problem the pessimistic conclusion that we will
not be able to achieve a full understanding of the central systems that make up the mind. That
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is precisely the message conveyed by what he baptized with a touch of modesty as “Fodor’s
first law of the nonexistence of cognitive science,” that is, “the more global (…) a cognitive
process is, the less anybody understands it” (Fodor, 1983, p. 107).

In contrast to Fodor, proponents of the massive modularity of mind hypothesis — as
we have just pointed out while articulating the premises and assumptions of the tractability
argument — interpret the tractability problem not as a limitation to the understanding of the
central systems, but ultimately as a substantive reason in favor of their modular nature. They
argue that if the central systems were domain-general (lacking domain-specific information
and domain-specific procedures, Cosmides & Tooby [1994]) and, hence, not modular, they
would fall into a combinatorial explosion. This is because they would not possess the search
heuristics and stopping rules that are necessary to reduce the number of possibilities that
should be evaluated for tackling a problem and performing a cognitive task that demand
information search. Presumably, our everyday thought and behavior count as evidence that the
central systems do not fall into a combinatorial explosion or take billions of years for
completing or aborting a task. Therefore, massive modularists draw the conclusion that the
central systems are modular. And since the peripheral systems are also modular, then the mind
as a whole is massively modular.

As framed, modularity is the condition of possibility of the central systems. From this
debatable particular interpretation of the tractability problem in conjunction with the
seemingly non-controversial modularity of the peripheral systems thesis, we are supposed to
assent to the high likelihood of the proposition that the mind is largely — or entirely —
modular.

Together, the evolvability of complexity argument, the task-specificity argument, and
the tractability argument, aim to show by means of parallel inferences to the best explanation
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— that is, by means of parallel abductive and non-demonstrative inferences — the plausibility
of the massive modularity of mind hypothesis and that evolution by natural selection and
software engineering converge on the same solution when faced to similar problems: a
massively modular cognitive architecture. Nonetheless, the plausibility of the massive
modularity of mind hypothesis requires more than theoretical considerations because, at the
end of the day, it is primarily an empirical hypothesis (an ontological hypothesis about the
mind and its processes), and not a merely conceptual claim.
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4. THEORETICAL ARGUMENTS’ PITFALLS

4.1. Problems of the evolvability of complexity argument

The evolvability of complexity argument, as advanced by Peter Carruthers (2006a), Steven
Pinker (1997), and other theorists, aims to give support to the idea that the human mind is
massively modular, that is to say, that both the peripheral and the central systems of mind are
modular in nature. As I remarked in the previous chapter (see section 3.1), the argument has
as premises the propositions that modularity is an attribute of gradually evolved biological
complex systems (because modularity is what warrants evolutionary stability in the
accumulation of changes generation after generation) and that the mind is an evolved
biological complex system. Recall the schematization of this argument by Peter Carruthers
(2006b), which is an adaptation of Simon (1962):

1. Biological systems are designed systems, constructed incrementally.
2. Such systems, when complex, need to have massively modular organization.
3. The human mind is a biological system, and is complex.
4. So the human mind will be massively modular in its organization.

However, it is worth taking into account that the argument as originally developed and
introduced by H. A. Simon (1962), was not in any sense intended as a defense of the massive
modularity of mind hypothesis. Nor it was intended as a reasoning addressed to support, at the
very least, the evolution of modules and the existence of peripheral modularity. In essence, it
was an argument in favor of the mechanistic idea that evolved complex systems are usually
hierarchically assembled and near decomposable into subcomponents. That is all. It does not
make reference to information-processing mechanisms, domain specificity or encapsulation
(Samuels, 2012).
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As H. A. Simon put it, “we could expect complex systems to be hierarchies in a world
in which complexity had to evolve from simplicity” (p. 482). Surely, this statement, which
emphasizes that hierarchies and near decomposability give stability to evolved complex
systems (remember the parable of the watchmakers Hora and Tempus; see section 3.1), does
not equate to say that evolved complex systems are modular in the cognitive sense that
underlies the massive modularity of mind hypothesis. The reason is straightforward: hierarchy
is not a concept equivalent to modularity in a cognitive sense. Surely, a complex system is
evolvable because its subcomponents can be single targets of natural selection (since they are
traits whose form is specialized in the execution of specific adaptive tasks), which means that
they are both functionally decomposable and developmentally decoupled. But pure
decomposition is far from being a sufficient condition of cognitive modularity.

Put into context, H. A. Simon’s argument aims to show that evolved complex systems
are hierarchical, not that they are modular (domain-specific or informationally encapsulated).
Roughly, according to H. A. Simon’s argument, systems are hierarchic if they are made up of
loosely interrelated subsystems, and these subsystems are, in turn, hierarchic insofar as they
are also made up of loosely interrelated subsystems. Hierarchy ends when we reach elementary
subsystems, that is, subsystems that are not made up of further subsystems. The fact that
subsystems are interrelated in a “weak, but not negligible” manner makes the corresponding
systems they integrate to be nearly decomposable.

Now, in which way, if any, this hierarchical near decomposability amounts to
modularity? Presumably, given the foregoing discussion (see section 3.3 and principally
chapter 2), cognitive modules are not just decomposable mechanisms. They are decomposable
informationally

encapsulated

mechanisms

(whether

informationally

narrow-scope

encapsulated or informationally wide-scope encapsulated, see Carruthers, 2006a).

82

Furthermore, it is not clear how to extract the concept of informational encapsulation or
domain specificity from an analysis of the concept of hierarchy in order to make H. A. Simon’s
argument a genuine argument in favor of the massive modularity of mind hypothesis. A further
premise is needed.

Anyhow, it seems that H. A. Simon’s argument works nicely for massive modularists
in case they are willing to portrait cognitive modularity only in terms of dissociable and quasiindependent functionally specialized information-processing mechanisms. Precisely, this is
the argumentative strategy chosen by H. Clark Barrett and Robert Kurzban (2006) to tackle
the criticisms addressed against the massive modularity of mind hypothesis — interestingly,
Barrett and Kurzban, who are close collaborators of “the Santa Barbara School” (see section
2.5), represent the mainstream (and periodically changeable) position of evolutionary
psychology about modules and massive modularity. In similar spirit, this more “workable”
characterization of module that allows an accommodation with H. A. Simon’s original
argument excludes ipso facto informational encapsulation as a property essentially attached to
the concept of cognitive module. Ultimately, cognitive modules would be conceived as
dissociable and quasi-independent functional specialized information-processing mechanisms
regardless of whether or not they are informationally encapsulated.

Yet removing informational encapsulation as a necessary condition for cognitive
modularity is a bold move and constitutes a radical departure from the conventional
understanding of modules in a cognitive sense. In fact, it is not just a departure from the
classical characterization of Jerry Fodor (1983), but also a departure from the view of authors
sympathetic to evolutionary psychology such as Dan Sperber (2005) and Peter Carruthers
(2006a, 2006b), who are skeptical of a complete conceptual divorce or disconnection between
modularity and informational encapsulation. As explained in a last section of the previous
chapter (see section 3.3), Peter Carruthers, who has published a hefty book in defense of the

83

massive modularity of mind hypothesis (Carruthers, 2006b), suggests a reformulation of the
concept of informational encapsulation, not its defenestration and oblivion.

Furthermore, conceiving modules only in terms of functionally specialized
information-processing mechanisms invites us to draw the conclusion that all cognitive
mechanisms are probably modular. This is because there are good reasons to think that all
cognitive mechanisms are to some extent specialized mechanisms and probably also functional.
They are functional because they are fitness-enhancing and they are specialized mechanism
because they execute specific tasks in an efficient manner not by coincidence but due to their
forms, an improbable tight fit between the mechanism and the environment that evidences
“natural design,” which means the operation of natural selection.

If the suggested reading of the massive modularity of mind hypothesis is limited to the
claim that all cognitive mechanisms are functionally specialized mechanisms, then saying that
the mind is massively modular is certainly uninteresting insofar as it does not add anything
new or disputable to our knowledge of how the mind works. Nor it adds anything new to the
uncontroversial idea that the mind is very likely to have evolved by natural selection since the
behaviors it ultimately produces have a non-negligible impact on the fitness of their possessors
and their kin: “For it will be by virtue of the mind that almost all fitness-enhancing behaviors
— such as running from a predator, taking resources from a competitor, or wooing a mate —
are caused” (Carruthers, 2006b, p. 15).

Importantly, H. A. Simon’s original evolvability of complexity argument does not
seem to exclude the possibility that some parts of a complex system could be multifunctional
(multitask, and hence not task-specific). If, as suggested by Carruthers (2006) and Pinker
(1997), the notion of modularity is modelled on this argument (the argument H. A. Simon’s
advances in favor of hierarchies in complex systems), then we are arguably entitled to claim
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that modules — like the components of other complex systems — might have a form that in
principle allow them to perform multiple tasks, not being any of them the primary task or
function of the module.

Admittedly, task-generality (domain-generality) might seem incompatible with the
idea that modules are functionally specialized or domain-specific — i.e., task-specific and
fitness-enhancing. Yet there is in fact consistency between the notions of task-generality and
functional specialization. A certain part of a complex system can be functionally specialized
in relation to a specific task and, as such, count as an adaptation — i.e., as a phenotypic trait
whose origin is the process of natural selection. But, as a matter of fact, that selfsame part —
that selfsame adaptation — might be nowadays performing some other jobs (that is, that part
might be co-opted for the execution of a task different from the task it was originally shaped
by natural selection to solve) and, consequently, it might be contributing to the organism’s
fitness in ways that are different from its original cause of evolution. If such were the case,
that part would count as an exaptation (Gould & Vrba, 1982; Gould, 1991). An exaptation is
a fitness-enhancing feature of an organism that did not evolve by natural selection for its
current effect, but for a different function (see section 6.3.1). For example, feathers evolved as
adaptations for thermoregulation, and, after that, they became exaptations for catching insects,
and, even later, for flight (Gould & Vrba, 1982).

The concept of exaptation is important for assessing the task-specificity argument
according to which evolution, reflecting the principle that underlies optimization models (the
idea that “specialization beats generality”), generates task-specific cognitive mechanisms for
tackling specific adaptive information-processing problems. That is precisely the topic to be
discussed in the next section.
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4.2. Problems of the task-specificity argument

Grounded on a particular understanding of the optimization approach to the study of the
evolution of phenotypic traits, the task-specificity argument advanced by L. Cosmides and J.
Tooby (1994) serves as a defense of the existence of almost as many especially dedicated
mental computers (that is, cognitive modules) as information-processing problems the
ancestral environment posed to the fitness of our Pleistocene hunter-gatherer forebears. Since,
on the one hand, this kind of problems were presumably massive in number, and, on the other
hand, it is a fact that we are the descendants of those ancestral humans who survived childhood,
reached reproductive age, and could mate successfully as well as outcompete their
conspecifics in reproductive terms, then it allegedly follows that we, contemporary humans,
are very likely to be equipped with a mind that is massively modular — as massive as the
number of adaptive information-processing problems our hunter-gatherer forebears faced.

That is to say, since we are the descendants of those ancestral humans who
evolutionarily thrived regardless both the large number of selection pressures (many of them
information-processing in nature) in the environment and the presence in the population of
conspecific competitors for resources and mates, then, the argument goes, our mind may be
expected to comprise one specifically dedicated module for each cognitive adaptive problem
ancient humans faced (because, as one of the premises of the argument stresses, “two adaptive
problems have solutions that are incompatible or simply different, a single general solution
will be inferior to two specialized solutions” [Cosmides & Tooby, 1994, p. 89]).

As we shall see, the task-specificity argument is not flawless.

First, it is not obvious that we must expect our central cognitive systems to be
architecturally modular just because an a priori task analysis informs us that, from the point of
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view of engineering (that is, according to an optimization approach), modular designs — i.e.,
decomposable task-specific solutions — are more efficient than non-modular designs — i.e.,
unitary task-general solutions — when it comes to solve adaptive information-processing
problems. Here, as remarked in the above paragraph, the engineering supposition is that one
specialized solution to certain problem beats a general solution applied to the selfsame
problem and some other problems — in other words, the optimality adaptive mantra
“specialization beats generality.”

Nevertheless, as said earlier (see section 2.5), natural selection is not an engineering
process. A much likelier metaphor might be the portrayal of the process of natural selection as
the work of a tinkerer. This is because adaptive values should be measured in terms of
differential reproduction (relative fitness) and not in terms of elegant, minimalistic or globally
optimal designs. To this extent, for any organism to solve a problem in a selectivist proper
fashion, it only needs to have expedient and efficient means to outreproduce its conspecifics
facing the same problem in the same population, and, as a matter of fact, observation and
experience in general tell us that organisms do not need to be equipped with a globally optimal
or “perfect” solution for outreproducing their conspecifics. That is, the effect of natural
selection is fitness maximization; and in order to achieve such a result it is not necessary for
this process to engineer the best possible solution to a specific adaptive problem — and,
definitely, not even the second or the third best possible solutions either. This process just
“picks up” the available phenotypic variant that boost the relative fitness of its bearer the better.
End of the story.

Sure enough, natural selection is best appreciated as an optimization process whose
outcomes are locally optimal, not globally optimal (see section 6.3.3). Such is the point of the
optimization approach to evolution: local optimality, not global optimality (Maynard Smith,
1978; Parker & Maynard Smith, 1990). As just suggested, local optimality means that natural
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selection just picks up — i.e., retains or favors — the comparatively best available solution
(phenotypic trait) found in the population — that is, the best evolvable solution given the
genetic, developmental, and historical constraints. In other words, natural selection “polishes”
the best available solution incrementally, generation after generation, through a filtering
schema (cumulative selection). Interestingly, the selection process that takes place each
generation can have eventually as an outcome a phenotypic trait that resembles a design —
this is the idea behind the concept of “natural designs” (Williams, 1966). To put it simply,
natural selection is the name given to a mechanical process of retention (positive selection)
and elimination (negative selection) whose ultimate consequences are fitness maximization
and increasing functional specialization.

Accordingly, natural selection does not design globally optimal solutions from the
scratch. This is because there are genetic, developmental, and historical constraints to the
evolution of a globally optimal adaptation and natural selection cannot just do away with such
constraints. If so, we can interpret natural selection as the sailors in the famous antifoundational parable of the logical positivist Otto Neurath (1921/1973):

We are like sailors who on the open sea must reconstruct their ship but are never able
to start afresh from the bottom. Where a beam is taken away a new one must at once
be put there, and for this the rest of the ship is used as support. In this way, by using
the old beams and driftwood, the ship can be shaped entirely anew, but only by gradual
reconstruction (p. 199).
Natural selection cannot “start afresh from the bottom.” Furthermore, natural selection
is opportunistic and, as such, takes advantage of the pool of already existing phenotypic traits
(“old beams and driftwood”) that might be used to tackle new adaptive problems confronted
by the organism. It is a “tinkering” processes that works with the raw or processed materials
that already exist in the individuals. That is why, unlike engineering, evolution is gradual (the
“gradual reconstruction” in the above parable): “If a lineage is to survive then there must be
continuously viable and selectively favourable path between each successive state of any
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phenotype that is subject to even moderately strong selection” (Seger & Stubblefield, 1996, p.
116). On the other hand, when it comes to actual engineering products, gradualism is not a
constraint: “[t]he jet engine did not evolve gradually from the reciprocating engine, nor did
the 747 evolve gradually from the Wright brothers’ flyer, least of all in midair!” (Seger &
Stubblefield, 1996, p. 116).

Admittedly, the change and incremental specialization that results from the continuous
arms race in nature might cause in some folks’ minds the impression that natural selection is
a creative process and that our traits are “intelligently designed” solutions to adaptive problems
— bring to mind, for example, the vertebrate eye or the bewildering characteristic camouflage
of the mysterious stick insects. If new metaphors are allowed, I can say that natural selection
is more similar to an annihilative process than to a creative one. Natural selection is a filter,
an implacable sieve. More precisely, natural selection is selection — which means elimination
(negative selection) and retention (positive selection) of certain available variations — without
selectors. No agent selects here. The original Darwinian metaphor is that Nature, which is an
unconscious “agent,” is the selector. (Conversely, artificial selection is the selection process
executed by a conscious agent, for example the selection executed by a breeder of pigeons,
dogs or cats. See Darwin [1859/2009].)

Certainly, it is not intuitive to conceive the apparent design (functional organization)
exhibited by a complex organ like the vertebrate eye as the result of a soulless, cumulative,
and mechanical filtering process that takes place relentlessly (and most of times slowly)
generation after generation. But that is what natural selection surely is. Perhaps it is more
intuitive to think of the vertebrate eye — and of complex adaptations in general, which happen
to fit the environment so “strikingly” (to be quite honest, this is just a subjective, though very
human, impression; an improbable fact is not objectively “striking”) — as the product of an
intelligent designer whose work was guided by engineering principles and his proper genius,
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inventiveness, and creativity and, consequently, as a product that does not need to be a gradual
improvement (modification) from previous versions. That said, however, it should be
remembered that simple observation teaches us that natural selection does not necessarily get
rid of old patterns of development and currently useless features. Think, for example, about
the unnecessarily long course of the recurrent laryngeal nerve in mammals, and particularly in
giraffes (such a “monument of inefficiency” [Wedel, 2012]), or consider vestigial organs such
as the human vermiform appendix and the human coccyx (see section 2.2). These and many
other examples we can find in our own bodies make it sensible to assert that adaptive traits are
from being optimally or intelligently designed when appreciated from the point of view of an
engineer.

To sum up, natural selection is a discrimination process whose ultimate effect is
increasing functional specialization. The expression ‘increasing functional specialization’ may
be translated accurately as more efficiency to outreproduce conspecifics — which on balance
means increasing fitness maximization. It should be clear by now that fitness maximization
does not require global optimality.

Less obviously, it is not even clear that massive modularity is a locally optimal
solution and, as such, the one solution historically picked up and tinkered gradually by natural
selection among the different evolvable mental strategies that could develop in our huntergatherer forebears. This is because there are no reasons for thinking that the only alternatives
in the “strategy set” of the optimization model are, on the one hand, massive modularity and,
on the other hand, a single general-purpose cognitive device. To present those two alternatives
as the only evolvable mental strategies and choosing massive modularity as the better available
solution (i.e., as the locally optimal solution) for the numerous adaptive informationprocessing problems faced by our ancestors amounts to falling into the trap of a false dilemma.
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Indeed, it is not the case the natural selection must have favored either massive
modularity or a single general-purpose cognitive device. Natural selection might have ignored
both evolutionary pathways. Separately, there is other evolvable alternative that we may
hypothesize as the one that was favored by natural selection given the constraints we are aware
of. If so, the “strategy set” of the optimization model the task-specificity argument relies on is
not necessarily limited to two elements. A larger “set strategy” creates problems to the taskspecificity argument and causes it to lose its appeal and strength.

Specifically, a further alternative evolvable strategy to fulfill the role of operator of
central cognition (and thus an evolvable solution to the numerous adaptive informationprocessing problems faced by our hunter-gatherer ancestors) is “some (small set of) relatively
functionally nonspecific mechanism with the requisite bodies of information for solving the
tasks it confronts” (Samuels, 2012, p. 69-70). Some comments are in order.

It is sensible to expect that natural selection provided specialized solutions to adaptive
information-processing problems faced by our hunter-gatherer forebears but these specialized
solutions do not need to be task-specific in nature. It may be the case that the evolutionary
solution is ultimately given in terms of bodies of information, that is, in terms of intentional
modules (Chomsky modules) instead of especially dedicated (task-specific) computational
modules. In which case, the intentional modules might be used by domain-general
computational mechanisms.

Including this further evolvable strategy in the original “strategy set” of the
optimization model on which the task-specificity argument lies makes it difficult to determine
which is the locally optimal solution and, consequently, to predict the most likely outcome of
natural selection in the face of the numerous adaptive information-processing problems faced
by our hunter-gatherer ancestors. Certainly, it becomes difficult to predict on the basis of this
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optimization model what is the strategy evolved by natural selection, a massively
computational modular mind, a single general-purpose cognitive device or numerous
intentional modules. Things are not easy; nor they are a matter of black or white decision as
the task-specificity argument seems to suggest. R. Samuels, S. Stich and P. D. Tremoulet (1999)
express well this concern:

“In order to make it plausible that the mind contains large numbers of Darwinian
modules, one must argue for the claim that natural selection can be expected to prefer
domain-specific computational devices over domain-specific bodies of information as
solutions to adaptive problems. And, at present, it is far from clear that anyone knows
such an argument would go.” (p. 39)
Now, a second line of criticism in relation to the task-specificity argument was
suggested at the end of the previous section (see section 4.1). Specifically, functionality (the
enhancement of fitness) does not amount to specialization (task-specificity of a phenotypic
trait). They are two different concepts and, as such, not necessarily coextensive. This means
that there are functional phenotypic traits that are not specialized (i.e., exaptations), as well as
specialized phenotypic traits that are not functional (for example, vestigial organs). The
primary effect of selection is functionality (ability to enhance fitness) rather than specialization
(task-specificity). To a large degree, this is a reason against the task-specificity argument.

Certainly, a new functional (fitness-enhancing) and ingenious co-option of a
phenotypic trait evolved for facing some past — and probably currently nonexistent —
selection pressure is also an open path for evolution to take and for the opportunistic tinkering
typical of natural selection to benefit from. If a new adaptive problem could be solved
relatively efficiently by the form of an already existing phenotypic trait, why not co-opt it
instead of shaping a new trait from simpler elements, which requires a slow process that might
take hundreds of generations? Natural selection will tinker the co-opted trait — i.e., the
exaptation, to use the term coined by Gould and Vrba (1982) (see section 6.3.1) — for the new
task gradually, causing it to gain more and more relative efficiency and structural
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specialization generation after generation. As Gould and Vrba (1982) conjecture, probably this
is how all known adaptations came to being; they begin as opportunistic exaptations and, later,
thanks to the tinkering proper to natural selection, they gain specialization and their adaptive
value increases. “Once a component has been selected, it can be co-opted, and partly
maintained and shaped, in the service of other tasks. By the same token, we should expect
many sub-modules to be shared amongst more than one superordinate system” (Carruthers,
2006b, p. 17). Surely, this evolutionary process entails that the evolution of adaptations are
historically constrained. Past phenotypic traits determine whatever future phenotypic traits
will ultimately evolve by natural selection.

A third line of criticism against the task-specificity argument (and also against the
optimization approach to evolution in general, and perhaps even with negative consequences
to Darwinist [selectivist] research in general [Atkinson & Wheeler, 2004]) could be found in
the theoretical specifics and research practical implications of what is known as the “grain
problem,” a serious conceptual challenge posed by Kim Sterelny and Paul E. Griffiths (1999)
to Leda Cosmides, John Tooby, and the Santa Barbara School of evolutionary psychology.

Start considering that the task-specificity argument and the language used by its
proponents suppose that there were fine-grained adaptive problems in the environment
characteristic of our hunter-gatherer Pleistocene forebears, that is, that there were very specific
and potentially identifiable individual adaptive problems or evolutionary challenges. Here the
questions are puzzling: how to define the boundaries of an adaptive problem? Is there any
principle of individuation we can use as a tool to “carve” the environment in discrete, specific,
and numerically distinct adaptive problems? Are adaptive problems fine-grained or coarsegrained? Sterelny and Griffiths (1999) take mate choice as an example of the complications
that the grain problem brings to those who hold that the mind is comprised of especially
dedicated (task-specific) modules to solve specific fine-grained adaptive problems:
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What are the problems that exist "out there" in the environment? Is the problem of
mate choice a single problem or a mosaic of many distinct problems? These problems
might include: When should I be unfaithful to my usual partner? When should I desert
my old partner? When should I help my sibs find a partner? When and how should I
punish infidelity? (Sterelny & Griffiths, 1999, p. 328)
As framed, the grain problem jeopardizes not only the task-specificity argument but
also the “forward engineering” discovery heuristics of evolutionary psychology that —
arguably — helps us to generate adaptive hypotheses and predict the existence of particular
unknown task-specific psychological mechanisms (cognitive modules) in case we are able to
identify fine-grained adaptive information-processing problems in the environment of our
hunter-gatherer forebears. For example, considering the above quotation extracted from
Sterelny and Griffiths (1999), it results misleading and even fallacious to think about mate
choice as a single fine-grained problem in response to which natural selection shaped a
domain-specific (task-specific) especially dedicated cognitive module. In fact, we can divide
the problem of mate choice into many other problems, as the quotation shows, and these newly
found problems, in turn, may be broken down into many further problems, and so on. It is not
clear when to end this division or analysis and whether or not there are objectively individual
fine-grained problems “out there.”

In any case, given this indeterminacy as well as our epistemic limits and eventual
permanent ignorance regarding the adaptive information-processing problems that turned on
or triggered the operation of natural selection in ancestral human populations, the available
heuristic research option is to start our evolutionary psychological studies considering
psychological adaptative traits we already know we have and, subsequently, trying to
hypothesize to solve which specific problem such traits evolved — in other words, trying to
match an alleged adaptation with an unknown adaptive problem. But, then again, such “reverse
engineering” heuristics threatens to fall into the trap of story-telling as argued in section 6.2.1.
That said, however, some authors are not pessimistic about the prospects of “reverse
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engineering” in the face of the grain problems. In this vein, E. Machery (Forthcoming)
remarks: “The inference from the organization of known traits to past adaptive problems
provides some ground for preferring some grains of description to others.”

Given the foregoing, we can establish that the grain problem has two dimensions: “the
difficulty of matching phenotypic features with selection pressures, given that selection
pressures are hierarchical and nested, plus the inverse difficulty of matching selection
pressures with phenotypic features, given that phenotypic features are hierarchical and nested”
(Atkinson & Wheeler, 2004, p. 162).

Did natural selection act in response to fine-grained problems or in response to coarsegrained problems (some of which are complexes of fine-grained problems)? Any definite
response to this question seems to be arbitrary. Indeed, natural selection can act in response to
both fine-grained problems and coarse-grained problems. In this light, are we, modern humans,
equipped with a module of fear of predators (a specialized module for tackling a fine-grained
problem) or with a module of fear in general (a non-specialized [non task-specific] module for
tackling a coarse-grained problem, in this case, a complex or hierarchy of nested fine-grained
problems)? This is an empirical question and not a matter that can be solved appealing to an
(arbitrary) evolutionary principle. We can concede that “a single general solution will be
inferior to two specialized solutions” (Cosmides & Tooby, 1994, p. 89), but a solution to a
coarse-grained problem is not general in the sense that it helps to solve problems that are
different in nature (that is, remarkably different in relation to the input, for example, choosing
mates and choosing food). A solution to a coarse-grained problem might be a specialized
solution in the sense that it responds to a domain (e.g., mate choice, fear). It is not necessary
(not even plausible) that most of our adaptations are responses to fine-grained problems —
and so that our mental adaptations (modules) are massive in number. Instead, they might be
responses to coarse-grained problems and, hence, not massive in number.
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In this view, adaptations are not necessarily responses to fine-grained problems. We
cannot establish a priori that our adaptive traits respond to fine-grained problems rather than
to coarse-grained problems. Hence, there is a serious problem with the task-specificity
argument. We cannot predict that the mind is comprised of a massive number of task-specific
psychological mechanisms if the reading of “task-specific trait” is a solution to a fine-grained
problem. What is more, the forward engineering heuristics is in risk of a critical failure since,
as standardly framed, it helps to generate adaptive hypothesis if we start posing a fine-grained
problem and then conjecture a trait evolved to solve it. It is a useless heuristic to discover
adaptations evolved in response to coarse-grained problems and the nature of our mental
adaptations might be such.

Our knowledge of the cognitive selection pressures faced by out hunter-gatherer
Pleistocene forebears is imprecise because we do not have a principle of individuation to
“carve” the environment in which our cognitive mechanisms evolved in relatively objective
single adaptive problems on which natural selection might have acted. This lack of a solid
basis for individuating adaptive problems makes the task-specificity arguments to look
weaker.
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4.3. Problems of the tractability argument

As stated at the beginning of the section 3.3, the tractability argument in favor of the
plausibility of the massive modularity of mind hypothesis is based on two ideas: that the
classical computational theory of mind is true and that non-modular mental architectures are
computationally intractable. Now, it seems not to be controversial that human cognitive
capacities must be tractably realized (this is a constraint on the evolution of cognitive
capacities); here, the alleged and contentious point is that human cognitive capacities are not
tractably realized through a non-modular architecture, but through a (massively) modular
architecture. A critical elaboration on such contention is needed. This is the aim of the present
section.

If the classical computational theory of mind is true, then the mind is a complex system
realized in processes that have a computational nature and, as they are actual and not merely
possible (by hypothesis, many of those processes are running right now in our brains as I write
this sentence and you read it), they are a fortiori computationally tractable processes (since, as
a matter of fact, human minds and their processes neither fall into a combinatorial explosion
nor take billions of years in the completion or abortion of everyday life cognitive tasks and
other endeavors more complicated from a computational point of view such as driving a car,
playing chess, and so forth). Underlying these notions is the thesis that mental processes are
constrained by computational tractability: “human cognitive capacities are limited to those that
can be computed in a “reasonable time” — called tractable computations” (van Rooij, 2008,
p. 946). If so, functions that are computationally intractable do not count as plausible
characterizations of human cognitive capacities.

Importantly, as also specified in the section 3.3, a computation is tractable if it is
information-frugal (that is, if its algorithms examine an amount of information that allows
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them to reach a solution within a timescale characteristic of standard human performance) and
processing-frugal (that is, if its algorithms have a complexity that allows the organism to
execute them within a timescale characteristic of standard human performance). In short, a
computation is tractable if its algorithms do not need more time than standard humans possess.
(More formally, computational tractability might be defined as polynomial-time computability.
In this light, since human mental processes are constrained by computational tractability, they
are polynomial-time computable [van Rooij, 2008] — they take fractions of seconds, seconds
or minutes as a maximum, not exponential [astronomical] time [see Table 3.1].)

In addition, information-frugality and processing-frugality require informational
encapsulation, whether narrow-scope encapsulation (Fodor’s encapsulation, that is, the
property according to which a system in the course of its processing only can be affected by
information inside its own database) in the case of peripheral systems (input systems, that is,
those responsible for perception, and output systems, that is, those responsible of action or
motor behavior) or wide-scope encapsulation (Carruthers’ encapsulation, that is, the property
according to which a system in the course of its processing, thanks to some search heuristics
and stopping rules, cannot be affected by most of the information held anywhere in the mind)
in the case of central systems (the systems responsible for judgment, planning, reasoning,
categorization, decision-making, and so forth).

Therefore, under the assumption that the mind is realized in processes that are
computational and tractable, we would be entitled to predict that the mind consists wholly or
largely of informationally encapsulated systems (massive modularity) because, on the one
hand, tractability requires information-frugality and processing-frugality, and, on the other
hand, these kinds of frugality require, in turn, informational encapsulation, which is a typical
feature of modularity. It is argued that if the mind did not consist wholly or largely of modular
mechanisms, that is, if the mind had a non-modular architecture, its processes would be
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computationally intractable and, as a result, it would fall into a combinatorial explosion
(Cosmides & Tooby, 1994). This idea is captured by the “Intractability Thesis”: “Non-modular
cognitive mechanisms — in particular mechanisms for reasoning and other central processes
— are computationally intractable in roughly the sense that they require more time or
cognitive resources — for example, memory and processing power — than humans can
reasonably be expected to possess” (Samuels, 2012, p. 71).

According to massive modularists, the advantage of a modular architecture over a nonmodular architecture is that the former is computationally tractable and also evolvable by
natural selection (this last point is emphasized by the evolvability of complexity argument, see
section 3.1), while the non-modular architectures are neither (if they are not computationally
tractable, then they are not evolvable by natural selection since computational tractability is a
constraint on the evolution of mental architectures that ultimately make possible human
cognitive capacities). So, evolution by natural selection is responsible for shaping a tractable
mental architecture and, consequently, the human mental architecture is computationally
tractable “by design,” which means that computations are guaranteed to be tractable.

As framed, the tractability argument raises several critical concerns.

For one thing, it is not clear whether this argument gives a solid ground to choose the
massive modularity of mind hypothesis and its appeal to informationally encapsulated and
domain-specific information-processing mechanisms to make sense of central cognition rather
than allowing the adherence to the traditional rationalist view (Samuels [2005] mentions Plato,
René Descartes, and Noam Chomsky as prominent examples of the traditional rationalist view)
that gives priority to representational structures or intentional modules, that is, the view
according to which “the specialized structures on which central cognition depends primarily
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take the form of representational items, such as beliefs and bodies of mentally represented
information somewhat akin to theories” (Samuels, 2005, p. 107).

For another thing, massive modularists hold that the source of intractability in nonmodular architectures is what Fodor (1987) calls the “frame problem” (also called the
“relevance problem” by D. Sperber [2005]). Fodor’s frame problem suggests that the processes
typical of central cognition such as reasoning, judgment (the “fixation of belief” in Fodor’s
[1983, 1987] jargon), decision-making, planning, and so on, lack a frame for determining in a
computationally tractable manner which items of information are relevant every time they
perform a task and, as a result, they are forced to conduct a search of everything the individual
organism knows (all the individual’s background beliefs). This exhaustive memory search is
computationally intractable for systems holding the amount of information a standard human
mind typically stores. Such intractability is a consequence of the globality proper to processes
typical of central cognition, which means that any item of information stored in the mind, and
not just those included in a module’s proprietary database, could be relevant to the tasks
judgment, decision-making, reasoning, planning, and so on, eventually perform. This globality
is not just an accident; it is what characterizes central cognition.

But in which way, if any, do the features of modularity (domain-specificity and
informational encapsulation) solve the frame problem and avoid computational intractability?
Carruthers (2006a) suggestion is that modularity avoid intractability in the mind’s central
systems because the modules proper to these systems are informationally wide-scope
encapsulated: they have heuristics and stopping rules that reduce the information search, and
make them frugal. For the sake of the argument, we might accept that modularity
(encapsulation) is a sufficient condition for frugality and tractability. Here the important
question is whether or not modularity (encapsulation) is also a necessary condition for
tractability, as the premise (3) of the tractability argument states.
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1. The mind is realized in processes that are computational in character.
2. If cognitive processes are to be realized computationally, then those computations
must be tractable ones.
3. In order to be tractable, computations need to be encapsulated.
4. Therefore, the mind must consist wholly or largely of modular systems.
(Carruthers, 2006c)

Why affirm that the mind is massively modular if informational encapsulation is not
the only way to attain frugality and tractability? Why make the strong claim that “all mental
processes need to be computationally tractable, and therefore realized in encapsulated modular
mechanisms” (Carruthers, 2003, p. 504)? As Samuels (2005) says “it is one thing to claim that
modularity is an important way to engender tractability and quite another to claim that it is the
only plausible way” (p. 114).

Massive modularists hold that non-modular architectures cannot tackle the frame
problem. The argument is that they lack the domain-specific information and the domainspecific procedures that could help central systems to reach a solution to its cognitive tasks in
real-time / polynomial-time (a timescale characteristic of standard cognitive human
performance). This is what causes them to evaluate all the items of information it can retrieve
from the individual’s background belief as possible solutions to the tasks they perform, which
ultimately results in a combinatorial explosion. Samuels (2005) notes well that “the need for
informationally rich cognitive mechanisms” is not equivalent to the need for modularity. Even
granting that modularity brings specialized knowledge to a system, this would not show that
it is the only way to do it. “Another is for nonmodular devices to have access to bodies of
specialized knowledge” (Samuels, 2005, p. 114).
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5. THE CHEATERS-DETECTING MODULES AS EMPIRICAL EVIDENCE IN FAVOR
OF MASSIVE MODULARITY

It is hardly an exaggeration to say that, in the more than three decades that separate us from
the mid-1980s when the research program of evolutionary psychology started to gain visibility
in the cognitive science literature, the hypothesized evolved psychological mechanism known
as the “cheaters-detecting module” (a set of reasoning processes functionally specialized in
detecting non-reciprocators in social exchanges) has been the paradigmatic and most quoted
instance of cognitive modularity in the central systems of human mind, and, as such, the
quintessential piece of empirical evidence in favor of the massive modularity of mind
hypothesis (Cosmides & Tooby, 1989, 1992; Pinker, 1997). The cheaters-detecting module
allegedly evidences that human reasoning is not unitary but divided into numerous domainspecific inferential procedures. The cheaters-detecting module is precisely one of those
domain-specific sets of inferential procedures — the hazardous-detecting module is also
presented as an example of modularity taking place in the central systems of mind (Cosmides
& Tooby, 1997a, 2016).

If this view is correct, human reasoning is not a domain-general capacity based on
canonical formal methods, sometimes regarded as first-order logic, general intelligence or
general rationality, but a set of evolved procedures especially dedicated to tackle particular
fitness-related information-processing problems recurrently faced by our Pleistocene huntergatherer forebears. To put things differently, our “hardwired logic” is a set of reasoning
mechanisms shaped by natural selection for adaptively relevant domains, not a single formal
and content-independent logic:

“The human brain can be thought of as a computer — an organic one, designed by
natural selection to process information in adaptive ways. It is composed of many
programs, each of which evolved because it was good at solving a problem of survival
or reproduction faced by hunter-gatherer ancestors in the past. The cheater-detection
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mechanism is one of these evolved programs. The adaptive problem it evolved to solve
is detecting cheaters in situations involving social exchange.” (Ermer, Cosmides, &
Tooby, 2007a, p. 139)
The cheaters-detecting module has been presented by L. Cosmides and colleagues as
a complex neurocognitive adaptation (as such, it must develop without effort in all “normal
humans”) that involves high-level cognition. It is said to be an adaptation against the
consequences of cheaters’ behavior: “The evolutionary function of a cheater detection
subroutine is to defend the cooperator against exploitation” (Cosmides, Barrett, & Tooby,
2010, p. 9008). Arguably, this mechanism is not merely a byproduct of some other evolved
procedure 30 ; it is specialized: it is a task-specific information-processing mechanism, an
especially dedicated computation (an automatic and isolated module) just concerned with
inputs that signs potential violators of social contracts (that is, potential violators of
conditionals such as “if you receive a benefit, then you must pay a cost”), and not efficiently
activated, if activated at all, by other random kind of contents or items of information
(Cosmides, 1989; Cosmides, Barrett, & Tooby, 2010; Cosmides & Tooby, 1989, 1992, 2005,
2008, 2016; Ermer, Guerin, Cosmides, Tooby, & Miller, 2006). “This module is an adaptive
algorithm in the brain that once activated causes individuals to automatically look for cheaters
[potential violators of social contracts] in social exchange” (Van Lier, Revlin, & De Neys,
2013, p. 6).

Specifically, from (i) R. L. Trivers’ considerations on cooperation and his theory of
“reciprocal altruism” (Trivers, 1971), as well as (ii) taking into account that game-theoretical

30

According to Cosmides and Tooby (2016), the following ten hypotheses that interpret the cheatersdetecting mechanism as a byproduct fail: “(1) that familiarity can explain the social contract effect, (2)
that social contract content merely activates the rules of inference of the propositional calculus (logic),
(3) that any problem involving payoffs will elicit the detection of logical violations, (4) that permission
schema theory can explain the social contract effect, (5) that social contract content merely promotes
“clear thinking,” (6) that a content-independent deontic logic can explain social contract reasoning, (7)
that a single mechanism operates on all deontic rules involving subjective utilities, (8) that relevance
theory can explain social contract effects, (9) that standard economic models can explain social contract
effects, (10) that statistical learning produces the mechanisms that cause social contract reasoning” (p.
639).

104

models predict that reciprocity cannot evolve (that is, it cannot be an evolutionary stable
strategy31) in a species unless organisms can detect cheaters (free-riders, non-reciprocators)
and exclude them from future social exchanges32, the prominent evolutionary psychologist L.
Cosmides (1989) conjectures that “[t]he human mind must include inferential procedures that
make one very good at detecting cheating on social contracts” (p. 196).

Cosmides (1989) thinks that, in interactions that can be represented as a social
exchange situation 33 , a specially dedicated (that is, a functionally specialized) cheatersdetecting module (a “social contract algorithm”) would be turned on and draw the individual’s
attention to those people who have not paid the required cost and also to the ones who have
accepted the benefit. This is because — as suggested in the above paragraphs — there is a
conditional underlying social exchange: “If A provides a requested benefit to or meets the
requirement of B, then B will provide a rationed benefit to A” (Stone, Cosmides, Tooby, Kroll,
& Knight, 2002, p. 11531). This conditional is dubbed “the social contract.” It’s worth
emphasizing that the hypothesized functionally specialized reasoning mechanism looks for
indicators of cheaters, and not for the act of cheating itself alone since cheating alone is an act
that cannot be identified independently of agents and their intentions. Cheating requires an
individual (that is, a non-reciprocator) who intentionally, and not accidentally, takes a benefit
and does not pay the cost. So the hypothesized functionally specialized information-processing
mechanism looks for cues of people taking benefits while not paying the costs on purpose.
That is, it looks for cues of individuals who violate intentionally the social contract conditional
“if you receive a benefit, then you must pay a cost.” “Violations of social contracts are relevant
only insofar as they reveal individuals disposed to cheat — individuals who cheat by design,

31

An evolutionary stable strategy (ESS) is a strategy whose fitness payoff is higher than or equal to
other available strategies present in the population.
32
This amounts to a tit-for-tat strategy, and adopting this strategy requires one to have competence in
understanding conditional reasoning since reciprocation is a conditional social behavior; see Axelrod
(1984/2006) and Axelrod & Hamilton (1981).
33
That is, in “interactions in which one party provides a benefit to the other, conditional on the
recipient’s providing a benefit in return” (Cosmides & Tooby, 2016, p. 625).
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not by accident” (Cosmides & Tooby, 2016, p. 649). Thus, people who have not paid the cost
and accepted the benefit by intention and not by mistake or accident, are cheaters: cheating is
characterized as accepting a benefit without paying the corresponding cost by intention.

According to Cosmides (1989), the cheaters-detecting module hypothesis can be
tested through the empirical prediction that social exchange content influences strongly
individuals’ performance in the Wason selection task, which requires individuals to recognize
instances of violations of conditional rules (Wason, 1983, 1966; Wason & Shapiro, 1971).
Integrating evolutionary game theory with hunter-gatherer studies, the Social Exchange
Theory (L. Cosmides’ theory) postulates the existence of a cheaters-detecting module and,
from this statement, extracts the prediction that people presented with formally equivalent
reasoning problems will perform far much better in the problems that require to look for
instances of non-reciprocation or cheating (reasoning about social exchange) than in the ones
about other topics regardless these latter topics are familiar or not to the subjects tested: “[t]he
cheater detection module is thus a domain-specific reasoning mechanism that helps people to
detect cheaters and, therefore, should result in a clear performance boost for social contract
versions of the selection task” (Van Lier, Revlin, & De Neys, 2013, p. 1-2).

Tellingly, the performance of subjects tested is largely poor in the reasoning problems
expressed in purely abstract terms. In fact, reasoning problems that are expressed in purely
abstract terms are answered in a correct manner by only 5-30% of subjects, whereas reasoning
problems that require individuals to look for instances of non-reciprocation or cheating elicit
a correct response from 65-80% of subjects tested 34 (Stone, Cosmides, Tooby, Kroll, &
Knight, 2002; Van Lier, Revlin, & De Neys, 2013). If the logic of the conditional is the same
in both cases (and, surely, in any possible case!), how to make sense of such a dramatic

34

Not even a university level course on logic helps people to perform better than those without logic
instruction. See Cheng, Holyoak, Nisbett, & Oliver (1986).
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difference (which seems to be an actual cognitive dissociation) in the reasoning performance
of individuals (excellent, automatic, and effortless performance when it comes to detect
cheaters and poor and slow performance when the conditional rules are not expressed in terms
of social exchange)? The answer of Ermer, Cosmides, and Tooby (2007a) is that “this
[difference in performance] is not because social exchange activates logical reasoning abilities;
instead, it activates inferences that are adaptive when applied to social exchange but not when
applied to conditional rules involving other topics” (p. 139). This means that social exchange
content does not improve logical reasoning per se. As framed, social exchange content
activates rules of inference that look for cues of cheaters — and these rules are not the rules
of first-order logic. The cheaters-detecting module causes people to detect the violation of the
social contract “if you accept a benefit, you must pay a cost” not because the social contract is
a conditional sentence but due to the fact that a violation of the social contract evidences that
someone is a cheater (see the “switched social contract” [SWC-SC] later in this section). We
are told to consider this dissociation in reasoning performance (performances in reasoning
problems that involve social exchange content and performances in reasoning problems that
do not involve social exchange content) as evidence that there exists a cheaters-detecting
module that facilitates the performance on reasoning about social exchange35.

The Wason selection task shows that the reasoning performance of subjects tested is
dramatically affected by changes in the content of the conditional rules they are required to
assess — in fact, most people fail repeatedly to give a correct logical answer to a wide array
of tasks involving conditional rules. This performance difference is known as the content effect
35

Experiments conducted by Van Lier, Revlin, and De Neys (2013) show that performance on social
contract versions of the Wason selection task remained high no matter the subjects’ cognitive capacity,
age or their experimental cognitive load. From these findings, Van Lier, Revlin, and De Neys (2013)
conclude that “solving a contract version [of the Wason selection task] is automatic and does not draw
on general cognitive resources” (p. 7). Importantly, they accept that we cannot draw the conclusion that
a process is modular from the fact that such process is automatic — their findings only show that
“detecting cheaters operates automatic or independent of general cognitive resources” (p. 7).
Automaticity is not a sufficient condition for modularity. In any case, to show that social exchange
reasoning is independent and not part of a supposedly general cognitive faculty (a mechanism of general
rationality if it exists) constitutes a valuable contribution.
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in the Wason selection task (Cheng & Holyoak, 1985; Cheng, Holyoak, Nisbett, & Oliver
1986; Griggs & Cox, 1982). Cosmides (1989) defends the idea that the content effect in the
Wason selection task indicates that the cognitive machinery that underlies actual human
reasoning is not a matter of pure formal and content-independent abstract logic, otherwise we
should encounter no difference in performance when the contents of the conditional rules are
changed. The content — more than the form — of the sentences under examination determines
how quickly and how accurately people reason. In other words, different domains turn on
different inferential rules in people’s minds. For Cosmides (1989), this finding points to the
fact that there is no such a thing as a cognitive capacity that assesses conditional sentences in
general regardless of their contents. In other words, her argument is that there is no such a
thing as a general logic capacity, otherwise people would not show significant performance
difference when it comes to certain reasoning domains such as social exchange (if you receive
a benefit, then you must pay a cost), managing hazards (if you engage in hazardous activity,
then you must take the precaution), and identifying threats (if you don’t do what I require, I
will harm you). “Therefore, one can reject the hypothesis that the human mind is equipped
with cognitive machinery that causes good conditional reasoning across all content domains”
(Cosmides & Tooby, 2016, p. 635). The reason is expressed in evolutionary terms: “The
computational problems our ancestors faced were not drawn randomly from the universe of
all possible problems; instead, they were densely clustered in particular, recurrent families
(e.g., predator avoidance, foraging, mating)” (Cosmides, Barrett, & Tooby, 2010, p. 9007).

Consider that in what we can call the abstract version of the Wason selection task,
individuals are presented with four cards showing D, K, 3, 7 (see Fig. 5.1) and asked which
cards one definitely needs to turn over to determine the truth of the descriptive sentence “each
card which has a D on one side has a 3 on the other side.”
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Fig. 5.1. Wason selection task four cards

Logically considered, the correct choice of cards is to turn over the card showing D
and the card showing 7. The descriptive sentence has the logical form of a conditional “p →
q” (if a card has a D on one side, then it has a 3 on the other side). This means that p refers to
D; not-p refers to K; q refers to 3; and not-q refers to 7 (see Fig. 5.2).

Fig. 5.2. Wason selection task four cards (logical interpretation)

In order to determine the truth of the conditional “p → q,” it is necessary and sufficient
to turn over the card showing D (because this move will allow the individual to see if the card
has 3 on the other side) and the card showing 7 (because this move will allow the individual
to see if this card has D on the other side). All in all, the logical reasons are straightforward: it
is not true that “each card which has a D on one side has a 3 on the other side” (p → q) if the
card that has a D (p) happens not to have a 3 (q) on the other side and the card that has a 7
(not-q) happens to have a D (p) on the other side. The conditional “p → q” is not true just in
case we have the combination p (D) and not-q (7). This is not arcane logic. It is plain and basic
propositional logic — more specifically, the basic conditional inference schema known as
modus tollens. People just have to look for values that falsify the conditional. However, Wason
and Shapiro (1971) show that “hardly any individuals make the correct choice of cards to turn
over” (p. 63).
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Now, in the thematic version of the Wason selection, individuals are presented with
cards referring not to letter or numbers (abstract entities), but to cities and everyday life
physical macroscopic objects. Specifically, the individuals are presented with four cards
showing Manchester, Leeds, Car, Train (see Fig. 5.3) and asked which cards one definitely
needs to turn over to determine the truth of the descriptive sentence “every time I go to
Manchester I travel by car.”

Fig. 5.3. Thematic Wason selection task four cards

The correct choice of cards is to turn over the card showing Manchester and the card
showing Train. As before, the descriptive sentence has the logical form of a conditional “p →
q” (if I go to Manchester, then I travel by car). This means that the p refers to Manchester; notp refers to Leeds; q refers to Car; and not-q refers to Train (see Fig. 5.4).

Fig. 5.4. Thematic Wason selection task four cards (logical interpretation)
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No doubt, from a logical point of view, the abstract and the thematic versions of the
Wason selection task have the same structure. Logically considered, they ask the same
question and the answer is the same. The representations are different, but the logical form is
the same. If one’s reasoning capacity is purely logical, then one’s performance should not
differ when presented with any version of the Wason selection task. But it does.

To summarize my comments on this point, both versions, that is, the thematic version
and the abstract version, ask the individual testers to determine the truth of a sentence with the
same logical form (that is, the form of a conditional ‘p → q’), and the correct answers are
formally the same (p and not-q) no matter the content of the sentence. Intriguingly, the
individual testers who are presented with the thematic version perform much better (62.5%
answered correctly) than those who are presented with the abstract version (12.5% correct
answered correctly) (see Wason & Shapiro, 1971, p. 68). This means that, despite being
logically equivalent, individuals process the information conveyed by the abstract and the
thematic versions of the Wason selection task in a dramatically different fashion. This puzzling
phenomenon is known in the cognitive psychology literature as the “content effect” (Cosmides
& Tooby, 1992; Griggs & Cox, 1982). According to L. Cosmides (1989) such a difference in
the processing of information indicates that humans do not have a general-purpose conditional
reasoning mechanism and that there are especially dedicated mechanisms for dealing with
conditionals involving different kinds of information (domain-specific conditional reasoning
mechanisms), being the cheaters-detecting module one of them. When the cheaters-detecting
module is triggered, the performance of subjects tested in the Wason selection task soars — it
is even better than in the above thematic (and descriptive) version, reaching 65-80% (Stone,
Cosmides, Tooby, Kroll, & Knight, 2002; Van Lier, Revlin, & De Neys, 2013).
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Cosmides (1989) presents the following deontic (non-descriptive) version of the
Wason selection task in order to test the cheaters-detecting module hypothesis through an
empirical prediction (Cosmides, 1989, p. 198):

“It is your job to enforce the following law:
•
•

Rule 1: Standard Social Contract (STD-SC): “If you take the benefit, then you pay
the cost” (If p, then q)
Rule 2: Switched Social Contract (SWC-SC): “If you pay the cost, then you take
the benefit” (If p, then q)

The cards below have information about four people. Each card represents one person.
One side of a card tells whether a person accepted the benefit, and the other side of the
card tells whether that person paid the cost.
Indicate only those card(s) you definitely need to turn over to see if any of these people
are breaking this law.”

Fig. 5.5. Standard Social Contract and Switched Social Contract (logical interpretation)
For determining who is breaking the Rule 1 (Standard Social Contract (STD-SC), it is
necessary and sufficient to turn over the cards Benefit Accepted (to see if it has Cost Paid on
the other side) and Cost NOT Paid (to see if it has Benefit Accepted on the other side). Since
the Rule 1 (if you take the benefit, then you pay the cost) has the logical form of a conditional
“p → q”, then the logical correct answers are p and not-q.
For determining, on the other hand, who is breaking the Rule 2 (Switched Social
Contract (SWC-SC)), it is necessary and sufficient to turn over the cards Cost Paid (to see if
it has Benefit Accepted on the other side) and Benefit NOT Accepted (to see it has Cost Paid
on the other side). Since Rule 2 (if you pay the cost, then you take the benefit) has the logical
form of a conditional “p → q”, then the logical correct answers are p and not-q. Therefore, the
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logical correct answers for both cases are p and not-q since both Rule 1 (Standard Social
Contract) and Rule 2 (Switched Social Contract) have the same logical form (p → q).
Yet the specific testable empirical prediction L. Cosmides (1989) derives from the
cheaters-detecting module hypothesis is that there will be “high percentage of p & not-q
responses to standard social contracts [STD-SC], and high percentage of not-p & q responses
to switched social contracts [SWC-SC] — no matter how unfamiliar the social contracts are”
(p. 227). Those are the “correct” social contract answers since they are associated with
evidence of non-reciprocators (cheaters), which is accepting a benefit without paying the
required cost. These answers happen to be the logically correct answers to the standard social
contracts (STD-SC) and the logically incorrect answers to the switched social contracts (SWCSC). The cheaters-detecting module would cause the testers to choose the Cost NOT Paid card
and the Benefit Accepted card (regardless that in doing so it elicits logically incorrect answers
to the switched social contracts [SWC-SC]) because these two cards are indicators of potential
cheaters. This is because the cheaters-detecting module biases the individual to look for cues
of cheaters, not for cues of logicity or violations of conditionals: the cheaters-detecting module
is “a program that searches for information that could reveal whether a given individual has
cheated in a specific social exchange” (Ermer, Cosmides, & Tooby, 2007a, p. 138).
As said before, the cheaters-detecting module is comprised of rules of inference that
are not the rules of first-order logic — it does not invoke the basic conditional inference
schema known as modus tollens. Likewise, the cheaters-detecting module would cause the
subjects tested to ignore the Cost Paid card and the Benefit NOT Accepted card since these
two cards refer to individuals who could not possible have cheated — significantly, in doing
so the cheaters-detecting module causes the subjects tested to fail to recognize the logical
violations of the switched social contract (SWC-SC). Indeed, the cheaters-detecting module
“does not search for violations of social exchange rules when these are accidental, when they
do not benefit the violator, or when the situation would make cheating difficult” (Cosmides,
Barrett, & Tooby, 2010, p. 9007).
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For Cosmides (1989), if one compares the performance of subjects tested on the
standard and the switched social contract rules, one is in position to test the cheaters-detecting
module hypothesis and to tell if reasoning is governed by a purely logical module (contentindependent procedure) or by a cheaters-detecting module (content-dependent procedure).

Social contract answers

Logical answers

p & not-q

not-p & q

p & not-q

not-p & q

Standard-SC

Yes

No

Yes

No

Switched —SC

No

Yes

Yes

No

Fig. 5.6. Social contract answers versus logical answers

Now, if there is such a thing as a cheaters-detecting module, and this is a set of
processes that, according to the task-specificity principle, is functionally distinct from the set
of processes individuating modules that are triggered or turned on by items of information not
related to social exchange situations (that is, modules that are not especially dedicated to
process information about benefiting and not reciprocating in social interactions), then
“performance in reasoning about social contracts could become impaired without necessarily
affecting reasoning performance in other domains” (Stone, Cosmides, Tooby, Kroll, & Knight,
2002, p. 11531). According to Cosmides and colleagues, a selective impairment of reasoning
about social exchange in some individuals counts as further empirical eviden
ce in favor of the existence of the cheaters-detecting module as a functionally specialized and
separable component of the human mind36.

36

Empirical evidence that the cheaters-detecting module is a cognitive adaptation also comes from
cross-cultural data that allegedly shows it as species-typical or “panhuman.” Sugiyama, Tooby, and
Cosmides (2002) indicate that the Shiwiar hunter-horticulturalists of Ecuador are “as highly proficient
at cheater detection as subjects from developed nations” (p. 11537). Their experiments with the Wason
selection task modified for nonliterate subjects also show that the Shiwiar people “displayed the same
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Stone, Cosmides, Tooby, Kroll, and Knight (2002) try to show that such impairment
occurs in the patient R.M., who had bilateral limbic system damage that affects orbitofrontal
cortex, temporal pole, and amygdala. Allegedly, this brain damage caused R.M. to lose the
efficiency of his cheater-detecting module while retaining his ability to reason cogently about
other domains, such as risks and dangers (judging precaution, managing hazards)37.

The prediction of selection impairment is tested with the score differences between
the social contract version and the precaution version of the Wason selection task (Stone,
Cosmides, Tooby, Kroll, & Knight, 2002).

low performance on descriptive conditionals as subjects from developed nations” (p. 11537). From these
findings, they concluded that “social exchange algorithms are species-typical and that their
evolutionarily stable strategy (ESS)-relevant subroutines are developmentally buffered against cultural
variation” (p. 11537). Additionally, Ermer, Cosmides, and Tooby (2007a) assert that the cheatersdetecting module develops by age 3 across cultures. 3-year-old children are said to be competent in
detecting cheaters but not in detecting the violation of conditional rules in general; for more details
about this ontogenetic point, see Cummins (1996); Harris and Núñez (1996); Harris, Núñez, and Brett
(2001). On the other hand, from a phylogenetic point of view, “the presence of reciprocity in
chimpanzees … suggests it may predate the time, 5 to 7 million years ago, when the hominid line split
from chimpanzees” (Cosmides & Tooby, 2016, p. 629). If social exchange has such a long history, and
affects fitness, as certainly it does, then it is plausible that natural selection could have shaped
psychological adaptations for engaging in it, being one of them the cheaters-detecting module. “Taken
together, the data showing design specificity, precocious development, cross-cultural universality, and
neural dissociability implicate the existence of an evolved, species-typical neurocomputational
specialization” (Cosmides & Tooby, 2016, p. 628).
37
Importantly, Stone, Cosmides, Tooby, Kroll, and Knight (2002) show evidence of a single
dissociation, not of a double dissociation. They show that social exchange reasoning can be dissociated
from precaution reasoning, but not that precaution reasoning can also be dissociated from social
exchange reasoning. Evidence of a double dissociation that involves social exchange reasoning and
precaution reasoning would make stronger the case for the existence of the cheaters-detecting module.
Nonetheless, these authors consider that the single dissociation they document is enough to support the
hypothesis that the cheaters-detecting mechanism and the hazardous-detecting mechanism are two
numerically distinct modules. Further support to the hypothesis that there exists a cheaters-detecting
module comes from neuroimaging that shows that “reasoning about social exchange activates brain
areas not activated by reasoning about precautionary rules, and vice versa” (Ermer, Guerin, Cosmides,
Tooby, Miller, 2006, p. 196).
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Fig. 5.7. Social contract version of the Wason selection task

Fig. 5.8. Precaution version of the Wason selection task

In the social contract version of the Wason selection task (Fig. 5.7), the subjects are
asked which cards one definitely needs to turn over to determine the truth of the conditional
sentence “if you take the benefit, then you must satisfy the requirement” (if p, then q). As
explained before, the correct choice of cards is to turn over the card showing “Benefit
accepted” (p) and the card showing “Requirement not satisfied” (not-q).

In the precaution version of the Wason selection task (Fig. 5.8), individuals are
presented with four cards showing “Engaged in hazardous activity,” “Did not engaged in
hazardous activity,” “Took the precaution,” and “Did not take the precaution” and asked which
cards one definitely needs to turn over to determine the truth of the conditional sentence “if
you engage in hazardous activity, then you must take the precaution” (if p, then q). As before,
since we are assessing the truth of a conditional “p → q,” the correct choice of cards is to turn
over the card showing “Engage in hazardous activity” (p) and the card showing “Did not take
the precaution” (not-q).

The hypothesis is that there is an especially dedicated set of processes (a module) for
judging precaution and that this set of processes (this module) is distinct from the one that
individuates the cheaters-detecting module. Since we are allegedly dealing with two different
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mechanisms (one for judging precaution and one for detecting violators of social contracts),
the prediction is that brain damage that affects the performance of one mechanism, does not
necessarily affect the performance of the other one. Specifically, brain damage that affects the
cheaters-detecting module does not affect the accuracy when reasoning about precaution.
Thus, the argument goes, if the cheaters-detecting module can be selectively impaired due to
brain damaged that do not affect reasoning in other domains (in other words, if social exchange
reasoning can be cognitively and neurally dissociated from reasoning in other domains), then
the cheaters-detection module exists38.

The data presented by Stone, Cosmides, Tooby, Kroll, & Knight (2002) indicates that
the patient R.M. gave a correct answer to 70.0 % of the precaution reasoning problems and
38.9% of the social contract problems. This means that the difference between the patient
R.M.’s score on the precaution version of the Wason selection task and the social contract
version of the same task is 31.1 percentage points, which is strikingly different from the 1.2
percentage point exhibited by the scores of control subjects (71.0% - 69.8%) (see Fig. 5.9). In
other words, the control subjects had almost the same performance on precaution and social
contract reasoning problems, whereas the patient R.M.’s “performance on social contracts was
impaired relative to his performance on precautions” (Stone, Cosmides, Tooby, Kroll, &
Knight, 2002, p. 11534)39.

38

According to Ermer, Cosmides, and Tooby (2007a), another piece of empirical evidence in favor of
the existence of the cheaters-detecting module is the fact that “schizophrenia can impair general
reasoning and intellectual abilities without impairing one’s ability to detect cheaters in social exchange”
(p. 139). For more on this point, see Kornreich et al. (2017).
39
According to Stone, Cosmides, Tooby, Kroll, & Knight (2002), the selective impairment of reasoning
about social exchange is an effect of bilateral damage compromising orbitofrontal cortex and amygdala.
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Fig. 5.9. Performance of control subjects and the patient R.M. on social contract and
precaution reasoning problems40

At this point, consider that, apart from the a priori game-theoretical considerations in
favor of the existence of a cheaters-detecting module as a condition for the evolution of
reciprocal altruism, all the empirical evidence (cross-cultural evidence, neuroimaging, neural
dissociation, etc.) offered in favor of the existence of the cheaters-detecting module rests, in
the long run, on performance differences exhibited by subjects tested by means of different
versions of the Wason selection task. If so, it is sensible to ask whether or not the Wason
selection task is an appropriate tool for supporting the truth of the cheaters-detecting module
hypothesis (and ultimately for supporting the truth of the massive modularity of mind
hypothesis). Does the Wason selection task provide direct evidence of the existence of a
cheaters-detecting module?

Sperber, Cara, and Girotto (1995) offer compelling experimental evidence that, in all
versions of the Wason selection task, most of the people are guided by unreflective intuitions
of relevance and not by any form of reasoning — and also that it is possible to manipulate or
contextualize any kind of rule to induce the subjects tested to give logically correct or incorrect

40

Figure from Stone, Cosmides, Tooby, Kroll, & Knight (2002).
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answers because, at the end of the day, what the subjects tested do is just to select the cards
that are relevant to them (see also Atran, 2001; Girotto, Kemmelmeir, Sperber, & van der
Henst, 2001; Sperber & Girotto 2002, 2003). This debunks the Wason selection task as an
appropriate tool to investigate the distinctiveness of human reasoning and its underlying
computations. In response, Fiddick, Cosmides, and Tooby (2000) suggest that a relevancebased comprehension mechanism — the mechanism whose outputs are the unreflective
intuitions of relevance mentioned at the beginning of this paragraph — deals with the Wason
selection task problems in general only in case there are no domain-specific mechanisms
available for those problems. This means that if a particular version of the Wason selection
task can be considered as a cheater-detection problem, then it will be handled by the cheatersdetecting module and not by a relevance-based comprehension mechanism. This argument is
grounded on what Fiddick, Cosmides, and Tooby (2000) call the “principle of pre-emptive
specificity,” a principle of cognitive design stating that “when two or more alternative
inference systems are activated in a competing manner by the same input, the more specialized
system will tend to override the more general one, dominating performance for that input” (p.
5).

Now, it is not clear that the cheaters-detecting module and a relevance-based
comprehension module are activated in a competing manner by the same input, as Fiddick,
Cosmides, and Tooby (2000) argue in defense of the pre-emptive specificity of the cheatersdetecting module. As Sperber and Girotto (2003) point out, the activation of a hypothesized
cheaters-detecting module is a consequence not of mere perception but of a conceptual
representation of the relationship between the parties (that is, a representation of the parties as
individuals engaged in an instance of social exchange). And this representation is an input
provided by the relevance-based comprehension module. More precisely, the input of the
cheaters-detecting module is the output of the relevance-base comprehension module. If so,
comprehension takes place before a task or situation is recognized as an instance of social
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exchange, which means that the cheaters-detection module and a relevance-based
comprehension module are not activated in a competing manner by the same input. “In the
Selection Task, the overall cognitive performance includes the comprehension of the task.
Comprehension is, to a large extent, an inferential process of a non-demonstrative kind… To
the extent that it is inferential, it can be achieved with lesser or greater rationality” (Sperber,
Cara, & Girotto, 1995, p. 44).

These considerations do not entail the denial of the existence of the cheaters-detecting
module. They just motivate a skeptical view of the techniques that have been customarily used
to evidence its existence. The cheaters-detecting module hypothesis could be regarded as a
promising hypothesis, but one that has not yet been properly tested.
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6. MASSIVE MODULARITY AS A HEURISTIC

6.1. Heuristic value of massive modularity

After the consideration of both the main theoretical arguments and the most significant piece
of empirical evidence in favor of the massive modularity of mind in general, and of the
modularity of central cognition in particular, several doubts about the plausibility — and
ultimately about the truth — of the massive modularity of mind hypothesis naturally arise.
This is because, apart from being a hypothesis underdetermined by the data, the plausibility of
the mind being massively modular is grounded on questionable theoretical assumptions, as
chapter 4 has shown41. In this light, the present chapter contends that the valuable aspect of
the idea of massive mental modularity is not its truth as an ontological statement but its usage
as an adaptationist discovery heuristic, that is, the heuristic guided by the notion that numerous
information-processing mechanisms evolved by natural selection for solving specific adaptive
problems faced by our hunter-gatherer ancestors. Indeed, “[e]volved mechanisms are useful
heuristic devices, and we take them for granted when we talk about how our bodies function”
(Barkow, 2006, p. 21).

The term ‘heuristic’ comes from the Greek expression heuriskein, which literally
means “to discover.” Heuristics are strategies to generate novel hypotheses. They allow us “to
investigate possible patterns that those without the heuristics are blind to and to articulate these
unique insights to the point of testability” (Goldfinch, 2015, p. 85). Here, I refer to
methodological heuristics consciously followed by researchers, and not to the inferential
heuristics (and biases or mental shortcuts) individual humans reason in accordance with not
necessarily in a conscious and deliberate manner, such as those explained in the volumes edited

41

Also, importantly, there are no double dissociations offered as evidence in favor of the modularity of
central systems, as noted in chapter 5.

121

by Gigerenzer, Hertwig, and Pachur (2011); Gigerenzer, Todd, and the ABC Research Group
(1999); and Kahneman, Slovic, and Tversky (1982). To simplify, “[m]ethodological heuristics
are typically cultivated by experience and thus vary between individuals, whereas inferential
heuristics can be, to a large extent, immune to experience and very common among everyone,
and some even may be innate” (Chow, 2015, p. 998).

On this basis, if understood as an adaptationist discovery heuristic, massive modularity
might inform research in a fruitful way. The actual practice shows that it helps to generate
hypotheses that lead to successful empirical predictions regarding either unknown
psychological mechanisms or novel properties of already identified psychological mechanisms.
I interpret successful prediction as successful “improbable” prediction. That is, a prediction
that does not make much sense in absence of the hypothesis generated due to the heuristic. For
example, the successful prediction that autistic individuals tend not to be religious that you
can extract from the hypothesis that religion is a byproduct of the “hyperactive agency
detection module” (“hyperactive agency detection device” [HADD], Barrett [2004]), the
prediction that people will be less angry when those who harm them benefited greatly (Sell et
al., 2017) that you can extract from the hypothesis that anger is produced by a module evolved
to bargain for better treatment (Sell, 2011), the prediction that commitment-skepticism (a bias
toward underperception of men's commitment intentions) does not occur in postmenopausal
women (Cyrus, Schwarz, & Hasserbracuk, 2011) from the hypothesis that there are evolved
psychological mechanisms that lead to systematic cognitive errors whenever costs of falsepositive and false-negative decisions have been asymmetrical over evolutionary history
(Haselton & Buss, 2000), etc.

As an adaptationist heuristic, massive modularity constrains the hypotheses in terms
of functionality, that is, in terms of whether or not — as well as to what extent — the
psychological traits eventually hypothesized by a researcher enhanced the fitness of our
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hunter-gatherer forebears. As Barret and Kurzban (2006) put it: “This is a nontrivial limitation
and immediately eliminates a vast array of hypotheses that entail functions outside this scope”
(p. 643).

One follows the heuristic by starting with a definition of an adaptive informationprocessing problem probably faced by our hunter-gatherer ancestors, then one hypothesizes
an information-processing mechanism (a computational module) likely to have evolved as a
result of that selection pressure, finally one extracts critical predictions from this hypothesis
(that is, improbable or counterintuitive novel statements and not platitudes).

Importantly, as a heuristic, the usage of this routine is not free of risks.

First, the massive modularity heuristic does not entail that just one and the same
module (that is, one and the same form) is going to be ultimately hypothesized as a response
to the same adaptive information-processing problem by all the researchers working on the
same topic: “knowing the goal of a computation does not uniquely determine the design of the
program that realizes that goal in the device under consideration” (Cosmides & Tooby, 1995,
p. 1200). Indeed, many evolvable forms can have the same function (many evolvable modules
can tackle satisfactorily the same adaptive information-processing problem).

Second, and given the foregoing, hypotheses generated from the massive modularity
heuristic in response to the same research problem might be incompatible with each other and,
logically, at the very least some of them will lead to unsuccessful predictions. Worse still, it
might also happen that all the competing and incompatible hypotheses lead to unsuccessful
predictions. Surely, heuristics in general produce occasional errors. Nonetheless, a heuristic
that systematically fails to lead us to successful predictions is ultimately not a heuristic at all.
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Also, against massive modularity as a heuristic that generates hypothesis about
especially dedicated modules, not all adaptations are task-specific. As a matter of fact, some
adaptations are multi-task (multi-functional), and this detail inevitably causes many
predictions extracted from hypotheses we generate thanks to the massive modularity heuristic
to fail. Still, numerous adaptations are task-specific and, hence, numerous predictions
generated due to the usage of massive modularity as a heuristic will be successful (Machery,
Forthcoming).

In sum, as a heuristic, massive modularity does not guarantee that every researcher
using it will come to the same answer — as an example of competing hypotheses generated
by means of the heuristic that the mind is comprised of adapted psychological mechanisms
(modules) consider the hypothesis of Daly and Wilson (1988) that takes homicide as a
byproduct and the hypothesis of Duntley and Buss (2005, 2011) that takes homicide as an
adaptation. Surely, this claim does not entail that the heuristic leads us systematically to a
myriad of competing hypotheses. If such were the case, what we depict as a heuristic would
not be a proper heuristic, but just a chaotic and misguided trial and error. The heuristic is useful
insofar as the number of competing hypotheses it might help to generate is manageable: “Task
demands radically constrain the range of possible solutions; consequently, very few cognitive
programs are capable of solving any given adaptive problem” (Cosmides & Tooby, 1995, p.
1201).

The heuristic imposes constraints. In fact, a heuristic can be characterized in terms of
the constraints it imposes. It helps insofar as it reduces to a manageable number the range of
hypotheses that might be offered as plausible answers to a problem. Competing hypotheses
(logically incompatible hypotheses) that are generated from the same heuristic are in principle
equally plausible since they don’t violate the constraints imposed by the heuristic. That said,
however, not violating the constraints of the heuristic is not the only criterion one has for
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assessing how good a hypothesis is. We should extract empirical predictions from the
competing hypotheses. One could say that we are “dealing with hypotheses that are just as
good as any other” if, apart from being logically incompatible, they are also empirically
equivalent (that is, in case their empirical consequences do not make any difference). If so
happens, they are underdetermined by the data. It is not the case that all competing hypotheses
are empirically equivalent. I do not mean that all competing hypotheses are empirically
equivalent when I say that there are examples of competing hypotheses being generated by
massive modularity as a heuristic — it is not the case that the heuristic generates systematically
competing hypotheses either.

For example, one can explain the fact that we detect cheaters (non-reciprocators) in
terms of two competing hypotheses: there is a module for detecting the violation of deontic
conditionals and there is a module for detecting cheaters (see Chapter 5). Now, since cheating
might be interpreted as the violation of a deontic conditional (the social contract “if you accept
a benefit, then you must pay a cost”), then detecting cheaters could be seen as detecting the
violation of a deontic conditional. But if such is the case the hypothesis that there is a cheatersdetecting module cannot be empirically disentangled from the hypothesis that there is a
module for detecting the violation of deontic conditionals — detecting cheaters could be just
interpreted as a by-product of detecting the violation of deontic conditionals. The challenge
for those who hypothesize the existence of a cheaters-detecting module is to extract an
empirical prediction that does not involve the detection of any conditional at all: to show that
the module is concerned with the detection of cheaters and not necessarily with the detection
of the violation of a deontic conditional (some people might violate the social contract “if you
accept a benefit, then you must pay a cost” by mistake or accident and hence they are not
cheaters). That is precisely what the “switched social contract” (if you pay a cost, then you
must accept a benefit) experiments try to show.
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Importantly, the fact that massive modularity used as a heuristic ultimately helps to
the generation of successful empirical predictions does not count as an evidence of the truth
of massive modularity as an ontological hypothesis. We are not testing the truth of massive
modularity if a prediction succeeds or fails; we are testing the truth of the specific hypothesis
generated thanks to massive modularity understood as a heuristic. (In a similar vein, we do not
test the truth of evolutionary theory when we test a hypothesis we generate from it since, as a
matter of fact, we can generate competing hypotheses from it.)

My point is that the idea of massive modularity is a useful heuristic because it provides
a reliable and not entirely subjective way to generate hypotheses about psychological traits
and to extract potential successful predictions from them. One does not need to appeal just to
intuitions or wait for a brilliant idea to arrive in one’s mind, as unfortunately happens in
psychology when it comes to the generation of hypotheses. In this sense, massive modularity
gives us a “method.”
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6.2. Massive modularity as an adaptationist discovery heuristic

6.2.1. Evolutionary psychology: Reverse and forward engineering

Following an adaptationist (Williams, 1966/1996) and inclusive-fitness/gen-centered view of
evolution (Hamilton, 1964b), as well as a computationalist view of cognition expressed in its
understanding of mental adaptations (Darwin cognitive modules), evolutionary psychology
arguably sets it apart in the landscape of the psychological and behavioral sciences as it aims
to “biologize” these research areas by means of evolutionary theory. The motivation comes
directly from what Charles Darwin said (and predicted) at one of the last paragraphs of On the
Origin of Species (1859/2009):

In the future I see open fields for far more important researches. Psychology will be
securely based on the foundation already well laid by Mr. Herbert Spencer, that of the
necessary acquirement of each mental power and capacity by gradation. Much light
will be thrown on the origin of man and his history (p. 428).
The analyses evolutionary psychology performs present different levels. They are
grounded on the distinction between proximate and ultimate causes that Ernst Mayr (1961)
introduced originally in the science of biology. According to this distinction, the question for
the proximate cause — a question proper to functional biology — is “how?” and the question
for the ultimate cause — a question proper to evolutionary biology — is “why?”

Applied to the sciences of mind and behavior, this distinction implies that asking for
the proximate causes of a psychological mechanism or mental module is equivalent to asking
how this mechanism works, i.e., how this mechanism is triggered or turned on by specific and
immediate environmental inputs and how it produces certain specific behavioral outputs. This
research also deals with how modules develop at the level of particular individuals’ lives
(ontogeny).
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Asking, on the other hand, for the ultimate causes of any given mental module equates
to asking for the “what for” of this mechanism, i.e., asking what its function is or, what means
the same from a biological point of view, what task it is “designed” to execute in order to
promote the (inclusive) fitness of its bearer. Put it briefly, the question for the ultimate causes
is the question for the adaptative origins — it is not accurate to label this intellectual enterprise
as “the question for the evolutionary origins” since evolution does not equate to adaptation;
not all the outputs of evolution are adaptations, promote fitness or exhibit functionality and
apparent design, only the outputs of natural selection do so.

So understood, the question for the ultimate causes is not a mere developmental study
focused on the life of an individual. It is a research about why selection favored the form of a
trait that is fixed in a population (phylogeny), and in which way this form or structure
evidences a specific function. This inquiry, as interpreted by the program of evolutionary
psychology, works under the selectivist assumption that cognitive modules are proper complex
adaptations insofar as the evidence points out to the fact that they are psychological
mechanisms shared by all humans — tellingly, the idea that they constitute the “universal
human nature” or a kind of “universal panhuman design” is a central commitment of
evolutionary psychology (Cosmides, Tooby, & Barkow, 1992)42. In fact, “one hallmark of the
development of a modular cognitive capacity is that the end-state of the capacity is often
strikingly uniform across individuals” (Scholl & Leslie, 1999, p. 136).

42

The underlying reason for this claim is the thesis that complex adaptations are species-typical traits.
Tooby and Cosmides (1995b) offer a genetical explanation of this thesis: “The genes underlying
complex adaptations cannot vary substantially between individuals, because if they did, then the
obligatory genetic shuffling that takes place during sexual reproduction would, in the offspring
generation, break apart the complex adaptations that had existed in the parents. All of the genetic
subcomponents necessary to build the complex adaptation would rarely reappear together in the same
individual if they were not being reliably supplied by both parents in all mating” (p. 1197).
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Traditional approaches to the different fields of psychology set a methodology
centered in the study of proximate causes of behavior. Arguably, the novelty and uniqueness,
if any, of the approach championed by evolutionary psychology is to suggest a computational
quest for ultimate causes in the realms of psychology and cognitive science. Here one can
notice the influence of David Marr (1982/2010) and his three levels of explanation:
computational theory, representation and algorithm, and hardware implementation (see section
2.3.1).

Some comments are in order. First, evolutionary psychology attempts not only to
explain the adaptative origins of the mechanisms that cause observed and well-known behavior,
but also to discover heretofore unknown mechanisms through the prediction of typically
overlooked behavior:

“Evolutionarily rigorous theories of adaptive function specify what problems our
cognitive mechanisms were designed by evolution to solve, thereby supplying critical
information about what their design features are likely to be — information that can
guide researchers to discover previously unknown mechanisms in the mind. That is
the essence of the adaptationist program” (Ermer, Cosmides & Tooby, 2007b, p. 154).
In such conditions, conceiving numerous mental modules as adaptations provides a
discovery heuristic. If so, mapping the modules that integrate our human mind will not only
take into account what we already know we do such as recognizing conspecifics’ faces or
counting from number one to number ten — otherwise evolutionary psychology would be
limited just to hypothesize which specific adaptive problems, if any, the mental modules that
produce these already observed behaviors were originally shaped by natural selection to solve.

This sort of “reverse engineering” (Dennett, 1994) is highly controversial since it is
possible to postulate several competing hypotheses that are empirically equivalent, which
means competing hypotheses that are compatible with the same amount of available empirical
evidence — i.e., it is possible to postulate numerous functions f1, . . . , fn that are compatible
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with the observed behaviors. This means that conflicting hypotheses obtained by this method
are likely to be underdetermined by the empirical data. We cannot favor any of them just
appealing to observation alone.

Admittedly, the procedure of reverse engineering brings the risk of falling into the trap
of just storytelling and — hence — painting as proper adaptations traits that are not. The key
to avoid this trap is not being complacent with mere consistency between our hypotheses and
natural selection. Though necessary, consistency between our hypotheses, natural selection
and its genetic, developmental, and historical constraints is not enough. It does not count as a
test. Ultimately, the aim of the eventual “reverse engineers” must be to infer critical predictions
from their hypotheses and observe whether or not they are more successful than predictions
inferred from alternative hypotheses.

A provocative example of “reverse engineering” is given by D. Symons (2016) who
invites students of human mating psychology to assume a selectivist perspective and to reason
backwards when looking for a cogent explanation of a pervasive emotion: the fear of rejection
in courtship. Being dissuaded from approaching a potential mate from the opposite sex as a
result of the fear of rejection seems not to be an instance of adaptive behavior — and probably
not even an instance of rational thinking — if one takes into account the logic of evolution by
natural selection — i.e., fitness maximization, the Darwinian summun bonum. Specifically,
being dissuaded from approaching a potential mate could be interpreted as an irrational move
from the point of view of selection because the potential benefits (fitness payoffs) of
approaching — that is, mating with the approached individual from the opposite sex and the
subsequent propagation of one’s own genes — outweigh dramatically the potential costs
(perhaps a minor amount of wasted time?).
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D. Symons suggests students of human mating psychology to perform a functional
analysis of this apparent maladaptive behavior and hypothesize to solve which ancient
adaptive problem the psychological mechanism that still produces this fear and the succeeding
avoidance was shaped for — in other words, to determine what the function of this
psychological structure is. Taking the fear of rejection as an output of a hypothetical Darwin
module, students of mating behavior must reason backwards in order to determine in which
way such Darwin module promoted fitness in ancestral environment. D. Symons proposes an
answer. Our hominid hunter-gatherer forebears lived in small groups where the news of
sexual/romantic rejections spread easily and, as a result, the perceived mate value as well as
the expected number of offspring of a sexually/romantically rejected individual might have
diminished drastically. In that scenario, the potential costs of approaching (no reproduction
ever with any future partner) outweigh hugely its potential benefits (reproduction with the
approached individual). This hypothesis is generated by reverse engineering and assuming as
adaptive to our hunter-gatherer ancestors’ environment the module that causes the fear of
being rejected and its consequent and well-documented avoiding behavior. The hypothesis is
consistent with natural selection and its constraints. To not be counted as just storytelling, it
needs a critical empirical test. Otherwise, we do not have rational grounds to favor it rather
than any other of the many possible hypotheses about the same problem that are consistent
with natural selection.

More interestingly, and as already remarked, mapping the modules that integrate the
mind involves also the prediction of typically overlooked behavior. In fact, since the starting
working hypothesis of evolutionary psychology is that psychological mechanisms were
shaped by natural selection, it is reasonable to think that if we consider the problems faced by
our hunter-gatherer ancestors and define the nature of a specific and statistically recurrent
adaptive problem — i.e., a selection pressure — related to the processing of information, then
we will be able to (i) postulate a hypothesis about the nature of a specific mental module likely
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to have been shaped by natural selection in order to solve such a problem in an efficient manner
and to (ii) extract a testable empirical prediction from that hypothesis. That is to say, assuming
the truth of the allegedly uncontroversial proposition that the human mind is a complex product
of evolution, and hence an adaptation shaped by natural selection, to discover the nature of its
evolved internal structures (Darwin cognitive modules) we need to know what selection
pressures they were shaped to face.

In a nutshell, tell me what the adaptive cognitive problems faced by our ancestors
were, and I will tell you what Darwin cognitive modules we have. The underlying reason to
this is that to discover a form (to discover an adaptation), we need to know its function:

“[E]ngineers figure out what problems they want to solve, and then design machines
that are capable of solving these problems in an efficient manner. Evolutionary
biologists figure out what adaptive problems a given species encountered during its
evolutionary history, and then ask themselves, ‘What would a machine capable of
solving these problems well under ancestral conditions look like?” (Cosmides &
Tooby, 1997b, Adaptationist Logic and Evolutionary Psychology section, para. 13)
The suggested procedure is a sort of “forward engineering” since, when applied, the
researchers start defining the nature of a given cognitive adaptive problem as closely as
empirical evidence (particularly coming from paleoanthropology, hunter-gatherer studies,
cross-species comparative studies, and behavioral ecology), biological constraints, and
mathematical modelling allow them to do and then, thanks to a task analysis, they hypothesize
the structural specifics of a cognitive module (a Darwin module) likely to have evolved — i.e.,
likely to have been “engineered” by natural selection — to address that specific problem. Here,
“we reason from function towards form, from the past to the present” (Goldfinch, 2015, p. 89).
For evolutionary psychologists, “analyses of the adaptive problems that humans and other
animals must regularly have solved over evolutionary time to remain in the world suggests
that the mind contains a far greater number of functional specializations than has traditionally
been supposed” (Tooby & Cosmides, 1995b, p. 1190).
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This analysis helps the researchers to predict either behavior caused by mental
modules whose existence is unknown to us so far or behavior that indicates unknown structural
properties of already known mental modules. If the corresponding empirical tests are
successful, we will gain new knowledge about the internal structure of the human mind. This
discovery heuristic is arguably the most important contribution of evolutionary psychology to
psychology in general (Machery, Forthcoming). Thanks to this heuristic, psychologists “will
no longer have to operate purely by intuition or guesswork in deciding what kinds of tasks and
stimuli to expose subjects to. Using knowledge from evolutionary biology, … they can
construct ancestrally or adaptively valid stimuli and tasks” (Tooby & Cosmides, 1995b, p.
1194).

The first stage of forward engineering — i.e., defining the adaptive informationprocessing problem — is an enterprise that takes place in the level of what David Marr called
computational theory, while the second stage — i.e., the task analysis whose outcome is a
hypothesis about an evolved cognitive adaptation — corresponds to the algorithm level (see
Section 2.3.1). In the level of Marr’s computational theory, if we are to discover the abstract
logic of a computational strategy, we first need to know its goal. This is precisely what the
first stage of forward engineering orders: to discover the form of a Darwin computational
module (the abstract logic of an evolved computational strategy), we need to know the task it
executes (its goal; the problem it solves). Accordingly, a computational theory of mind gives
the abstract logic of mental processes and this logic corresponds to the problems the mental
processes were “engineered” to solve, not to the hardware (brain tissue; neurons) in which
they happen to be physically realized. Indeed, “the brain is more than a physical system: It is
both a computational system and an evolved biological system” (Tooby & Cosmides, 1995b,
p. 1185).
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Surely, we cannot discover an actual solution evolved by natural selection if we are
ignorant of the corresponding adaptive problem it tackles. The computations that run on the
brain are functionally specialized cognitive solutions to specific adaptive informationprocessing problems faced by our forebears. Yet many different possible computations can
solve the same specific problem. Thus, the sole definition of the specific adaptive informationprocessing problem to be solved does not entail logically the actual computation that evolved
by natural selection to solve it: “knowing the goal of a computation does not uniquely
determine the design of the program that realizes that goal in the device under consideration”
(Cosmides & Tooby, 1995, p. 1200).

In the second stage of forward engineering, researchers formulate a hypothesis about
the algorithm that configures the specific computation evolved by natural selection in order to
solve the adaptive information-processing problem defined at the end of the first stage. As
noted earlier (see Section 2.3.2), a computation is a manipulation of representations. More
precisely, a computation transforms representations corresponding to inputs into
representations corresponding to outputs. This means that the algorithm that configures a
computation must include a specification of the domain of representations corresponding to
inputs and the domain of representations corresponding to outputs as well as how to transform
the former into the latter — obviously, not all possible representations can activate a given
computation. Here, we go beyond the abstract logic of the computational strategies described
in the first stage and state the essentials of a causal mechanism. This is the level of the
algorithmic implementation of the computational theory. For Marr, this is level of
neurophysics; for Cosmides and Tooby (1995), this is the level of cognitive neuroscience,
which, in turn, they depict as a branch of evolutionary biology43.

43

The third level is the level of hardware implementation or physical realization: “Our computational
architecture evolved its distinctive set of structured information-processing relationships as devices or
modules… In turn, our neural architecture evolved its distinctive physical configuration because it
brought these targeted sets of functional information-processing relationships into existence” (Tooby &
Cosmides, 1995b, pp. 1185-1186).
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As said above, there are many possible information-processing solutions to any given
information-processing problem. If so, why to hypothesize that natural selection favored the
evolution of such-and-such particular solution and ignored the many other possible solutions?
We want an educated guess and not just a random bet. There are many possible solutions to
same problem but not all of them are equally likely to have evolved. A careful task analysis of
the problem has into account the constraints a solution should satisfy. Since selection cannot
violate those constraints, the more constraints the researchers are aware of, the smaller the set
of likely solutions is for them, and the best they can hypothesize the nature of an evolved
module (see Table 6.1). If, after considering the multiple constraints on selection, there are
still several likely solutions, then empirical tests will determine which one(s) ultimately
evolved.

Evolutionary biology provides constraints from which computational theories of adaptive
information-processing problems can be built

To build a computational theory, one must answer two questions:

1. What is the adaptive problem?
2. What information would have been available in ancestral environments for
solving it?

Some sources of constraints
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1. More precise definition of Marr’s “goal” of processing that is appropriate to
evolved (as opposed to artificial) information-processing systems.
2. Game-theoretic model of the dynamics of natural selection (e.g., kin selection,
Prisoner’s Dilemma, and cooperation — particularly useful for analysis of
cognitive mechanisms responsible for social behavior)
3. Evolvability constraints: Can a design with properties X, Y, and Z evolve, or
would it have been selected out by alternative designs with different properties?
(i.e., does the design represent an evolutionary stable strategy? — related to point
2)
4. Hunter-gatherer studies and paleoanthropology — source of information about the
environmental background against which our cognitive architecture evolved
(Information that is present now may not have been present then, and vice versa.)
5. Studies of the algorithms and representations whereby other animals solve the
same adaptive problem (These will sometimes be the same, sometimes different)

Table 6.1. Biological constraints to computational theories44

A conspicuous case of “forward engineering” in the evolutionary psychological
literature is presented in Buss (1992). Consider for a while an epoch in which males did not
have any mate preferences and consequently mated with females randomly, no matter their
age, appearance, and behavior. In that environment, males who mated consistently with fertile
females did have more reproductive success than those others who mated just occasionally
with fertile females. Of course, males who happened to mate only with non-fertile females did
not produce offspring at all. Detecting fertility posed an adaptive information-processing
problem to ancestral men. It is not a minor issue. Its importance is of first order. Is there any

44

Table from Cosmides & Tooby, 1995, p. 1205.
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clue to female fertility? The men who preferred mating with women showing signs correlated
to fertility were likely to outreproduce those other men who did not have such preferences.
They had a clear advantage in terms of selection. They were fit — i.e., they reproduced above
the average for men in the population.

Following the logic of “forward engineering,” the claim is that natural selection must
have engineered a psychological mechanism — i.e., a Darwin module — that causes men to
prefer mating consistently with women who exhibit cues of high fertility. This preference
mechanism should be understood as an information-processing solution to an informationprocessing problem. Interestingly, evidence shows that the age of females is highly correlated
with their fertility, which usually peaks between the early to middle twenties and then starts
decreasing progressively up to the point in which they become sterile (fertility equals to zero).
In other words, signs of age are signs of fertility. If so, according to Buss (1992), there exists
a psychological mechanism (a Darwin module) shaped by natural selection that causes men to
prefer mating with young women rather than mating with middle age or elderly women. That
is the hypothesis. Since signs of age are mainly physical features (such as “smooth, clear, and
unblemished skin, lustrous hair, white teeth, absence of gray hair” (Buss, 1992, p. 250)), it is
predicted that men will prefer women with such features to those who lack them. The testing
of this hypothesis has been successful cross-culturally (Buss, 1990). This empirical fit is
considered as evidence that selection shaped the postulated Darwin module to solve the male
problem of detecting female fertility.
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6.2.2. Generating hypotheses about adaptive modules: The theoretical hierarchy of
evolutionary psychology

How do evolutionary psychologists come to predictions and explanations in their quest for
ultimate causes? In order to make full sense of an answer to this question, it is essential to
grasp properly the theoretical hierarchy of evolutionary psychology first (see Fig. 6.1). At the
top of this hierarchy, we find evolutionary theory (Darwin, 1859/2009) — specifically the
inclusive-fitness/gen-centered view of evolution, as already pointed out in the previous
subsection. This is the general Darwinian/selectivist frame. One step down the ladder, and
theoretically as well as conceptually dependent of the theory at the top of the hierarchy, we
find the so-called “middle-level theories” (Buss, 1995; Buss, 1999; Lewis, Al-Shawaf,
Conroy-Beam, Asao, & Buss, 2017). These theories are the result of assuming the truth of
evolutionary theory and applying it to specific domains of life.

Fig. 6.1. Theoretical hierarchy of evolutionary psychology

The theory of reciprocal altruism (Trivers, 1971) and the theory of parental investment
(Trivers, 1972) are among the most quoted examples of middle-level theories in the research
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papers written by evolutionary psychologists. The theory of reciprocal altruism depicts
altruism as a kind of tit-for-tat strategy (Axelrod, 1984/2006, Axelrod & Hamilton, 1981). This
theory is aimed to show how altruism is possible beyond kin selection (costly help relatively
close kin; see Hamilton, 1964a) and might be applied to explain cases of altruism even between
individuals pertaining to different species (Trivers, 1985). Helping a nonrelative, even while
costly, could be the behavioral output of an evolved psychological adaptation — a
psychological trait favored by natural selection — insofar as the individual who initially
benefits is likely to benefit in the long run the individual who helped him before. If so happens,
this means that the aid will be reciprocated. The theory of reciprocal altruism points out that
engagement in social exchange and helping others would have been selected out if the bearers
of the psychological mechanisms that produce such behavior had not have the capacity to
detect those who fail to reciprocate (free-riders). That is to say, “for social exchange to persist
stably within a species, individuals of that species must be able both to detect cheaters (i.e.,
individuals who do not reciprocate) and to direct future benefits to reciprocators, not cheaters”
(Stone, Cosmides, Tooby, Kroll, & Knight, 2002, p. 11531).

The theory of parental investment, on the other hand, is a model for explaining the
operation of sexual selection45. The relative parental investment of the sexes determines which
sex is going to choose and which is going to compete. This theory suggests that if members of
one sex invest more in their offspring than members of the other, then the members of the sex
that invest less will compete among themselves to mate with members of the sex that invest
more, and the members of the sex that invest more will be more selective about who they mate
with than the members of the sex that invest less. The pattern that prevails in animals is females
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Sexual selection operates in relation to characteristics that give reproductive advantage — and not
necessarily survival advantage — to their bearers (see Darwin 1871/1981). It includes intersexual
selection (characteristic that make members of one sex to choose members of the other sex for mating;
usually “female choice”) and intrasexual selection (characteristics that allow members of one sex to
compete successfully with other members of their own sex for mating with members of the other sex;
usually “male-male competition”). See Andersson, 1994; Hoquet, 2015.
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investing more in their offspring and males competing more intensely for mating (Andersson,
1994). Examples of sex-role reversed mating system — i.e., males investing more in their
offspring and females competing more intensely for mating — have been found in some
species of insects, fishes, amphibians, and birds. There is no major evidence of sex-role
reversal in mammals (Ens & Pinxten, 2000).
The middle-level theories are the sources from which evolutionary psychologists
generate specific hypotheses about evolved psychological mechanisms. This and the following
step in the hierarchy — i.e. empirical predictions — constitute the proper job of evolutionary
psychology. Consider the following examples of specific hypotheses.
From the middle-level theory of reciprocal altruism, which states that social
cooperation cannot evolve unless individuals are able to identify those who fail to reciprocate,
Cosmides (1989) generates the hypothesis that “[t]he human mind must include inferential
procedures that make one very good at detecting cheating on social contracts” (p. 196). This
means that the mind must include Darwin modules whose function is to detect cheaters on
social contracts. Social contracts regulate exchanges in which an individual ought to pay a cost
to another individual(s) if he is going to receive a benefit from that individual (or group).
Cosmides (1989) defines cheating as “the failure to pay a cost to which one has obligated
oneself by accepting a benefit, and without which the other person would not have agreed to
provide the benefit” (p. 197). The hypothesis about the existence of a cheaters-detecting
module fuels to the idea that human reasoning is adaptive (content-dependent), and not purely
logical (content-independent). Accordingly, the subject matter determines the accuracy of
specific reasoning processes.
From the middle-level theory of parental investment, meanwhile, D. Buss (1989)
hypothesizes that “[i]n species with male parental investment, such as Homo sapiens, females
should seek to mate with males who have the ability and willingness to provide resources
related to parental investment such as food, shelter, territory, and protection” (p. 2).
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Evolutionary psychologists working in human mating have used extensively the theory of
parental investment. A further example of a specific hypothesis derived from this theory is the
following: “Because of the lower levels of minimum parental investment incurred by men,
short-term mating will represent a larger component of men’s sexual strategy than of women’s
sexual strategy” (Buss and Schmitt, 1993, p. 210).
The next and last level in the theoretical hierarchy of evolutionary psychology is
occupied by the testable empirical predictions derived from the specific hypotheses.
The cheaters-detecting module hypothesis, for example, permits L. Cosmides (1989)
to predict that the psychological mechanisms specialized for reasoning about social exchange
determine “how we reason on Wason selection tasks when their content involves social
exchange” (p. 227). For more details about this testable empirical prediction, see Chapter 5.
A further example of empirical predictions is the set of predictions inferred from the
hypothesis about the existence of a module that embodies aspects of a calculus of probability
— specifically, aspects of Bayes’ rule — and, when activated by frequentist representations
of probabilities, causes humans to reason inductively in an efficient manner. The empirical
predictions are:
(1) Inductive reasoning performance will differ depending on whether subjects are
asked to judge a frequency or the probability of a single event.
(2) Performance on frequentist versions of problems will be superior to nonfrequentist versions.
(3) The more subjects can be mobilized to form a frequentist representation, the better
performance will be.
(4) (Strong version) Performance on frequentist problems will satisfy some of the
constraints that a calculus of probability specifies, such as Bayes' rule. This would
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occur because some inductive reasoning mechanisms in our cognitive architecture
embody aspects of a calculus of probability. (Cosmides & Tooby, 1996, p. 17)
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6.3. Adaptationism

6.3.1. Spandrels and exaptations

During the last few decades, there has been a huge — and apparently interminable —
controversy around the concept of adaptation and, more specifically, around the adaptationist
approach to evolution. Much of this controversy is motivated by the self-proclaimed pluralistic
critical apparatus — as opposed to a monolithic view of evolution centered on selection —
deployed in the so-called “spandrels paper” written by the paleontologist Stephen J. Gould and
the geneticist Richard C. Lewontin (1979). In this highly praised piece, adaptationists are
depicted as if they were (i) panselectionists looking stubbornly for traces of optimality (or for
traces of sub optimality in terms of trade-offs) in every aspect of living organisms’ phenotypic
characters (this attitude receives the label of “Panglossian paradigm”46), and consequently (ii)
not being pluralistic, which means that adaptationist thinkers do not consider alternatives to
the notion of adaptation by natural selection such as spandrels (a spandrel is a kind of
exaptation, as I will explain later in this section) or constraints when they try to figure out an
evolutionary account of living organisms’ components and nature’s complexity.
As presented by Gould and Lewontin (1979), the term ‘spandrel’ comes from the field
of building and structural design. In this context, spandrels are architectural by-products or
side consequences of mounting a dome on round arches. Interestingly, they result extremely
useful as receptacles for visually salient frescos, mosaic designs, and general religious
ornamentation in cathedrals. The reason for a spandrel’ existence is not, however, this artistic
or ritualistic utilization. Such is a secondary use, or more precisely, as already suggested, a by-
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Dr. Pangloss is a character of Voltaire’s Candide: Or optimism (1759/2005) who tries to
accommodate preposterously every interpretation of the actual world to the unjustified idea that it is the
best among all the possible worlds.
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product of its concrete raison d’être. The spandrels exist because of purely architectural
reasons. They are consequences and not causes of a structure.
Arguably, something similar happens in evolution when it comes to the coopted use
of some organisms’ phenotypic characters that are by-products of adaptations and, therefore,
not selected traits. Think about the masculinization of female spotted hyenas’ (Crocuta
crocuta, family Hyaenidae) externa genitalia, which are the most male-like ones of any
existing female mammal. They have a penis-like clitoris and a false scrotal sac (see Fig. 6.2).
(Strikingly, the female spotted hyenas are also the only existing mammals that, not having an
external vagina opening, mate and give birth through the clitoris.)

Fig. 6.2. Erect spotted hyena penis and clitoris47
Arguably, these rare features of the external genitalia of female spotted hyenas are byproducts of high androgen (male-producing hormones) levels48 (Racey & Skinner, 1979) —
high androgen levels could constitute an adaptation in relation to the dominant social role of
female spotted hyenas, which are also larger than males (Gould, 1981). As spandrels, the
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Figure from Cunha et al. (2014).
This hypothesis, which is endorsed by Gould and Vrba (1982) in order to give an example of a nonselected phenotypic character — a by-product — that produce fitness, is disconfirmed by Cunha et al.
(2014). They find that the formation of the phallus in hyenas (males and females) precedes the synthesis
of androgens by testes and ovaries, and is, therefore, a process independent of these hormones.

48
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external genitalia evolved just because they are genetically linked to phenotypic aspects of
female spotted hyenas that were favored by selection. In other words, they are nonadaptive
side consequences of an adaptation. And this fact matches exactly with the concept of spandrel.
According to Gould and Vrba (1982), the penis-like clitoris and false scrotal sac, being
available characters in female spotted hyenas’ phenotypes (as spandrels are available
characters in the structure of some cathedrals), were later usefully coopted to enhance fitness
in a meeting ceremony. In this ceremony, wanderer solitary individuals are reintegrated into
the clan, and the sexual organs (penis-like clitoris/false scrotal sac and real penis/real scrotal
sac alike) serve as objects to be sniffed and licked by other members of the clan. This is a
fortuitous use of available parts that, however being fruitful and ultimately fitness-enhancing,
does not say anything about the reason for their existence: “[t]he immediate utility of an
organic structure often says nothing at all about the reason for its being” (Gould & Lewontin,
1979, p. 593). Gould (1997b) also presents the mental machinery responsible for reading and
writing as examples of spandrels since the human brain reached its current proportions
thousands of years before the invention of reading and writing.
According to Gould and Lewontin, the problem that permeates adaptationists’
reasonings is that they fail to distinguish actual adaptations from spandrels — i.e., they fail to
distinguish the primary use of phenotypic characters from the secondary utilization of
components present in the organism for architectural, genetical, developmental or historical
reasons. In substance, they tend to confuse the use of a structure with the evolutionary reason
for its existence. It is unlikely, however, that a fit between an organism’s character and the
environment is the sole evidence one needs to draw the categorical conclusion that such a
character is an adaptation evolved by natural selection. To put it simply, the fit between an
organisms’ character and the environment is not necessarily and indicator of a function. The
fit could be just an effect of a by-product, as the fruitful use of the spandrels in St. Mark’s
cathedral (Venice, Italy) for ornamentation purposes is not a function of those features but
only an effect of them. Indeed, unlike adaptations, spandrels do not have functions; they only
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have effects. Both operations — i.e., functions and effects — might promote fitness, but they
do not sign in any way the same evolutionary origin of phenotypic characters. Hence, one
cannot infer that a character is an adaptation — and consequently that it evolved by natural
selection — from the fact that it promotes fitness.
Spandrels are not the only phenotypic characters whose current fitness-enhancing
usage is not a direct consequence of the process of natural selection. As said paragraphs above,
the category of spandrel is part of a more comprehensive class in the toolbox of evolutionary
concepts. They are a sort of exaptations or cooptations. Specifically, ‘exaptation’ is a term that
refers to the phenomenon of cooptability for fitness. It was coined by S. J. Gould and Elisabeth
S. Vrba (1982) to label the phenotypic characters that were not shaped by natural selection for
their current fitness-enhancing usage. In this light, the set of exaptations is comprised by
already existing characters that happen to be co-opted for new fitness-enhancing usages (i.e,
new reproductively beneficial effects) without the intervention of selection. The set of
spandrels is a proper subset of the set of exaptations. The other part of the set of exaptations
is constituted by phenotypic characters that are genuine adaptations originally evolved by
natural selection for a usage different from the current one they perform. For instance, bird
feathers are exaptations in this sense since they are adaptations originally evolved by natural
selection for thermoregulation purposes, and not for flying, which is its current fitnessenhancing primary usage. In Gould and Vrba’s terminology, bird feathers, when initially
coopted for flying, were primary exaptations, and later, when they were structurally modified
to boost that new effect, became secondary adaptations.
More generally, one can divide the components of a living organism into aptations
(features that promote fitness) and nonaptations (features that do not promote fitness).
Aptations may be further divided into adaptations (features shaped by natural selection for
their current fitness-enhancing use) and exaptations (features not shaped by natural selection
for their current fitness-enhancing use) (see Fig. 6.3). The key for this division is the property
of being aptus, which means being fit. Adaptations are ad aptus (they point to a fit), while
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exaptations are ex aptus (they are fit because of their sole form) and nonaptations are simply
non aptus (they are not fit at all).

Process

Character

Usage

Natural selection
shapes the character

Adaptation

Function

for a current use —
adaptation
A character,
previously shaped
by natural selection
for a particular
function (an

Aptation

adaptation), is
coopted for a new

Exaptation

Effect

use — cooptation
[Primary exaptation]
A character whose
origin cannot be
ascribed to the direct
action of natural
selection (a
nonaptation), is
coopted for a current
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use — cooptation
[Spandrel]

Table 6.2. A taxonomy of fitness49

49

Table adapted from Gould & Vrba (1982)
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6.3.2. Adaptationism and evolutionary psychology

Evolutionary psychologists declare openly that they are adaptationists (Al-Shawaf, 2019; Buss,
1999; Cosmides & Tooby, 1987; Hagen, 2016; Symons, 1992; Tooby & Cosmides, 1992,
1997b, 2016). They take as a methodological and conceptual model the unifying theory of
adaptation defended by the enormously influential evolutionary biologist George C. Williams
in his book Adaptation and Natural Selection: A Critique of Some Current Evolutionary
Thought (1966/1996). Broadly speaking, the adaptationist approach — and not necessarily the
particular version of adaptationism championed by G. C. Williams — magnifies the role of
natural selection in evolution and, as a result, is inclined to see its effects (i.e., adaptations) all
over the biological world. This approach to evolution attempts to reconstruct the origins of
adaptations taking into account their hypothesized functions or — to put it in other words —
the manners in which they contribute to the propagation of genes. The key to this historical
reconstruction is natural selection insofar as the genes favors by this filtering process are able
to actually modify phenotypic aspects of an organism, so these aspects develop an enhancingfitness effect (i.e., a function). Surely, natural selection cannot bring into being any new
adaptation if it cannot modify the phenotype because of genetic or developmental constraints.
Thus, in general terms, adaptationism recommends (i) breaking down individual living
organisms into functional relatively autonomous nonmolecular components or, what amounts
to the same, adaptive traits (i.e., adaptive phenotypic aspects of an organism) and (ii) paying
close attention to the central role of natural selection in the evolution of these nonmolecular
components or traits (Orzack & Sober, 2001) — while dismissing alternative non-selective
forces of evolutionary change such as genetic drift, mutation, and gene flow (migration), and
taking as an starting point the working hypothesis that that the adaptive traits they individuate
are proper adaptations and not practically co-opted components of an organism.
Conversely, adaptationists à la Williams argue that the concept of adaptation is
“special and onerous” (Williams, 1966, p. 4) and, as such, it should not be mishandled or
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overemployed. This is the ground rule or doctrine and indicates that Williams’ version of
adapationism does not take adaptationist hypotheses as starting points. This means that this
particular adaptationist approach to evolution is far from being one urging to interpret every
phenotypic aspect of living organisms — or almost every phenotypic aspect of living
organisms — as adaptations. Researchers are advised not to be liberal when attributing the
status of adaptation to any given trait. They should bear in mind that “special design”
(evidenced by properties such as specificity, proficiency, precision, efficiency, economy,
reliability of development, complexity, etc. [Andrews, Gangestad, & Matthews, 2002]) is the
signature work of natural selection and hence the hallmark of complex traits that are to be
recognized ultimately as proper adaptations.
Understandably, researchers should also consider that if explanations of the genesis
and functionality of these so well-organized complex traits are to be successful in naturalistic
terms, they must never appeal to coincidence or chance but only to selection — which is the
only known complete explanation for the origin and maintenance of apparent designs in nature
(Dawkins, 1986; Dennett, 1995; Schmitt & Pilcher, 2004; Williams, 1966). For example, the
highly improbable functional organization of the eye — that is, the arrangement and
coordination between its components — cannot be explained in terms of a random walk: “the
lens, pupil, iris, retina, visual cortex, and so on are too well coordinated both with each other
and with features of the world, such as the properties of light, optics, geometry, … to have cooccurred by chance” (Tooby & Cosmides, 1995b, p. 1192).
Certainly, evolutionary psychology endorses adaptationism since its starting point, a
foundational stage that consists in breaking down the mind into a massive number of especially
dedicated computational mental modules and depicting them as adaptive traits evolved by
natural selection — i.e., proper adaptations (Darwin modules) — in response to fitness-related
information-processing problems posed by the ancestral environment to our hunter and
gatherer forebears. Now, since (i) evolutionary psychologists consider that cognitive modules
are proper adaptations and not just traits that happen to be adaptive by co-option or any non-
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selective reason, and (ii) adaptations are defined in terms of a function (that is, in terms of an
efficient solution to a fitness-related problem or selection pressure) and the signature work of
natural selection, we must expect mental modules — which are different and numerous — to
have been shaped by natural selection as efficient means for the execution of a multitude of
specific functional (fitness-enhancing) cognitive tasks by humans.
A main caveat sensibly stressed by practitioners and theoreticians of evolutionary
psychology alike is that Darwin modules, being themselves presumably genuine adaptations
(which entails that they are neither by-products nor what some authors call evolutionary
noise 50 ), are not necessarily adaptive regarding the current environment and the transient
conditions of modern human life (Cosmides & Tooby, 1987, 1992; Daly & Wilson, 1999).
Indeed, empirical evidence might be interpreted as pointing out to the interesting fact that
many Darwin modules are maladaptive (that is, they inhibit the propagation of genes) or
dysfunctional in our time, when important aspects of their EEAs (environments of
evolutionary adaptiveness) have inevitably and — perhaps permanently — changed. That is
to say, the behavior that many Darwin modules currently produce might not maximize the
Darwinian summum bonum, fitness (i.e., differential reproduction or propagation of the
inherited design and their associated components more than the average achieved by other
available designs in the population), at the present-day environment.
Consider the following as an example of a recurrent behavioral pattern that does not
maximize fitness and inhibits the propagation of genes. Observation tells us that “large
numbers of men will pay to have nonreproductive coitus with sex workers they believe and
hope are contracepting, but have to be paid to contribute to sperm banks that, with high
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Whereas an adaptation has a functional design to solve a specific problem, the by-product of an
adaptation does not have a functional design to solve a specific problem. For example, the belly buttom
is a by-product of the umbilical cord. The redness of the blood is also a by-product. It is a consequence
of the iron. Unlike by-products, on the other hand, noises are not systematically attached to an adaptation.
It’s a random effect or variation. For example, the shape of the belly button is a noise. Some people
have innie belly buttons and some others have outtie belly buttons. See Buss, Haselton, Shackelford,
Bleske, & Wakefield (1998).
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probability, may lead to offspring” (Tooby & Cosmides, 2016, p. 15). The consequential
hypothesis is that these behaviors are the output produced by psychological mechanisms
(modules) that are maladaptive since they do not produce fitness-enhancing behaviors
nowadays, hic et nunc. Another example of a pervasive maladaptation is the one constituted
by the widespread taste for fats and sugars (Drewnowski, 1997; Rozin & Vollmecke, 1986).
The voracious consumption of certain kinds of foods motivated by this common taste also
known as “sweet tooth” was probably a fitness-maximizer behavior in a calorically limited
past environment in which fats and sugars (riches sources of calories) were scarce. However,
now, when sugars and fats are easily available in cheaply manufactured food that is
commercialized around the world, this taste is maladaptive insofar as it motivates an extremely
unhealthy behavior that often ends up in obesity and other associated diseases.
If anything, not seeing fitness maximization as the sine qua non aspect of evolutionary
explanations of human behavior is an essential difference displayed by the research program
of evolutionary psychologists in relation to other Darwin-inspired attempts to explain human
behavior in terms of natural selection, e.g. human behavioral ecology and sociobiology (Cronk,
1991; Nettle, Gibson, Lawson, & Sear, 2013; Wilson, 1975). Noticeably, the interpretation of
adaptationism proper to evolutionary psychology does not equate to the fitness teleology
revealed in the practice and research reports of other selectionist approaches to the study of
human behavior. For evolutionary psychologists, “[i]ndividual organisms are best thought of
as adaptation-executers rather than as fitness-maximizers” (Tooby & Cosmides, 1992, p. 54).
This quote, extracted from a piece that is usually regarded as the manifesto of evolutionary
psychology, the 1992 long essay entitled “The psychological foundations of culture,”
decouples the concepts of adaptation and fitness maximization. It is obvious — though
apparently some are unaware of it — that they are not logically equivalent concepts. Less
obviously, the concepts of adaptation and fitness maximization do not need even to be
consistent with each other. An adaptation-executer might not maximize fitness, as the example
of the taste for sugars and fats and how it inhibits fitness in the present day shows.
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Now, most of the philosophical criticism addressed against evolutionary psychology
is focused on its endorsement of adaptationism (Downes, 2018). It is common for critics,
however, to attack simplistic — and even idiosyncratic — understandings of adaptationism,
such as the one claiming that natural selection is the only explanation for the fit between
phenotypic characters and the environment. What is more, some critics say that evolutionary
psychology is a field artificially invented by “Darwinian fundamentalists,” a bunch of ultras
and panselectionists who see the effects of natural selection everywhere in the biological world
and conceive all — or most of — human psychology as adaptations — therefore, the criticism
goes on, the misguided empirical inquiries and conceptual articulations evolutionary
psychology promotes, being founded on an adaptationist premise that is fatally flawed, are
irremediably deemed to an ignominious failure and to expose themselves as guesswork in a
cocktail party mode (Gould, 1997a, 1997b).
Needless to say, this exaggerated — and hence naïve as well as proper of a cocktail
party conversation — version of adaptationism is not the particular adaptationist stance
evolutionary psychology defends as a theoretical pillar of its research program. In order to
make this point clearer, I will use in the next section the convenient distinction between three
kinds of adaptationism proposed by the philosopher Peter Godfrey-Smith (1999, 2001):
empirical adaptationism, explanatory adaptationism, and methodological adaptationism.
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6.3.3. Empirical adaptationism, explanatory adaptationism, and methodological adaptationism

Although all of them, empirical adaptationism, explanatory adaptationism, and
methodological adaptationism, highlight the importance of adaptation and natural selection in
the study of the evolution of living organisms, each one does so in a significantly different
way. This is because they are logically independent of one another. That is to say, they
comprehend different problems and a particular researcher — or a research program — could
endorse a single kind of adaptationism and not being in any way logically obliged to endorse
any of the others.
Start with empirical adaptationism. As suggested by its noun, this specific version of
adaptationism is distinct from the others because it conveys an empirical statement, i.e., a
claim about how the world is. Empirical adaptationism holds that “it is possible to predict and
explain the outcome of evolutionary processes by attending only to the role played by selection”
(Godfrey-Smith, 2001, p. 336). Accordingly, natural selection is the most important
evolutionary factor: “Natural selection is a sufficient explanation for most nonmolecular traits”
(Orzack & Sober, 1994b, p. 364).
One may argue that empirical adaptationism overestimates natural selection and
underappreciates the constraints on it — that is, historical, genetic, and developmental factors
that counts as oppositions to the modifying influence of selection on the phenotypic traits —
as well as the role of other forces of change in the frequency of genes in a population such as
drift, mutation, and flow. In any case, the debate over this particular kind of adaptationism, if
any, can be positively solved by standard means of empirical sciences’ practice such as
observation and experimentation because, at the end of the day, there is a claim about the
actual biological world underlying to it. Thus, hopefully, factual evidence will ultimately show
whether or not this version of adaptationism is true. According to Orzack & Sober (1994b),
“[f]orty or 50 appropriately structured studies might well provide a reasonable assessment of
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adaptationism” (p. 377). So “[i]f, say, 45 out of 50 studies lead to the conclusion that the trait
in question is locally optimal, one could conclude in our opinion that adaptationism is correct”
(Orzack & Sober, 1994a, p. 267).
On the other hand, explanatory adaptationism is customarily cataloged as a
philosophical or purely ideological position, rather than as an empirical hypothesis to be tested
through observation or experimentation. Indeed, unlike empirical adaptationism, it does not
seem that explanatory adaptationism’ truth, if any, is actually based on objective and public
facts. That is because this adaptationism conveys for all intents and purposes a judgement of
value and not an empirical statement. Such judgment of value consists in asserting that the
problem of apparent design, as well as the fit between organisms and their environments (i.e.,
the problem of adaptiveness or, to use Gould’s terminology, the problem of “aptness”), are the
most important in biology. In other words, they are the “big questions” in biology — and,
certainly, the problem of apparent design stands out among these two “big questions” in the
writings of the most prominent advocates of this kind of adaptationism: Richard Dawkins and
Daniel C. Dennett.
For one thing, explanatory adaptationism holds that natural selection is the key to
answer the “big questions.” For another thing, it points out vigorously that nothing but natural
selection solves these questions. In this respect, it might be the case that natural selection (i)
counts only as a minor factor of evolutionary change measured in quantitative terms in living
organisms and, consequently, (ii) not be a practical tool to solve all the problems of
evolutionary biology — for example, natural selection does not solve the problems proper to
the neutral theory of molecular evolution (Kimura, 1968, 1979, 1983; Li, 1996). Even so, the
reasoning goes, natural selection alone solves the most important and perplexing questions in
this field of inquiry. As put it by Godfrey-Smith (2001) when presenting the particularities of
explanatory adaptationism: “Selection might explain only 1% of all molecular genetic change,
but [explanatory adaptationists will say that] this is the 1% that counts” (p. 339-340).
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This openness to accept the eventual scope limits of natural selection shows that
explanatory adaptationism is logically independent from empirical adaptationism, which, as
remarked paragraphs above, makes the case for the ubiquity of selection across all the regions
of the biological world. However, natural selection, so understood, has a unique explanatory
importance in comparison to other evolutionary forces of change: it provides us with a
naturalistic and not theological explanation for the “big questions” of biology — which not
coincidentally happen to be also the big questions of natural theology (Paley, 1802/1970) as
well as, arguably, the most subjectively appealing biological issues from a philosophical point
of view.
Godfrey-Smith lists Richard Dawkins (1986) and Daniel C. Dennett (1995) as
proponents of explanatory adaptationism. The reason for depicting this position as
philosophical or ideological is that it defends a judgment probably based on a subjective
preference rather than on something public like a fact of the external world or the nature of
things. It presents apparent design as it were a biological phenomenon with a special or
privileged status and, as a result, defends the conception of it as the most important among all
biological phenomena. At this point, a dose of healthy skepticism is valid: most important
biological phenomenon to whom? Kimura (1979) expresses this idea well: “People have told
me, directly and indirectly, that the neutral theory is not important biologically because neutral
genes are not involved in adaptation. My own view is that what is important is to find the truth
(…)” (p.126).
Finally, the third kind of adaptationism is methodological adaptationism. Given the
foregoing discussion, one can infer that methodological adaptationism is neither an empirical
nor a philosophical/ideological stance — those are the qualities that individuate empirical
adaptationism and explanatory adaptationism as separate kinds of adaptationism, respectively.
To put it simply, methodological adaptationism is just a heuristic. This version of
adaptationism recommends studying biological systems looking for features of adaptation and
design, which means that it suggests starting our research by looking for traces of the filtering
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process of natural selection. Here adaptationism is seen as a research strategy or working
starting point. There are no underlying empirical claims about how the world is. There is not
a philosophical valuation of the role of natural selection either. “There is nothing particularly
new in this logic, which is also the basis of functional anatomy, and indeed of much physiology
and molecular biology” (Maynard Smith, 1978, p. 31). Mayr (1983), Maynard Smith (1978)
as well as Parker and Maynard Smith (1990) are eminent examples of the literature that
justifies methodological adaptationism.
In some respect or other, methodological adaptationists do not rely only on intuitive
arguments about the possible contribution of a given complex anatomical or behavioral trait
to the fitness of its bearer. They also make use of methods from engineering and economics to
build optimization models (a remarkable example is West, Brown, & Enquist, 1997) that
predict the ways in which selective forces acted on specific phenotypic aspects. Importantly,
an optimization model helps us to “test our insight into the biological constraints that influence
the outcome of evolution” (Parker & Maynard Smith, 1990, p. 27). This means that natural
selection is seen as an optimization process whose outcomes are not optimal — the reason is
that there are numerous historical developmental constraints on it:
“Natural selection "counts up" the actual results of alternative designs (in this case,
designs regulating food choice) operating in the real world, over millions of
individuals, over thousands of generations, and weights these alternatives by the
statistical distribution of their consequences: Those design features that statistically
lead to the best available [emphasis added] outcome are retained” (Ermer, Cosmides,
& Tooby, 2007b, p. 157).
Therefore, optimization models are tools to understand adaptations, not tools to prove
that adaptations are optimal or perfect. Surely, “[o]ptimization is about constraints and tradeoffs, not “perfection”” (Seger & Stubblefield, 1996, p. 94).
Optimization models are built in response to questions such as ‘why is the sex ratio
often unity?’ or ‘why do dung flies copulate for thirty-six minutes?’. Here the assumption is
that phenomena like these have an adaptive nature. Afterwards, it is presented a “strategy set,”
which is a range of possible phenotypic variants relating to the starting question — i.e.,
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possible strategies evolved by natural selection given the constraints on selection we are aware
of. The strategy set defines the limits (constraints) of what can evolve: “[i]f there were no
constraints on what is possible, the best phenotype would live for ever, would be impregnable
to predators, would lay eggs at an infinite rate, and so on” (Maynard Smith, 1978, 32). In the
case of sex ratios, the strategy set is composed of the range of points in the continuum from
producing only male offspring to producing only female offspring (Parker & Maynard Smith,
1990).
Apart from a strategy set, the optimization model requires an optimization criterion,
that is, we need to specify what is being maximized. According to Maynard Smith (1978), the
most adequate maximization criterion is inclusive fitness. Meanwhile, the simplest one is
individual fitness (expected number of offspring). Nonetheless, an indirect measure of fitness
can also serve as optimization criterion. For example, when it comes to construct an
optimization model of animals foraging for food, the optimization criterion is the net rate of
energy intake, which is an indirect measure of fitness — to put it crudely, “more energy means
more babies” (Parker & Maynard Smith, 1990, p. 28).
The next step in the construction of an optimization model is to make assumptions
about the payoffs to each of the phenotypic variants included in the strategy set. The payoffs
are formulated in terms of the optimization criterion. In the example of animals foraging for
food, the payoffs are units of energy intake. The payoffs are also known as “fitness functions.”
After the payoffs to the members of the strategy set have been stated, the optimal
solution(s) relative to the set of alternatives (i.e., the locally optimal solution) are deduced by
means of an analytical technique — the optimal solution(s) may be simple (frequencyindependent) or competitive (frequency-dependent); the optimal solution(s) is competitive
when the payoffs depend on the frequencies of strategies in the population (Maynard Smith,
1982). Finally, the predictions of the models are tested against observations. In words of G. A.
Parker and J. Maynard Smith (1990), “if they [predictions and observations] fit, then the model
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may really reflect the forces that have moulded the adaptation. If they do not, we may have
misidentified the strategy set, or the optimization criterion, or the payoffs” (p. 29). Another
option in the face of the failure of the predictions is that the phenomenon under study is not
any longer adaptive (a case of maladaptation). The proposition that nature optimizes is not
tested.
The best explanation for the eventual empirical success of the predictions extracted
from optimization models is not to point to a mere coincidence, but to take the corresponding
phenotypic variant as a proper adaptation shaped by natural selection (a sort of no miracles
argument).
At some level, empirical adaptationism could be used as a kind of support — though
not precisely a logical support — for methodological adaptationism. Accordingly, if it were
true that we can predict and explain the outcome of evolutionary processes by attending only
to natural selection, then a way open to study these processes would be to look for features of
adaptation and design — this is tantamount to say that if empirical adaptationism were true,
then one would have a reason to endorse methodological adaptationism. Surely, studying the
outcome of evolutionary processes through the search for features of adaptation and design
would be an available and open way, but not necessarily the only one open and available to
pursue this study and, arguably, not necessarily the best. This is because a researcher might
also obviously try testing a selectivist hypothesis grounded on empirical adaptationism by
means of searching for traces not of selection (which is the recommendation of methodological
adaptationism) but of nonselective forces of change. This amounts to say that one might try
testing a selectivist hypothesis grounded on empirical adaptationism looking not for a
confirmation of it but for a refutation — which seems to be a much more prudential and
cautious procedure. If this is true, someone who endorses empirical adaptationist is not
logically committed to methodological adaptationism — arguably, this statement applies to
Williams (1966). Thus, as already suggested, the eventual support given by the truth of
empirical adaptationism to methodological adaptationism is not tantamount to a logical
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implication. It is just an empirical basis to show the search for features of adaptation and design
as an open option among potentially many others when it comes to the study of biological
systems.
In any case, methodological adaptationists do not need to endorse the truth of
empirical adaptationism if they want to find a ground or justification for their own
adaptationist position. To fulfill this end, they could just opt for a sort of consequentialism or
instrumentalist pragmatism, one asserting: “You can say what you like about selectionist
fallacies, but it worked for Darwin and Fisher!” (Godfrey-Smith, 2001, p. 353).
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6.3.4. What kind of adaptationism is endorsed by evolutionary psychology?

As for the question of which particular kind of adaptationism is the one endorsed by
evolutionary psychologists, it is good to start making explicit that evolutionary psychologists
are not empirical adaptationists claiming that natural selection is the key to predict and explain
most of the outcomes of evolutionary processes. As a matter of fact, evolutionary
psychologists recognize that the largest category of psychological differences are not adaptive
but neutral or nearly neutral mutations, and that, as such, they are due to the frequency of
genetic variants whose proper explanation is not to be expressed in selectivist or adaptationist
terms but probably in the ones of Kimura’s neutral mutation hypothesis (Kimura, 1983, 2020).
They are not afraid of sounding tautological when saying that the components of the mind
were acquired either by chance or not: “Aside from those properties acquired by chance or
imposed by engineering constraints, the mind consists of a set of information-processing
circuits that were designed by natural selection to solve those adaptive problems that our
hunter-gatherer ancestors faced” (Cosmides & Tooby, 1995, p. 1204). For them, this tautology
is “something centrally illuminating” (Cosmides & Tooby, 1995, p. 1204).

Surely, neutral psychological and genetic differences are also outcomes of
evolutionary processes. So the recognition of neutrality in evolution as well as the total or
partial acceptance of the relevance of Kimura’s theory to the analysis of this plainly nonselectivist phenomenon entails a rejection of empirical adaptationism by the research program
of evolutionary psychology and its practitioners.

In addition, it is worth emphasizing that neutral psychological differences are not
included among the members of the set of study subjects that evolutionary psychology claims
as its own domain. This approach to the science of mind is openly selectivist and, as just said
in the above paragraph, neutral inherited differences do not fall into the domain of phenomena
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that are properly explained appealing to selectivist hypotheses. Rather, their explanation is
usually genetic drift. This allows us to infer that evolutionary psychology, as a research
program, does not amount to a research on the origins of all the evolved aspects of human
psychology. Tellingly, it only studies the origins of some evolved features of human
psychology — the ones that are direct or indirect consequences of natural and sexual selection,
which means that evolutionary psychology only studies psychological adaptations and its byproducts (spandrels and exaptations in general). If so, the designation itself of “evolutionary
psychology” could be regarded as a hyperbole — as it would be the case if we attributed the
title of “evolutionary biology” to a study focused only on adaptations and ignoring neutral
evolution.

Accordingly, a more suitable designation to this research program in psychology is
“selectivist psychology” since its explanations and predictions are expressed in terms of
natural and sexual selection, whether they are referred to adaptations or by-products. This
means to some sense — at least qualitatively — that, for evolutionary psychology, evolution
equates to selection. Indeed, evolutionary psychologists emphasize the (qualitative)
importance of natural selection in the evolution of mind even when it might explain only a
minor fraction of it — but this minor fraction (the fraction that comprises the psychological
adaptations or Darwin cognitive modules) is precisely our universal human nature. From here,
it is easy to notice that evolutionary psychology is committed to explanatory adaptationism.
In fact, my suggestion is that evolutionary psychology endorses both explanatory
adaptationism and methodological adaptationism.

First, evolutionary psychologists reveal an implicit endorsement of explanatory
adaptationism when they theorize about the importance of Darwinian selection for the
integration of natural and social sciences and criticize what they call the Standard Social
Science Model (SSSM). (The SSSM is presented as the long-lasting and hegemonic paradigm
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in the social sciences. It is a model that excludes social and cultural phenomena from any
attempt of explanation in naturalistic terms51 [Tooby & Cosmides, 1992].)

Secondly, evolutionary psychologists offer an explicit case for the claim that
explanatory adaptationism is not a merely philosophical or ideological position based on
personal preferences, but a judgement grounded on facts and probabilities. In this respect,
while defending evolutionary psychology from its critics, the biological anthropologist
Edward H. Hagen (2016) agrees with the classification of evolutionary psychology as an
explanatory adaptationist enterprise. For him, this is not a stigma and, consequently, saying
that evolutionary psychology considers the problem of apparent design as central to our
understanding of life does not amount to an intellectual accusation or a denounce of scientific
inaccuracy — the philosopher David J. Buller (2005) thinks it is. Hagen admits that not
everything is adaptation in the process of evolution, but — defending adaptationism — claims
not timidly that adaptations are the most striking outcomes of this natural process. The reason
advanced to justify his judgement is not a subjective preference or a personal taste but the
alleged factual evidence that a functioning self-reproducing organism — i.e., an organism
equipped with adaptations — is a highly improbable state of affairs and yet, as observation
and our own constitution and lives show, functioning self-reproducing organism do exist.

For Hagen, adaptations, which are the signature products of natural selection, allow
organisms to survive from one moment to the next, while drift and constraints to selection just
play a role once organisms survive and reproduce. Reproduction is possible due to adaptations
(functional machinery), and they, in turn, are possible due to the filtering process of selection.

51

The SSSM’s spirit is well expressed by the 19th century sociologist Émile Durkheim in The rules of
sociological method (1895/1964), which is one of the foundational works of modern social science:
“individual natures are merely indeterminate material that the social factor molds and transforms” (p.
106). Another conspicuous exponent of the SSSM is the father of anthropology, Franz Boas (1916): “I
claim that, unless the contrary can be proved, we must assume that all complex activities are socially
determined, not hereditary” (p. 473).
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Thus, the argument goes on, asserting that natural selection has a unique importance in
comparison to other factors of evolutionary change would not count as a judgment based on a
personal preference. Adaptations permit an organism to survive and reproduce “despite all the
physical processes that militate against it” (Hagen, 2016, p. 142). This is why (i) the problem
of apparent design — though not all adaptations are necessarily apparent designs; simple
adaptations do not exhibit an apparent design — is the most important to our understanding of
life, and (ii) natural selection — the maker of both simple and complex adaptations — is the
most important key to gain a comprehension of evolution.

As I remarked above, methodological adaptationism is also endorsed by evolutionary
psychology. One can notice it more precisely in the generation and testing of hypotheses of its
everyday practitioners than in the theoretical writings and manifestos of its founders
(Cosmides, Tooby, & Barkow, 1992) or in the best-selling books of its publicists52 (Wright,
1994).
Granted, it is not fair to say that evolutionary psychology is limited to reverse
engineering or post hoc storytelling about the fit (adaptiveness / aptness) or lack of fit between
psychological traits and the environment (see Section 6.2.1). This raw adaptationism is a kind
of empirical adaptationism gone mad that tries to accommodate all interesting human
psychology to the work of natural selection and fitness maximization. Instead, the distinctive
and original methodology of evolutionary psychology is forward engineering. This means that
the main task of their practitioners is not trying to make sense of already known psychological
traits in terms of ingenious — and sometimes outlandish — hypotheses that present them as

52

S. J. Gould (1997b) quotes a vehement declaration of R. Wright (1994) about natural selection that
matches with empirical adaptationism and explanatory adaptationism, but not with the agnosticism
proper to methodological adaptationism: “The theory of natural selection is so elegant and powerful as
to inspire a kind of faith in it—not blind faith, really.... But faith nonetheless; there is a point after which
one no longer entertains the possibility of encountering some fact that would call the whole theory into
question. I must admit to having reached this point. Natural selection has now been shown to plausibly
account for so much about life in general and the human mind in particular that I have little doubt that
it can account for the rest” (Wright, 1994, p. 383).
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adaptations (post hoc storytelling) but trying to discover either actual psychological
adaptations that are heretofore unknown or unknown properties of already known
psychological adaptations. Thanks to their methodological adaptationism, evolutionary
psychologists hypothesize the existence of unknown psychological traits and predict
phenomena that no one would otherwise have imagined — as examples take the explanation
of the content effect in the Wason selection task in terms of the cheater-detecting module (see
Chapter 5) and the explanation of double dissociations such as alexia (“word blindness”)
without prosopagnosia (“face blindness”) and prosopagnosia without alexia (Gazzaniga, Ivry,
& Mangun, 2013).
Pace Gould (1997a, 1997b), evolutionary psychologists’ methodological appeal to
adaptationism is not a matter of parochial and dogmatic fundamentalism. They appeal to
adaptationism because of its proven predictive utility — again, “you can say what you like
about selectionist fallacies, but it worked for Darwin and Fisher!” The practice of evolutionary
psychologist exhibits an adaptationism in heuristic terms.
Adaptationism qua heuristic yields testable hypotheses about potential adaptations and
the specific selection pressures (adaptive problems) that shaped them — not surprisingly, these
hypotheses are rejected if, after testing them, there is no evidence in their favor and hence
researchers may ultimately recognize that the traits they thought to be adaptations are byproducts (primary exaptations or spandrels) (Al-Shawaf, 2019). Indeed, to show that a trait is
an adaptation and that it has a particular function, “one must show that it is particularly well
designed for performing that function, and that it cannot be better explained as a by-product
of some other adaptation or physical law” (Cosmides & Tooby, 1995, p. 1204). (See Table 6.3)

The

following

design

predicted and found:

features

were A number of by-product hypotheses were
empirically eliminated. It was shown that:
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The algorithms governing reasoning about Familiarity

cannot

explain

the

social

social contracts operate even in unfamiliar contract effect.
situations.
The definition of cheating that these It is not the case that social contract content
algorithms embody depends on one’s merely facilitates the application of the rules
perspective.

of inferences of the propositional calculus.

They are just as good at computing the cost- Social contract content does not merely
benefit representation of a social contract “afford” clear thinking.
from the perspective of one party as from the
perspective of another.
They embody implicational procedures Permission schema theory cannot explain
specified by the computational theory.

the social contract effect; in other words,
application of a generalized deontic logic
cannot explain the results.

They

include

inference

procedures It is not the case that any problem involving

specialized for cheater detection.

payoffs will elicit the detection of violations.

The cheater-detection procedures cannot
detect violations of social contracts that do
not correspond to cheating.
They do not include altruist detection
procedures.
They cannot operate so as to detect cheaters
unless the rule has been assigned the costbenefit representation of a social contract.
Table 6.3. Evidence of special design53

53

Table from Cosmides & Tooby, 1995, p. 1204.
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In this view, natural selection is used as a tool that is more advantageous than random
evolutionary forces of change (drift, flow, and mutation) and historical contingencies for
discovering new facts about our psychology and its unique features (human mental
adaptations). This instrumentalism is clear in the following statement of Tooby and Cosmides
(1997) as a response to Gould’s two 1997 critical pieces of adaptationism and “Darwinian
fundamentalists” published in The New York Review of Books: “random walks and history
contingency do not, for the most part, make tight or useful prior predictions about the unknown
design features of any single species” (para. 16).
The research of Kurzban, Tooby and Cosmides (2001) on the categorization of others
by their race is an interesting example of how evolutionary psychology endorsement of
methodological adaptationism could operate in a “non-fundamentalist” way. The findings
reported by these evolutionary psychologists classify a common — and seemingly automatic
and mandatory — psychological phenomenon (racial encoding) as a by-product or spandrel
and do not try to force in any manner an interpretation of it as an adaptation shaped by natural
selection54. Specifically, Kurzban, Tooby and Cosmides (2001) argue that racial categorization
is a by-product of a Darwin computational module that evolved to detect coalitional affiliations.
This module is sensitive to cues that predict individual’s alliances, being incidentally race one
of them: “In societies that are not completely racially integrated, shared appearance — a highly
visible and always present cue — may be correlated with patterns of association, cooperation,
and competition” (Kurzban, Tooby, & Cosmides, 2001, p. 15388).
Accordingly, racial categorization, unlike the categorization of others by their sex and
age, is not the function of an especially dedicated evolved computation. It is just an effect.
This is because ancestral humans would almost never have encountered humans from other
races. For these and other similar reasons, there could have been not a specific selection

54

Another interesting example of a by-product studied by evolutionary psychologists is religion. This
phenomenon is characterized as a by-product of different evolved psychological mechanisms, among
them the “hyperactive agency detection device” (HADD). See Barrett, 2004.
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pressure related to racial recognition that could ultimately pave the way to the evolution of an
especially dedicated mechanism to categorize conspecifics by their race in an automatic and
mandatory fashion. Thus, racial encoding is shown as a by-product of a computational
mechanism that responds to an actual selection pressure faced by ancestral humans: detecting
coalitions and alliances. This fact explains that “when cues of coalitional affiliation no longer
track or correspond to race, subjects markedly reduce the extent to which they categorize by
race, and indeed may cease doing so entirely” (Kurzban, Tooby, & Cosmides, 2001, p. 15387).
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CONCLUSION

Chapter 1 stated the following questions: Is massive modularity a cogent hypothesis about the
ontological nature of human mind and its “proper joints”? Or is it an efficient discovery
heuristic for generating predictively successful hypothesis about both heretofore unknown
psychological traits and unknown properties of already identified psychological traits?
Considering the inadequacies of the case in favor of massive modularity as an ontological
hypothesis, I have suggested approaching and valuing massive modularity as an adaptationist
discovery heuristic.
Chapter 1 also made it clear that the debate over modularity is mainly a debate over
the modularity of central systems (high-level cognitive capacities). Therefore, the case for the
modularity of central systems is ultimately the core of the case for the massive modularity of
mind hypothesis. Now, despite the fact that the massive modularity of mind hypothesis is an
empirical and existential statement, much of the debate over massive modularity has taken
place on theoretical grounds associated with an adaptationist view of evolution cum a classical
computationalist approach to mind.
Chapter 2 was divided into five sections: 2.1. Why invoke modules?, 2.2. Darwin
cognitive modules, 2.3. Computational modules, 2.4. Intentional modules, and 2.5. Massive
modularity of mind hypothesis
Section 2.1 defended the idea that the notion of modularity is invoked by cognitive
scientists and philosophers in order to make sense of the nature of numerous and staggeringly
different human cognitive capacities. This section also stated a distinction between two classes
of human cognitive modules: computational modules and intentional modules. Among
computational modules, this section further distinguished two species: informationally
narrow-encapsulated modules (Fodor modules) and informationally wide-encapsulated
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modules (Carruthers modules). The property of domain-specificity was suggested as common
to all cognitive modules. Finally, though section 2.1 stressed that the present dissertation is
primarily concerned with the debate over cognitive modularity, it also recognized the
relevance of the biological/developmental sense of modularity for this debate. An explanation
of biological/developmental modularity was offered.
Section 2.2 elaborated on the notion of “Darwin module.” All human cognitive
modules are Darwin modules, which means that they are adaptations and, as such, their origin
is natural selection. This section also offered a discussion of the concept of “environment of
evolutionary adaptiveness” (EEA) and asked whether or not it is reasonable to think that
natural selection has shaped new cognitive adaptations for tackling these novel adaptive
problems since the end of the Pleistocene epoch.
Section 2.3 was divided into three subsections.
The first one (2.3.1) characterized computational modules as especially dedicated
information-processing mechanisms that underlie specific cognitive capacities and explained
the three levels of explanation suggested by David Marr (1982/2010) for machines carrying
out information-processing tasks: the level of the abstract computational theory of the device,
the algorithm level, and the level of hardware implementation.
The second one (2.3.2) articulated the principle of modularity in terms of taskspecificity and relatively independence in the processing of information. This subsection also
clarified the benefits a modular cognitive architecture brings to a system: fastness, flexibility,
and comprehensibility. This discussion took place within the context of the computational
theory of mind, which states that the mind is a classical computer — as such, the mind
manipulates symbols/representations by means of algorithms or logical rules that apply to
these symbols/representations due to their sole formal/syntactic properties.
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The third one (2.3.3) presented a cluster of nine properties in terms of which Fodor
modules (informationally narrow-encapsulated modules) were characterized. This subsection
highlighted that informational encapsulation is the essential feature of Fodor modules and
justified the idea that this kind of computational modules are limited to the peripheral systems
of mind. Section 2.4. presented the notion of intentional module. Unlike computational
modules, intentional modules are not mechanisms. They are bodies of mental representations
that do not entail the existence of computational modules. That is to say, intentional modules
are not necessarily realized by computational modules.
Finally, section 2.5. explained the massive modularity of mind hypothesis and the
differences it presents in relation to the more conservative view of peripheral modularity. This
section also showed that an endorsement of massive modularity entails the rejection of many
of the properties that Jerry Fodor (1983, 2000) attributes to cognitive modules.
Chapter 3 articulated the three main theoretical arguments in favor of the massive
modularity of mind hypothesis. Such was the rationale behind its division into three sections:
3.1. The evolvability of complexity argument, 3.2. The task-specifity argument, and 3.3. The
tractability argument.
Section 3.1 explained the evolvability of complexity argument. According to this
reasoning, the mind, which is a complex biological system, has a massively modular
organization because modularity is a necessary condition for the evolution of complex systems
by natural selection. Modularity is necessary for the evolution of complex systems because it
warrants stability in the accumulation of changes generation after generation.
Section 3.2 explained the task-specificity argument. According to this reasoning (and
to the slogan “a jack of all trades is necessarily a master of none”), the mind is likely to be
massively modular because natural selection favors specialized solutions rather general ones.
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Section 3.3 explained the tractability argument. According to this reasoning, the mind
is likely to be massively modular because in case of being non-modular its processes would
be computationally intractable, that is, they would demand more time and computational
resources than those possessed by a standard modern human mind.
Chapter 4 was divided into three section: 4.1. Problems of the evolvability of
complexity argument, 4.2. Problems of the task-specificity argument, and 4.3. Problems of the
tractability argument.
Section 4.1 pointed out the fact that the evolvability of complexity argument, as
originally stated by H. A. Simon (1962), is good support for the idea that evolved complex
systems are hierarchically assembled and near decomposable. However, this argument is
highly questionable as a defense of massive modularity, or any kind of modularity — insofar
as we understand modularity as a property defined in terms of flow of information (domainspecificity and informational encapsulation, whether wide-scoped encapsulation or narrowscoped encapsulation). Simon’s argument could work for massive modularists in case they are
willing to portrait cognitive modularity only in terms of dissociable and quasi-independent
functionally specialized information-processing mechanisms. Finally, section 4.1 discussed
the implications of the concept of exaptation to the cogency of the evolvability of complexity
argument.
Section 4.2 noted three problems with the task-specificity argument. First, this
argument is based on the optimality approach to evolutionary theory and draws the conclusion
that massive modularity is a locally optimal solution to tackle numerous adaptive informationprocessing problems from the flaw premise that the set strategy of the corresponding
optimization model just includes two alternatives: massive modularity of mind and a single
general-purpose cognitive device. The second shortcoming noted by section 4.2 was that
functionality (the enhancement of fitness) does not amount to specialization (task-specificity
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of a phenotypic trait). There are functional phenotypic traits that are not specialized (i.e.,
exaptations), as well as specialized phenotypic traits that are not functional (for example,
vestigial organs). Finally, the third line of criticism presented against the task-specificity
argument is the “grain problem,” according to which there is indeterminacy when it comes
define the boundaries of an adaptive problems “out there.”
Section 4.3. questioned whether the tractability argument provides sufficient reason to
prefer computational modules rather than intentional modules to make sense of central
cognition. This section also raised doubts about the alleged avoidance of computational
intractability proper to massive modular architectures. For the sake of the argument, we might
accept that modularity (encapsulation) is a sufficient condition for frugality and tractability.
Here the important question is whether or not modularity (encapsulation) is also a necessary
condition for tractability.
Chapter 5 explained in detail the motivation, testing, and problems of the cheatersdetecting module. The alleged existence of this module is the typical piece of empirical
evidence offer in favor of the modularity of central systems and, as such, also in favor of the
massive modularity of mind. The cheaters-detecting module is hypothesized as set of
reasoning processes functionally specialized in detecting non-reciprocators in social exchange.
The chapter noted that, apart from the a priori game-theoretical considerations in favor of the
existence of a cheaters-detecting module as a condition for the evolution of reciprocal altruism,
all the empirical evidence (cross-cultural evidence, neuroimaging, neural dissociation, etc.)
offered in favor of the existence of the cheaters-detecting module rests, in the long run, on
performance differences exhibited by subjects tested by means of different versions of the
Wason selection task. Finally, the chapter asked whether or not the Wason selection task is an
appropriate tool for supporting the truth of the cheaters-detecting module hypothesis.
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Chapter 6 was divided into 3 sections: 6.1. Heuristic value of massive modularity; 6.2.
Massive modularity as an adaptationist discovery heuristic, and 6.3. Adaptationism.
Section 6.1. served as an introduction to the chapter and defended the idea that the
valuable aspect of the idea of massive mental modularity is not its truth as an ontological
statement but its usage as an adaptationist discovery heuristic. It also explained that the usage
of massive modularity as a heuristic is not free of risks.
Section 6.2 was divided into two subsections.
Section 6.2.1 introduced the aims and methodology of evolutionary psychology. In
this light, it offered critical descriptions and examples of reverse and forward engineering —
and of the corresponding functional and task analyses. Section 6.2.1 remarked that
evolutionary psychology is grounded on an adaptationist view of evolution and a
computationalist view of mind.
Section 6.2.2 showed and clarified the theoretical hierarchy of evolutionary
psychology and how hypotheses about adaptive cognitive modules are generated: evolutionary
theory, middle-level theories, specific hypotheses, and empirical predictions. Examples of
each level were given.
Section 6.3 was divided into four subsections. It was concerned with the general
debate over adaptationism and the particular version of adaptationism that is implicit to
evolutionary psychology’s understanding of cognitive modules.
Section 6.3.1 set the stage of the conceptual and methodological debate over
adaptationism and defined the concepts of spandrel and exaptation as different in important —
though subtle — manners to that of adaptation.
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Section 6.3.2 discussed adaptationism in the context of evolutionary psychology and
pointed out the fact that this approach to evolution is the main target of evolutionary
psychology’s numerous and fierce critics.
Section 6.3.3 presented and explained the distinction between three kinds of
adaptationism: empirical adaptationism, explanatory adaptationism, and methodological
adaptationism.
Finally, section 6.3.4 defended an answer to the question of what kind of
adaptationism is the one endorsed by evolutionary psychology: a combination of explanatory
and methodological adaptationism.
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