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ABSTRACT 13 

According to the thesis of natural mindreading (NMRT), mindreading—i.e., the capacity 14 

to attribute mental states to predict and explain behavior—is an intrinsic component of 15 

the human biological endowment, thus being innately specified by natural selection 16 

within particular neurocognitive structures. In this article, we challenge the NMRT as an 17 

account of the phylogeny and ontogenetic development of our species. In detail, we argue 18 

that basic capacities of social cognition (e.g., the traces of early systems of bodily 19 

ornamentation within the archeological record, and infants’ selective attention at others’ 20 

beliefs in spontaneous-response false belief tasks) do not involve meta-representational 21 

mindreading but are better explained by appealing to situated enactive capacities acquired 22 

in social interaction. While we acknowledge that more flexible capacities of social 23 

cognition (e.g., those implied by the use of political emblems in industrialized societies, 24 

or by four-year-olds’ success in elicited-response false belief tasks) involve genuine 25 

mindreading, we argue that this ability is elicited and scaffolded by linguistic 26 

communication. We conclude that mindreading has emerged as the outcome of a highly 27 

derivative long-term constructivist process of biocultural becoming that led to a relatively 28 

recent restructuring of the human mind in multiple worldly locations at different times. In 29 

particular, we conjecture that humans gradually converged on establishing linguistic 30 

practices allowing the understanding of others’ actions in terms of mental reasons. These 31 

practices were bequeathed to further generations, and continue nowadays to scaffold the 32 

acquisition of mindreading in early childhood. 33 

Keywords: embodied cognition; folk psychology; mindreading; social cognition; theory 34 

of mind; cognitive archaeology. 35 
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the current article. 1 

1. Introduction 2 

Mindreading—sometimes also referred to as “Theory of Mind” (ToM)—is usually defined as the 3 

ability “to report our propositional attitudes [i.e., such states as belief, desire, hope, or fear], to 4 

attribute such attitudes to others, and to use such postulated or observed mental states in the 5 

prediction and explanation of behavior” (Garfield, et al. 2001, p. 494). According to what we will 6 

call the thesis of natural mindreading (henceforth NMRT), this ability is an intrinsic component of 7 

the human biological endowment, thus being innately specified by natural selection within 8 

particular neurocognitive structures. 9 

The NMRT is widely endorsed by philosophers and cognitive scientists. In cognitive evolution 10 

theory, for instance, proponents of the “social brain hypothesis” (e.g., Aiello and Dunbar 1993; 11 

Dunbar 1993) argued that mindreading evolved as a consequence of an increase in brain size 12 

triggered by the need to cope with progressively more demanding social challenges (Dunbar 1998a, 13 

1998b, 2003; Gamble 2007). In this context, mindreading abilities evolved as the ultimate socio-14 

cognitive package that allowed our ancestors—as ancient as Homo erectus—to cognize intricate 15 

relationships between group members, and navigate a complex social world (Cosmides and Tooby 16 

1992; Humphrey 1976; Dunbar 2003, 2007), which implied building relationships and alliances 17 

while avoiding the threat of free-riding (Dunbar 1999). The appearance of mindreading allegedly 18 

promoted the evolution of other important capacities (e.g., cooperative behavior, linguistic 19 

communication, mindshaping practices), thus contributing to sharply differentiating humans from 20 

their closest relatives such as non-human primates (see Zawidzki 2013 for discussion). 21 

The counterpart of these evolutionary arguments in developmental psychology is the idea that 22 

newborns come at world equipped with a neurocognitive architecture able to realize a mentalistic 23 

understanding of others (Baron-Cohen 1995; Csibra and Gergely 2014; Leslie 2005; Luo and 24 

Baillargeon 2010). This architecture allegedly manifests itself since very early in infancy—as 25 

attested, for instance, by infants’ selective attention to the behavior of an agent that has false 26 

information in spontaneous-response false belief tasks (Baillargeon et al. 2010). Assuming the 27 

maturational view of cognitive development (Johnson and de Hann 2011, pp. 205–207; Mareschal 28 

et al. 2007, p. 57), advocates of nativism also argued that mindreading abilities progressively 29 

acquire their adult form by following an innately specified pattern of maturation of their underlying 30 

neural regions (Johnson 2001, pp. 479–480; Fenici 2017b). Hence, they claim that the progressive 31 

integration between these innate mindreading components, and executive and linguistic capacities 32 

promotes the acquisition of more flexible and sophisticated psychological knowledge from early 33 

childhood on—as attested, for instance, by four-year-olds’ acquired capacity to succeed in elicited 34 

response-false belief tasks (Wellman et al. 2001). 35 

In this article, we criticize the NMRT by challenging its capacity to account for empirical 36 

findings in evolutionary cognitive archaeology as well as in developmental psychology. Despite its 37 

popularity in philosophy and cognitive science, we will show that the NMRT reflects unjustified 38 

intuitions concerning both the nature and the psychological mechanisms of action understanding. 39 

On the one hand, it assumes a hyper-intellectualistic view of action understanding, viz. that any 40 

form of flexible understanding of action must depend on some underlying capacity to consider 41 
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others’ mental states. On the other hand, and related to this, it is also committed to a very specific 1 

claim that any cognitive architecture adequate to flexible social interaction must be able to process 2 

meta-representations. In section 2 of this essay, we argue that both these assumptions are 3 

undermined by recent work in philosophy and cognitive science, and we recommend a careful 4 

evaluation of potential alternatives. 5 

In section 3 we discuss the adoption of the NMRT in evolutionary cognitive archaeology. By 6 

implicitly endorsing the NMRT, most scholars in the field assume that we can infer the existence of 7 

mindreading capacities of past hominins from the traces of material culture appearing within the 8 

archeological record (Barham 2010; Cole 2015, 2017; Gowlett et al. 2012). In particular, they argue 9 

that the increasing sophistication of the artifacts found in the archeological sites of different species 10 

parallels a raise in the complexity of the (non-linguistic) meta-representational capacities of 11 

hominins along a continuative trajectory. These abilities were transmitted to further generations 12 

while incurring several stages of biological enhancement, which allowed more flexible forms of 13 

mindreading. 14 

We argue instead that these traces of material culture—such as the sharing of artifact templates, 15 

basic identity displays, and even early systems of bodily ornamentation—are better explained by 16 

appealing to sensorimotor re-enactive capacities that do not involve (meta-representational) 17 

mindreading. Furthermore, these items significantly differ from other kinds of social artifacts—such 18 

as some ornaments existing in ethnographic contexts—that certainly involve mindreading abilities 19 

but whose meaning is also defined in the context of more complex social and linguistic practices. 20 

Consequently, there is no actual continuity in the cognitive capacities underlying hominins’ ability 21 

to shift from crafting situated to mentalistic artifacts. The emergence of genuinely mentalistic 22 

artifacts is better characterized as a highly derivate process of language and material culture co-23 

construction, which might leave its archaeological signal within the appearance of traditions of 24 

iconic artifacts, such as the Upper Paleolithic Venuses. 25 

In section 4 we discuss the adoption of the NMRT in developmental psychology. Advocates of 26 

early competence accounts of false belief understanding claim that infants have an innate propensity 27 

to attribute mental states (including beliefs) to others, which manifests in spontaneous-response 28 

false belief tasks (SR-FBTs, see Baillargeon et al. 2016). Furthermore, they contend that basic 29 

innate mindreading abilities develop into more flexible and sophisticated mindreading capacities 30 

such as those necessary to pass elicited-response false belief tasks (ER-FBTs, Wellman et al. 2001) 31 

due to their progressive integration with executive and linguistic abilities. 32 

We argue instead that the socio-cognitive capacities underlying infants’ looking behavior in 33 

SR-FBTs may reflect a basic capacity to form and update their expectations about others’ actions. 34 

This capacity is progressively refined by integrating information about what objects people are 35 

looking at, a process which we argue does not require the ability to attribute mental states. We 36 

corroborate this analysis with empirical data indicating that these basic socio-cognitive capacities 37 

significantly differ from the mindreading abilities appearing after that four-year-olds succeed in ER-38 

FBTs. We propose instead that these capacities are promoted by the caregivers’ availability to 39 

actively engage the child in conversation concerning situations where psychological terms are 40 

involved. 41 

In section 5, we integrate the results of our analyses within an alternative perspective on the 42 

emergence of genuine mindreading. We argue that the appearance of this ability can be plausibly 43 
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addressed as the outcome of a complex, extended constructivist process of biocultural becoming 1 

that led to a relatively recent restructuring of the human mind in multiple locations at different 2 

times. In particular, we argue that ancient humans gradually converged on establishing linguistic 3 

practices that allowed them to understand others’ actions in terms of mental reasons, thus 4 

restructuring their minds through the addition of new cognitive capacities. This practice of talking 5 

about others’ reasons for acting, and not a series of innately specified abilities, was left in 6 

inheritance to further generations and progressively evolved in its complexity. Accordingly, the 7 

acquisition of mindreading in early childhood fundamentally depends on the child’s attunement to 8 

social and linguistic practices of talking about mental states rather than on biological maturation and 9 

enhancement of innate capacities of mental state attribution. 10 

2. Is natural mindreading the only game in town? 11 

Although the NMRT is broadly accepted in philosophy and cognitive science, it is unnecessary for 12 

the explanation of the emergence of flexible social cognition either in the evolution of our species 13 

or in ontogenetic development. With regard to the nature of the understanding of intentional action, 14 

the NMRT presupposes a variant of the “poverty of the stimulus” argument in the domain of social 15 

cognition—what we will also call an argument for the necessity (of mindreading) (e.g., Botterill and 16 

Carruther 1999, pp. 52–53; Carruthers 2003, section 2). Indeed, the NMRT draws much of its 17 

explanatory significance from the idea that the manifest behavior of social agents is intrinsically 18 

ambiguous, because it does not explicitly reveal its intended goals. Accordingly, in order to 19 

interpret overt behavior as intentional action, proponents of the NMRT argue, any external observer 20 

must reconstruct its most plausible mental causes and in order to do so must represent the mental 21 

states (e.g., beliefs, desires, and intentions) of the agent (see discussion in Apperly 2011, pp. 119–22 

123). 23 

The NMRT thus imposes demanding constraints on any cognitive architecture possibly 24 

implementing a capacity for action understanding. Indeed, representing others’ mental states, 25 

according to this thesis, requires the ability to represent both the distinctive character of different 26 

propositional attitudes (i.e., the mental states expressed by verbs such as to believe, desire, or 27 

intend) and the mental contents of such attitudes (i.e., what is actually believed, desired, or 28 

intended). Hence, the NMRT maintains that, to interpret another’s behavior, an observer must 29 

possess a meta-representational capacity, namely, a capacity to assume a representation as the 30 

content of another representation (Pylyshyn 1978; Doherty 2009, pp. 39–40). 31 

Both the argument for the necessity of such interpretation and the meta-representational 32 

requirements have been discussed and criticized in philosophy and the cognitive sciences. For 33 

instance, advocates of phenomenologically-oriented approaches and the 4E (embodied, enactive, 34 

embedded, and extended) paradigm about cognition have argued that the mandatory involvement of 35 

mindreading in every form of flexible social cognition may be only postulated by assuming hyper-36 

intellectualist intuitions (Gallagher 2004; Ratcliffe 2007, p. 23; Gallagher and Zahavi 2008; de 37 

Bruin and de Haan 2009). These theorists argue that social agents’ behavior is not so irremediably 38 

ambiguous as to require this extensive interpretive machinery to resolve it. Indeed, human behavior 39 

is situated within a structured context of social relations that is shared between interacting agents, 40 

and immediately makes the meaning of some observed behavior perspicuous to the observer 41 
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(Gallagher 2008; Hutto 2011; Wiltshire et al. 2015). Consequently, these scholars explain the social 1 

understanding of action in terms of a shared framework of social practices where agents are not 2 

usually required to attribute mental states to others to make sense of their behavior (Gallagher 2003; 3 

de Jaegher and Di Paolo 2007; Fuchs and de Jaegher 2009; Hutto 2017; also see Andrews 2007; 4 

Maibom 2007 for similar criticisms from the perspective of pluralistic accounts about folk 5 

psychology). 6 

Other recent critics have argued against the necessity to presuppose meta-representational 7 

capacities as the basis to all human forms of social cognition. One line of argument descends from 8 

general skepticism about the program of naturalization of mental content (Hutto and Myin 2012). 9 

Provided that the grounding of the representational content of cognitive states and processes in 10 

different forms of informational covariance is claimed to be metaphysically untenable, defending 11 

the existence of sub-personal meta-representational capacities appears as even more daunting 12 

(Hutto 2008b). In contrast, these scholars argue that we should be identifying the primal, 13 

contentless forms of intentionality, which lack representational content and underlie basic forms of 14 

cognitive activity, from content-laden forms of intentionality, which do involve (meta-15 

)representational content but significantly may appear only in the context of special sorts of socio-16 

cultural and linguistic norms (Hutto and Satne 2015, p. 529; Hutto 2008a, 2008b, 2017). 17 

Supporters of less radical positions also argue from empirical—rather than metaphysical—18 

positions that the meta-representational apparatus advocated by the NMRT is unnecessary. For 19 

instance, according to embodied simulation theorists, concepts are perceptual symbols—i.e., 20 

representations grounded into specific sensorimotor codes (Barsalou 1999, 2012; Barsalou et al. 21 

1999; Prinz 2002). They therefore describe the human neurocognitive architecture as comprising a 22 

set of modality-specific systems and associative areas and argue that categorization and use of 23 

concepts must be conceived as a form of mental simulation, in which the sensorimotor processes 24 

usually active when perceiving and responding to a specific category of stimuli are re-enacted 25 

offline in other cognitive tasks related to the processing of information about the same category 26 

(Barsalou et al. 2003). 27 

These scholars argue that this cognitive architecture may account for what are usually 28 

considered nested levels of representations without assuming the meta-representational capacities 29 

presupposed by the NMRT (Barsalou 1999, sec. 4.1.7). Instead, they argue, the acquisition of 30 

language gives the cognitive architecture access to a flexible vehicle for the construction of meta-31 

representations (Barnden 1993). Most significantly, these two distinct non-linguistic and linguistic 32 

layers may account for very different forms of social understanding within such a human 33 

neurocognitive architecture. The first layer, which mediates the perception and embodied 34 

simulation of states in the world, may be able to respond directly to embodied intentionality and to 35 

simulate and re-enact intentional behaviors, whereas the second layer may process mental states “as 36 

such” by adopting linguistic meta-representations as vehicles (Fenici 2012; see also Barsalou 1999 37 

sec. 4, and Barsalou et al. 2008 for a more general account). 38 

To conclude, the NMRT is committed to significant and strong assumptions concerning both 39 

the nature of and the psychological mechanisms involved in action interpretation. However, there 40 

are accounts on offer that promise equally powerful explanations of human social cognition that do 41 

not deploy this ponderous machinery. Theoretical parsimony therefore suggests that we explore 42 

these potential alternatives. Although these theoretical considerations motivate our position, in the 43 
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remainder of this paper we advance a more empirical line of argument. In particular, we now ask 1 

whether a less extravagant model may explain the empirical evidence in both the archaeological and 2 

the developmental domain as well as or even better than the NMRT. 3 

3. The evolution of human social cognition 4 

3.1. The thesis of natural mindreading in evolutionary cognitive archaeology 5 

In evolutionary cognitive archaeology, the presence of mindreading capacities of past hominins is 6 

inferred from the traces of material culture appearing within the archeological record. Material 7 

evidence is used to reconstruct the behavioral patterns underlying the crafting and use of artifacts 8 

(Haidle 2009, 2010; Coolidge and Wynn 2004; Barnard 2010; Wragg-Sykes 2015). Subsequently, 9 

such behavioral analyses are mapped against the cognitive capabilities that are required to explain 10 

their existence, and the resulting theories evaluated at the best explanation for how they fit the 11 

archaeological record (Botha 2010; Abramiuk 2012 pp. 30–33; Garofoli and Haidle 2014; Garofoli 12 

forthcoming; Wynn 2000; Wynn and Coolidge 2009). 13 

The NMRT has been often recruited in this methodology to explain the presence of specific 14 

artifact categories in association with different species of ancient hominins. For instance, Cole 15 

(2015, 2017) assumes that the presence of increasingly more complex artifacts within the 16 

archeological record indicates the transmission of progressively more abstract concepts of identity, 17 

and consequently of more sophisticated forms of mindreading. He argues that the broadcasting of 18 

meaning to others through material culture requires the inventor of an artifact to ensure that the 19 

“intended meaning” behind the novel action afforded by the artifact is correctly understood by other 20 

members of the community (Cole 2015, p. 77, 2017, p. 169). In turn, this implies the ability to 21 

understand that two agents may share the same set of mental norms of functioning for the artifact, 22 

and therefore the capacity to conceive others’ mental states—i.e., mindreading. 23 

At the most basic level, Cole argues that the cultural transmission of artifact templates—such as 24 

grossly symmetric handaxes (Wynn 2002, p. 394) within the archaeological record of hominins as 25 

ancient as Homo erectus within the Lower Paleolithic at ca. 1.8 MYA—already indicates a capacity 26 

to get access to artifact concepts within the mind of others—what is generally defined as second-27 

order intentionality. Moreover, he argues, evidence of the crafting and sharing of coherently 28 

symmetric tools (Wynn 2002, pp. 395–397; Hodgson 2015; Shanouni et al. 2013; Carbonell et al. 29 

2003) or giant handaxes (Wenban-Smith 2006) within the archaeological record would indicate a 30 

capacity to alter the beliefs other individuals hold about the self, possibly applying to ability 31 

displays (e.g., Kohn and Mithen 1999), and mark the appearance of third-order intentionality.  32 

While the previous artifacts seem to broadcast a personal conception of identity, the consistent 33 

standardization of artifact templates within specific archaeological contexts—possibly attested since 34 

the Lower Paleolithic, in association with the record of Homo heidelbergensis from ca 500 kya—35 

supported the communication of group identity to the members of a different group (Pope et al. 36 

2006; Shipton 2013)—which according to Cole requires fourth-order intentionality. Finally, within 37 

the identity model, artifacts such as body ornaments or art are considered to be the material 38 

counterparts of a grammatical language, which are used to ground the sharing of abstract identity 39 
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into a series of material anchors (cf. Mithen 2000, 2010), and require the presence of the modern 1 

human level of fifth-order intentionality. 2 

Like Cole, proponents of the social brain hypothesis also assume that the presence of 3 

increasingly more complex artifacts within the archeological record indicates the existence of 4 

progressively more abstract socio-cognitive abilities. For instance, some claim that the invention 5 

and production of foraging tools (including handaxes) requires the imaginative decoupling of a 6 

short-term goal from a long-term plan (Gowlett et al. 2012; Gamble et al. 2011; Hodgson 2015, p. 7 

206). In their view, this would require the capacity to process second order meta-representations, 8 

and imply the ability to represent intentions (Barham 2010). They argue instead that body 9 

ornaments would be associated to a minimum of third-order intentionality, whereas the modern 10 

human comfortable level of processing, namely fourth-order intentionality (Dunbar 1998a, p. 188), 11 

would be marked by the presence of ritual burials and grave goods (Gowlett et al. 2012, p. 707). 12 

The identity model and the social brain hypothesis differ as to the number of orders of 13 

intentionality they consider necessary to realize specific artifacts. Nevertheless, they each postulate 14 

basic forms of second-order representational mindreading to account for relatively simple 15 

technologies, associated to ancient populations of hominins. Furthermore, they depict the evolution 16 

of human social cognition as a continuous incremental pattern, wherein the same qualitative 17 

abilities go through an expansion in their “quantity”, by assuming thus a “more of the same” logic 18 

(e.g., see figure 2.6 in Dunbar 2009; Cole 2017, pp. 167-168). Indeed, they maintain that the basic 19 

second-order meta-representations (e.g., “I know that you know X”), which allegedly manifested 20 

already in Homo erectus populations, remained qualitatively unchanged over time; these abilities 21 

were only progressively augmented through the appearance of further orders of intentionality up to 22 

the modern human approximate limit of five (Stiller and Dunbar 2007; Powell et al. 2010), or 23 

possibly six (Cole 2015, p. 70). 24 

The identity model and the social brain hypothesis each also assume that meta-representational 25 

capacities are independent from, and necessary for building the intentionality of meaning in 26 

language (Dunbar 1998b; Origgi and Sperber 2000; Wilson and Sperber 2002, drawing upon Grice 27 

1989). For example, proponents of the social brain hypothesis argue that the processing of up to 28 

third-order intentionality can be managed through mental representations, presumably existing 29 

within a Language of Thought (Fodor 1975), whereas linguistic vehicles supporting mindreading 30 

would be required only with the appearance of fourth-order intentionality (e.g., Dunbar 2009; c.f. 31 

Barham 2010). Similarly, on the identity model, third-order intentionality represents a necessary 32 

component even for the evolution of partially linguistic systems. Hence, the more derivative 33 

phenomenon of grammatical language remains confined within the formation and dissemination of 34 

abstractions, which have their material counterpart in ornamentation and art (Cole 2017, p. 163). A 35 

proper broadcasting of abstract identity concepts, on the other hand, requires the integration of 36 

grammatical language with a pre-existing meta-representational architecture, which operates around 37 

the limit of fifth-order intentionality. 38 

The advocates of both the social brain hypothesis and the identity model therefore endorse the 39 

NMRT. Indeed, they claim that, as a natural capacity selected in the course of evolution, genuine 40 

forms of meta-representational mindreading already underlie the earliest forms of (technologically 41 

mediated) social interaction in our farthest ancestors, thus defending the antiquity of mindreading 42 

(see also Mithen 1998, for similar conclusions). Furthermore, they assume that the expansion and 43 
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possible reconfiguration of the human brain improved our ancestors’ socio-cognitive capabilities, 1 

which constituted the basis for the emergence of more complex linguistic capacities (Dunbar 2003, 2 

2009; see Powell et al. 2010, and Lewis et al. 2011, for an experimental account on contemporary 3 

humans).  4 

3.2. Body ornaments without mindreading 5 

As we have seen, the partisans of the aforementioned models, following the NMRT argue that 6 

meta-representational mindreading is necessary to explain some artifact categories appearing in the 7 

archaeological record of early hominin species. This supposed evidence for the thesis would be 8 

undermined if we could explain the same evidence without appealing to such rich suite of 9 

mentalistic abilities. In this section, we will advance just such a critique by discussing the case of a 10 

sophisticated artifact category, namely, the early body ornaments appearing in the South African 11 

Still Bay and Howiesons Poort industries (ca 80–55 kya) (Henshilwood et al. 2004; d’Errico et al. 12 

2005; Henshilwood and Dubreuil 2011).  13 

 14 

 15 

Figure 1. (a) Nassarius kraussianus marine shell beads from Blombos Cave, South Africa (ca 77-68 kya). (b) Reconstruction of 16 
strung shell beads (redrawn from Marian Vanhaeren and Christopher S. Henshilwood – Own work – see acknowledgments). 17 
 18 

As we have noted, body ornaments have been considered to carry arbitrary meanings such as 19 

marital status, kinship relations, group affiliation, aesthetic values, and more in general abstract 20 

shared standards (Wobst 1977; Henshilwood and Dubreuil 2011; Kuhn 2014, p. 49), or to function 21 

as external deposits or anchors for abstract concepts (Mithen 2010; Cole 2015; see Iliopoulos 2016, 22 

p. 113 for discussion). Accordingly, they have been associated to complex mindreading processes 23 

involving the processing of at least three orders of intentionality (e.g., Gowlett et al. 2012, p. 707; 24 

cf. Henshilwood and Dubreuil 2009). In addition, the idea of an actual tradition of mentalistic 25 

values within these early modern human populations has been strengthened by the diachronic 26 

accumulation of such instances of Nassarius kraussianus perforated shell beads (Fig. 1) over 27 

vertical layers within the same archaeological sites, which discourages their interpretation as 28 
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idiosyncratic behaviors of local populations (Kuhn and Stiner 2007a; Henshilwood and Dubreuil 1 

2011; Vanhaeren et al. 2013).
1
 2 

According to a recent alternative approach to early ornamentation (Garofoli 2015a, 2017), 3 

however, the invention, understanding, and long-term maintenance of these ornaments may be 4 

scaffolded by the very material structure of the item, and involve neither meta-representational 5 

capacities nor complex forms of mental state attribution. These theorists argue that, when contrasted 6 

with the dull pattern of invariance of stones and sand, the relative rarity of shell nacre makes them 7 

special. Consequently, the earliest encounters of our ancestors with shiny shells likely elicited 8 

emotional reactions in the finder, who would trigger positively emotional resonance in other band 9 

members when raising the shell through the hand to show it to them—as suggested by 10 

contemporary accounts of the direct perception of emotionally laden behaviors towards objects 11 

(Becchio et al. 2008, and Ulloa et al. 2014). Accordingly, the first discovered shells may have acted 12 

as a keystone that integrates the various components of an intersubjective system of embodied 13 

emotions (Garofoli 2015a). 14 

We hypothesize that the re-enactment of such positive emotional reactions towards the shell 15 

would likely motivate their owner to perforate, string, and wear the shell as a bodily ornament. 16 

Given the durability of the shell nacre, these earliest body ornaments thus maintained their capacity 17 

to trigger emotional reactions within the long-time. That is, they would allow the maintenance of 18 

structures of embodied relations.
2
 19 

Nevertheless, the finding of beads is uncommon, and the manufacturing procedure takes a long 20 

time, detracting from the time necessary for foraging. Because of this, the material properties of 21 

ornaments made them available only to the social agents provided with more resources. 22 

Consequently, the most relevant individuals become marked with such artifacts, and their bodily 23 

                                                           
1
 Some partisans of the mentalistic approach argue that body ornaments necessarily constrain full-blown mindreading 

abilities but, unlike the models reviewed within the main text, they see these abilities as mediated by the emergence of a 

meta-language (Henshilwood and Dubreuil 2009, 2011; d´Errico et al. 2005). Although we agree with this metaphysical 

commitment, we contend that no form of mindreading, including a language-based one, applies to the production of 

early body adornment in the South African Middle Stone age. 
2
 According to some alternative proposals, the meaning of bodily ornaments could initially have been opaque to 

individuals, and emerge only after they were shared at the community level. Indeed, the search for social conformity 

could have made these ornaments relevant and motivated their maintenance over the long time. In addition, emotions 

regarding the beads could have been derivatively acquired in response to group behavior, and contributed to stabilizing 

this practice. Most crucially, this alternative perspective could still be thoroughly addressed without tapping genuine 

mindreading abilities, thus showing the existence of an alternative way of criticizing the NMRT in this context. 

Nevertheless, while this hypothesis is well suited to explain the long-term maintenance of the bodily adornment 

practice, it appears less persuasive than our proposal in addressing its initiation. Indeed, this theory needs to specify the 

reasons why the ornaments were initially worn by their users if they initially had “no intrinsic meaning”. One possibility 

for addressing this issue lies in assuming that ancient hominins were wired to produce and imitate meaningless 

behaviors, so that natural selection could positively reinforce the socially relevant behaviors and eliminate the 

unproductive ones. According to this view, ornaments were the unintentional consequence of such a passive mechanism 

of selection driven by chance, thereby leaning towards a neo-Darwinian account of behavioral selection that faces 

problems with explaining human agency. At the same time, empirical evidence shows that early shell beads were 

repeatedly invented and abandoned within the African Middle Stone Age in multiple locations separated by thousands 

of kilometers, and several millennia on the time scale. Within these different places and periods, different species of 

mollusks were used to produce such ornaments, thus motivating the idea that these populations found something 

intrinsically special in the shells, which led them to independently creating alternative versions of the same artifact. If 

these objects had no emotional relevance, and were the result of random behavior coupled with imitation, then one 

should assume that chance was somehow biased towards the use of marine shells for bodily adornment, and that this 

coincidence explains the multiple invention of shell beads in the African Middle Stone Age. As a consequence, we 

believe there exist reasons to prefer the currently adopted approach over the “no intrinsic meaning” hypothesis. 
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icons could be associated to invariant positive emotional reactions of social agents towards them. 1 

Furthermore, the maintenance of such embodied social structures may have been later augmented 2 

through the construction of conceptual words referring to these sensorimotor contexts (Garofoli and 3 

Iliopoulos submitted; cf. Garofoli 2017). 4 

This proposal explains how the shell beads may contribute to creating structures of embodied 5 

relations (in the spirit of structuration theory, Giddens 1984), and ground the concept of “valuable 6 

individuals” over time. Still, it suggests that establishing and maintaining the body adornment 7 

practice would not require any capacity to process mental representations that are envisaged, 8 

ascribed to an ornament, and ultimately shared through a process involving sophisticated 9 

mindreading. Instead, these relationships would be grounded in just getting attuned to a series of 10 

recurrent sensorimotor contingencies and emotional reactions—in line with what suggested by 11 

Gallagher (2008), and Hutto (2011). 12 

Most importantly, this account deconstructs the mentalistic understanding of the practices 13 

connected with the invention, production, and long-term maintenance of a clear cut instance of 14 

communicative artifacts within Paleolithic archaeology—i.e., bodily ornaments. Accordingly, we 15 

may eliminate this costly ability also from a set of apparently less complex (and more ancient) 16 

Paleolithic artifacts, emerging within archaeological contexts of more archaic human species. 17 

Indeed, parallel arguments have recently motivated these expectations, by showing that the crafting 18 

and use of artifacts such as symmetric handaxes, wooden spears, or early figurines may require only 19 

imaginative thinking, situated simulations, and direct perception and involve no mindreading 20 

capacities (Garofoli 2015b; Haidle et al. submitted). 21 

3.3. Examining the discontinuity between situated and mentalistic signs 22 

As we argued above, the NMRT maintains that the evolution of social cognition is grounded in an 23 

incremental pattern of expansion of early evolved and sub-personal meta-representations. 24 

Specifically, additional orders of intentionality are progressively added upon second-order meta-25 

representations in time, until the modern human limit of five orders is reached. Within such a view, 26 

the appearance of body ornaments in early modern human material culture is considered simply to 27 

mark an additional step in this continuous process of expansion, specifically indicating the 28 

acquisition of a certain number of orders of intentionality (i.e., 3 to 5 orders). Accordingly, body 29 

ornaments must be considered as one relatively simple example of “mentalistic” artifacts, that is, 30 

artifacts the interpretation of which requires the mentally-shared processing of their meaning. 31 

Although we have provided some reasons for interpreting bodily ornaments as situated—as 32 

opposed to mentalistic—artifacts, we concur with the scholars mentioned above on that at least 33 

some material signs—such as political emblems or bodily ornaments worn by contemporary 34 

subcultures within industrialized societies—require mindreading. Indeed, these artifacts are likely 35 

imbued with arbitrary meanings, and embedded in contexts of mentalistic social norms shared 36 

through meta-representations (Garofoli 2015a). However, we argue that these material signs cannot 37 

be assimilated to early body ornaments and the other artifacts appearing within the early modern 38 

human (and their ancestors’) archaeological record. Conversely, mentalistic ornaments exhibit an 39 

utter discontinuity with these artifact categories and archaeological contexts. Therefore, the mere 40 

existence of genuinely mentalistic artifacts does not imply that all material culture need be 41 
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addressed in mentalistic sense, nor does it support the continuum of mindreading abilities advocated 1 

by the NMRT. 2 

Having argued that situated body ornaments do not provide evidence of higher order thought, 3 

we now extend these arguments against continuity. In archaeological semiotics, it is commonly 4 

argued that early body ornaments represent instances of fully symbolic sapiens behavior 5 

(Henshilwood and Marean 2003; Wadley 2001; Nowell 2010 p. 447; Shea 2011, p. 8)—which is 6 

considered to be a quintessential signature of mindreading abilities (Henshilwood and Dubreuil 7 

2011). However, a growing number of authors have achieved a consensus that the symbolic 8 

characterization of early body ornaments is unwarranted (Coolidge and Wynn 2011; Gärdenfors 9 

2011; Rossano 2010). Iliopoulos (2016, 2017) for instance, has argued that such artifacts are not to 10 

be intended as conveying arbitrary meanings; instead, they signify simply through their being 11 

structurally and causally coupled with their object. 12 

Moreover, the cost in time and effort required for crafting these ornaments would have 13 

constituted the semiotic ground for regarding them an iconic concept of value. Subsequently, their 14 

contiguity with the body of some individuals would have created an indexical ground, by exposing 15 

the existential relevance between the valuable ornaments and their wearers. This indexical ground 16 

could have led individuals to understand that they stood for the wealth of the wearer. However, 17 

since the material signs are causally relevant for their object (i.e., the meaning of wealth emerges 18 

from value and contiguity with one’s body), their relationship is not arbitrary—hence, they are not 19 

Peircean symbols. Instead, they are mere abductive indices, for their meaning is constructed through 20 

a process of abduction which exploits a pre-existing indexical ground (i.e., the relationship between 21 

adorned bodies and rare ornaments) to build indexical signs, whereby the ornaments stand for their 22 

users wealth (Sonneson 1989a).
3
 23 

Pushing the argument for discontinuity further, the radical enactive approach to semiotics in 24 

cognitive archaeology (RECA) argues against the existence of a unifying logic among all signs 25 

(Garofoli 2017, submitted; cf. Garofoli and Iliopoulos submitted; see also Malafouris 2017). In 26 

particular, the understanding of a sign as a pure embodied structure, which can be re-enacted at any 27 

moment, shows that some indexical signs need not be meant in a classic Peircean way: their 28 

meaning can be directly perceived without any need of formulating a “stand for” function that 29 

connects the sign to its object (contra Sonesson 2012, pp. 83–86). Accordingly, RECA argues for a 30 

distinction between basic signs, which are directly perceivable, and scaffolded signs, whose sign 31 

function is constructed by means of a natural language (i.e., their “standing for” something is 32 

represented by an actual linguistic expression) (cf. Hutto 2008b, pp. 54–56). Following this 33 

approach, early body ornaments are considered as basic signs, thus being invented and maintained 34 

without any need of linguistic ascription of meaning to them (Garofoli and Iliopoulos submitted). 35 

This marks a clear cut discontinuity with the case of fully symbolic and mentalistic artifacts, 36 

wherein the ascription of an arbitrary and conventional meaning to a material sign is negotiated in 37 

the context of linguistic communication. 38 

An additional qualitative difference between early body ornaments and full-symbolism can be 39 

identified by drawing upon the post-phenomenological approach introduced by Ihde (1990). 40 

                                                           
3
 Although Iliopoulos (2016) further notices that these indices can scaffold the emergence of symbols, thus instantiating 

a gradual transformation, the two semiotic categories stand as distinct, and separated by a different logic of sign 

construction. 
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According to this view, the radical enactive account of early body ornaments represents a case of 1 

technological embodiment—i.e., a condition in which the deep integration of artifacts within human 2 

sensorial and bodily systems directly alters the way agents perceive reality (Ihde 1990 ch. 5A). 3 

Specifically, through their bodily exposition, ornaments create social reactions toward the adorned 4 

self, thus reshaping the social phenomenon from the pristine engagement with natural bodies to that 5 

with adorned phenotypes. On the contrary, fully symbolic artifacts such as political party emblems 6 

imply one to get familiar with a series of mentalistic values to be understood. Thus, the direct 7 

perception of the emblem is no longer sufficient to the understanding of the sign, and a set of “rules 8 

of references” binding the physical features of the emblem to its conventional meaning are therefore 9 

necessary for their understanding. 10 

In line with the RECA analysis, such rules of reference and conceptual meanings for the 11 

symbolic artifact are socially negotiated through the use of linguistic narratives. Overall, this new 12 

set of existential relationships between humans and technology defines the level of hermeneutic 13 

cognition, which is distinct from that of technological embodiment (Ihde 1990, ch. 5B). In many 14 

contemporary contexts, embodied and hermeneutic artifacts move along a continuum, in which 15 

technologically embodied perceptions are augmented with rules of reference, and the latter in turn 16 

influence the direct perception of the world (ibid., p. 98). Nevertheless, the two post-17 

phenomenological categories remain as qualitatively distinct from one another, thus marking a 18 

significant difference that resonates with those discussed at the cognitive and semiotic level. 19 

Therefore, situated body ornaments appear discontinuous from mentalistic signs across at least 20 

three levels of analysis: the cognitive, the semiotic and the phenomenological. Consequently, we 21 

should not take for granted that the appearance in the archeological record of symbolic artifacts 22 

indicates the progressive increasing of basic mindreading capacities, and hence we should not see 23 

this record as evidence for NMRT.
4
 24 

3.4. The late emergence of mentalistic artifacts: linguistic constructivism as an alternative 25 

to the NMRT 26 

While the existence of mentalistic and fully symbolic ornaments could be identified in several 27 

contemporary social contexts, the material conditions for the appearance of these practices remain 28 

still unexplored in evolutionary cognitive archaeology. Nevertheless, our analysis of situated 29 

artifacts shows that early modern human material culture is explained at least as well, and more 30 

parsimoniously, by assuming embodied and situated cognitive abilities. Indeed, no form of meta-31 

representational mindreading, symbolism, and hermeneutic cognition is entailed by the material 32 

culture of past hominins before at least 50 kya, within the Lower and Middle Stone Age timeframe 33 

                                                           
4
 Nevertheless, critics may contend that the crafting and sharing of other kinds of non-explicitly symbolic artifacts 

different from bodily ornaments (e.g., hafted spears) indirectly reintroduces symbolism, and accordingly mindreading, 

within the cognitive repertoire of ancient hominins (see Zilhão 2007). For instance, it has been argued that imagistic 

thinking and the enchainment of sensorimotor routines within a long-term plan required for hafting necessarily imply 

the understanding of intentionality (Barham 2010, 2013; Cole 2017, pp. 177-178). However, if our analysis of the case 

of situated ornaments is correct, mindreading and other capacities of re-enacted simulation are likely de-coupled (see 

Hutto 2015 for a seminal approach). Moreover, it would be implausible to qualify the situated ornaments as an 

exceptional case of bodily situated capacities while reintroducing a mentalistic interpretation for other artifacts 

appearing in the same archaeological contexts. On these grounds, we believe it is prima facie possible to extend our 

embodied and situated account of bodily ornaments even to other artifacts like composite/hafted spears, and thereby 

conclude for the absence of mentalistic artifacts within the Early and Middle Stone Age (ESA-MSA). 
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(and maybe even before 30–35 kya, see the Conclusive Discussion; Garofoli submitted). Thus, the 1 

emergence of mentalistic artifacts and the associated cognitive reconfiguration ought to be 2 

identified within the European Upper Paleolithic and comparable techno-complexes in different 3 

geographical locations (e.g., Bednarik 2010, 2014, for a specific focus on Australia). 4 

Supporters of the NMRT may accept this proposed timeline, and yet contend that the late 5 

evolution of mentalistic artifacts depends on the late appearance of an innate and neurally-specified 6 

mindreading module. There are several strategies to defend this hypothesis, none of which is 7 

particularly convincing. A first hypothesis would imply that mindreading abilities could have been 8 

hard-wired by natural selection during the Lower Paleolithic as dormant functions for “the time to 9 

come,” and somehow only triggered by culture after the Out of Africa migration.
5
 However, this 10 

solution presupposes what looks as an untenable teleological conception according to which 11 

evolution equips humans for challenges that have yet to manifest. 12 

Alternatively, one might claim that mindreading abilities had actually evolved to support a 13 

socially adaptive function of maintaining group cohesion after the Out of Africa migration—14 

specifically during the Upper Paleolithic and analogous timeframes. However, this possibility also 15 

appears implausible because these abilities are currently present within the most diverse human 16 

contexts—albeit possibly differing in their expression (Everett 2012, pp. 291–292). As a 17 

consequence, if mindreading abilities were the outcome of a brain-bound modular architecture, they 18 

should had been naturally selected many times in different locations within a window of less than 19 

50.000 years. We envisage neither evidence nor reason to argue for any plausible explanation of 20 

how this might have happened (see Hutto 2008a, 2008b on similar grounds). 21 

Given the difficulties even such an amended version of the NMRT faces, we lean toward the 22 

conclusion that complex technological innovations—and accordingly the sophisticated mindreading 23 

capacities necessary to support them—are unlikely to have evolved as a consequence of the natural 24 

selection of cognitive traits. In contrast, they are more plausibly the result of a more recent 25 

process—i.e., the construction of language-based meta-representations—produced by a convergent 26 

change in the human cognitive niche in multiple locations and at different times (see section 5 for a 27 

positive proposal about how this might have happened).  28 

                                                           
5
 This hypothesis has never been presented in the literature in the current form, although it is consistent with some 

accounts in evolutionary cognitive archaeology according to which the modern human mind is bestowed with a set of 

symbolic abilities that evolved during the Middle Pleistocene but left no material traces within the archaeological 

record. Instead, these representational abilities were triggered many millennia later by the occurrence of the proper 

socio-demographic and environmental conditions (e.g., Kuhn and Stiner 2007a, 2007b). The concept of triggering also 

resonates with some aspects of a neo-Darwinian evolutionary psychology (e.g., Buss 2012) according to which 

cognitive modules, hard-wired within the brain, and provided with a series of pre-specified functions and 

representational contents, are activated by the proper environmental stimuli (see Ingold 2007, and Nash 2014 for 

critique). 
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 2 

Figure 2: Upper Paleolithic female figurines in the central European area, ranging from the Aurignacian (a), to the Gravettian period 3 
(b-c-d). (a): Venus of Hohle-Fels, Alb Donau district, Germany (ca 38 Ka); (b) Venus of Willendorf, Lower Austria, Austria (ca 28 4 
ka); (c): Venus of Savignano, Province of Modena, Italy (ca 25 ka); (d) Venus of Moravany, Trnava Region, Slovakia (ca 23 ka). See 5 
the acknowledgments for credits. 6 

At present, we cannot account for the specific transformative processes leading to the 7 

emergence of linguistic meta-representations within various parts of the world from the level of 8 

embodied perception that we have introduced in relation to situated ornaments. Indeed, we cannot 9 

currently rely upon any detailed analysis of how cognition varies in relation to material culture in 10 

human populations after 60 ka (see Coolidge and Wynn 2005, and Coolidge et al. 2009, for some 11 

preliminary results). However, a promising line of research, at least for what concerns the European 12 

Upper Paleolithic, focuses upon the analysis of potential traditions of secondary iconicity 13 

(Iliopoulos 2016, p. 116, after Sonesson 2010, 2013). This cultural phenomenon may be evident in 14 

the emergence of multiple instances of female figurines in various parts of Europe, and within a 15 

timeframe of ca 20.000 years (see figure 2), possibly indicating the existence of traditions of 16 

mentalistic values of reference, which justified the non-idiosyncratic reproduction of the same 17 

subject within different contexts (e.g., Soressi 2000; Conard 2009; Gaudzinski-Windheuser and 18 

Jöris 2015; Mussi 2015).
6
 Besides the characterization of specific transformative trajectories within 19 

the archaeological record, we conjecture that the best explanation of the variation in the iconicity of 20 

female figurines in the European Upper Paleolithic involves the emergence of linguistic meta-21 

representational capacities by appealing to the parallel re-arrangement of the human socio-cultural 22 

context. 23 

This account eludes the aforementioned problems with time limits and the co-occurrence of 24 

mutational enhancements which conversely plague the NMRT. However, before delving more 25 

                                                           
6
 Yet, as noticed by Iliopoulos (2016, p. 116), in contrast to the mainstream dictum in cognitive archaeology (e.g., 

Gaudzinski-Windheuser and Jöris 2015; Mussi 2015), secondary icons such as the female figurines are not symbolic 

artifacts, for they show a similarity ground between signs and objects, and not an arbitrary and conventional one, such 

as in the case of symbolism. Thus, these artifacts would still constitute material scaffolds for the construction of fully 

symbolic meanings. 
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deeply into these aspects within section 5, we will turn on discussing the NMRT in developmental 1 

psychology. 2 

4. The development of human social cognition 3 

4.1. The thesis of natural mindreading in developmental psychology 4 

In developmental psychology, the NMRT has been often adopted to account for the development of 5 

flexible capacities to predict others’ behavior in infancy and early childhood. Over the last thirty 6 

years, researchers have investigated children’s mindreading capacities employing the experimental 7 

procedure known as the false belief task (FBT), which assesses a child’s capacity to predict the 8 

future action of a character crucially depending on her possession of a (false) belief. In the 9 

traditional location change version of the test (Baron-Cohen et al.1985; see also Wimmer and 10 

Perner 1983), a child is presented with a scene in which a puppet, Sally, puts a ball into a basket and 11 

leaves the room to play. While Sally is away, another character, Annie, moves the ball from the 12 

basket to a box. When Sally returns, the child is asked: “Where will she look for the ball?”.
 
 13 

Extended investigation employing elicited-response false belief tests (ER-FBTs) has shown that 14 

children solve the task only after age four, while younger children often respond as if they were 15 

considering only their own knowledge of the task scenario (Wellman et al. 2001).
7
 16 

For decades scholars have debated whether younger children’s difficulty in the task depends on 17 

the lack of possession of the concept of belief—as advocates of late-competence accounts claim 18 

(Astington and Gopnik 1991; Carpendale and Lewis 2015; Gopnik and Wellman 1994; Perner 19 

1991; San Juan and Astington 2012; Wellman 2013)—, or on performance limitations due to the 20 

lack of computational resources—as proposed by the supporters of early-competence accounts 21 

(Baillargeon et al. 2010; Baron-Cohen 1995; Csibra and Gergely 2014; Leslie 2005; see Fenici 22 

2017a for an overview). Over the last ten years, however, early-competence accounts have been 23 

gaining consensus after the findings that even infants manifest a sensitivity to others’ (false) beliefs 24 

in spontaneous-response false belief tasks (SR-FBTs, see Baillargeon et al. 2016, for a review). In 25 

these tasks, infants are not interrogated directly but instead their spontaneous response to the 26 

unfolding of a false-belief situation is measured through non-verbal behavioral indices (e.g., 27 

infants’ looking time in a violation-of-expectation paradigm, preferential looking, anticipatory 28 

looking, or elicited-intervention).
8
 29 

Even early-competence accounts actually subscribe to a version of the NMRT. Indeed, these 30 

scholars claim that “infants’ ability to infer and reason about others’ mental states […] depends on a 31 

                                                           
7
 Meta-analyses (Wellman et al.2001) showed that children perform similarly in this and similar tasks like the 

unexpected content FBT (Gopnik and Astington 1988; Hogrefe, et al. Perner1986; Perner et al. 1987), and the 

unexpected identity FBT (Gopnik and Astington 1988). Accordingly, we will not mention these similar experimental 

settings in what follows. 
8
 For instance, in the seminal study, Onishi and Baillargeon (2005) familiarized 15-month-olds with seeing an actor 

hiding a toy in a green box (location A) and then retrieving it. Infants then received a single trial in which a belief was 

induced in the actor about the location of the toy. In the true-belief condition, both infants and the actor saw the toy 

moving to a yellow box (location B). This was also the start of the false-belief condition; however, a screen was then 

raised in front of the actor, and only infants saw the toy coming back to the green box (A). In the test trial, infants saw 

the actor reaching for the toy at one of the two locations. Importantly, infants were found to look longer—which was 

assumed to indicate surprise—when the actor reached for the toy against the belief that it would be rational to attribute 

to her, that is, when she either reached for it in the false-belief trials or did not reach for it in the true-belief trials. 
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content-rich, adaptive, neurocomputational system that begins to operate early in life” (Baillargeon 1 

et al. 2016, p. 179). Furthermore, they argue that this basic propensity to attribute mental states 2 

(including beliefs) to others—which manifests initially only in SR-FBTs—develop into more 3 

flexible and sophisticated mindreading abilities—such as those necessary to pass ER-FBTs—due to 4 

its progressive integration with executive and linguistic abilities (Baillargeon et al., 2010; Helming, 5 

Strickland, & Jacob, 2016; Westra & Carruthers, 2017). 6 

4.2. Social cognition in infancy without mindreading 7 

By endorsing the NMRT, the advocates of early-competence accounts of social cognition assume 8 

that infants’ sensitivity to others’ (false) beliefs demonstrates their capacity to attribute mental 9 

states to others—as well as the (meta-)representational abilities necessary to implement them. 10 

Therefore, this line of evidence for the thesis would be undermined if we could explain infants’ 11 

response in SR-FBTs without assuming that they are supported by underlying mindreading abilities. 12 

This very proposal has been advanced by the advocates of minimal (Apperly and Butterfill 13 

2009; Butterfill and Apperly 2013; Zawidzki 2011) and behavior-reading (Perner and Ruffman 14 

2005; Ruffman 2014) accounts of infants’ socio-cognitive abilities.
9
 Supporters of early competence 15 

accounts claim that infants’ selective performance in SR-FBTs is determined by a capacity to 16 

interpret observed actions on the basis of mindreading rules. These principles address how different 17 

forms of perception lead to knowledge/belief (belief-formation rules, e.g., how both seeing mum’s 18 

car entering the garage and hearing the engine of mum’s car in the garage lead to knowing that 19 

mum is back home), and how knowledge/belief causes appropriate behavior (belief-use rules, e.g., 20 

how knowing that mum is back home may prompt Annie to run to the doorway to greet her and dad 21 

to go to the kitchen to prepare the dinner). According to the minimal and behavior-reading 22 

alternatives, however, infants’ sensitivity to others’ mental states may depend on their capacity to 23 

take into account others’ mental states by tracking some perceivable features of the observed 24 

actions and situations, and even without positing intermediate non-observable variables (see Hutto 25 

et al.2011 for a taxonomy of the proposals). 26 

Advocates of early-competence accounts often defend their view on the grounds that it is more 27 

parsimonious than non-mentalistic accounts, which they argue are ad hoc and otherwise 28 

problematic (e.g., Carruthers 2013, 2016; Song and Baillargeon 2008). However, this argument is 29 

fallacious: their argument begs the question in favor of early-belief understanding because it 30 

presupposes a false dichotomy between early smart mind-reading and late dumb behavior-reading 31 

capacities. Yet early minimal- and behavior-reading rules that account for early competence can be 32 

                                                           
9
 Although these two families of proposals look different, we believe there is no clear-cut distinction in their empirical 

predictions. On the one hand, both views put more emphasis on rejecting the fully-mentalistic analysis of infants’ socio-

cognitive capacities from early-competence accounts rather than on differentiating themselves from other non-

mentalistic proposals. (As an evidence of this, Ruffman (2014) merely mentions minimal accounts, and only Apperly 

and Butterfill (2009, pp. 961–962) but no Butterfill and Apperly (2013) discusses briefly behavior-reading approaches.) 

On the other hand, it looks to us that the difference between minimal and behavior-reading accounts does not depend 

much on what (non-mentalist) cognitive mechanisms are claimed to underlie infants’ socio-cognitive capacities but 

rather on how these mechanisms are described—i.e., whether they merely involve the processing of proximal (behavior) 

or also distal (action) stimuli. If so, minimal and behavior-reading accounts differ more from the profile of the 

philosophical theory of representational content they endorse than from their empirical predictions (see Buckner 2014; 

Hutto 2017). This explains why the same non-mentalist account of infants’ socio-cognitive capacities that we assume 

here (Fenici 2014) has been discussed in relation to sometimes behavior-reading (Fenici and Zawidzki 2016) and 

sometimes minimal views (Fenici and Carpendale, subm.). 
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augmented through experience and development, thereby coming to respond to more abstract 1 

features of the observed actions (Karmiloff-Smith 1992). Thus, minimal and behavior-reading 2 

accounts that explain the data from SR-FBTs but also provide the resources for later development 3 

of more abstract capacities are a viable alternative to mentalistic proposals. 4 

Following the action-reading account introduced by Fenici (2014), we propose that alleged 5 

mindreading capacities in infancy can be successfully explained by considering that infants have a 6 

basic capacity to form and update their expectations about others’ actions. In detail, infants are 7 

accustomed since birth to what is normal and habitual, and form expectations about physical events 8 

around them (e.g., anticipating the trajectory of an inanimate object, Carey 2009). We conjecture 9 

that this very capacity, which does not involve mindreading, can account also for their early 10 

sensitivity to target-oriented behavior—although it may exploit cognitive processes that involve the 11 

processing of biological movement such as those underlying motor mimicry (Iacoboni 2003; 12 

Wilson and Knoblich 2005; Wolpert at al.2003). 13 

At the most basic level, this ability is adequate to explain infants’ sensitivity to the behavior of 14 

an agent that is preferentially directed at one target. In the standard experimental setting (e.g., 15 

Woodward 1998), the infant first sees an actor repeatedly reach for, and grasp one of two toys. 16 

After habituation, the positions of the toys are switched, and the infant sees a test event in which the 17 

actor reaches for either the favorite object (old-target event), or the favorite location (new-target 18 

event). The comparison of the looking times among the two groups reveals that infants as old as 19 

three months look longer in the new-target condition, thus indicating their surprise in front of an 20 

event that breaks their opposite expectations (Sommerville et al.2005). 21 

Advocates of mindreading accounts usually take these data to indicate that infants attribute 22 

intentions and desires to reach for one of the two objects to the actor. However, a more minimal 23 

interpretation is also available. Indeed, infants would show the same looking pattern if they formed 24 

an expectation by merely associating the actor with the most frequent target of her acting, thereby 25 

understanding that she usually reach for one of the two objects (Csibra and Gergely 1998; Fenici 26 

2014; Perner and Ruffman 2005; Ruffman 2014). 27 

 Infants construe their more basic understanding of others’ actions on such a basic non-28 

mentalistic and non-meta-representational capacity to form expectations about the more likely 29 

target of their actions; they then refine this capacity over time by progressively learn to notice more 30 

complex patterns of regularities in others’ behavior; they then respond selectively to others’ beliefs 31 

in SR-FBTs, while still lacking mentalistic and meta-representational socio-cognitive capacities. 32 

There are at least two strategies infants might employ to follow this developmental pathway. 33 

First, through experience as actors, infants come to understand the world they experience in 34 

terms of potential actions. Thus, learning to perform novel actions should improve infants’ capacity 35 

to predict the outcome of observed actions (Hunnius and Bekkering 2014; Meltzoff 2007; 36 

Woodward 2013). As evidence for this, several studies showed that infants’ sensitivity to the target-37 

directedness of an action correlates with their capacity to perform the very same action (Brand et al. 38 

2015; Sommerville and Woodward 2005), and improves together with it (Sommerville and 39 

Woodward 2005; Sommerville et al. 2005). 40 

Moreover, infants’ appreciation of regular patterns in the behavior of other agents also defines 41 

what kind of new behavioral regularities they can detect and learn. For instance, younger infants 42 

may initially understand the intended target only of successful actions. Having stabilized action-43 
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effect associations for successful actions, however, they may be in the position to notice the 1 

intended target also of unsuccessful actions (Brandone and Wellman 2009), and of sequences of 2 

actions (Biro et al. 2011; Sommerville and Woodward 2005; Woodward and Sommerville 2000). 3 

We hypothesize that these learning strategies structure infants’ capacity to form expectations 4 

about others’ actions to the point that infants also consider which objects others can and cannot see, 5 

therefore providing them with the prediction abilities manifested in SR-FBTs. In particular, infants 6 

may bootstrap their sensitivity to target-directed gazing from their attunement to target-directed 7 

behavior in three consecutive stages (Triesch et al. 2006). 8 

At a first stage, infants may learn associations between gaze and action by detecting contingent 9 

visuo-motor patterns in other agents’ behavior—i.e., the fact that other agents usually gaze at the 10 

objects they are also interacting with (Deák et al. 2014; Triesch et al. 2006). In this stage, infants’ 11 

capacity to form expectations about others’ target-directed gazing should obtain only in favorable 12 

contexts that either admit both target-directed action and gazing (Luo and Johnson 2009), or are 13 

related to action (e.g., because gazing substitutes for action, 8 months, Luo 2010). 14 

At a second step, infants may progressively extend this basic sensitivity to gaze to more abstract 15 

contexts where target-oriented gazing is independent of action. As evidence of this, experiments 16 

showed that infants can learn to understand gazing as a target-directed behavior when it is not 17 

associated with action on the same target. For instance, several studies showed that infants interpret 18 

the “gazing” of an artificial agent (e.g., a non-anthropomorphic robot) as target-directed when it 19 

shows some minimal consistency—because, for instance, the agent keeps orienting itself towards a 20 

moving target (Deák et al. 2014; Deligianni et al.2011). 21 

Finally, infants may learn to respond to unsuccessful as opposed to successful—i.e., blocked—22 

gazing, structuring their understanding of the latter on the former—just as they apparently 23 

generalize their understanding of unsuccessful target-directed action from their understanding of 24 

successful target-directed action (Brandone and Wellman 2009). That is, once they have understood 25 

how agents are related with the objects targeted by their gaze, infants can start noticing that some 26 

environmental factors (e.g., the presence of a barrier in the environment) modify agents’ behavior in 27 

some circumstances (e.g., when the barrier impedes the agents’ line of gaze). Consequently, they 28 

may start forming different expectations towards an agent’s behavior in the case it had or lacked 29 

successful gazing towards an object. This complex understanding of target-directed behavior may 30 

explain infants’ expectations that are selective to the behavior of an agent that has a false belief in 31 

many SR-FBTs, without involving any ability to attribute mental states. 32 

4.3. Examining the discontinuity of socio-cognitive abilities between infancy and early 33 

childhood 34 

Although we have argued that infants’ sensitivity to mental states (and, in particular, beliefs) in SR-35 

FBTs does not constitute evidence of mindreading capacities, we agree with the advocates of early-36 

competence accounts that the socio-cognitive abilities that children manifest after age four (e.g., 37 

when they succeed in ER-FBTs) involve mindreading. However, we claim that these abilities are 38 

allowed by cognitive capacities that differ significantly from the embodied and situated 39 

understanding of social interaction that even infants already manifest (see Fenici, 2015, sec. 4, 40 

2017, sec. 4, for extended discussion). Therefore, against what argued by the advocates of the 41 

NMRT, acknowledging that four-year-olds possess genuinely mentalistic socio-cognitive abilities 42 
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neither constitutes evidence of the existence of mindreading capacities in earlier phases, nor  does it 1 

support continuity in the development of social cognition from infancy to early childhood. 2 

A first hint suggesting the discontinuity between the socio-cognitive capacities underlying 3 

infants’ responses in SR-FBTs and those underlying four-year-olds’ success in ER-FBTs comes 4 

from considering double dissociations. Senju et al. found that autistic adults (Senju et al. 2010; 5 

Senju et al.2009, see also Senju, 2011, for a discussion) and even infants (Schuwerk et al. 2016) are 6 

impaired on SR-FBTs. At the same time, however, autistic subjects with non-impaired linguistic 7 

capacities can pass ER-FBTs (Happé 1995; Lind and Bowler 2009; Tager-Flusberg and Joseph 8 

2005). This pattern is opposed to the one of three-year-olds, who are impaired on ER-FBTs while at 9 

the same time they pass SR-tasks (Clements and Perner 1994; Garnham and Ruffman 2001).  These 10 

results suggest that the two abilities can be dissociated.
10

 11 

A second hint comes from correlational studies comparing children’s performance in SR- and 12 

ER-FBTs (Grosse Wiesmann et al.2016; Low 2010). These studies found no stable relation between 13 

children’s (implicit) predictive looking in SR-FBTs and their (explicit) verbal response in ER-14 

FBTs. In contrast, they found that children’s syntactic capacities predicted their success in ER-15 

FBTs (as originally found by de Villiers & Pyers 2002) independently from their score in SR-FBTs. 16 

This suggests again that children’s capacity to pass ER-FBTs is independent from their more basic 17 

socio-cognitive capacities, and instead depends significantly on language acquisition. 18 

Other studies also suggest that spontaneous- and ER-FBTs tap distinct capacities even in 19 

adulthood. Adults compute automatically which objects are in the visual field of other people even 20 

when they themselves have a different view (Samson et al.  2010). This capacity is akin to that 21 

manifested by infants in SR-FBTs and is also importantly limited (Surtees and Apperly 2012; 22 

Surtees et al.2011; Todd et al.2017; Surteeset al. 2016; see also Low and Watts 2013; Rakoczy et 23 

al.2015, for evidence of important limitations in infants; and Carruthers 2016, pp. 150–151; 24 

Rakoczy 2017 for further discussion). Instead, other experiments suggest that adults do not always 25 

automatically compute the beliefs of other people (Apperly 2006; Back and Apperly 2010). This 26 

suggests again that the socio-cognitive capacities at work in simpler SR-FBTs (submitted to either 27 

infants or adults) are not yet the (meta-)representational mindreading abilities manifesting in ER-28 

FBTs (although see Cohen and German 2009; Samson et al. 2010, p. 66, and Andrews 2012, pp. 29 

170–172, for further discussion). 30 

Finally, transitional studies also attest to the discontinuity between the socio-cognitive 31 

capacities underlying infants’ responses in SR-FBTs and those granting four-year-olds’ success in 32 

ER-FBTs. In the most significant study, Thoermer et al. (2012) found some correlation between 33 

infants’ sensitivity to beliefs in SR-FBTs and their later success in ER-FBTs. Nevertheless, the 34 

predictive effect was very specific. Indeed, 18-month-olds’ score on a test analogous to Southgate et 35 

al. (2007) predicted their later success in traditional location change but not in unexpected content 36 

(Gopnik and Astington, 1988; Hogrefe 1986; Perner 1987) ER-FBTs at age four. However, 15-37 

month-olds’ score on a level I perspective-taking task adapted from Sodian et al. (2007) was 38 

unrelated to any other score on ER-FBTs at age four. Moreover, infants’ looking pattern in any of 39 

the two SR-FBTs did not predict their later understanding of perception at 30 months, and desire at 40 

                                                           
10

 The argument presupposes that autistic subjects and three-year-olds similarly succeed in ER-FBTs. At present, 

however, nothing disconfirms the hypothesis since it still controversial about what cognitive achievements undergird 

the success in ER-FBTs even in normally developing children (also see Fenici 2015, pp. 13–14). 
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36 months. These data undermine the conclusion that the same cognitive processes support both 1 

early socio-cognitive abilities and success in FBTs. If passing both SR- and ER-FBTs depended on 2 

infants’ mindreading capacities, one would expect infants’ score in SR-FBTs to predict later 3 

performance on ER-FBTs, not only their score on location change tasks. These findings thus 4 

suggest that results in spontaneous- and ER-FBTs depend on some shared mechanism—some basic 5 

capacity to form expectations about others behavior in specific contexts, perhaps?—rather than a 6 

genuine capacity to attribute mental states.
11

 7 

4.4. The late emergence of mindreading in early childhood: socio-linguistic constructivism 8 

as an alternative to the NMRT 9 

We have argued that infants’ socio-cognitive capacities can be explained by assuming 10 

embodied/situated socio-cognitive capacities, and that infants’ selective response in SR-FBTs 11 

provides no evidence whatsoever of meta-representational mindreading. We have also argued that 12 

these basic capacities of action understanding significantly differ from the genuine mindreading 13 

abilities documented in ER-FBTs. Nevertheless, supporters of the NMRT may agree with our 14 

account of the developmental timeline, but attempt to explain this trajectory via a nativist 15 

maturational account. Indeed, they could argue that sophisticated mindreading is an intrinsic 16 

component of the human biological endowment that unfolds in early childhood with much more 17 

limited socio-cognitive capacities as an earlier stage, nonetheless, a maturation determined 18 

genetically. 19 

Advocates of the dual-system model of social cognition, for instance, have proposed that 20 

infants’ performance in SR-FBTs is grounded in low-level socio-cognitive capacities (System-1). 21 

These processes are unconscious and inflexible—and thereby fast, automatic, and cognitively 22 

efficient—but do not imply meta-representational capacities. These scholars have argued that 23 

adults’ sophisticated socio-cognitive capacities—and likely children’s success in ER-FBTs— on the 24 

other hand, are supported by the emergence of a distinct and flexible system for (meta-25 

representational) mindreading (System-2) (Apperly 2011; Apperly and Butterfill 2009; Bohl and 26 

van den Bos 2012; de Bruin and Newen 2012; Butterfill and Apperly 2013). Thus, partisans of the 27 

                                                           
11

 In the attempt to defend early-competence accounts from the argument presented in this section, some have recently 

argued that succeeding in ER-FBTs requires additional pragmatic competences that are acquired independently from 

infants’ alleged mindreading capacities. For instance, according to Helming, Strickland, and Jacob (2016), younger 

children reason that the experimenter cannot be really asking for some information that she already knows, and assume 

instead that she is testing their ability to tell where the mistaken agent should look for the object. Similarly, Westra 

(2017; Westra and Carruthers, 2017) argue that younger children fail ER-FBTs because they are unlikely to judge the 

experimenter’s communicative intention, i.e., her desire to have “the child to show that she knows that Sally believes 

that the marble is in its old location.” If any of these proposals were correct, the attested discontinuity in the 

development of socio-cognitive abilities between infancy and early childhood would  not rule out the hypothesis that 

children’s success in ER-FBTs — as well as infants’ performance in SR-FBTs — depends on innate (meta-

representational) mindreading capacities. In addressing the objection, however, we note that these proposals rely on the 

highly controversial assumption of a Gricean analysis of verbal communication — an assumption that is undermined by 

the fact that infants as well as ASD subjects, who are usually assumed to be impaired in understanding other people’s 

mental states, can understand communicative speech and gestures (also see Breheny, 2006; Shieber, 2009; Zawidzki, 

2013 for critical discussion). Moreover, the experimenter’s question in ER-FBTs is very simple and direct, and we do 

not find very convicing why younger children should be prompted toward such complex interpretations of it. In fact, 

caregivers often engage their children in conversation for the very sake of it, and ask questions of which they already 

know the answer. We believe that children are quite used to this practice, and we do not think that the ER-FBT scenario 

should alert them to look for complex interpretations of the questions when it is clear to them that they are simply 

required to make a behavioral prediction. 
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dual-system model may contend that mindreading System-2 is innately specified by natural 1 

selection within particular neurocognitive structures, and disclosed during development by 2 

following pre-specified time constraints. So they might account for the data we cite and the 3 

developmental track we propose while still endorsing the NMRT.
12

 4 

This strategy, however, is problematic. We will now argue that it is only children’s learning of 5 

the meaning of psychological terms in conversation with caregivers, and not the late unfolding of 6 

brain-bound meta-representations, that specifically promotes their success in ER-FBTs. In 7 

particular, we contend that social and linguistic experience shape children’s capacity to pay 8 

attention to others’ beliefs in structured social interaction, and to transfer this knowledge from a 9 

context to another, thereby granting the capacity to succeed in ER-FBTs (Fenici, subm., see also 10 

2011, 2012). 11 

Consider the theoretical underpinnings of the two models concerning their view about semantic 12 

understanding and the empirical evidence for each. Most contemporary accounts of false belief 13 

understanding—including the hypothetic maturational dual-system model described above—reject 14 

the possibility that verbal capacities support sophisticated mindreading. Indeed, they presuppose 15 

that learning the meaning of mental verbs requires children to map mental verb labels onto inner 16 

categorical knowledge of mental states (e.g., Meins et al. 2003; Ruffman 2014; Slaughter et al. 17 

2008). Consequently, they assume that children could not use mental state terms coherently—as 18 

they do even before the time they succeed in ER-FBTs (Bartsch and Wellman 1995)—if they 19 

lacked some pre-existing deeper conceptual understanding of mental states. 20 

This view about the priority of conceptual over linguistic mindreading depends on the ostension 21 

paradigm of semantic knowledge, according to which knowing the meaning of a word is typically a 22 

problem of associating the word with one’s inner representation of the category to which the word 23 

refers. However, despite its popularity among developmentalists and cognitive scientists, the 24 

ostension paradigm has indeed been severely criticized by philosophers because it ignores the 25 

intrinsically social nature of sharing meanings (Garfield, et al. 2001; Quine 1968; Sellars 1956; 26 

Wittgenstein 1953, §§185-242). 27 

This suggests that we examine the development of children’s acquisition of the meaning of 28 

mental verbs using the contextual alternative (Canfield 2007; Carpendale and Lewis 2004, 2015; 29 

Montgomery 2002, 2005). In contrast with the ostension paradigm, the contextual account predicts 30 

that learning these meanings requires children to master progressively the use of mental verb labels 31 

in the social situations in which they are usually deployed. Specifically, this implies for children to 32 

understand at least (i) in which conditions it is correct to verbally credit  an agent with a belief 33 

(belief-formation contexts), (ii) what are the practical commitments towards action of an agent who 34 

has been verbally credited with a belief (belief-use contexts), and furthermore (iii) how aspects (i) 35 

and (ii) are connected. 36 

Children’s initial understanding of a mental verb can be quite naïve and focused on situational 37 

rather than intrinsic features of a concept. Accordingly, children may initially be able to conform 38 

naïvely to linguistic practices concerning belief-formation or -use contexts focusing on situational 39 

features. This may allow them to manifest idiosyncratic understanding of belief reports in some 40 

social interaction while lacking any integrated understanding of the concept of belief (Perner 2010). 41 
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 We define this maturational dual-system as hypothetic because Apperly and Butterfill, the champions of dual-systems 

of social cognition, do not seem to openly endorse it. Nevertheless, we believe it is compatible with their view. 
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However, children could progressively integrate their ways of speaking about beliefs by actively 1 

participating in conversations where mental states are attributed and discussed. The more they get 2 

exposed to and employ mental verbs in conversation the more they should also connect their 3 

understanding of belief reports in belief-formation and -use contexts. This should provide them with 4 

an integrated understanding of belief across the two kinds of contexts—i.e., aspect (iii)—, and that 5 

success in ER-FBTs specifically requires the acquisition of this competence. 6 

Although this may appear speculative, this proposal is consistent with a great deal of research 7 

(see Fenici, subm., sec. 4 for detailed discussion). Children’s understanding of belief-use contexts is 8 

assessed specifically in the diverse belief test (DBT, Wellman and Bartsch 1988),
13

 while their 9 

understanding of belief-formation contexts is assessed specifically in the knowledge access test 10 

(KAT, Pratt and Bryant 1990).
14

 Most significantly, it has been found that, before age four, 11 

children’s capacity to succeed in either DBT or KAT are dissociated (Shahaeianet al. 2011; 12 

Wellman 2006; Wellman 2011). Thus, children have no predetermined path in constructing their 13 

verbal understanding of belief, and they can master belief-formation and -use contexts in isolation. 14 

This is compatible with the conjecture that their earliest understanding of belief reports is situational 15 

and non-mentalistic. 16 

 Moreover—and surprisingly—, researchers have found that children below age four do not 17 

connect their understanding (i) that perceptual access leads to knowledge and that (ii) the denial of 18 

perceptual access leads to ignorance (Fabricius and Imbens-Bailey 2000; Fabricius and Khalil 2003; 19 

Friedman 2003). Finally, younger children also show fragmented understanding of the connection 20 

between perceptual access and knowledge when perceptual access is contrasted against verbal 21 

report and reasoning (Gopnik and Graf 1988) as well as when different perceptual modalities are 22 

considered (ONeill 1992). 23 

The maturational dual-system account cannot explain these data; it predicts instead a fixed 24 

pattern of manifestation of children’s sophisticated mindreading abilities in early childhood. 25 

Furthermore, because it presupposes the ostension account, it also predicts that the semantic 26 

understanding of belief reports should emerge on the basis of previous conceptual understanding of 27 

belief. The finding that younger children have a scattered understanding of the relation between 28 

perception, knowledge, and its subsequent utility for action, however, suggests that children’s 29 

earliest understanding of belief is situational rather than determined by mentalistic principles. This 30 

undermines the ostension account implicitly endorsed by the dual-system account described above 31 

in favor of the contextual alternative we defend. 32 

Moreover, evidence about the role of parental conversation in promoting children’s success in 33 

ER-FBT (see Carpendale and Lewis 2015) also supports our proposal that younger children’s 34 

                                                           
13

 In DBT, children are shown a cardboard character, Bill, and a depiction of two locations, a classroom and a 

playground. They are then told that Bill is looking for his bag, which might be either in the classroom or on the 

playground, and asked where they think that the bag is likely to be. Whatever children choose, they are told that Bill has 

the opposite belief and are asked, “Where will Bill look for the bag?” Importantly, children are told explicitly about 

Bill’s belief, and do not have to infer it from the situation. Still, correct answering apparently requires inferring Bill’s 

action from his attributed belief—that is, understanding the role of belief reports in belief-use contexts. 
14

 In KAT, a child is shown a closed drawer and asked: “What do you think is inside?” Whatever answer she gives, she 

is shown that the drawer contains a plastic toy dog. Once the drawer is closed, a toy figure of a girl is produced, and the 

child is told: “Polly has never ever seen inside this drawer. So, does Polly know what is in the drawer?” Importantly, the 

task requires the child neither to reason about false beliefs nor to infer from Polly’s ignorance what she will do next. 

Still, correct answering apparently requires the child to master belief reports in belief-formation contexts. 
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difficulty in ER-FBTs depends on their inability to connect their understanding of belief reports in 1 

belief-formation and -use contexts. For instance, the frequency of mental terms in mothers’ 2 

conversation predicts children’s later success in ER-FBT, whereas the opposite is not true (Ruffman 3 

et al.2002; Carpendale and Lewis 2015). Training studies also demonstrated that it is not just mere 4 

exposure to more mental state terms that facilitates children’s success in ER-FBTs (Peskin and 5 

Astington 2004; Turnbull et al.2008) but specifically experience with using such words is helpful 6 

(Ornaghi et al.2011). A few intervention studies also suggest that it is the caregivers’ verbal prompt 7 

to focus on others’ mental states (knowledge and ignorance) that improves children’s success in 8 

ER-FBT (Hansen 2010; Rubio-Fernández and Geurts 2013). Considered together, these data 9 

suggest that it is the caregivers’ availability to actively engage with their children in conversation 10 

concerning situations wherein psychological terms are relevant that connects their situational 11 

understanding of different facets of the pragmatics of belief ascription, and scaffolds their 12 

psychological understanding of this concept. This reject the hypothetical maturational theory 13 

underlying the dual-system model. 14 

5. Discussion: the biocultural becoming of mindreading  15 

As we have argued above, the NMRT is neither supported by data that are advanced in its defense, 16 

nor can it in fact explain the emergence of mindreading abilities either in cognitive archaeology or 17 

in contemporary human development. Nevertheless, the formulation of a viable alternative requires 18 

explaining how meta-representational mindreading might have emerged in human evolution as a 19 

linguistic construct without being already specified within the neurocognitive architecture at the 20 

starting point. Consequently, we now introduce a general framework about the emergence of 21 

psychological competences in the human species, one that integrates the cognitive archaeological 22 

and developmental approaches presented above, and reconceives the account of natural selection 23 

assumed by the NMRT. 24 

Following the “neo-Darwinian synthesis” (Ingold 2007) the NMRT assumes that natural 25 

selection shapes the evolution of a species and its cognitive capacities. Selective pressure from the 26 

environment promotes those individuals better adapting to it, who will reproduce, and transfer their 27 

genetic pool to the next generations. Thus, according to this view, the only factor promoting the 28 

evolution of a species is genetic inheritance. 29 

More recent evolutionary approaches have however highlighted the presence of other levels of 30 

selection and inheritance besides the genetic (see Jablonka and Lamb 2005; Menary and Gillett 31 

2016). On the one hand, animals modify their environments and accordingly participate to the 32 

construction of their “ecological niche,” thus selecting the environmental factors prompting natural 33 

selection (Laland et al. 2016; Lewontin 1983; Odling-Smee et al. 2003). The environmental changes 34 

produced by a generation are then transmitted and remain available to the next ones—a process 35 

known as ecological inheritance. Hence, the evolution of niche-constructors results from the 36 

interaction between selective pressures and niche-construction activities. 37 

In addition, some animals culturally acquire some practices from other individuals by imitating, 38 

emulating, and re-enacting some activities (e.g., particular techniques to produce and use foraging 39 

tools) from the material record left in the environment by their conspecifics (Haidle et al. 2015, pp. 40 

55-56; Mosley and Haslam 2016). These practices spread both horizontally and vertically to further 41 
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group members and generations. They constitute the “cultural niche” of a species, and further 1 

expand the possibility of organisms to self-determine their evolution by shaping and transmitting 2 

downwards novel adaptive capacities (Kendal 2011; Laland and O’Brien 2011). 3 

Acknowledging the existence of dynamics of cultural inheritance is important to understand the 4 

nature of many psychological competences characterizing our species. In general,  cultural practices 5 

are indeed open to enhancement, so that significant cultural changes may result from either the 6 

accumulation of minimal but continuous improvements (McBrearty and Brooks 2000), or clear-cut 7 

innovation and restructuring of existing practices (d’Errico 2003). Consequently, cultural practices 8 

may grant to the descendants augmented competences when compared with those of the elder 9 

generations. And yet, this may fail to indicate that the biological capacities underlying the culturally 10 

evolved practices have changed in any relevant sense. Rather, enhanced performances would have 11 

resulted from cultural evolution having downstream effects on behavioral capacities. 12 

In our species, these dynamics of cultural evolution may account for both the appearance and 13 

spreading of cognitive practices—i.e., cultural practices of creating and manipulating publicly 14 

accessible external information (Menary, 2012)—, that may have significantly reshaped human 15 

cognitive capacities. For instance, the earliest forms of human encoding of information did not stem 16 

from a mere externalization of symbols within a language of thought (Malafouris 2013; Iliopoulos 17 

2016), but were brought forth by the human embodied engagement with material structures in a 18 

publicly shared environment (e.g., the markings carved on ochre pieces as Blombos, see Malafouris 19 

2013). Material structures signify directly through their embodied features (e.g., clay tokens, 20 

glyphs), or hermeneutically through its embedment within the norms of a socially constructed 21 

representational code (e.g., uttered words and sentences). However, the repeated manipulation of 22 

these structures can lead to the enactive discovery of conceptual meanings initially still relying on 23 

the physical properties of the material structures, and later progressively abstracted.
15

 24 

Furthermore, the manipulation of these structures in a public space can lead to transmit these 25 

practices to the future generations, as well as their spreading to close geographical communities.
 26 

Indeed, once these practices have crystallized within a community, human learners can first 27 

familiarize, later become acquainted with, and finally internalize the more abstract public meanings 28 

associated with these physical vehicles by manipulating them under expert supervision (Vygotsky, 29 

1978). Accordingly, the human cultural niche acts as a “cognitive niche,” namely a structured 30 

environment for cognitive development. 31 

The cognitive character of the human cultural niche is particularly important for human 32 

ontogenetic development. On the one hand, indeed, humans have evolved a striking capacity to alter 33 

the modalities through which the environment transmits information to other people—a concept 34 

known as “epistemic engineering” (Sterelny 2003; Clark 2008, p. 66–68). They have indeed created 35 

structured systems for the teaching and learning of information, such as apprenticeship and 36 

caregiving systems (Sterelny 2012), and exploit them to propagate cultural and cognitive practices 37 

to the next generations (Menary and Kirchhoff 2014). On the other hand, human brains are also 38 

massively plastic for a period that is surprisingly extended as compared with that of other species 39 

(Sterelny 2003), and are open to acquiring specific functions as a result of their engagement with 40 
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 See Schmandt-Besserat (1997) for an example about the development of abstract writing systems graphically 

encoding words in the spoken language from more concrete and situated systems for numerical encoding quantities with 

small object tokens and graphical marks. 
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the world (Mareschal et al. 2007; Johnson and de Haan 2011). Consequently, given their initial 1 

constraints, human brains are open to gradually specialize to respond to specific invariant properties 2 

in the environment, which may be made more salient also by cultural practices of social engineering 3 

(Sterelny 2003). 4 

This framework for understanding the evolution of human cultural and cognitive practices 5 

challenges that presupposed by the NMRT. Since the NMRT takes the human cultural milieu to be 6 

a mere byproduct of brain-bound cognitive devices, or at most as an externalization and expansion 7 

of internally specified cognitive properties (see Malafouris and Renfrew 2010, and Zahidi and Myin 8 

2016, contra Donald 1991), it presupposes that culture exerts no effect on the developmental 9 

process itself.
16

 We propose instead that the creative production of artifacts, social engagement, and 10 

the resulting formulation of social norms, customs, and linguistic codes creates new affordances for 11 

action and perception, and brings forth a new way of conceptualizing reality, thus becoming 12 

constitutive of cognition itself (Knappett 2005; Malafouris 2013; Iliopoulos and Garofoli 2016). 13 

We thus do not see cognitive evolution as a mere neo-Darwinian process of passive selection 14 

and transmission of a brain-bound cognitive architecture; our proposal relocates the unit of natural 15 

selection from genes to the very entanglement between plastic brains, the body, and the cognitive 16 

niche wherein development takes place (Wheeler and Clark 2008; Stotz 2014). Cognitive evolution 17 

appears as a long-term process in which the cognitive niche is restructured through artifacts and 18 

social practices and bequeathed to further generations. At the same time, the plasticity of culture 19 

restructures the human plastic brain and cognition, thus scaffolding the emergence of new ways of 20 

thinking, and leading to discovery of new affordances at the cultural level (Malafouris 2010b). 21 

Within this view, mutational enhancements are considered to alter the flexibility of the brain in 22 

forming interfaces with the world (Malafouris 2010a), rather than modifying innately specified 23 

representational contents, as per the dictates of the NMRT (Garofoli 2016). Overall, we define the 24 

structuring and transformation of a cognitive niche, its downstream transmission, and the 25 

evolutionary selection acting on such brain-body-world entanglements with the expression 26 

biocultural becoming (Ingold and Palsson 2013; Malafouris 2010b). 27 

This approach enables us to answer the challenge from the NMRT discussed at the beginning of 28 

this section: we explain the emergence and transmission of mindreading abilities in our species 29 

without assuming that they originated from innate and neurally-specified meta-representational 30 

capacities. Although the origins of linguistic abilities are highly debated at present (e.g., Bickerton 31 

1990; Noble and Davidson 1996; Lock 1999; Dediu and Levinson 2013; Berwick et al. 2013), we 32 

conjecture that the integration of embodied actions within pantomimic capacities scaffolded the 33 

cultural construction of propositional structures and narratives practices. These innovations likely 34 

emerged when accounting for one’s own mental states became socially relevant for shared planning 35 

and diplomacy (see Ambrose 2010, pp. 142–143, Andrews 2012, pp. 224–229, Zawidzki 2013, ch. 36 

7). Thus, they spread over the cultural communities because of their social function, and therefore 37 

bolstered a re-depiction of the psychological life of our ancestors through the lenses of a 38 

sophisticated linguistic mindreading. Accordingly, they also entered the developmental niche and 39 

started being replicated, restructured, and improved from one generation to the next in the millennia 40 

(as argued by the Narrative Practice Hypothesis (NPH), Hutto 2008a, 2008b). 41 

                                                           
16

 Consequently, some authors have recently identified this body of theory as “the epiphenomenal view” of culture 

(Ingold 2007; Malafouris 2013, 2016; Iliopoulos and Garofoli 2016; Garofoli and Iliopoulos submitted). 
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We hypothesize that mindreading capacities are still transmitted through the mediation of 1 

cultural practices of folk psychological narratives. Accordingly, their acquisition in contemporary 2 

children does not represent the disclosure of a genetically determined pattern that allowed our 3 

ancestors to cope with the social challenges of an ancestral world, but rather the outcome of the 4 

social interactions that genetic history enabled. In the absence of inherited brain-bound 5 

architectures, children’s exposure to conversations discussing the role of mental states in 6 

determining action does not merely fine-tune some previously existing conceptual understanding 7 

(Fenici 2017b) but provides them with a new tool to enter the community of minds (Nelson 2005), 8 

which emerged at the social level as a long time process of human development from deep time to 9 

the present. 10 

 11 

Acknowledgements: Duilio Garofoli is funded by the Gerda Henkel Foundation. We wish to thank 12 

Jay Garfield and two anonymous reviewers for useful discussion and comments on previous 13 

versions of this article. The artifacts appearing within Figure 1 and 2 have been digitally redrawn 14 

from open access original pictures or from materials published under CC-BY-SA-3.0 license on 15 

Wikimedia Commons. We thank donsmaps.com for visual references. Art by Duilio Garofoli.  16 

 17 

References 18 

Abramiuk, M. A. (2012). The foundations of cognitive archaeology. Cambridge, Massachusetts: MIT Press. 19 

Aiello, L. C., & Dunbar, R. I. M. (1993). Neocortex size, group size, and the evolution of language. Current 20 
anthropology, 34(2), 184-193. 21 

Andrews, K. (2007). It’s in your nature: a pluralistic folk psychology. Synthese, 165(1), 13–29. 22 

Andrews, K. (2012). Do Apes Read Minds?: Toward a New Folk Psychology. MIT Press. 23 

Apperly, I. (2011). Mindreaders: The cognitive basis of "theory of mind". New York: Psychology Press. 24 

Apperly, I. A., & Butterfill, S. A. (2009). Do humans have two systems to track beliefs and belief-like states? 25 
Psychological Review, 116(4), 953–970. 26 

Apperly, I. A., Riggs, K. J., Simpson, A., Chiavarino, C., & Samson, D. (2006). Is belief reasoning automatic? 27 
Psychological Science, 17(10), 841–844. https://doi.org/10.1111/j.1467-9280.2006.01791.x 28 

Astington, J. W., & Gopnik, A. (1991). Theoretical Explanations of Children’s Understanding of the Mind. 29 
British Journal of Developmental Psychology, 9, 7–31. 30 

Back, E., & Apperly, I. A. (2010). Two sources of evidence on the non-automaticity of true and false belief 31 
ascription. Cognition, 115(1), 54–70. 32 

Baillargeon, R., Scott, R. M., & Bian, L. (2016). Psychological reasoning in infancy. Annual Review of 33 
Psychology, 67, 159–186. https://doi.org/10.1146/annurev-psych-010213-115033 34 

Baillargeon, R., Scott, R. M., & He, Z. (2010). False-belief understanding in infants. Trends in Cognitive 35 
Sciences, 14(3), 110–118. 36 

Barham, L. (2010). A Technological Fix for'Dunbar's Dilemma'? In R. I. M. Dunbar, C. Gamble, & J. Gowlett 37 
(Eds.), Social brain, distributed mind (pp. 376-389). Oxford: The British Academy. 38 

Barham, L. (2013). From hand to handle: the first industrial revolution. Oxford: Oxford University Press. 39 

https://doi.org/10.1111/j.1467-9280.2006.01791.x


Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

27 

Barnard, P. J. (2010). Current developments in inferring cognitive capabilities from the archaeological traces 1 
left by stone tools: caught between a rock and a hard inference. In A. Nowell, & I. Davidson (Eds.), Stone 2 
tools and the evolution of human cognition (pp. 207-226). Denver: University of Colorado. 3 

Barnden, J.A. (1993). Connectionist meta-representation for propositional attitudes. Journal of Experimental and 4 
Theoretical Artificial Intelligence, 5:(2-3), 101-118. 5 

Baron-Cohen, S. (1995). Mindblindness: An Essay on Autism and Theory of Mind. Cambridge, MA: The MIT 6 
Press. 7 

Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic child have a “Theory of Mind”? Cognition, 8 
21(1), 37–46. 9 

Barsalou, L. W. (1999). Perceptual symbol systems. Behavioral and Brain Sciences, 22(04), 577-660. 10 

Barsalou, L. W. (2012). The human conceptual system. In M. Spivey, M. Joanisse, & K. McRae (Eds.), The 11 
Cambridge handbook of psycholinguistics (pp. 239-258). New York: Cambridge. 12 

Barsalou, L. W., Santos, A., Simmons, W. K., & Wilson, C. D. (2008). Language and simulation in conceptual 13 
processing. In M. De Vega, A. Glenberg, & A. Graesser (Eds.), Symbols, embodiment, and meaning (pp. 14 
245-283). Oxford: Oxford University Press. 15 

Barsalou, L. W., Simmons, W. K., Barbey, A. K., & Wilson, C. D. (2003). Grounding conceptual knowledge in 16 
modality-specific systems. Trends in cognitive sciences, 7(2), 84-91. 17 

Barsalou, L. W., Solomon, K. O., & Wu, L.-L. (1999). Perceptual simulation in conceptual tasks. In M. K. 18 
Hiraga, C. Sinha, & S. Wilcox (Eds.), Cultural, Psychological and Typological Issues in Cognitive 19 
Linguistics: Selected papers of the bi-annual ICLA meeting in Albuquerque, July 1995 (Vol. Current Issues 20 
in Linguistic Theory 152, pp. 209-228). Amsterdam: The Netherlands. 21 

Bartsch, K., & Wellman, H. M. (1995). Children Talk About the Mind. New York: Oxford University Press. 22 

Becchio, C., Bertone, C., & Castiello, U. (2008). How the gaze of others influences object processing. Trends in 23 
cognitive sciences, 12(7), 254-258. 24 

Bednarik, R. G. (2014). Pleistocene paleoart of Australia. Arts, 3(1), 156-174. 25 

Berwick, R. C., Hauser, M. D., & Tattersall, I. (2013). Neanderthal language? Just-so stories take center stage. 26 
Frontiers in psychology, 4, 671. 27 

Bickerton, D. (1990). Language and species. Chicago: University of Chicago Press. 28 

Biro, S., Verschoor, S., & Coenen, L. (2011). Evidence for a unitary goal concept in 12-month-old infants. 29 
Developmental Science, 14(6), 1255–1260. 30 

Bohl, V., & van den Bos, W. (2012). Toward an integrative account of social cognition: marrying theory of 31 
mind and interactionism to study the interplay of Type 1 and Type 2 processes. Frontiers in Human 32 
Neuroscience, 6, 274. https://doi.org/10.3389/fnhum.2012.00274 33 

Botha, R. (2010). On the soundness of inferring modern language from symbolic behaviour. Cambridge 34 
archaeological journal, 20(3), 345-356. 35 

Botterill, G., & Carruthers, P. (1999). The philosophy of psychology. Cambridge: Cambridge University Press. 36 

Brand, R. J., Escobar, K., Baranès, A., & Albu, A. (2015). Crawling Predicts Infants’ Understanding of Agents’ 37 
Navigation of Obstacles. Infancy, 20(4), 405–415. https://doi.org/10.1111/infa.12084 38 

Brandone, A. C., & Wellman, H. M. (2009). You can’t always get what you want: infants understand failed 39 
goal-directed actions. Psychological Science, 20(1), 85–91. https://doi.org/10.1111/j.1467-40 
9280.2008.02246.x 41 

Breheny, R. 2006: Communication and folk psychology. Mind & Language, 21(1), 74–107. 42 
http://doi.org/10.1111/j.1468-0017.2006.00307.x. 43 



Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

28 

Buckner, C. (2014). The Semantic Problem(s) with Research on Animal Mind-Reading. Mind & Language, 1 
29(5), 566–589. https://doi.org/10.1111/mila.12066 2 

Buss, D. (2012). Evolutionary psychology: the new science of the mind. London: Allyn & Bacon. 3 

Butterfill, S. A., & Apperly, I. A. (2013). How to construct a minimal theory of mind. Mind & Language, 28, 4 
606–637. 5 

Canfield, J. V. (2007). Becoming Human. The Development of Language, Self and Consciousness. Palgrave 6 
Macmillan. Retrieved from http://www.palgrave.com/la/book/9780230552937 7 

Carbonell, E., Mosquera, M., Ollé, A., Rodríguez, X. P., Sala, R., Vergès, J. M., et al. (2003). Les premiers 8 
comportements funéraires auraient-ils pris place à Atapuerca, il y a 350 000 ans? l'Anthropologie, 107(1), 1-9 
14. 10 

Carey, S. (2009). The Origin of Concepts. New York: Oxford University Press. 11 

Carpendale, J. I. M., & Lewis, C. (2004). Constructing an Understanding of the Mind: The Development of 12 
Children’s Social Understanding within Social Interaction. Behavioral and Brain Sciences, 27(1), 79–151. 13 

Carpendale, J. I. M., & Lewis, C. (2015). The Development of Social Understanding. In Handbook of Child 14 
Psychology and Developmental Science. John Wiley & Sons, Inc. 15 

Carruthers, P. (2013). Mindreading in infancy. Mind & Language, 28(2), 141–172. 16 
https://doi.org/10.1111/mila.12014 17 

Carruthers, P. (2016). Two Systems for Mindreading? Review of Philosophy and Psychology, 7(1), 141–162. 18 
https://doi.org/10.1007/s13164-015-0259-y 19 

Carruthers, P. (2003). Moderately massive modularity. Royal Institute of Philosophy Supplement, 53, 67-89. 20 

Clements, W. A., & Perner, J. (1994). Implicit understanding of belief. Cognitive Development, 9(4), 377–395. 21 

Cohen, A. S., & German, T. C. (2009). Encoding of others’ beliefs without overt instruction. Cognition, 111(3), 22 
356–363. https://doi.org/10.1016/j.cognition.2009.03.004 23 

Cole, J. (2015). Hominin language development: a new method of archaeological assessment. Biosemiotics, 24 
8(1), 67-90. 25 

Cole, J. (2017). Accessing Hominin Cognition: Language and Social Signaling in the Lower to Middle 26 
Palaeolithic. In T. Wynn, & F. L. Coolidge (Eds.), Cognitive models in Paleolithic archaeology (pp. 157-27 
195). New York: Oxford. 28 

Conard, N. J. (2009). A female figurine from the basal Aurignacian of Hohle Fels Cave in southwestern 29 
Germany. Nature, 459(7244), 248-252. 30 

Coolidge F.L., W. T. (2011). Comment to C.S. Henshilwood & B. Dubreuil: "The Still Bay and Howiesons 31 
Poort, 77–59 ka Symbolic Material Culture and the Evolution of the Mind during the African Middle Stone 32 
Age" Current anthropology, 52 (3), 380-382. 33 

Coolidge, F. L., & Wynn, T. (2004). A cognitive and neuropsychological perspective on the Châtelperronian. 34 
Journal of Anthropological Research, 60(1), 55-73. 35 

Coolidge, F. L., & Wynn, T. (2005). Working memory, its executive functions, and the emergence of modern 36 
thinking. Cambridge archaeological journal, 15(1), 5-26. 37 

Cosmides, L., & Tooby, J. (1992). Cognitive adaptations for social exchange. In J. Barkow, L. Cosmides, & J. 38 
Tooby, The Adapted Mind: Evolutionary Psychology and the Generation of Culture (pp. 163–228). Oxford: 39 
Oxford University Press. 40 

Csibra, G., & Gergely, G. (1998). The teleological origins of mentalistic action explanations: A developmental 41 
hypothesis. Developmental Science, 1(2), 255–259. 42 



Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

29 

Csibra, G., & Gergely, G. (2014). Teleological understanding of actions. In M. Banaji & S. A. Gelman (Eds.), 1 
Navigating the Social World: What Infants, Chidren, and Other Species Can Teach Us. New York: Oxford 2 
University Press. 3 

Deák, G. O., Krasno, A. M., Triesch, J., Lewis, J., & Sepeta, L. (2014). Watch the hands: infants can learn to 4 
follow gaze by seeing adults manipulate objects. Developmental Science, 17(2), 270–281. 5 
https://doi.org/10.1111/desc.12122 6 

de Bruin, L., & de Haan, S. (2009). Enactivism and social cognition: in search of the whole story. Cognitive 7 
Semiotics, 4(1), 225-250. 8 

de Bruin, L., & Newen, A. (2012). An association account of false belief understanding. Cognition, 123(2), 9 
240–259. 10 

Dediu, D., & Levinson, S. C. (2013). On the antiquity of language: the reinterpretation of Neandertal linguistic 11 
capacities and its consequences. Frontiers in psychology, 4, 397. 12 

De Jaegher, H., & Di Paolo, E. (2007). Participatory sense-making. Phenomenology and the Cognitive Sciences, 13 
6(4), 485-507. 14 

Deligianni, F., Senju, A., Gergely, G., & Csibra, G. (2011). Automated gaze-contingent objects elicit orientation 15 
following in 8-month-old infants. Developmental Psychology, 47(6), 1499–1503. 16 

de Villiers, J. G., & Pyers, J. E. (2002). Complements to cognition: a longitudinal study of the relationship 17 
between complex syntax and false-belief-understanding. Cognitive Development, 17(1), 1037–1060. 18 

d'Errico, F. (2003). The invisible frontier. A multiple species model for the origin of behavioral modernity. 19 
Evolutionary Anthropology: Issues, News, and Reviews, 12(4), 188-202. 20 

d'Errico, F., Henshilwood, C., Vanhaeren, M., & Van Niekerk, K. (2005). Nassarius kraussianus shell beads 21 
from Blombos Cave: evidence for symbolic behaviour in the Middle Stone Age. Journal of human evolution, 22 
48(1), 3-24. 23 

Doherty, M. (2009). Theory of mind: How children understand others' thoughts and feelings. Hove and New 24 
York: Psychology Press. 25 

Donald, M. (1991). Origins of the modern mind: Three stages in the evolution of culture and cognition. 26 
Cambridge, Massachusetts: Harvard University Press. 27 

Dunbar, R. I. M. (1993). Coevolution of neocortical size, group size and language in humans. Behavioral and 28 
Brain Sciences, 16(04), 681-694. 29 

Dunbar, R. I. M. (1998a). The social brain hypothesis. Evolutionary Anthropology, 6(5), 178-190. 30 

Dunbar, R. I. M. (1998b). Theory of mind and the evolution of language. In J. R. Hurford, M. Studdert-31 
Kennedy, & C. Knight (Eds.), Approaches to the evolution of language (pp. 92-110). Cambridge: Cambridge 32 
University Press. 33 

Dunbar, R. I. M. (1999). Culture, honesty and the freerider problem. In R. I. M. Dunbar, C. Knight, & C. Power 34 
(Eds.), The evolution of culture (pp. 194-213). New Brunswick, New Jersey: Rutger University Press. 35 

Dunbar, R. I. M. (2003). The origin and subsequent evolution of language. In M. Christiansen, & S. Kirby 36 
(Eds.), Language evolution (pp. 219-234). Oxford: Oxford University Press. 37 

Dunbar, R. I. M. (2007). The social brain and the cultural explosion of the human revolution. In P. Mellars, K. 38 
Boyle, O. Bar-Yosef, & C. Stringer (Eds.),Rethinking the human revolution (pp. 91-98). Cambridge: 39 
McDonald Institute Monographs. 40 

Dunbar, R. I. M. (2009). Why only humans have language. In R. Botha, & C. Knight (Eds.), The Prehistory of 41 
Language (Vol. 11, pp. 12-35). Oxford: Oxford University Press. 42 

Everett, D. L. (2012). Language: The cultural tool: Vintage. 43 



Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

30 

Fabricius, W. V., & Imbens-Bailey, A. L. (2000). False beliefs about false beliefs. Children’s Reasoning and the 1 
Mind, 267–280. 2 

Fabricius, W. V., & Khalil, S. L. (2003). False beliefs or false positives? Limits on children’s understanding of 3 
mental representation. Journal of Cognition and Development, 4(3), 239–262. 4 

Fenici, M. (2011). What does the false belief test test? Phenomenology and Mind, 1, 197–207. 5 

Fenici, M. (2012). Embodied social cognition and embedded theory of mind. Biolinguistics, 6(3–4), 276–307. 6 

Fenici, M. (2014). A simple explanation of apparent early mindreading: infants’ sensitivity to goals and gaze 7 
direction. Phenomenology and the Cognitive Sciences, 14(3), 497–515. https://doi.org/10.1007/s11097-014-8 
9345-3 9 

Fenici, M. (2015). Social cognitive abilities in infancy: is mindreading the best explanation? Philosophical 10 
Psychology. https://doi.org/10.1080/09515089.2013.865096 11 

Fenici, M. (2016). Comments on Helming, Strick land, and Jacob, “Solving the Puzzle about Early Belief-12 
Ascription". In R. Briscoe (Ed.), Symposium on Helming, Strickland, and Jacob, “Solving the Puzzle about 13 
Early Belief-Ascription.” The Brains Blog. Retrieved from 14 
http://philosophyofbrains.com/2016/10/17/symposium-on-helming-strickland-and-jacob-solving-the-puzzle-15 
about-early-belief-ascription.aspx 16 

Fenici, M. (subm.). How children approach the false belief test: Social development, pragmatics, and the 17 
assembly of Theory of Mind. 18 

Fenici, M. (2017a). Rebuilding the Landscape of Psychological Understanding After the Mindreading War. 19 
Phenomenology and Mind, 12, 142–150. 20 

Fenici, M. (2017b). What is the role of experience in children’s success in the false belief test: maturation, 21 
facilitation, attunement, or induction? Mind & Language. 22 

Fenici, M., & Carpendale, J. I. M. (subm.). Overcoming the false belief test puzzle: A constructivist approach to 23 
the development of social understanding.. 24 

Fenici, M., & Zawidzki, T. W. (2016). Do infant interpreters attribute enduring mental states or track relational 25 
properties of transient bouts of behavior? Studia Philosophica Estonica, 9(2), 237–257. 26 

Fodor, J. A. (1975). The Language of Thought. New York: Crowell. 27 

Friedman, O., Griffin, R., Brownell, H., & Winner, E. (2003). Problems with the Seeing = Knowing Rule. 28 
Developmental Science, 6(5), 505–513. https://doi.org/10.1111/1467-7687.00308 29 

Fuchs, T., & De Jaegher, H. (2009). Enactive intersubjectivity: participatory sense-making and mutual 30 
incorporation. Phenomenology and the Cognitive Sciences, 8(4), 465-486. 31 

Gallagher, S. (2003). Self-narrative, embodied action, and social context. In A. Wiercinski (Ed.), Between 32 
suspicion and sympathy: Paul Ricoeur's unstable equilibrium (pp. 409-423). Toronto: The Hermeneutic 33 
Press. 34 

Gallagher, S. (2004). Understanding interpersonal problems in autism: Interaction theory as an alternative to 35 
theory of mind. Philosophy, Psychiatry, & Psychology, 11(3), 199-217. 36 

Gallagher, S. (2008). Direct perception in the intersubjective context. Consciousness and Cognition, 17(2), 535-37 
543. 38 

Gallagher, S., & Hutto, D. (2008). Understanding others through primary interaction and narrative practice. In J. 39 
Zlatev, T. P. Racine, C. Sinha, & E. Itkonen (Eds.), The shared mind: Perspectives on intersubjectivity (pp. 40 
17-38). Amsterdam: John Benjamins. 41 

Gallagher, S., & Zahavi, D. (2008). The phenomenological mind. Abingdon and New York: Routledge. 42 

https://doi.org/10.1080/09515089.2013.865096


Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

31 

Gamble, C. (2007). Origins and revolutions: human identity in earliest prehistory. Cambridge: Cambridge 1 
University Press. 2 

Gamble, C., Gowlett, J., & Dunbar, R. (2011). The social brain and the shape of the Palaeolithic. Cambridge 3 
archaeological journal, 21(1), 115-136. 4 

Gärdenfors, P. (2011). Comment to C.S. Henshilwood & B. Dubreuil: "The Still Bay and Howiesons Poort, 77–5 
59 ka Symbolic Material Culture and the Evolution of the Mind during the African Middle Stone Age" 6 
Current anthropology, 52(3), 361-400. 7 

Garfield, J. L., Peterson, C. C., & Perry, T. (2001). Social cognition, language acquisition and the development 8 
of the Theory of Mind. Mind & Language, 16(5), 494–541. 9 

Garnham, W. A., & Ruffman, T. (2001). Doesn’t see, doesn’t know: is anticipatory looking really related to 10 
understanding or belief? Developmental Science, 4(1), 94–100. 11 

Garofoli, D. (2015a). Do early body ornaments prove cognitive modernity? A critical analysis from situated 12 
cognition. Phenomenology and the Cognitive Sciences, 14, 803–825. 13 

Garofoli, D. (2015b). A radical embodied approach to Lower Paleolithic spear-making. Journal of Mind and 14 
Behavior, 36(1-2), 1-26. 15 

Garofoli, D. (2017). Ornamental feathers without mentalism: a radical enactive view on Neanderthal body 16 
adornment. In C. Durt, T. Fuchs, & C. Tewes (Eds.), Embodiment, enaction, culture: Investigating the 17 
constitution of the shared world. Cambridge, Massachusetts: MIT press. 18 

Garofoli, D. (forthcoming). Holistic mapping: Towards an epistemological foundation for evolutionary 19 
cognitive archaeology. Journal of archaeological method and heory, 1-27, doi:10.1007/s10816-016-9308-9. 20 

Garofoli, D. (submitted). RECkoning with representational apriorism in evolutionary cognitive archaeology. 21 
Phenomenology and the Cognitive Sciences. 22 

Garofoli, D., & Haidle, M. N. (2014). Epistemological problems in Cognitive Archaeology: an anti-relativistic 23 
proposal towards methodological uniformity. Journal of anthropological sciences, 92, 7-41. 24 

Garofoli, D., & Iliopoulos, A. (submitted). Replacing epiphenomenalism: A pluralistic enactive take on the 25 
metaplasticity of early body ornamentation. Philosophy and Technology. 26 

Gaudzinski, S., & Jöris, O. (2015). Contextualising the female image–symbols for common ideas and 27 
communal identity in Upper Palaeolithic societies. In F. Coward, R. Hosfield, M. Pope, & F. Wenban-Smith 28 
(Eds.), Settlement, Society, and Cognition in Human Evolution (pp. 288-314). Cambridge: Cambridge 29 
University Press. 30 

Giddens, A. (1984). The constitution of society: Outline of the theory of structuration. Berkeley and Los 31 
Angeles: University of California Press. 32 

Gopnik, A., & Astington, J. W. (1988). Children’s understanding of representational change and its telation to 33 
the understanding of false belief and the appearance-reality distinction. Child Development, 59(1), 26–37. 34 

Gopnik, A., & Graf, P. (1988). Knowing how you know: Young children’s ability to identify and remember the 35 
sources of their beliefs. Child Development, 59(5), 1366–1371. https://doi.org/10.2307/1130499 36 

Gopnik, A., & Wellman, H. M. (1994). The Theory Theory. In L. A. Hirschfeld & S. A. Gelman, Mapping the 37 
Mind: Domain Specificity in Cognition and Culture (pp. 257–293). New York: Cambridge University Press. 38 

Gowlett, J., Gamble, C., & Dunbar, R. (2012). Human evolution and the archaeology of the social brain. Current 39 
anthropology, 53(6), 693-722. 40 

Grice, P. H. (1989). Studies in the Way of Words. Cambridge, Massachusetts: Harvard University Press. 41 

Grosse Wiesmann, C., Friederici, A. D., Singer, T., & Steinbeis, N. (2016). Implicit and explicit false belief 42 
development in preschool children. Developmental Science, n/a-n/a. https://doi.org/10.1111/desc.12445 43 



Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

32 

Haidle, M. (2009). How to think a simple spear. In S. de Beaune, F. L. Coolidge, & T. Wynn (Eds.), Cognitive 1 
archaeology and human evolution (pp. 57-73). New York: Cambridge University Press. 2 

Haidle, M. N. (2010). Working‐Memory Capacity and the Evolution of Modern Cognitive Potential. Current 3 
anthropology, 51(S1), S149-S166. 4 

Haidle, M. N., Bolus, M., Collard, M., Conard, N. J., Garofoli, D., Lombard, M., et al. (2015). The nature of 5 
culture: an eight-grade model for the evolution and expansion of cultural capacities in hominins and other 6 
animals. Journal of anthropological sciences, 93, 43-70. 7 

Haidle, M. N., Garofoli, D., Scheiffele, S., & Stolarczyk, R. (Submitted). Fooling around with a piece of scoria 8 
– Inventions, innovations, and their relation to human cultural evolution. In S. Hansen, F. Klimscha, & J. 9 
Renn (Eds.), Contextualising ancient innovations. Berlin: TOPOI Edition. 10 

Hansen, M. B. (2010). If you know something, say something: young children’s problem with false beliefs. 11 
Developmental Psychology, 1, 23. https://doi.org/10.3389/fpsyg.2010.00023 12 

Happé, F. G. E. (1995). The role of age and verbal ability in the theory of mind task performance of subjects 13 
with autism. Child Development, 66(3), 843–855. 14 

Helming, K. A., Strickland, B., & Jacob, P. (2016). Solving the Puzzle about Early Belief-Ascription. Mind & 15 
Language, 31(4), 438–469. https://doi.org/10.1111/mila.12114 16 

Henshilwood, C., d'Errico, F., Vanhaeren, M., Van Niekerk, K., & Jacobs, Z. (2004). Middle Stone Age shell 17 
beads from South Africa. Science, 304(5669), 404-404. 18 

Henshilwood, C. S., & Dubreuil, B. (2009). Reading the artifacts: gleaning language skills from the Middle 19 
Stone Age in southern Africa. In R. Botha, & C. Knight (Eds.), The cradle of language (Vol. 2, pp. 61-92). 20 
Oxford: Oxford University Press. 21 

Henshilwood, C. S., & Dubreuil, B. (2011). The Still Bay and Howiesons Poort, 77–59 ka. Symbolic material 22 
culture and the evolution of the mind during the African Middle Stone Age. Current anthropology, 52(3), 23 
361-400. 24 

Henshilwood, C. S., & Marean, C. W. (2003). The origin of modern human behavior. Current anthropology, 25 
44(5), 627-651. 26 

Hodgson, D. (2015). The symmetry of Acheulean handaxes and cognitive evolution. Journal of Archaeological 27 
Science: Reports, 2, 204-208. 28 

Hogrefe, G.-J., Wimmer, H., & Perner, J. (1986). Ignorance Versus False Belief: a Developmental Lag in 29 
Attribution of Epistemic States. Child Development, 567–582. 30 

Humphrey, N. K. (1976). The social function of intellect. In P. P. G. Bateson & J. R. Hinde (Eds.), Growing 31 
Points in Ethology (pp. 303–317). Cambridge: Cambridge University Press. 32 

Hunnius, S., & Bekkering, H. (2014). What are you doing? How active and observational experience shape 33 
infants’ action understanding. Philosophical Transactions of the Royal Society B: Biological Sciences, 34 
369(1644). https://doi.org/10.1098/rstb.2013.0490 35 

Hutto, D. D. (2008a). First communions: mimetic sharing without theory of mind. In J. Zlatev, T. P. Racine, C. 36 
Sinha, & E. Itkonen (Eds.), The shared mind: Perspectives on intersubjectivity (Vol. 12, pp. 245-276). 37 
Amsterdam: John Benjamins. 38 

Hutto, D. D. (2008b). Folk psychological narratives: The Sociocultural Basis of Understanding Reasons. 39 
Cambridge, Massachusetts: MIT press. 40 

Hutto, D. D. (2011). Elementary mind minding, enactivist-style. In A. Seeman (Ed.), Joint attention: New 41 
developments in psychology (pp. 307-341, Vol. Philosophy of Mind, and Social Neuroscience). Cambridge, 42 
Massachusetts: MIT press. 43 



Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

33 

Hutto, D. D., & Myin, E. (2013). Radicalizing Enactivism: Basic Minds without Content. Cambridge, MA: MIT 1 
Press. 2 

Hutto, D. D. (2015). Overly enactive imagination? Radically re‐imagining imagining. The Southern Journal of 3 
Philosophy, 53(S1), 68-89. 4 

Hutto, D. D. (2017). Basic social cognition without mindreading: minding minds without attributing contents. 5 
Synthese, 194(3), 827–846. 6 

Hutto, D. D., & Satne, G. (2015). The Natural Origins of Content. Philosophia, 43(3), 521–536. 7 
https://doi.org/10.1007/s11406-015-9644-0 8 

Iacoboni, M. (2003). Understanding intentions through imitation. In S. H. Johnson-Frey (Ed.), Taking Action: 9 
Cognitive Neuroscience Perspectives on Intentional Acts (pp. 107–138). Cambridge, MA: The MIT Press. 10 

Ihde, D. (1990). Technology and the lifeworld: From garden to earth. Bloomington & Indianapolis: Indiana 11 
University Press. 12 

Iliopoulos, A. (2016). The material dimensions of signification: Rethinking the nature and emergence of 13 
semiosis in the debate on human origins. Quaternary International, 405, Part A (The material dimensions of 14 
cognition), 111-124. 15 

Iliopoulos, A. (2017). The Evolution of Material Signification: Tracing the Origins of Symbolic Body 16 
Ornamentation through a Pragmatic and Enactive Theory of Cognitive Semiotics. Signs and Society, 4(2), 17 
244-277. 18 

Ingold, T. (2007). The trouble with ‘evolutionary biology’. Anthropology Today, 23(2), 13-17. 19 

Ingold, T., & Palsson, G. (Eds.). (2013). Biosocial becomings: integrating social and biological anthropology. 20 
Cambridge: Cambridge University Press. 21 

Jablonka, E., Lamb, M. J., & Zeligowski, A. (2005). Evolution in Four Dimensions, revised edition: Genetic, 22 
Epigenetic, Behavioral, and Symbolic Variation in the History of Life: MIT press. 23 

Johnson, M. H. (2001). Functional brain development in humans. Nature Reviews Neuroscience, 2(7), 475-483. 24 

Johnson, M. H., & De Haan, M. (2011). Developmental cognitive neuroscience: An introduction. Malden, 25 
Massachusetts: John Wiley & Sons. 26 

Karmiloff-Smith, A. (1992). Beyond Modularity: A Developmental Perspective on Cognitive Science. 27 
Cambridge, MA: The MIT Press. 28 

Knappett, C. (2005). Thinking Through Material Culture. Philadelphia: University of Pennsylvania Press. 29 

Kohn, M., & Mithen, S. (1999). Handaxes: products of sexual selection? Antiquity, 73, 518-526. 30 

Kuhn, S. L. (2014). Signaling theory and technologies of communication in the Paleolithic. Biological Theory, 31 
9(1), 42-50. 32 

Kuhn, S. L., & Stiner, M. C. (2007a). Body ornamentation as information technology: towards an understanding 33 
of the significance of early beads. In P. Mellars, K. Boyle, O. Bar-Yosef, & C. Stringer (Eds.), Rethinking 34 
the human revolution. New behavioural and biological perspectives on the origin and dispersal of modern 35 
humans (pp. 45-54). Cambridge: McDonald Institute for archaeological research. 36 

Kuhn, S. L., & Stiner, M. C. (2007b). Paleolithic ornaments: implications for cognition, demography and 37 
identity. Diogenes, 54(2), 40-48. 38 

Laland, K., Matthews, B., & Feldman, M. W. (2016). An introduction to niche construction theory. 39 
Evolutionary Ecology, 30(2), 191–202. https://doi.org/10.1007/s10682-016-9821-z 40 

Leslie, A. M. (2005). Developmental parallels in understanding minds and bodies. Trends in Cognitive 41 
Sciences, 9(10), 459–462. https://doi.org/10.1016/j.tics.2005.08.002 42 

https://doi.org/10.1007/s11406-015-9644-0


Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

34 

Lewis, P. A., Rezaie, R., Brown, R., Roberts, N., & Dunbar, R. I. (2011). Ventromedial prefrontal volume 1 
predicts understanding of others and social network size. Neuroimage, 57(4), 1624-1629. 2 

Lewontin, R. (1983). Gene, organism and environment. In D. S. Bendall (Ed.), Evolution From Molecules to 3 
Men. Cambridge University Press. 4 

Lind, S. E., & Bowler, D. M. (2009). Language and theory of mind in autism spectrum disorder: the relationship 5 
between complement syntax and false belief task performance. Journal of Autism and Developmental 6 
Disorders, 39(6), 929–937. https://doi.org/10.1007/s10803-009-0702-y 7 

Lock, A. (1999). On the recent origin of symbolically-mediated language and its implications for psychological 8 
science. In S. Lea, & M. Corballis (Eds.), The descent of mind: psychological perspectives on humanoid 9 
evolution (pp. 324-355). Oxford: Oxford University Press. 10 

Low, J. (2010). Preschoolers’ implicit and explicit false-belief understanding: relations with complex syntactical 11 
mastery. Child Development, 81(2), 597–615. https://doi.org/10.1111/j.1467-8624.2009.01418.x 12 

Low, J., & Watts, J. (2013). Attributing false-belief about object identity is a signature blindspot in humans’ 13 
efficient mindreading system. Psychological Science. https://doi.org/10.1177/0956797612451469 14 

Luo, Y. (2010). Do 8-month-old infants consider situational constraints when interpreting others’ gaze as 15 
goal‐directed action? Infancy, 15(4), 392–419. 16 

Luo, Y., & Baillargeon, R. (2010). Toward a mentalistic account of early psychological reasoning. Current 17 
Directions in Psychological Science, 19(5), 301–307. 18 

Luo, Y., & Johnson, S. C. (2009). Recognizing the role of perception in action at 6 months. Developmental 19 
Science, 12(1), 142–149. https://doi.org/10.1111/j.1467-7687.2008.00741.x 20 

Malafouris, L. (2010a). The brain–artefact interface (BAI): a challenge for archaeology and cultural 21 
neuroscience. Social cognitive and affective neuroscience, nsp057. 22 

Malafouris, L. (2010b). Metaplasticity and the human becoming: principles of neuroarchaeology. Journal of 23 
anthropological sciences, 88(4). 24 

Malafouris, L. (2013). How Things Shape the Mind: a theory of material engagement. Cambridge, 25 
Massachusetts: MIT Press. 26 

Malafouris, L., & Renfrew, C. (2010). The cognitive life of things: Archaeology, material engagement and the 27 
extended mind. In L. Malafouris, & C. A. Renfrew (Eds.), The cognitive life of things: Recasting the 28 
boundaries of the mind (pp. 1-12). Cambridge, UK: McDonald Institute for Archaeological Research. 29 

Malafouris, L. (2017). Material engagement and the embodied mind. In T. Wynn, & F. L. Coolidge (Eds.), 30 
Cognitive Models in Palaeolithic Archaeology (pp. 69-87). New York: Oxford University Press. 31 

Mareschal, D., Johnson, M. H., Sirois, S., Spratling, M., Thomas, M. S., & Westermann, G. (2007). 32 
Neuroconstructivism-I: How the brain constructs cognition. Oxford: Oxford Press. 33 

McBrearty, S., & Brooks, A. S. (2000). The revolution that wasn't: a new interpretation of the origin of modern 34 
human behavior. Journal of human evolution, 39(5), 453-563. 35 

Meins, E., Fernyhough, C., Wainwright, R., Clark-Carter, D., Gupta, M. D., Fradley, E., & Tuckey, M. (2003). 36 
Pathways to understanding mind: construct validity and predictive validity of maternal mind-mindedness. 37 
Child Development, 74(4), 1194–1211. 38 

Meltzoff, A. N. (2007). “Like me”: a foundation for social cognition. Developmental Science, 10(1), 126–134. 39 

Menary, R. (2012). Cognitive practices and cognitive character. Philosophical Explorations, 15(2), 147–164. 40 
https://doi.org/10.1080/13869795.2012.677851 41 

Menary, R., & Gillett, A. J. (2016). Embodying Culture: Integrated Cognitive Systems and Cultural Evolution. 42 
In J. Kiverstein (Ed.), Routledge Handbook of Social Mind. Routledge. Retrieved from 43 
http://www.academia.edu/download/44876431/Embodying_Culture_-_revised.pdf 44 

https://doi.org/10.1007/s10803-009-0702-y
https://doi.org/10.1111/j.1467-7687.2008.00741.x


Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

35 

Mithen, S. (1998). A creative explosion? Theory of mind, language, and the disembodied mind of the Upper 1 
Paleolithic. In S. Mithen (Ed.), Creativity in human evolution and prehistory (Vol. 165, pp. 165-191). 2 
London and New York: Routledge. 3 

Mithen, S. (2000). Mind, brain and material culture: An archaeological perspective. In P. Carruthers, & A. 4 
Chamberlain (Eds.), Evolution and the human mind. Modularity, language and meta-cognition (pp. 207-5 
217). Cambridge: Cambridge University Press. 6 

Mithen, S. (2010). Excavating the Prehistoric Mind: The Brain as a Cultural Artefact and Material Culture as 7 
Biological Extension. In R. I. M. Dunbar, C. Gamble, & J. Gowlett (Eds.), Social brain, distributed mind (pp. 8 
481-503). Oxford: The British Academy. 9 

Montgomery, D. E. (2002). Mental verbs and semantic development. Journal of Cognition and Development, 10 
3(4), 357–384. https://doi.org/10.1080/15248372.2002.9669674 11 

Montgomery, D. E. (2005). The developmental origins of meaning for mental terms. In J. W. Astington & J. A. 12 
Baird (Eds.), Why Language Matters for Theory of Mind (pp. 106–122). New York: Oxford University 13 
Press. 14 

Mosley, H., & Haslam, M. (2016). Extending material cognition to primate tool use. Quaternary International, 15 
405, 70-77. 16 

Mussi, M. (2015). Encoding and decoding the message: The case of the mid upper palaeolithic female imagery. 17 
In F. Coward, R. Hosfield, M. Pope, & F. Wenban-Smith (Eds.), Settlement, Society and Cognition in 18 
Human Evolution (pp. 275-287). 19 

Nash, A. (2014). Are stone-age genes created out of whole cloth? Evaluating claims about the evolution of 20 
behavior. Dialectical anthropology, 38(3), 305-332. 21 

Noble, W., & Davidson, I. (1996). Human evolution, language and mind: a psychological and archaeological 22 
inquiry. Cambridge: CUP Archive. 23 

Nowell, A. (2010). Defining behavioral modernity in the context of Neandertal and anatomically modern human 24 
populations. Annual Review of Anthropology, 39, 437-452. 25 

Odling-Smee, F. J., Laland, K. N., & Feldman, M. W. (2003). Niche construction: the neglected process in 26 
evolution. Princeton University Press. Retrieved from 27 
https://books.google.it/books?hl=it&lr=&id=KlFsxAr3ArEC&oi=fnd&pg=PP2&dq=Niche+construction:+th28 
e+neglected+process+in+evolution&ots=hnJSTsf_e4&sig=ZIeyb4pJvJuk_LyMSHIEyW83cR8 29 

O’Neill, D. K., Astington, J. W., & Flavell, J. H. (1992). Young Children’s Understanding of the Role That 30 
Sensory Experiences Play in Knowledge Acquisition. Child Development, 63(2), 474–490. 31 
https://doi.org/10.1111/j.1467-8624.1992.tb01641.x 32 

Origgi, G., & Sperber, D. (2000). Evolution, communication and the proper function of language. In P. 33 
Carruthers, & A. Chamberlain (Eds.), Evolution and the human mind: Language, modularity and social 34 
cognition (pp. 140-169). Cambridge: Cambridge University Press. 35 

Ornaghi, V., Brockmeier, J., & Gavazzi, I. G. (2011). The role of language games in children’s understanding of 36 
mental states: A training study. Journal of Cognition and Development, 12(2), 239–259. 37 
https://doi.org/10.1080/15248372.2011.563487 38 

Perner, J. (1991). Understanding the Representational Mind. Cambridge, MA: The MIT Press. 39 

Perner, J. (2010). Who took the cog out of cognitive science? Mentalism in an era of anti-cognitivism. In P. A. 40 
Frensch & R. Schwarzer (Eds.), Cognition and Neuropsychology International Perspectives on Psychological 41 
Science (Vol. 1, pp. 241–261). Hove, UK: Psychology Press. 42 

Perner, J., Leekam, S. R., & Wimmer, H. (1987). Three-year-olds’ difficulty with false belief: The case for a 43 
conceptual deficit. British Journal of Developmental Psychology, 5(2), 125–137. 44 



Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

36 

Perner, J., & Ruffman, T. (2005). Infants’ insight into the mind: how deep? Science, 308(5719), 214–216. 1 

Peskin, J., & Astington, J. W. (2004). The effects of adding metacognitive language to story texts. Cognitive 2 
Development, 19(2), 253–273. https://doi.org/10.1016/j.cogdev.2004.01.003 3 

Pope, M., Russel, K., & Watson, K. (2006). Biface form and structured behaviour in the Acheulean. Lithics, 27, 4 
44-57. 5 

Powell, J. L., Lewis, P. A., Dunbar, R. I., García-Fiñana, M., & Roberts, N. (2010). Orbital prefrontal cortex 6 
volume correlates with social cognitive competence. Neuropsychologia, 48(12), 3554-3562. 7 

Pratt, C., & Bryant, P. (1990). Young children understand that looking leads to knowing (so long as they are 8 
looking into a single barrel). Child Development, 61(4), 973–982. https://doi.org/10.1111/j.1467-9 
8624.1990.tb02835.x 10 

Quine, W. V. O. (1968). Ontological Relativity. The Journal of Philosophy, 65(7), 185–212. 11 

Prinz, J. J. (2002). Furnishing the mind: Concepts and their perceptual basis. Cambridge, Massachusetts: MIT 12 
press. 13 

Pylyshyn, Z. W. (1978). When is attribution of beliefs justified? Behavioral and Brain Sciences, 1(4), 592-593. 14 

Rakoczy, H. (2017). In defense of a developmental dogma: children acquire propositional attitude folk 15 
psychology around age 4. Synthese, 194(3), 689–707. https://doi.org/10.1007/s11229-015-0860-8 16 

Rakoczy, H., Bergfeld, D., Schwarz, I., & Fizke, E. (2015). Explicit theory of mind is even more unified than 17 
previously assumed: belief ascription and understanding aspectuality emerge together in development. Child 18 
Development, 86(2), 486–502. https://doi.org/10.1111/cdev.12311 19 

Ratcliffe, M. (2007). Rethinking commonsense psychology. Houndmills, United Kingdom: Palgrave 20 
Macmillan. 21 

Rossano, M. J. (2010). Making friends, making tools, and making symbols. Current anthropology, 51(S1), S89-22 
S98. 23 

Rubio-Fernández, P., & Geurts, B. (2013). How to Pass the False-Belief Task Before Your Fourth Birthday. 24 
Psychological Science, 24(1), 27–33. https://doi.org/10.1177/0956797612447819 25 

Ruffman, T. (2014). To belief or not belief: Children’s theory of mind. Developmental Review, 34(3), 265–293. 26 
https://doi.org/10.1016/j.dr.2014.04.001 27 

Ruffman, T., Slade, L., & Crowe, E. (2002). The relation between children’s and mothers’ mental state language 28 
and theory-of-mind understanding. Child Development, 73(3), 734–751. 29 

Sahnouni, M., Semaw, S., & Rogers, M. (2013). The African Acheulean. In  The Oxford handbook of African 30 
archaeology (pp. 307-323). Oxford: Oxford University Press. 31 

Samson, D., Apperly, I. A., Braithwaite, J. J., Andrews, B. J., & Bodley Scott, S. E. (2010). Seeing it their way: 32 
evidence for rapid and involuntary computation of what other people see. Journal of Experimental 33 
Psychology. Human Perception and Performance, 36(5), 1255–1266. https://doi.org/10.1037/a0018729 34 

San Juan, V., & Astington, J. W. (2012). Bridging the gap between implicit and explicit understanding: How 35 
language development promotes the processing and representation of false belief. British Journal of 36 
Developmental Psychology, 30(1), 105–122. https://doi.org/10.1111/j.2044-835X.2011.02051.x 37 

Schmandt-Besserat, D. (1997). How Writing Came About (Abridged edizione). Austin: Univ of Texas Pr. 38 

Schuwerk, T., Jarvers, I., Vuori, M., & Sodian, B. (2016). Implicit Mentalizing Persists beyond Early Childhood 39 
and Is Profoundly Impaired in Children with Autism Spectrum Condition. Frontiers in Psychology, 7. 40 
https://doi.org/10.3389/fpsyg.2016.01696 41 

Sellars, W. (1956). Empiricism and the philosophy of mind. Minnesota Studies in the Philosophy of Science, 1, 42 
253--329. 43 



Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

37 

Senju, A. (2012). Spontaneous theory of mind and its absence in autism spectrum disorders. The Neuroscientist: 1 
A Review Journal Bringing Neurobiology, Neurology and Psychiatry, 18(2), 108–113. 2 
https://doi.org/10.1177/1073858410397208 3 

Senju, A., Southgate, V., Miura, Y., Matsui, T., Hasegawa, T., Tojo, Y., … Csibra, G. (2010). Absence of 4 
spontaneous action anticipation by false belief attribution in children with autism spectrum disorder. 5 
Development and Psychopathology, 22(02), 353–360. https://doi.org/10.1017/S0954579410000106 6 

Senju, A., Southgate, V., White, S., & Frith, U. (2009). Mindblind eyes: an absence of spontaneous theory of 7 
mind in asperger syndrome. Science, 325(5942), 883–885. 8 

Shahaeian, A., Peterson, C. C., Slaughter, V., & Wellman, H. M. (2011). Culture and the sequence of steps in 9 
theory of mind development. Developmental Psychology, 47(5), 1239–1247. 10 
https://doi.org/10.1037/a0023899 11 

Shea, J. J. (2011). Homo sapiens is as Homo sapiens was: Behavioral variability versus “behavioral modernity” 12 
in Paleolithic archaeology. Current anthropology, 52(1), 1-35. 13 

Shieber, J. 2009: Understanding assertion: Lessons from the false belief task. Language and Communication, 14 
29(1), 47–60. http://doi.org/10.1016/j.langcom.2008.01.005. 15 

Shipton, C. B. K. (2013). A million years of hominin sociality and cognition: Acheulean bifaces in the Hunsgi-16 
Baichbal Valley, India (International series 2468). Oxford: British archaeological report. 17 

Slaughter, V., Peterson, C. C., & Carpenter, M. (2008). Maternal Talk About Mental States and the Emergence 18 
of Joint Visual Attention. Infancy, 13(6), 640–659. https://doi.org/10.1080/15250000802458807 19 

Sodian, B., Thoermer, C., & Metz, U. (2007). Now I see it but you don’t: 14-month-olds can represent another 20 
person’s visual perspective. Developmental Science, 10(2), 199–204. 21 

Soffer, O., Adovasio, J. M., Hyland, D. C., Gvozdover, M. D., Habu, J., Kozlowski, J. K., et al. (2000). The 22 
“Venus” Figurines: Textiles, Basketry, Gender, and Status in the Upper Paleolithic. Current anthropology, 23 
41(4), 511-537. 24 

Sommerville, J. A., & Woodward, A. L. (2005). Pulling out the intentional structure of action: the relation 25 
between action processing and action production in infancy. Cognition, 95(1), 1–30. 26 

Sommerville, J. A., Woodward, A. L., & Needham, A. (2005). Action experience alters 3-month-old infants’ 27 
perception of others’ actions. Cognition, 96(1), B1–B11. https://doi.org/10.1016/j.cognition.2004.07.004 28 

Sonesson, G. (1989). Pictorial concepts: inquiries into the semiotic heritage and its relevance to the 29 
interpretation of the visual world. Lund, Sweden: Lund University Press. 30 

Sonesson, G. (2010). From mimicry to mime by way of mimesis: Reflections on a general theory of iconicity. 31 
Σημειωτκή-Sign Systems Studies, 38(1-4), 18-66. 32 

Sonesson, G. (2012). Semiosis Beyond Signs. On Two or Three Missing Links on the Way to Human Beings. In 33 
T. Schilhab, F. Stjernfelt, & T. Deacon (Eds.), The symbolic species evolved (pp. 81-93). Dordrecht, The 34 
Netherlands: Springer. 35 

Sonesson, G. (2013). Preparations for discussing constructivism with a Martian. In D. Dunér (Ed.), The History 36 
and Philosophy of Astrobiology: Perspectives on Extraterrestrial Life and the Human Mind. Newcastle Upon 37 
Tyne: Cambridge Scholars Publishing. 38 

Song, H., & Baillargeon, R. (2008). Infants’ reasoning about others’ false perceptions. Developmental 39 
Psychology, 44(6), 1789–1795. https://doi.org/10.1037/a0013774 40 

Southgate, V., Senju, A., & Csibra, G. (2007). Action anticipation through attribution of false belief by 2-year-41 
olds. Psychological Science, 18, 587–592. 42 

Sterelny, K. (2003). Thought in a hostile world: The evolution of human cognition. New York: Blackwell. 43 



Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

38 

Sterelny, K. (2012). The evolved apprentice: How evolution made humans unique. Cambridge, Massachusetts: 1 
MIT press. 2 

Stiller, J., & Dunbar, R. I. M. (2007). Perspective-taking and memory capacity predict social network size. 3 
Social Networks, 29(1), 93-104. 4 

Stotz, K. (2014). Extended evolutionary psychology: the importance of transgenerational developmental 5 
plasticity. Frontiers in psychology, 5, 908. 6 

Surtees, A. D. R., & Apperly, I. A. (2012). Egocentrism and automatic perspective taking in children and adults. 7 
Child Development, 83(2), 452–460. 8 

Surtees, A. D. R., Butterfill, S. A., & Apperly, I. A. (2011). Direct and indirect measures of level‐2 9 
perspective‐taking in children and adults. British Journal of Developmental Psychology, 30, 75–86. 10 

Surtees, A. D. R., Samson, D., & Apperly, I. (2016). Unintentional perspective-taking calculates whether 11 
something is seen, but not how it is seen. Cognition, 148, 97–105. 12 
https://doi.org/10.1016/j.cognition.2015.12.010 13 

Tager-Flusberg, H., & Joseph, R. M. (2005). How language facilitates the acquisition of false belief in children 14 
with autism. In J. W. Astington & J. A. Baird (Eds.), Why Language Matters for Theory of Mind (pp. 298–15 
318). New York: Oxford University Press. 16 

Thoermer, C., Sodian, B., Vuori, M., Perst, H., & Kristen, S. (2012). Continuity from an implicit to an explicit 17 
understanding of false belief from infancy to preschool age. British Journal of Developmental Psychology, 18 
30(1), 172–187. https://doi.org/10.1111/j.2044-835X.2011.02067.x 19 

Todd, A. R., Cameron, C. D., & Simpson, A. J. (2017). Dissociating processes underlying level-1 visual 20 
perspective taking in adults. Cognition, 159, 97–101. https://doi.org/10.1016/j.cognition.2016.11.010 21 

Triesch, J., Teuscher, C., Deák, G. O., & Carlson, E. (2006). Gaze following: why (not) learn it? Developmental 22 
Science, 9(2), 125–147. https://doi.org/10.1111/j.1467-7687.2006.00470.x 23 

Turnbull, W., Carpendale, J. I. M., & Racine, T. P. (2008). Relations between mother-child talk and 3- to 5 24 
year-old children’s understanding of belief: beyond mental state terms to talk about the mind. Merrill-Palmer 25 
Quarterly, 54(3), 367–385. 26 

Ulloa, J. L., Marchetti, C., Taffou, M., & George, N. (2014). Only your eyes tell me what you like: Exploring 27 
the liking effect induced by other's gaze. Cognition and Emotion, 29(3), 460-470. 28 

Vanhaeren, M., d'Errico, F., van Niekerk, K. L., Henshilwood, C. S., & Erasmus, R. M. (2013). Thinking 29 
strings: additional evidence for personal ornament use in the Middle Stone Age at Blombos Cave, South 30 
Africa. Journal of human evolution, 64(6), 500-517. 31 

Vygotsky, L. S. (1978). Mind in Society: The Development of Higher Psychological Processes. Cambridge, 32 
MA: Harvard University Press. 33 

Wadley, L. (2001). What is cultural modernity? A general view and a South African perspective from Rose 34 
Cottage Cave. Cambridge archaeological journal, 11(2), 201-221. 35 

Wellman, H. M. (2013). Universal social cognition. In M. R. Banaji & S. A. Gelman (Eds.), Navigating the 36 
Social World: What Infants, Children, and Other Species Can Teach Us (pp. 69–74). Oxford University 37 
Press. 38 

Wellman, H. M., & Bartsch, K. (1988). Young children’s reasoning about beliefs. Cognition, 30(3), 239–277. 39 

Wellman, H. M., Cross, D., & Watson, J. (2001). Meta-analysis of theory-of-mind development: the truth about 40 
false belief. Child Development, 72(3), 655–684. 41 

Wellman, H. M., Fang, F., Liu, D., Zhu, L., & Liu, G. (2006). Scaling of theory-of-mind understandings in 42 
Chinese children. Psychological Science, 17(12), 1075–1081. https://doi.org/10.1111/j.1467-43 
9280.2006.01830.x 44 



Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

39 

Wellman, H. M., Fang, F., & Peterson, C. C. (2011). Sequential progressions in a Theory-of-Mind scale: 1 
Longitudinal perspectives. Child Development, 82(3), 780–792. https://doi.org/10.1111/j.1467-2 
8624.2011.01583.x 3 

Wenban-Smith, F. (2006). Handaxe typology and Lower Palaeolithic cultural development: ficrons, cleavers 4 
and two giant handaxes from Cuxton. Lithics–The Journal of the Lithic Studies Society(25), 11. 5 

Westra, E. (2017). Pragmatic Development and the False Belief Task. Review of Philosophy and Psychology, 6 
8(2), 235–257. https://doi.org/10.1007/s13164-016-0320-5 7 

Westra, E., & Carruthers, P. (2017). Pragmatic development explains the Theory-of-Mind Scale. Cognition, 8 
158, 165–176. https://doi.org/10.1016/j.cognition.2016.10.021 9 

Wheeler, M., & Clark, A. (2008). Culture, embodiment and genes: unravelling the triple helix. Philosophical 10 
Transactions of the Royal Society B: Biological Sciences, 363(1509), 3563-3575. 11 

Wilson, D., & Sperber, D. (2002). Relevance theory. In L. Horn, & G. Ward (Eds.), Handbook of pragmatics 12 
(pp. 607-632). Oxford: Blackwell. 13 

Wilson, M. (2010). The re-tooled mind: how culture re-engineers cognition. Social Cognitive and Affective 14 
Neuroscience, 5(2–3), 180–187. https://doi.org/10.1093/scan/nsp054 15 

Wilson, M., & Knoblich, G. (2005). The case for motor involvement in perceiving conspecifics. Psychological 16 
Bulletin, 131(3), 460–473. 17 

Wiltshire, T. J., Lobato, E. J., McConnell, D. S., & Fiore, S. M. (2015). Prospects for direct social perception: a 18 
multi-theoretical integration to further the science of social cognition. Frontiers in human neuroscience, 8, 19 
1007. 20 

Wimmer, H., & Perner, J. (1983). Beliefs about beliefs: representation and constraining function of wrong 21 
beliefs in young children’s understanding of deception. Cognition, 13(1), 103–128. 22 

Wittgenstein, L. (1953). Philosophical Investigations. Oxford: Blackwell. 23 

Wobst, H. M. (1977). Stylistic behavior and information exchange. In C. E. Cleland (Ed.), For the director: 24 
Research essays in honor of James B. Griffin (pp. 317-342). Ann Arbour: University of Michigan Museum 25 
of Anthropology. 26 

Wolpert, D. M., Doya, K., & Kawato, M. (2003). A unifying computational framework for motor control and 27 
social interaction. Philosophical Transactions of the Royal Society B: Biological Sciences, 358(1431), 593–28 
602. https://doi.org/10.1098/rstb.2002.1238 29 

Woodward, A. L. (1998). Infants selectively encode the goal object of an actor’s reach. Cognition, 69(1), 1–34. 30 
https://doi.org/10.1016/S0010-0277(98)00058-4 31 

Woodward, A. L. (2013). Infant foundations of intentional understanding. In M. R. Banaji & S. A. Gelman 32 
(Eds.), Navigating the social world: A developmental perspective (pp. 75–80). Oxford: Oxford University 33 
Press. 34 

Woodward, A. L., & Sommerville, J. A. (2000). Twelve-month-old infants interpret action in context. 35 
Psychological Science, 11(1), 73–77. 36 

Wragg Sykes, R. (2015). To see a world in a hafted tool: birch pitch composite technology, cognition and 37 
memory in Neanderthals. In F. Coward, R. Hosfield, M. Pope, & F. Wenban-Smith (Eds.), Settlement, 38 
Society and Cognition in Human Evolution: Landscapes in the Mind. (pp. 117-137). Cambridge: Cambridge 39 
University Press. 40 

Wynn, T. (2000). Symmetry and the evolution of the modular linguistic mind. In P. Carruthers, & A. 41 
Chamberlain (Eds.), Evolution and the human mind: modularity, language and meta-cognition (pp. 113-139). 42 
Cambridge: Cambridge University Press. 43 

Wynn, T. (2002). Archaeology and cognitive evolution. Behavioral and Brain Sciences, 25(3), 389-402. 44 

https://doi.org/10.1111/j.1467-8624.2011.01583.x
https://doi.org/10.1111/j.1467-8624.2011.01583.x


Manuscript — Please quote the final article you can find at: 
https://link.springer.com/article/10.1007/s41809-017-0008-0 

40 

Wynn, T., Coolidge, F., & Bright, M. (2009). Hohlenstein-Stadel and the evolution of human conceptual 1 
thought. Cambridge archaeological journal, 19(1), 73-84. 2 

Wynn, T., & Coolidge, F. L. (2009). Implications of a strict standard for recognizing modern cognition in 3 
prehistory. In S. de Beaune, F. L. Coolidge, & T. Wynn (Eds.), Cognitive archaeology and human evolution 4 
(pp. 117-127). New York: Cambridge University Press. 5 

Wynn, T., & Coolidge, F. L. (2012). How to think like a Neandertal. New York: Oxford University Press. 6 

Zawidzki, T. W. (2011). How to interpret infant socio-cognitive competence. Review of Philosophy and 7 
Psychology, 2(3), 483–497. 8 

Zawidzki, T. W. (2013). Mindshaping. A New Framework for Understanding Human Social Cognition. 9 
Cambridge, MA: The MIT Press. 10 

Zahidi, K., & Myin, E. (2016). Radically enactive numerical cognition. In G. Etzelmüller, & C. Tewes (Eds.), 11 
Embodiment in evolution and culture (pp. 57-71). Tübingen: Mohr Siebeck. 12 

Zilhão, J. (2007). The emergence of ornaments and art: An archaeological perspective on the origins of 13 
“behavioral modernity”. Journal of Archaeological Research, 15(1), 1-54. 14 


