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Emergentism refers to the idea that unique, complex phenomena can be explained by the development of more basic processes
that interact in dynamic ways with each other and the environment. An alternative, “essentialist” type of explanation generally
appeals to one or more factors that are unique to the complex phenomenon itself. Hernandez et al. (in press) argue that the emer-
gentist perspective provides better explanations for many findings in neuroscience, and we agree. The perspective is appealing
because it makes use of independently validated processes, thereby requiring less stipulation; the perspective also offers insight into
how complex phenomena develop through ontogeny and how they can be influenced by changes in the environment.

Emergentist explanations have become the norm in many fields. Within genetics, systems biology recognizes that most pheno-
types are influenced by multiple interacting factors that include subtle environmental effects rather than resulting directly from one
or more genes (Karmiloff-Smith, 2006; Lander & Schork, 1994). Likewise, since the middle of the twentieth century, evolutionary
biologists have recognized that species consist of populations of individuals closely related to one another in a variety of complex
ways (Mayr, 1975), rather than consisting of individuals that all share some species-unique abstract “essence.” Physicists have long
recognized that an emergentist perspective is required for explanations at every level, including the properties of combinations of
electrons, combinations of atoms, and combinations of crystals (Anderson, 1972).

Hernandez et al. offer the case of face perception as a parade example of an emergent phenomenon in neuroscience, although it is
far from the most obvious candidate. Face perception would appear to be amenable to a nativist account. After all, the ability to
distinguish friend from foe provides a clear evolutionary advantage. Our primate relatives demonstrate expertise in faces, and face
recognition evokes activation in the same stereotypical brain area across species. Moreover, a preference for faces is evident very
early in development and can be selectively impaired (developmental prosopagnosia). Yet as Hernandez et al. discuss, whether the
brain has evolved in any specific way to facilitate face perception is unclear. Recent work by Livingstone, Arcaro and colleagues
(Arcaro & Livingstone, 2017; Livingstone et al., 2017) argue that face-specific areas of the cortex are a result of the very general way
the retinotopic map is neurally organized together with the fact that infants are interested in and focus directly on faces from early on
in development. In any case it is uncontested that a full explanation of face perception requires the recognition of other interacting
abilities and their development. For example, our ability to discriminate among faces narrows as a result of experience, resulting in
better discrimination among races we have had more experience with than less familiar races (Kelly et al., 2007). Moreover, we
actually recognize individuals, not faces, and we do this despite partial occlusion, variation, and differences in perspective, just as we
recognize objects, homes, and cars. These aspects of face perception likely rely on the same processes as the perception of other types
of entities. We are also able to judge where someone is looking and how they might be feeling with excellent acuity in systems that
are neurally distinct from the fusiform face area (Adolphs, 2002; Hoffman & Haxby, 2000). Thus, even if there does exist an at-
tentional or representational bias toward faces in infants, it would not absolve us from explaining how face perception develops from
the interaction of this bias with other recognized systems and the environment.

We wish to emphasize that if even face perception is amenable to the emergentist perspective, then surely human language—the
other case that Hernandez et al. focus on—should be expected to yield to emergentist explanation. While some have assumed that our
linguistic ability spontaneously arose de novo in humans (Chomsky, 1965), the preponderance of evidence runs counter to that
perspective. For human language to have evolved biologically, it would have had to have developed quickly, before humans dis-
persed across continents, and it would have to have abruptly stopped evolving after the dispersal, since all humans are capable of
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learning any human language (Christiansen & Chater, 2008). Moreover, if human language were the result of a unique biological
development, it would raise the question of why it is that human languages display greater diversity than the communication systems
of any other species (Everett, 2009; Haspelmath, 2008; Tomasello, 2003). There appear to be no populations that are devel-
opmentally selectively impaired (or spared) in grammatical ability alone (Donnai & Karmiloff-Smith, 2000; Leonard, 2014). Finally,
while there may be a network of brain areas that are somewhat specialized for language in the adult brain (Blank, Kanwisher, &
Fedorenko, 2014; Fedorenko, Behr, & Kanwisher, 2011), localization is consistent with the emergentist perspective, as it is expected
to occur when particular brain areas combine to serve a complex purpose efficiently (see Hernandez et al.).

Languages appear to emerge within communities on the basis of a suite of more basic, prerequisite skills. These include human's
pro-social motivation and skill (e.g., Herrmann, Call, Hernandez-Lloreda, Hare, & Tomasello, 2007), our predilection to follow social
norms (Tomasello, 2008), and our ability to learn and generalize from probabilistic input (Gémez & Gerken, 2000; Hudson Kam &
Newport, 2009; Saffran, 2003; Saffran, Aslin, & Newport, 1996; Wonnacott, Newport, & Tanenhaus, 2008). The emergentist per-
spective predicts that languages will be constrained by communicative pressures and domain-general processes related to attention,
memory, categorization, and cognitive control (e.g., Bates, Benigni, Bretherton, Camaioni, & Volterra, 1979; Goldberg, 2006; Hall,
Ferreira, & Mayberry, 2014). For example, there is a general functional trade-off between economy of effort and maximization of
communicative power and this gives rise to many grammatical properties of language (e.g., Bybee, 2010; Futrell, Mahowald, &
Gibson, 2015; Kirby, Tamariz, Cornish, & Smith, 2015; Levy, 2008; MacDonald, 2013; Traugott & Trousdale, 2013; Traugott, 2008).
Moreover, grammatical constructions such as relative clauses, predicates, and passives are used and combined with other con-
structions in constrained ways, due to their semantics and/or discourse functions. Since children must learn the functions of each
construction in order to use their language appropriately, these constraints can then be understood as emerging as by-products of
learning those functions (Givon, 2001; Hopper, 1987; Kirby, 2000; Goldberg, 2006, 2016).

We endorse a shared nomenclature for work that has been done under various headings (including Neuronal Recycling, Neural
Reuse, and Language as Shaped by the Brain). Since the emergentist perspective has proven useful well beyond neuroscience, perhaps
an even simpler term than neuroemergentism is warranted. The Emergentist perspective holds promise as a way to deepen our
explanations of complex phenomena in neuroscience and beyond.
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