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Abstract (max. 60 words)

Many psychologists and neuroscientists still see executive functions as independent, domain-
general, supervisory functions, that are often dissociated from more “low-level” associative
learning. Here, we suggest that executive functions very much build on associative learning, and
argue that executive functions might be better understood as culture-sensitive cognitive gadgets,
rather than ready-made cognitive instincts.



Main text (max. 2000 words)

In her cognitive-gadgets theory, Heyes (2019) argues that many of the cognitive mechanisms that
make humans special are not produced by genetic evolution, as commonly believed, but by cultural
learning. We are largely sympathetic towards this theoretical move, not the least because the
mechanics of cultural learning are much better understood than the genetics of human cognition.
This renders theorizing in terms of cognitive gadgets more transparent and empirically accessible
than the common attributions to a mechanistically not-yet-understood, underspecified genetic
basis. However, we feel that Heyes underestimates the explanatory power of her own theory when
it comes to executive functions — which she considers to be part of a genetically-given cognitive
starter-kit. As we will argue, there is converging evidence that executive functions are no genetic
given but can be considered cognitive gadgets acquired through social and cultural learning.

Executive functions are considered higher-order functions that support goal-directed, flexible
behavior, like quickly alternating between offence and defense in sports or stopping to smoke.
Executive functions are often distinguished from other, seemingly lower-level processes like
perception, attention, response selection, or learning (Evans & Stanovich, 2013; Kahneman, 2003).
In particular, executive functions and learning have been portrayed as opposite forces (will vs.
habit) since the beginnings of experimental investigations on action control (Ach, 1910) until today
(e.g., in the disguise of model-based/model-free control: Dolan & Dayan, 2013). Heyes (2019)
uses this same dichotomy to characterize executive functions and associative learning,
respectively, as two “cognitive instincts” of genetic origin. However, there are reasons to consider
this an unnecessary choice that only complicates her otherwise straightforward gadget approach.

First, the distinction between smart executive functions and dumb associative mechanisms implies
a higher (to-be-paid-back) “loan of intelligence” (Dennett, 1978) than necessary. While the
mechanics of associative mechanisms are reasonably well understood, assuming some opposing
force, that apparently operates in an independent, unspecified way runs straight into the
homunculus problem, leaving it open how executive functions work and what is regulating them.

Second, executive functions have been shown to be as malleable as imitation, for which Heyes
takes malleability as a strong indicator of its cultural origin. In particular, Heyes (2019) argues that
imitation is a cognitive gadget because it can be enhanced or even reversed in functionality by
means of novel sensorimotor experience or training. Interestingly, the same holds for executive
functions. For example, people tend to repeat rather than switch between tasks, possibly because
the latter is cognitively more demanding (Arrington & Logan, 2004). However, this tendency can
be considerably diminished or even abolished by reinforcing or simply increasing the frequency
of task alternations (Braem, 2017; Frober & Dreisbach, 2017).

Third, executive functions share another characteristic with imitation: contextual dependency,
which Heyes takes as a strong argument to consider it a cognitive gadget. Just like imitation, which
has been shown to be very effector- and task-specific, executive functions have also been
demonstrated to be specific to effector and context (e.g., Crump et al., 2006). For example, Braem
and colleagues (2011) demonstrated how the ability to adjust task focus following cognitive



conflict is constrained by the effectors used to perform the previous task (e.g., hand versus feet;
see also, Janczyk & Leuthold, 2018). Executive functions are also tightly connected to, and
associated with the stimuli they were operating on (Waszak, Hommel & Allport, 2003), and even
with irrelevant stimuli that merely covaried with the particular executive function (Spapé &
Hommel, 2008). In a similar vein, practicing to inhibit a response to a certain stimulus slows down
responding to that same stimulus in a subsequent unrelated task (Verbruggen & Logan, 2008).
Additional evidence for this highly contextualized nature of executive functions also comes from
“brain training” studies, which indicate that executive functions can be trained but rarely show
transfer (Melby-Lervag, Redick, & Hulme, 2016; Simons et al., 2016).

Fourth, latent factor analyses seem to fail in identifying consistent replicable factors indicating
independent executive functions (Karr et al., 2018). This makes executive functions “hard to
grasp”, which already lead some to consider the nature of executive functions elusive (Jurado &
Rosselli, 2007). In fact, the distinction between inhibitory control, working memory and cognitive
flexibility that Heyes relies on has also been partly challenged by the very authors that originally
introduced this distinction (Friedman & Miyake, 2017). Therefore, there is increasing evidence
that executive functions are highly contextualized and “sticky” (Mayr & Bryck, 2005), which we
take as a strong hint that they might be grounded in associative learning (Abrahamse et al., 2016;
Braem & Egner, 2018; Egner, 2014). This makes executive functions ideally suited to develop
through social communication and transfer to meet contextual and cultural demands (Hommel &
Colzato, 2017).

Fifth, the idea that executive functions might be grounded in culturally transmitted associative
processes is consistent with developmental studies showing that executive functions mature no
earlier than around adolescence (e.g., Blakemore & Choudhury, 2006), and that parenting plays a
considerable role in their development (Hughes & Ensor, 2009). Furthermore, executive-control
styles have trait-like, sticky characteristics that reflect people’s (sub-)cultural background, such as
religion or sexual orientation (Hommel & Colzato, 2017). For example, the impact of response
conflict on action control is considerably smaller in Calvinists, and larger in Catholics, than in
matched control groups (Hommel et al., 2011), and a similar pattern can be found for the control
of temporal attention (Colzato et al., 2010). Along the same lines, measures of cognitive flexibility
systematically covary with religious disbelief (Zmigrod et al., 2019). Cultural differences can also
be found on a larger scale, with young East Asian children often outperforming Western children
on a range of executive function indices (Lan, Legare, Ponitz, Li, & Morrison, 2011; Oh & Lewis,
2008; Sabbagh, Xu, Carlson, Moses, & Lee, 2006).

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



look reveals that these signs of heritability are not inconsistent with a cultural basis of executive
functions either.

First, executive functions indeed seem to be heritable, at least to some degree (Friedman et al.,
2016). Notably, however, more targeted studies on this genetic contribution suggest they rely on a
complex interplay of different neurotransmitter functions (Logue & Gould, 2014), with a
particularly important role of dopamine (Cools & D’Esposito, 2010). Given that the efficiency of
the frontal and striatal dopaminergic pathways is heritable to some degree (Colzato et al., 2011),
there are at least two ways how executive functions might be heritable even if they rely on
associative processes. For one, various forms of associative learning rely on monoaminergic
processes (Schultz, 2013; Tully & Bolshakov, 2010), so what looks like the heritability of
executive functions might actually reflect the heritability of the domain-general associative
learning mechanisms they rely on. For another, the online operations of executive functions have
been shown to rely on dopaminergic efficiency (Cools & D’Esposito, 2010), suggesting that frontal
and striatal control pathways rely on the dopaminergic fuel provided by the ventral tegmental area
and the substantia nigra. If so, what might be heritable might not be the engine being driven (i.e.,
executive functions proper) but the (amount, availability and/or quality of the) fuel driving it. In
any case, it is important to consider that signs of heritability do not determine whether it is the
function of interest that is heritable, or just the infrastructural factors it needs to operate on. As an
example, while the ability to acquire language is heritable (Byrne et al., 2007; Kovas, Haworth,
Dale, & Plomin, 2007), this is not in and of itself a reason to conclude that language itself must be
genetically coded (Deacon, 1997; Heyes, 2019).

Second, Heyes (2019) further pointed towards observations that executive functions can also be
observed in non-human animals, which would suggest they have a longer genetic history. Still, the
fact that executive functions can be observed in animals does not invalidate executive functions as
cognitive gadgets (as also argued for imitation processes, Heyes, 2019). Instead, it merely suggests
that in animals too, (rudimentary forms of) these processes can develop. Interestingly, in reviewing
recent evidence comparing human and non-human primates, researchers have concluded that
similarities in executive functions often reflect similarities in domain-general reinforcement
learning mechanisms (e.g., as during reward learning), and that certain basic control processes may
actually rely on different brain regions across species (Eisenreich, Akaishi, & Hayden, 2017;
Heilbronner & Hayden, 2016; Mansouri, Egner, & Buckley, 2017). Therefore, similar to how
language might have latched itself onto the brain as a parasite to its host (cf., Deacon, 1997), certain
culture-specific executive functions could have developed onto partially different brain networks
in different species.

Third, executive functions do not only seem to be heritable and observable in other animals, there
are reasons to believe they have evolved into more superior or enhanced functions in humans.
However, this enhancement could be culture-driven, or rely on other genetic benefits (e.g.,
enhanced associative learning or the ability to develop symbolic representations). This aside, the
superior nature of these functions has also been questioned altogether. For example, Heyes (2019)
cites evidence that self-control — the ability to inhibit one’s impulses — might be enhanced in



humans. However, others have argued that this ability is still rather poor in humans, and its
seemingly enhanced nature could be partially due to procedural differences in measuring self-
control across species (Hayden, 2019). As for working memory capacity, some have argued this
ability to be comparable (Carruthers, 2013), or even inferior to some of our closest ancestors (Inoue
& Matsuzawa, 2007). In fact, Lotem and colleagues (2017) suggest that while having a larger
working-memory buffer in humans could be possible, having a smaller working memory capacity
might be more adaptive. Last, it is true that humans show a remarkably higher proficiency in
switching between different tasks, and thus enhanced cognitive flexibility. However, this
difference has been attributed to differences in language proficiency, rather than switching abilities
per se (e.g., Hermer-Vazquez, Moffet, & Munkholm, 2001). In fact, a set of recent studies using a
nonverbal computer task showed that baboons and children, as well as seminomadic adults from
north Namibia, were better at switching away from a certain strategy to select more optimal
strategies, than adults from North America (Pope et al., 2015, 2019).

Heyes (2019) emphasizes that no mental process is likely to be the product of nature, nurture, or
culture alone, and she admits that “learning and cultural inheritance play major roles in the
development of human executive function”. We suggest taking these roles somewhat more serious
and consider executive functions not cognitive instincts but cognitive gadgets. Ultimately, this
question will depend on one’s exact definition of executive functions, one’s level of analysis, and
the specific executive function of interest, but we suggest that executive functions can be
considered an emergent property arising from a complex interplay of different basic reinforcement
learning processes, working at the level of more distributed or abstract representations (e.g.,
Abrahamse et al., 2016; Eisenreich et al., 2017). Such a perspective could further promote the
study of how executive functions emerge through development, how they can be acquired and
become conditioned and bound to context, and how this can lead to substantial inter-individual
and cultural differences in the development of these particularly interesting “cognitive gadgets”.



References

Abrahamse, E., Braem, S., Notebaert, W., & Verguts, T. (2016). Grounding cognitive control in
associative learning. Psychological Bulletin, 142, 693-728.

Ach, N. (1910). Uber den Willensakt und das Temperament. Leipzig: Quelle & Meyer.

Arrington, C. M., & Logan, G. D. (2004). The cost of a voluntary task switch. Psychological
science, 15(9), 610-615.

Blakemore, S. J., & Choudhury, S. (2006). Development of the adolescent brain: implications for
executive function and social cognition. Journal of child psychology and psychiatry, 47(34),
296-312.

Braem, S. (2017). Conditioning task switching behavior. Cognition, 166, 272-276.

Braem, S., & Egner, E. (2018). Getting a grip on cognitive flexibility. Current Directions in
Psychological Science, 27, 470-476.

Braem, S., Verguts, T. & Notebaert, W. (2011). Conflict adaptation by means of associative
learning. Journal of Experimental Psychology: Human Perception and Performance, 37,
1662-1666.

Byrne, B., Samuelsson, S., Wadsworth, S., Hulslander, J., Corley, R., DeFries, J. C., ... & Olson,
R. K. (2007). Longitudinal twin study of early literacy development: Preschool through Grade
1. Reading and Writing, 20(1-2), 77-102.

Carruthers, P. (2013). Evolution of working memory. Proceedings of the National Academy of
Sciences, 110, 10371-10378.

Colzato, L.S., Hommel, B., & Shapiro, K. (2010). Religion and the Attentional Blink: Depth of
faith predicts depth of the blink. Frontiers in Psychology, 1:147.

Colzato, L.S., Slagter, H., de Rover, M., & Hommel, B. (2011). Dopamine and the management
of attentional resources: Genetic markers of striatal D2 dopamine predict individual
differences in the Attentional Blink. Journal of Cognitive Neuroscience, 23, 3576-3585.

Cools, R., & D’Esposito (2010). Dopaminergic modulation of flexible cognitive control in
humans. In: A. Bjorklund, S. Dunnett, L. Iversen, & S. Iversen (eds.), Dopamine handbook
(pp. 249-260). Oxford: Oxford University Press.

Deacon, T. W. (1997). The symbolic species. Norton.
Dennett, D. (1978). Brainstorms: Philosophical essays on mind and psychology. MIT Press.
Dolan, R.J., & Dayan, P. (2013). Goals and habits in the brain. Neuron, 80, 312-325.

Egner, T. (2014). Creatures of habit (and control): a multi-level learning perspective on the
modulation of congruency effects. Frontiers in Psychology, 5, 1247.



Eisenreich, B. R., Akaishi, R., & Hayden, B. Y. (2017). Control without controllers: toward a
distributed neuroscience of executive control. Journal of cognitive neuroscience, 29(10),
1684-1698.

Evans, J. S. B., & Stanovich, K. E. (2013). Dual-process theories of higher cognition: Advancing
the debate. Perspectives on psychological science, 8(3), 223-241.

Friedman, N.P., & Miyake, A. (2017). Unity and diversity of executive functions: Individual
differences as a window on cognitive structure. Cortex, 86, 186-204.

Friedman, N. P., Miyake, A., Altamirano, L. J., Corley, R. P., Young, S. E., Rhea, S. A., & Hewitt,
J. K. (2016). Stability and change in executive function abilities from late adolescence to early
adulthood: A longitudinal twin study. Developmental psychology, 52(2), 326.

Frober, K., & Dreisbach, G. (2017). Keep flexible—keep switching! The influence of forced task
switching on voluntary task switching. Cognition, 162, 48-53.

Hayden, B. Y. (2018). Why has evolution not selected for perfect self-control?. Philosophical
Transactions of the Royal Society B, 374(1766), 20180139.

Heilbronner, S. R., & Hayden, B. Y. (2016). Dorsal anterior cingulate cortex: a bottom-up view.
Annual review of neuroscience, 39, 149-170.

Hermer-Vazquez, L., Moffet, A., & Munkholm, P. (2001). Language, space, and the development
of cognitive flexibility in humans: The case of two spatial memory tasks. Cognition, 79(3),
263-299.

Hommel, B., & Colzato, L.S. (2017). The social transmission of metacontrol policies: Mechanisms
underlying the interpersonal transfer of persistence and flexibility. Neuroscience and
Biobehavioral Reviews, 81, 43-58.

Hommel, B., Colzato, L.S., Scorolli, C., Borghi, A.M., & van den Wildenberg, W.P.M. (2011).
Religion and action control: Faith-specific modulation of the Simon effect but not stop-signal
performance. Cognition, 120, 177-185.

Hughes, C. H., & Ensor, R. A. (2009). How do families help or hinder the emergence of early
executive function?. New directions for child and adolescent development, 2009(123), 35-50.

Inoue, S., & Matsuzawa, T. (2007). Working memory of numerals in chimpanzees. Current
Biology, 17(23), R1004-R1005.

Janczyk, M., & Leuthold, H. (2018). Effector system-specific sequential modulations of
congruency effects. Psychonomic bulletin & review, 25(3), 1066-1072.

Jurado, M. B., & Rosselli, M. (2007). The elusive nature of executive functions: a review of our
current understanding. Neuropsychology review, 17(3), 213-233.

Kahneman, D. (2003). A perspective on judgment and choice: Mapping bounded rationality.
American Psychologist, 58, 697-720.



Karr, J. E., Areshenkoff, C. N., Rast, P., Hofer, S. M., Iverson, G. L., & Garcia-Barrera, M. A.
(2018). The unity and diversity of executive functions: A systematic review and re-analysis
of latent variable studies. Psychological bulletin, 144(11), 1147.

Kovas, Y., Haworth, C. M., Dale, P. S., & Plomin, R. (2007). The genetic and environmental
origins of learning abilities and disabilities in the early school years. Monographs of the
Society for research in Child Development, 72(3), vii-1.

Lan, X., Legare, C. H., Ponitz, C. C., Li, S., & Morrison, F. J. (2011). Investigating the links
between the subcomponents of executive function and academic achievement: A cross-
cultural analysis of Chinese and American preschoolers. Journal of experimental child
psychology, 108(3), 677-692.

Logue, S. F., & Gould, T. J. (2014). The neural and genetic basis of executive function: attention,
cognitive flexibility, and response inhibition. Pharmacology Biochemistry and Behavior, 123,
45-54.

Lotem, A., Halpern, J. Y., Edelman, S., & Kolodny, O. (2017). The evolution of cognitive
mechanisms in response to cultural innovations. Proceedings of the National Academy of
Sciences, 114(30), 7915-7922.

Mansouri, F. A., Egner, T., & Buckley, M. J. (2017). Monitoring demands for executive control:
shared functions between human and nonhuman primates. Trends in neurosciences, 40(1), 15-
27.

Mayr, U., & Bryck, R. L. (2005). Sticky rules: integration between abstract rules and specific
actions. Journal of Experimental Psychology: Learning, Memory, and Cognition, 31(2), 337.

Melby-Lervag, M., Redick, T. S., & Hulme, C. (2016). Working memory training does not
improve performance on measures of intelligence or other measures of “far transfer” evidence
from a meta-analytic review. Perspectives on Psychological Science, 11(4), 512-534.

Oh, S., & Lewis, C. (2008). Korean preschoolers’ advanced inhibitory control and its relation to
other executive skills and mental state understanding. Child Development, 79(1), 80-99.

Pope, S. M., Fagot, J., Meguerditchian, A., Washburn, D. A., & Hopkins, W. D. (2019). Enhanced
Cognitive Flexibility in the Seminomadic Himba. Journal of Cross-Cultural Psychology, 50,
47-62.

Pope, S. M., Meguerditchian, A., Hopkins, W. D., & Fagot, J. (2015). Baboons (Papio papio), but
not humans, break cognitive set in a visuomotor task. Animal cognition, 18(6), 1339-1346.

Sabbagh, M. A., Xu, F., Carlson, S. M., Moses, L. J., & Lee, K. (2006). The development of
executive functioning and theory of mind: A comparison of Chinese and US preschoolers.
Psychological science, 17(1), 74-81.

Schultz, W. (2013). Updating dopamine reward signals. Current opinion in neurobiology, 23(2),
229-238.



Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. F., Hambrick, D. Z., &
Stine-Morrow, E. A. (2016). Do “brain-training” programs work?. Psychological Science in
the Public Interest, 17(3), 103-186.

Spapé, M. M., & Hommel, B. (2008). He said, she said: Episodic retrieval induces conflict
adaptation in an auditory Stroop task. Psychonomic Bulletin & Review, 15(6), 1117-1121.

Tully, K., & Bolshakov, V. Y. (2010). Emotional enhancement of memory: how norepinephrine
enables synaptic plasticity. Molecular brain, 3(1), 15.

Verbruggen, F., & Logan, G. D. (2008). Automatic and controlled response inhibition: associative
learning in the go/no-go and stop-signal paradigms. Journal of Experimental Psychology:
General, 137(4), 649.

Waszak, F., Hommel, B., & Allport, A. (2003). Task-switching and long-term priming: Role of
episodic stimulus-task bindings in task-shift costs. Cognitive Psychology, 46, 361-413.

Zmigrod, L., Rentfrow, P. J., Zmigrod, S., & Robbins, T. W. (2019). Cognitive flexibility and
religious disbelief. Psychological Research. In press.



