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ABSTRACT 

According to a widely shared interpretation, research employing spontaneous-response false belief 

tasks demonstrates that infants as young as 15 months attribute (false) beliefs. In contrast with this 

conclusion, I advance an alternative reading of the empirical data. I argue that infants constantly 

form and update their expectations about others’ behaviour, and that this ability extends in the 

course of development to reflect an appreciation of what others can and cannot see. These basic 

capacities account for infants’ performance in spontaneous-response false belief tasks without the 

need to assume the existence of a cognitive module specific for mental state attribution. My 

proposal suggests a plausible explanatory strategy for the problem of the representational format 

of the information processed in spontaneous-response false belief tasks. 

KEYWORDS: theory of mind; social cognition; mindreading; false belief; false belief test; action 

prediction; associative learning. 

1. Introduction 

Recent studies investigating infants’ social cognitive abilities by employing spontaneous-response 

false belief tasks suggest that infants are already sensitive to others’ false beliefs in their second 

year of life (see Baillargeon, Scott, & He, 2010 for a review) and maybe even earlier (Kovács, 

Téglás, & Endress, 2010; Luo, 2011a).
1
 According to a modularist explanation, these results 

demonstrate that infants already possess a theory-of-mind (or mindreading) module, that is, a 

cognitive mechanism specific for the social domain that provides infants with a rudimentary 

capacity to attribute epistemic representational states (Csibra & Gergely, in press; Leslie, 2005; Luo 

& Baillargeon, 2010). This module has supposedly been shaped through natural selection because 

of its survival efficacy (Humphrey, 1976), and is underpinned by dedicated neural processes (Saxe, 

Carey, & Kanwisher, 2004; Saxe & Wexler, 2005). 

Theory-of-mind modularism and, in particular, the view that very young infants already 

attribute representational states to others—what in Fenici (2013) I called the “epistemic mentalist” 

interpretation of infants’ looking pattern in spontaneous-response false belief tasks—are largely 

shared among developmental psychologists. Nevertheless, the theoretical assumption that dedicated 

                                                           
1
 In this article, I will use ‘social cognitive’ abilities in the place of ‘theory-of-mind’ (or ‘mindreading’) abilities in 

order to focus on a particular phenomenon (i.e., the fact that infants manifest selective attention in spontaneous-

response false belief tasks) rather than to the competence (i.e., the possession of a “theory of mind”) usually assumed to 

explain it. 
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mechanisms explain the manifestation of psychological competences should not been taken lightly. 

One risk is that, by posing a cognitive module, one reifies theoretical constructs thereby provides 

circular explanations (Boag, 2011; Cervone, 2000). In which sense the possession of a theory of 

mind module indicates something more substantial than the capacity to pass false belief tasks? 

Avoiding explanatory circularity requires theory-of-mind modularists to motivate why they can 

address data from different disciplines (e.g., neurophysiology, brain traumatology, 

paleoanthropology, comparative psychology) better than non-modularist explanations. 

A second risk in theory-of-mind modularist explanations may come from the tendency to 

understand children’s psychological competences in light of their final outcome rather than as the 

result of development (Adolph & Robinson, 2008; Kagan, 2008). In the case of mindreading 

abilities, this posits the possibility of a combined categorical error—what, modifying a suggestion 

by Buckner (2013), we may call “adultofabulation”. In the first place, it may be simply false that 

social cognitive abilities in infancy are the forerunners of mature mindreading capacities (Fenici, 

2013, sec. 4)—the adultocentric bias. Furthermore, our common sense view of how mental states 

influence and produce action is not necessarily tuned to select natural kinds ready for scientific 

investigation (Fletcher, 1995)—the confabulation bias. In fact, many have recently argued that folk 

psychology is primarily a (normative) explanatory framework rather than a (descriptive) predictive 

theory (Andrews, 2012; Hutto, 2008; Zawidzki, 2013). Adultofabulation results from combining 

adultocentrism with respect to the development of social cognitive abilities together with realism of 

folk psychological descriptions. 

Finally, another difficulty for theory-of-mind modularism is that tracking capacities alone do 

not specify the nature of what is tracked. Although it is undeniable that infants are hard-wired to 

distinguish intentional agents from physical bodies, that they selectively respond to other agents’ 

(false) beliefs in spontaneous-response tasks does not yet demonstrate that they are also attributing 

representational states. Nor it specifies which properties of the agent infants are sensitive to. 

Infants’ sensitivity to others’ beliefs might depend on the capacity to track some simpler properties 

or features of action that are coextensive in predictive power with the possession of (false) beliefs 

(see Hutto, Herschbach, & Southgate, 2011 for a review). 

In this article, I start from this last concern to investigate whether social cognitive abilities in 

infancy may indicate something different from a capacity to attribute beliefs. By analyzing the 

experimental stimuli and the procedures in spontaneous-response false belief tasks, I argue that the 

data are compatible with the view that these tasks simply tap action prediction abilities, that is,  

infants’ capacities to form and update their expectations about other agents’ behaviour. 

Accordingly, theory-of-mind modularists may have misinterpreted infants’ selective attention in 

spontaneous-response false belief tasks by mistaking their real explanandum: not a capacity to 

attribute false beliefs but a more basic ability to predict goal-directed behaviour, which is refined in 

the time to consider what other agents are looking at. 

I introduce my alternative interpretation of spontaneous-response false belief tasks in section 2 

by discussing the seminal study by Onishi & Baillargeon (2005). I focus first on evidence from 
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pretty old infants (15-month-olds) for didactic purposes only to clarify which basic abilities I have 

in mind when I propose that minimal action prediction abilities may explain infants’ looking pattern 

in spontaneous-response false belief tasks. I investigate the developmental trajectories of these 

abilities in section 3, while I show how they parallel the development of social cognitive abilities 

between 7 and 15 months in section 4. Several accounts sharing some similarity with the present 

proposal have been recently introduced in the literature, and I discuss them in section 5. 

2. 15-month-olds’ selective attention in spontenaous-response false belief tasks: mental 

state attribution or action prediction abilities? 

Onishi & Baillargeon (2005) familiarised 15-month-olds with seeing an actor hiding a toy in a 

green box (location B) 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 A). 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.
2
 In the test trial, infants saw the actor reaching for the toy at one of 

the two locations. Infants were found to look longer—indicating surprise—when the actor reached 

for the toy against the beliefs 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. 

According to the authors, “these results suggest that 15-month-old infants … realize that others 

act on the basis of their beliefs and that these beliefs are representations that may or may not mirror 

reality” (Onishi & Baillargeon, 2005). However, this interpretation only follows from a specific 

account of infants’ performance on the task. In particular, it assumes that, in the false-belief trial, 

infants: 

(1a) attribute to the actor the (true) belief that the toy is at B when they see her reaching for it at 

B in the familiarisation trials; 

(2a) update this belief to another (true) belief that the toy is at A when they see that the actor sees 

the toy moving to A; 

(3a) keep crediting the actor with this (now false) belief after they see that she did not see the toy 

coming back to B; 

(4a) retrieve this attributed false belief to form an expectation about the actor’s future behaviour. 

This expectation is manifest in the test trial.
3
 

Although this is a possible re-construction, the data are also compatible with an alternative 

interpretation. Indeed, why should infants attempt to predict the actor’s behaviour only after that the 

toy goes back to B? Infants do not know when another person is going to act and very likely 

continuously form and revise their expectations about what other people will do. Coherently with 

this observation, the same experimental evidence is also explained assuming that infants: 

                                                           
2
 The final position of the toy was counterbalanced between the two locations generating two truth-belief and two false-

belief conditions. 
3
 “This and other results suggested that the infants realized that, because the agent had not seen the toy move to 

Location B, she still believed the toy to be in Location A” (Song & Baillargeon, 2008, p. 1790). 
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(1b) expect the actor to reach again for the toy at B when they see her repeatedly reaching for it 

at B in the familiarisation trials; 

(2b) modify this to the new expectation of seeing the actor reaching for the toy at A when they 

see the toy moving to A in the presence of the actor; 

(3b) do not revise this expectation when they see the toy coming back to B while the actor has no 

visual access to the scene; 

(4b) manifest this unrevised expectation in the test trial. 

This interpretation assumes that infants’ looking pattern in Onishi & Baillargeon (2005) 

specifically depends on a basic capacity to form an expectation about the actor’s future action by 

having observed her repeated reaching (1b), and that this capacity is modulated by infants’ 

responsiveness to the actor’s visual connection with the scene (2b and 3b). Significantly, however, 

it does not presuppose a capacity to attribute beliefs. First, beliefs are minimally conceived as 

amodal intermediate states that encode perceptual information and modulate subsequent behaviour 

(see Whiten, 1996). However, according to this second interpretation, infants’ expectations about 

what the actor will do depend on what the actor sees (or does not see). No reference to beliefs as 

amodal intermediate states is needed to make predictions about her next action. 

Second, beliefs can influence action because, before acting, a cognitive agent is supposed to 

recall all information that is relevant for his goals. Therefore, according to the modularist 

interpretation of Onishi & Baillargeon (2005), a belief is first attributed to the actor (1a), updated 

(2a), and then retrieved for action prediction (4a). However, according to the present explanation, 

infants build (1b) and update (2b) their predictions about the actor’s behaviour in real-time. When 

the implicit expectations are assessed (4b), no recalling of the actor’s past representations is needed 

to explain their predictive capacities. 

Third, beliefs are intensional, not just intentional, states (Zawidzki, 2011). That is, they refer to 

individuals (intentional content) that are depicted in a certain way (intensional content)—e.g., my 

belief that Superman flies concerns an individual (Superman) that is identified in a certain way (as 

Superman, not as Clark Kent). Accordingly, the capacity to attribute a belief must be genuinely 

meta-representational: it must consider not only of which individuals the belief is about, but also 

how the believer conceives them. However, infants in Onishi & Baillargeon’s (2005) task only 

respond to the goal-directedness of the actor’s behaviour—what objects she looks at and what box 

she is going to reach for. Nothing shows that they also consider how the actor perceives the scene 

and the objects within it. Therefore, as long as the propositional content of a belief is intensionally 

characterised and this is not manifested in infants’ studies, it seems better avoiding employing the 

rich concept of belief to explain infants’ predictive skills. 

To summarise, a genuine ability to attribute beliefs would minimally require (i) the capacity to 

posit amodal intermediate states that are the cause of others’ actions but are independent from the 

stimuli that caused them; that (ii) these states represent the world under a certain perspective, and 

that (iii) they can refer to the present as well as to the past. The present analysis nonetheless shows 

that, at least in the study by Onishi & Baillargeon (2005), infants’ selective attention may depend on 
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a basic capacity to build online expectations about the actor’s future actions by directly associating 

her goal-directed behaviour with what she is looking at. This ability would not require infants to 

represent the other’s perspective as detached from the action she is performing neither to refer to 

past situations. If this interpretation is correct and could be generalized, spontaneous-response false 

belief tasks would then provide no evidence for infants’ possession either of a capacity to attribute 

beliefs or for the existence of a cognitive mechanism specific for it. 

3. The development of action prediction abilities in infancy 

My interpretation of infants’ performance in Onishi & Baillargeon (2005) replaces alleged 

mindreading abilities with a more basic capacity to form expectations about others’ future actions. 

In particular, it assumes that infants are sensitive to others’ goal-directed behaviour (1b), and that 

this sensitivity is modulated by their responsiveness to the actor’s visual awareness of the scene, 

i.e., to the fact that agents exploit gaze to update the target location of their actions (2b), but do not 

modify their motor plans when barriers limit their line of sight (3b). In this section, I aim to show 

how these action prediction capacities progressively develop in the time due to action-effect 

associative learning, and reach the degree of complexity manifested by 15-month-olds’ looking 

behaviour in spontaneous-response false belief tasks.  

Consider first infants’ sensitivity to goal-directed behaviour (1b). Several studies demonstrate 

that 5-month-olds already expect agents to grasp according to the goal, rather than the kinematics, 

of past observed grasping (Woodward, 1998, 2003), and can distinguish between intentional (e.g., 

grasping) and non-intentional (e.g., dropping a hand) behaviour (Woodward, 1999). By age one, 

this capacity is well sophisticated as attested by studies on infants’ action parsing capacities (9–11 

months, Baldwin, Baird, Saylor, & Clark, 2001; Behne, Carpenter, Call, & Tomasello, 2005; 

Olineck & Poulin-Dubois, 2009; Saylor, Baldwin, Baird, & LaBounty, 2007) and sensitivity to 

nested-goals (10–12 months, Biro, Verschoor, & Coenen, 2011; Sommerville & Woodward, 2005; 

Woodward & Sommerville, 2000). 

Although these data are often interpreted as demonstrating that even very young infants can 

attribute goals, what they really show is that infants associate cognitive agents with the outcome of 

their actions, and rely on these associations to form expectations about the agent’s future behaviour 

(Cooper, Cook, Dickinson, & Heyes, 2013; Ruffman, Taumoepeau, & Perkins, 2012).
4
 Associative 

learning between one action and its effect is very likely bidirectional (Meltzoff, 2007). On the one 

hand, learning to perform novel actions improves infants’ capacity to predict the outcome of 

observed actions—as attested by studies on 10- (Sommerville & Woodward, 2005) and even 3-

month-olds (Sommerville, Woodward, & Needham, 2005). On the other hand, infants’ observations 

of action-effect pairs increases their understanding of intentional behaviour (Verschoor, Spapé, 

Biro, & Hommel, 2013), and likely scaffolds their capacity to act. Importantly, associating an action 

with its statistically more probable effect improves infants’ capacity to understand more complex 

                                                           
4
 This is also the original interpretation of the data of researchers who turned later to “thicker” mentalist interpretations 

of the same capacities (Csibra, B  r , Koós, & Gergely, 2003; Csibra & Gergely, 1998). 
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behavioural patterns. That is, having stabilized action-effect associations for simple actions, infants 

are in the position to notice more complex patterns of regularities in others’ behaviour (Karmiloff-

Smith, 1992). 

Let us now consider infants’ gaze-tracking abilities (2b). Empirical studies attest that sensitivity 

to others’ gaze significantly improves later than sensitivity to goal-directed action, and specifically 

around the ninth month (Johnson, Ok, & Luo, 2007; Luo, 2010; Senju, Csibra, & Johnson, 2008). 

Furthermore, gaze-tracking capacities initially manifest only in favourable contexts, i.e., when 

gazing substitutes action (8 months, Luo, 2010), after a preceding period of perceived eye contact (9 

months, Senju et al., 2008), or when the actor looks repeatedly towards the target object (9 months, 

Johnson et al., 2007). 

These data are compatible with the hypothesis that computing the statistical regularities in 

observed patterns of action progressively leads infants to form expectations not only about others’ 

motor behaviour but also about gazing. Indeed, infants likely find it more difficult to track target-

directed gazing than target-directed motor behaviour because the former but not the latter lacks 

physical contact between the actor and the target. They can nevertheless start creating associations 

between actors and the target of their gazing by detecting contingent visuo–motor patterns in other 

agents’ behaviour, that is, by noticing that cognitive agents regularly act upon the objects they gaze 

at (Deligianni, Senju, Gergely, & Csibra, 2011). 

Finally, my interpretation of Onishi & Baillargeon (2005) crucially assumes that 15-month-

olds’ looking pattern depends on their understanding that the actor in the false-belief trial will not 

reach for the new location of the target because she did not see it moving there (3b). Earlier studies 

assessed this skill by considering how infants selectively respond to the absence of an actor from a 

scene. They found that, when infants are used to play with a toy together with an experimenter, they 

selectively respond to the experimenter’s ignorance of which toy they were playing with in her 

absence only after 12 months (Tomasello & Haberl, 2003; Moll & Tomasello, 2007; Meltzoff, 

2007). Other research even more significant for the present analysis investigated infants’ 

understanding that barriers occlude line of sight, indicating—coherently with the studies above—

that they do not manifest selective responses to agents’ lack of visual connection with a scene 

before 14 months (Butler, Caron, & Brooks, 2000; Caron, Kiel, Dayton, & Butler, 2002; Dunphy-

Lelii & Wellman, 2004; Sodian, Thoermer, & Metz, 2007).
5
 

Action-effect associative processes of statistical learning can account for this novel sensitivity 

to the modifying role that barriers have on others’ future gazing and acting similarly to how they 

bootstrap 9-month-olds sensitivity to gazing from sensitivity to target-directed behaviour. In 

particular, once they have learnt to associate actors with the targeted objects of their gazing, infants 

                                                           
5
 Luo & Johnson (2009) constitutes a possible refutation. They argue that 6-month-olds already consider that barriers 

can prevent seeing because they interpret an actor’s grasping as goal-directed only when another object is present and 

not hidden by a screen. Nevertheless, barriers in their experiment always prevented the actor both from seeing and from 

reaching for the object. In experiment 2, which was supposed to control for this factor, the actor was turned on a side 

thereby unable to grasp one of the objects. The experiment thus shows only that 6-month-olds respond to how barriers 

prevent intentional grasping. This is consistent with research showing that 10- but not 8-month-olds selectively respond 

to unsuccessful actions due to the presence of a barrier (Brandone & Wellman, 2009). 
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can start noticing that agents do not behave similarly in the presence or in the absence of barriers on 

their line of gaze, thereby build distinct expectations about others’ actions in the two cases. 

To recap, studies demonstrated that, by the beginning of their second year of life, infants have 

quite complex capacities to form expectations about others’ future behaviour—that can be 

explained by assuming that infants detect since very early statically-recurring action-effect 

contingencies. Infants are sensitive to complex goal-directed behaviour (from 10–12 months on), 

they can track referential gazing in non-communicative contexts (from 12 months on), and they are 

sensitive to how physical presence and non-occluded line of sight are necessary prerequisites for 

successful action (from 12–14 months on). 

Significantly, these capacities come in place just before the time infants selectively respond to 

Onishi & Baillargeon (2005), which suggests that the maturation of these action prediction 

capacities undergirds infants’ selective attention in the task. Consider again sensitivity to goal-

directed behaviour. Although 5–6-month-olds—and even younger infants (Luo, 2011b)—are 

already sensitive to others’ goal-directed behaviour, this capacity is nevertheless too coarse to allow 

the prediction of complex actions such as those performed in Onishi & Baillargeon (2005). Indeed, 

infants in the test respond to the actor’s goal to grasp a target that is hidden in a box. This is a 

complex understanding, because the actor is assumed to achieve her goal of grasping the toy by first 

reaching for a location where both the infants and the actor see nothing. To correctly interpret the 

actor’s behaviour, infants thus need to understand that the actor’s reaching for the box is only a 

mean to achieve a more distal goal. Infants manifest this understanding only by the end of the first 

year as showed by research on sensitivity to nested-goals. 

As to infants understanding of goal-directed looking, gaze-tracking skills at 9 months are 

insufficient to support successful performance in Onishi & Baillargeon (2005). In this task, indeed, 

the actor’s eyes are covered and the actor is not seeking to obtain infants’ attention or try to be 

communicative. The task thus does not re-create favourable conditions, and assesses gaze-tracking 

abilities in a socially non-modulated interaction, a capacity which is in place only after 12 months 

(Woodward, 2003). 

Finally, recall the discussion of infants’ sensitivity to the modifying role that barriers have on 

others’ future gazing and acting. As discussed above, empirical studies show that this sensitivity 

comes in place right before infants start manifesting sensitivity to false beliefs in Onishi & 

Baillargeon (2005). I suggest that this is not by chance: infants’ need to understand how barriers 

influence others’ gazing and acting in order to show selective attention in the task. 

4. Paralleling the development of social cognitive and action prediction abilities in 

infancy 

I am arguing that complex abilities to predict others’ actions rather than to attribute beliefs underlie 

infants’ performance on Onishi & Baillargeon (2005). However, I have so far defended only the 

weaker claim that the maturation of a capacity to form expectations about others’ behaviour 

adequate to the task falls just before 15 months. 
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The most direct and exhaustive evidence for my proposal would come from brain studies 

attesting that the neural processes underlying action prediction are active in spontaneous-response 

false belief tasks—together with an empirically plausible computational model of action prediction 

abilities, and an account of the neural substrate of mature belief attribution capacities demonstrating 

that these structures are not recruited when predicting action. However, I do not know at the present 

of any study investigating the neural processes underlying social cognitive abilities in infancy.
6
 

Developmental studies may nevertheless provide indirect, but still compelling evidence. A few 

researchers have indeed recently argued that infants can attribute representational states even earlier 

than 15 months. My proposal can thus acquire empirical plausibility if it can show that the 

progressive maturation of infants’ action prediction capacities fits these novel data, and has the 

same predictive power of traditional mindreading explanations. 

Surian, Caldi, & Sperber (2007) show 13-month-olds a computer animation where a hand kept 

posing two different objects behind two screens while the main character, an animated caterpillar, 

was looking at the scene. As soon as the hand left the scene, the caterpillar always went to reach the 

same object behind one of the two screens. In the following test trial, the locations of the objects 

were swapped either behind short (seeing condition) or taller screens (not-seeing condition). Half of 

the infants saw the caterpillar reaching the preferred object along a new path (old-goal event), while 

the other half saw the caterpillar reaching the opposite object along the old path (new-goal event).  

Comparison of looking time showed that infants looked longer at new-goal than at old-goal 

events in the seeing condition, while in the not-seeing condition no significant difference between 

the two cases was found.
7
 Surian et al. (2007) concluded that infants in the two conditions generated 

different expectations because they took into account the agent’s visual perspective. They also 

conjecture that infants “were able to generate correct behavioral expectations also when the agent 

held a false belief” (p. 585). 

These data do not, however, support this conclusion: in the not-seeing condition, infants had no 

expectation about where the caterpillar would look for the desired object. And in fact there is no 

reason why they should manifest different expectations: in the familiarization phase, the hand 

always re-posed the objects beyond the screens at the beginning of each trial—a manipulation that 

disrupts spontaneous-looking responses even in adults (Rubio-Fernández, 2013). Accordingly, why 

should infants transfer their (and even the caterpillars’) knowledge of the objects’ location from the 

familiarization to the test trials? That the hand kept re-posing the objects beyond the same barriers 

in the familiarization trials is only a coincidence, and should not induce any expectation about the 

objects’ position in the test trial. Moreover, the attribution of true beliefs in the seeing-conditions 

may also be questioned since infants may simply track the caterpillars’ goal-directed behaviour. 

                                                           
6
 Although see Saxe, Carey, & Kanwisher (2004) and Saxe & Wexler (2004) for a discussion of neurofunctional 

evidence of belief attribution capacities in adults, and Grafton (2009) and Van Overwalle (2009) for a discussion on the 

neural bases for action observation and interpretation in adults. 
7
 In a control condition, the caterpillar’s knowledge (or ignorance) of the position of the objects was obtained by 

manipulating her presence on the scene at the moment the hand placed the objects beyond two tall screens. Results 

between the two conditions were comparable. 
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The study thus shows that 13-month-olds discriminate ignorant (non-seeing) from non-ignorant 

(seeing) agents; however, they form no expectations when they see agents not visually connected 

with their attended goals—and with good reason! In the terms of my interpretation of Onishi & 

Baillargeon (2005), these data support the view that 13-month-olds are sensitive to goal-directed 

behaviour (1b), and update goal-directed plans when agents are visually connected to a scene (2b). 

Nevertheless, they do not show that the presence of a barrier on a scene “freezes” infants’ 

expectations about agents’ future behaviour (3b). 

Two other very similar studies purport to demonstrate mindreading abilities between 10 and 12 

months (Luo & Baillargeon, 2007; Luo, 2011a). Luo (2011a) show 10-month-olds an actor pushing 

an object beyond either a transparent or an opaque screen. A hand then appeared and removed it. 

This induced a false belief in the actor in the opaque condition, while in the transparent condition 

the actor could still see through the screen that the object was not there anymore. In both conditions, 

infants were familiarised to see the actor reaching for another toy at a visible location. They were 

found to interpret the actor’s reaching as goal-directed only in the opaque condition, suggesting that 

they “considered the agent’s informational states to decide whether or not to attribute a preference 

to her” (p. 295). 

Although one can provide an interpretation of these data in terms of mental state attribution, an 

alternative explanation along the lines of my interpretation of Onishi & Baillargeon (2005) is 

nevertheless possible. Since the actor first hides the object, infants in the opaque condition may still 

expect her to have some interest in reaching for it.
8
 Accordingly, they interpret the actor’s grasping 

of the other object as goal-directed. Instead, in the transparent condition, infants consider that the 

actor has full visual access to the scene and no alternative actions to perform. They thus do not 

interpret the actor’s grasping as goal-directed. 

Luo (2011a)—and the similar Luo & Baillargeon (2007)—hence says more about infants’ 

capacity to process what other people can see rather than to compute their false beliefs. This 

analysis does not contradict my previous claim that a clear understanding of line of sight informs 

infants’ social cognitive abilities only after 14 months. Indeed, in Luo (2011a) and Luo & 

Baillargeon (2007), the actor’s possibility to see an object determines whether her behaviour 

towards a second target is intentional. However, the actor does not initially manifest any preference. 

Instead, in the studies reported in the previous section (Butler et al., 2000; Caron et al., 2002; 

Dunphy-Lelii & Wellman, 2004; Sodian et al., 2007), infants’ capacity to consider others’ line of 

sight is always evaluated in contexts where actors have already manifested a goal-directed 

behaviour, and the possibility to see is a pre-condition to effectively update it. This is a much more 

complex action pattern to be predicted: it requires full responsiveness to goal-directed behaviour to 

be merged with the capacity to consider what other people can (and cannot) look at. This need to 

merge responsiveness to goal-directed behaviour and to the role of visual connectedness with a 

                                                           
8
 This is opposed to the behavioural explanation considered by Luo (2011a, p. 296), according to which infants will 

interpret the actor’s pushing the toy beyond the opaque screen as a manifestation of disinterest. 
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scene explains the difference in the age at which infants respond selectively to Luo (2011) and Luo 

& Baillargeon’s (2007), and Onishi & Baillargeon’s (2005) experimental conditions. 

Finally, Kovács et al. (2010) show to 7-month-olds a ball hiding beyond an occluder while an 

onlooker monitored the scene. Infants looked longer as a manifestation of surprise when the 

occluder disappeared revealing no ball against their own belief that it was still there. Crucially, they 

were also surprised when the ball was not revealed behind the occluder in a second situation in 

which the onlooker—but not they—still believed the ball to be there. According to Kovács et al. 

(2010), this reaction suggests that 7-month-olds “automatically compute others’ beliefs and seem to 

hold them in mind as alternative representations of the environment” (p. 1834). Infants’ surprise can 

nevertheless be equally interpreted in terms of their expectations about the onlooker’s possible 

actions: when the onlooker sees the ball rolling behind the occluder, they expect her possibly reach 

for the target, and are consequently surprised when this does not appear again behind the occluder. 

To summarise, 7-month-olds’ sensitivity to others’ possibility of action accounts for their 

capacity to track others’ false beliefs (Kovács et al., 2010). This ability together with the capacity to 

consider others’ line of sight explains 10-month-olds’ social cognitive skills in settings that 

exclusively assess infants’ responsiveness to goal-formation processes (Luo, 2011). Considering 

decision-making processes, which can develop only after a clear sensitivity to goal-directed 

behaviour has fully emerged, the processing of others’ visual attention motivates social cognitive 

abilities after 14–15 months (Onishi & Baillargeon, 2005), while no reliable conclusion can be 

drawn from Surian et al. (2007). 

The present analysis thus shows that infants’ sensitivity to others’ goal-directed behaviour and 

line of sight well accounts for the experimental data from spontaneous-response false belief tasks. 

More significantly, improvements in infants’ action prediction abilities parallel their improvements 

in social cognitive abilities. Although this does not demonstrate the truth of my introduced 

interpretation, it nevertheless shows that this interpretation provides a coherent account of early 

social cognitive development. 

It may nevertheless be claimed that my proposal is partial and unconvincing because it does not 

address a wide range of studies about social cognitive abilities in infancy (e.g., Buttelmann, 

Carpenter, & Tomasello, 2009; Scott & Baillargeon, 2009; Song & Baillargeon, 2008; Southgate, 

Senju, & Csibra, 2007; Träuble, Marinović, & Pauen, 2010). I have two complementary 

considerations to offer. First, if my analysis is correct, infants can form expectations about others’ 

behaviour without attributing representational states. This undermines the idea that infants’ 

performance in all spontaneous-response false belief tasks depends on the deployment of the very 

set of cognitive capacities. Nothing thus requires that infants’ capacity to form expectation about 

others’ behaviour here outlined should be sufficient to cover also other cases. Different 

experimental settings (e.g., Song & Baillargeon, 2008; Song, Onishi, Baillargeon, & Fisher, 2008) 

may well require different cognitive strategies for their interpretation. 

Second, my analysis has focused the developmental trajectory of social cognitive abilities until 

15 months. Accordingly, it remains agnostic about the interpretation of those studies that assessed 
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social cognitive abilities in older infants (e.g., Buttelmann et al., 2009; Southgate et al., 2007). I 

conjecture that those capacities depend on the progressive integration of infants’ sensitivity to goal-

directed behaviour, others’ visual awareness, and—significantly—linguistic capacities. Space 

limitations do not allow investigating the issue in depth in this article. Nevertheless, I believe that 

the present proposal can be easily extended at least to cover some of the experimental findings 

concerning older infants. 

For instance, Scott & Baillargeon (2009) showed to 18-month-olds two toy penguins that were 

identical except that one could come apart (2-piece penguin) and one could not (1-piece penguin). 

In familiarisation trials, a hand placed the 1-piece penguin and the two pieces of the disassembled 

2-piece penguin on two platforms while an actor was looking. Then the actor placed a key in the 

bottom piece of the 2-piece penguin and stacked the two pieces. The two penguins were thus 

indistinguishable. In the following test trial, while the actor was not present, the hand assembled the 

2-piece penguin, and covered it with a transparent cover; the hand then covered the 1-piece penguin 

with an opaque cover. The actor hence came back to the scene with the key in her hand and reached 

for either the transparent or the opaque cover. Infants were found to look significantly longer when 

the agent reached for the transparent rather than for the opaque cover. 

According to the authors, infants’ looking time suggested that they expected the actor “(i) to 

falsely assume that the penguin under the transparent cover was the 1-piece penguin (because the 2-

piece penguin was always disassembled at the start of the familiarization trials), (ii) to falsely 

conclude that the disassembled 2-piece penguin was under the opaque cover (because both penguins 

were always present in the familiarization trials), and hence (iii) to reach for the opaque cover” 

(Baillargeon et al., 2010, p. 113). 

On an alternative explanation, the same findings can be accounted by assuming that infants are 

tracking the actor’s motor goal to hide the key in the disassembled 2-piece penguin. Since in the 

experimental trial, the assembled 2-piece-penguin does not clearly afford the same kind of motor 

action that infants are expecting from the actor, they do not have an expectation to see her reaching 

for it. However, 18-month-olds are well aware that barriers prevent other agents from having access 

to what is beyond them (a capacity attested even at age one, 

see Luo, 2011; Luo & Baillargeon, 2007 discussed above). Therefore, it should not be a surprise 

that 18-month-olds, who see an agent not interested in an object, will expect her to look for 

something more interesting beyond a barrier.
9
 

5. Discussion 

Several researchers have recently advanced alternative accounts that share some similarity with the 

one introduced here. Some proposed that social cognitive abilities depend on infants’ associative 

capacities. For example, Perner & Ruffman (2005) argued that infants can form triadic associations 

                                                           
9
 Recent studies also found that both children (Low & Watts, 2013) and adults (Surtees, Butterfill, & Apperly, 2011) 

automatically compute what other people can see but not under which perspective they can see it. These findings hardly 

fit Scott & Baillargeon’s (2009) result that 18-month-olds already process other visual perspective. 
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between agents, objects, and locations where to search them. Similarly, Apperly and Butterfill 

(Apperly & Butterfill, 2009; Butterfill & Apperly, 2013) claimed that 15-month-olds predict others’ 

action by considering (i) what objects are or have been in the perceptual field of other agents 

(“encountered” objects), and (ii) at what location these objects have been seen (“registered” 

objects). In both cases, infants’ performance in Onishi & Baillargeon (2005) is explained by 

assuming that they expect the actor to look for the toy according to the location that has been 

associated with it rather than according to its current location. 

The present proposal shares with these accounts the idea that passing spontaneous-response 

false belief tasks does not require considering others’ representation of a scene but only what object 

other people are paying attention to. However, the nature of the proposed associative abilities is 

largely different. Under the present interpretation, infants associate an actor with the location of an 

object because they are supposed to constantly attempt to predict what other agents will do. Instead, 

these researchers conceive triadic associations as mere (extensional) relations between individuals, 

objects, and locations. In the same way as mindreading interpretations, they assume that triadic 

associations can be recalled for action prediction but that, by default, they are not created 

specifically to this end. 

This is plainly true with respect to Perner & Ruffman (2005). It also holds for 

Butterfill & Apperly (2013), however. They model alleged mindreading capacities in the terms of 

action prediction principles that “are not intended to represent a developmental … progression” 

(Butterfill & Apperly, 2013, p. 611). In particular, their third principle introduces the notion of 

registration according to past encounters between a person and an object (“an individual registers an 

object at a location if and only if she most recently encountered it at that location”, p. 617). The 

fourth principle instead states the relevance of registering for the sake of action prediction (“when 

an agent performs a goal-directed action with a goal that specifies a particular object, the agent will 

act as if the object were in the location she registers it in”, p. 619). According to the authors, then, it 

would be coherent to suppose that one has the abilities codified by the third principle without 

crediting her even with those codified by the fourth: the passive registration of an object is 

independent from the active exploitation of this registration for the sake of action prediction.
10

 

Other accounts proposed that infants pass spontaneous-response false belief tasks by calculating 

the transitional probabilities between different patterns of action. For instance, Sabbagh, Benson, & 

Kuhlmeier (2010) proposed that infants encode the constituent structure of intentional action 

according to “the 4Ws of action: who, what, where, and when,” and that this allows them to predict 

sequences of actions. Similarly, Perner and Ruffman (Perner & Ruffman, 2005; Perner, 2010; 

Ruffman & Perner, 2005) suggested that 15-month-olds can form behavioural rules, which directly 

connect what an agent perceives with what she will do next. Finally, 

                                                           
10

 See also de Bruin, Strijbos, & Slors (2011, p. 509) for a similar criticism addressed to Apperly & Butterfill (2009): 

“encounterings only have a mind-to-world direction of fit on a purely passive, observational understanding of them. In 

view of developments in the philosophy and neuroscience of perception such as enactivist and ecological theories of 

perception (e.g. Gibson 1979; Hurley 1998, Noë 2004), however, it seems much more plausible to conceive of 

encountering in terms of an agent’s being sensitive to the specific affordances of the object-at-a-location encountered. 

The agent’s ‘field’ in which the object occurs, then, is primarily a field of affordances.” 
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Ruffman, Taumoepeau, & Perkins (2012) argued that infants bootstrap their understanding of 

mental states by learning to recognise regular patterns of action in others’ behaviour.
11

 

These proposals are overall very sketchy, however. Sabbagh, Benson, & Kuhlmeier (2010) do 

not spend a word to clarify the nature of 4W-representations. Perner and Ruffman introduce 

behavioural rules only to argue that readings alternative to theory-of-mind modularism should be 

considered when interpreting experimental data. They thus advance more a methodological analysis 

than a cognitive account. Even Ruffman, Taumoepeau, & Perkins (2012) introduce their proposal 

only in analogy with linguistic statistical learning and do not specify the kind of features that infants 

exploit to build their understanding of behavioural regularities. Moreover, they focus on infants’ 

capacity to predict goal-directed behaviour but, for their own admission, they avoid discussing 

belief attribution in infancy (Ruffman et al., 2012, p. 88). 

The present proposal instead explicitly challenges infants’ alleged capacity to attribute false 

beliefs. It agrees with behaviour-rule accounts that exploiting behaviour regularities may be 

sufficient to justify the looking patterns characteristic of spontaneous-response false belief tasks. 

However, it also fill in the details and analyses in depth the kind of abilities necessary to infants’ 

performance in Onishi & Baillargeon’s (2005) and analogous tasks. In particular, it conjectures that 

infants’ sensitivity to goal-directed and gaze tracking abilities are together responsible for younger 

infants’ performance on spontaneous-response false belief tasks. It also supports such a view by 

showing that the progressive maturation and integration of these capacities parallels the gradual 

development of social cognitive abilities between 7 and 15 months. This constitutes a genuine 

advance with respect to previous behaviour-reading explanation. First, sensitivity to statistical 

regularity in others’ behaviour is considered in detail as the cause of infants’ social cognitive 

abilities, not as mere heuristic. Second, the gradual manifestation of social cognitive abilities is 

related to the progressive maturation of sensitivity to goal-directed behaviour and gaze-tracking 

capacities. None of the accounts above focused on the developmental trajectory of action prediction 

capacities with such a degree of detail. 

The same reply is equally valid with respect to two more recent analyses of spontaneous-

response false belief tasks. Zawidzki (2011) explains them by appealing to infants’ capacity to 

apply an enhanced version of Csibra & Gergely’s (1998) teleological stance—the view according to 

which infants expect agents “to perform the most efficient means–ends action available to them 

within their situational constraints to bring about the goal state” (Gergely, 2010, p. 79). Similarly to 

the present proposal, he claims that older infants include “information access”—what I have been 

calling responsiveness to others’ visual awareness—among the “situational constraints … relative 

to which infants make judgments of means-ends rationality” (Zawidzki, 2011, pp. 492–493). Unlike 

the present analysis, however, he does not attempt to explain from where infants’ sensitivity for 

                                                           
11

 “Whereas nativists have claimed that they believe in learning but that learning is ‘hard’ (Leslie et al., 2004), there is 

evidence that learning about patterns, changes in the environment, object motion, and object/event relations might not 

be so hard after all. Mental states such as goals predictably co-occur with certain behavioural patterns and children’s 

recognition of such patterns can bootstrap their understanding of mental states” (Ruffman, Taumoepeau, & Perkins, 

2012, p. 94). 
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rational action arises nor how infants progressively learn to apply it to human action in the first year 

of life. In fact, the author discusses in detail only experimental data about relatively old infants (18 

months, Buttelmann et al., 2009; Scott & Baillargeon, 2009), and does not clarify how application 

of the teleological stance should work to justify younger infants’ performance on spontaneous-

response false belief tasks. 

A similar criticism may be also moved to the explanation advanced by de Bruin, Strijbos, & 

Slors (2011). They claim that infants ascribe behavioural dispositions to others according to the 

actions afforded by objects in their environment. However, their explanation accounts for neither 

how infants represent others’ affordances nor how their capacity to track them is acquired. By 

hinging on an analysis of infants’ sensitivity to goal-directed behaviour and gaze tracking abilities 

in the first year of life, I have specifically provided a tentative answer to how this is possible. 

Finally, de Bruin & Newen (2012a, 2012b) introduced a well-documented proposal that also 

includes discussion of social cognitive abilities in the first year. They propose that infants’ 

performance in spontaneous-response false belief tasks is the result of the simultaneous working of 

an association module, which registers associations between other agents and objects in the world, 

and an operating system, which (i) inhibits the infant’s own association, (ii) selects the association 

of other agents, and (iii) represent the selected association as an expectation about their behaviour. 

Like the present proposal, these authors suggest that social cognitive abilities emerge from infants’ 

capacity to connect information about both others’ goal-directed behaviour and visual awareness—

in their own terms, the progressively extended capacity of the association module to process motor 

and perceptual representations. 

Nonetheless, these authors claim that spontaneous-response false belief tasks require infants to 

inhibit their own dominant view to consider the others’ perspective. This is a re-proposal of the old 

explanatory strategy that infants need to decouple from the scene in order to get a clear 

understanding of what is going on in elicited- response false belief tasks. This move is suspicious, 

given that the development of the executive function is insufficient even to explain 4-year-olds’ 

capacity to pass elicited-response false belief tasks (see Fenici, 2013, p. 13). If referring to 

inhibitory capacities does not explain later false belief passing, why should they be taken as the 

main explanatory device for the development of earlier social cognitive abilities? On my account, 

on the other hand, younger infants find it hard to perform optimally in spontaneous-response tasks 

only because they do not consider others’ visual perspective as a necessary precondition of others’ 

goal-directed behaviour. Infants do not need inhibitory capacities to form correct expectations in 

spontaneous-response tasks. 

Summarising, most of the accounts opposing theory-of-mind modularist interpretations of 

social cognitive abilities developed until today have introduced novel cognitive processes and 

systems responsible for infants’ performance on spontaneous-response false belief tasks. Few of 

them have tried justifying these capacities in terms of what we already know about both infants’ 

sensitivity to goal-directed behaviour and their capacity to track others’ gazing. A careful analysis 

of the tiny differences in spontaneous-response false belief tasks between 7 and 15 months however 
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shows that the progressive development of these abilities is sufficient to explain infants’ looking 

time in Onishi & Baillargeon’s (2005) and similar tasks without the further need of neither 

(epistemic) mentalist interpretations nor additional cognitive capacities. 

The present proposal shares with association accounts the idea that simple agent–object–

location associations can account for infants’ alleged mindreading abilities. It stresses nevertheless 

that these triadic associations are inherently created for the sake of action prediction, and are not 

passive recordings of epistemic relations. The view herein introduced is also compatible with those 

accounts suggesting that infants pass spontaneous-response false belief tasks by calculating the 

transitional probabilities between different patterns of action. However, it does not appeal to generic 

probabilistic learning mechanisms to explain infants’ performance on spontaneous-response false 

belief tasks. Rather, by analysing the development of social cognitive abilities in early infancy, it 

highlights the specific changes in the perceptual features that infants at different ages can process. 

6. Conclusions 

A capacity to form expectations about others’ behaviour and to modify these expectations by 

considering others’ gazing explains infants’ performance in the seminal work by Onishi & 

Baillargeon (2005) without presupposing their ability to attribute beliefs. This capacity reaches a 

level of complexity adequate to the test right before the time infants start manifesting selective 

attention in the task. Moreover, its progressive maturation also coheres with the progressive 

maturation of social cognitive abilities between 7 and 15 months. Such important analogies suggest 

that spontaneous-response false belief tasks really test infants’ action prediction capacities. 

The novelty of the present proposal consists in a re-description of the explanandum of 

spontaneous-response false belief tasks: not a capacity to attribute mental states (as it has been 

traditionally assumed) but a more basic, structured ability to form expectations about others’ 

behaviour. Accordingly, it also suggests that the explanans of infants’ social cognitive abilities is to 

be searched among the cognitive processes underlying action prediction rather than in a cognitive 

mechanism specific for mental state attribution. 

There is considerable theoretical gain from introducing an explanation of infants’ looking pattern 

in spontaneous-response false belief tasks in terms of action prediction abilities. Focusing on action 

prediction abilities indeed allows to suggest which processes of associative learning may underly 

the developmental trajectory of social cognitive abilities from 7 to 15 months. It also  provides a 

plausible answer to another question that is hard to answer on the theory-of-mind modularist view: 

what is the representational format of the information processed in spontaneous-response false 

belief tasks? According to epistemic mentalist interpreters, infants are supposed to attribute beliefs 

to other agents. Beliefs, however, are mental states with propositional content, and propositions are 

complex semantic entities. Is it possible that young infants, who are taking their first steps into 

language acquisition, already grasp of the complexity of propositional content? And if they do not 

linguistically represent the content of a belief, how do they do that? These important questions are 
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difficult to answer when the capacity to ascribe representational states is attributed to very young 

infants. 

The interpretation here introduced advances an easy solution to this issue by explaining infants’ 

performance in spontaneous-response false belief tasks by appealing to very basic abilities—i.e., the 

capacity to process others’ motor behaviour and line of sight. Accordingly, it proposes that the 

cognitive processes underlying infants’ social cognitive abilities process visual information, and 

more specifically visual information about others’ motor behaviour, physical presence, and visual 

orientation. I leave it open to future investigation whether a capacity to calculate statistical 

regularities between different patterns of action (e.g., Ruffman et al., 2012; Sabbagh et al., 2013), or 

to anticipate others’ actions through covert imitation (e.g., Iacoboni, 2003; Wilson & Knoblich, 

2005; Wolpert, Doya, & Kawato, 2003). or even a combination of the two better explains the raise 

of complex action prediction abilities in infancy. Nevertheless, it is already clear that these 

capacities are really close at hand for 15-month-olds, and we also begin to have an understanding of 

the cognitive and neural processes that underwrite them. 

A final remark. The present proposal advances an empirical claim about the nature of the 

cognitive processes underlying infants’ selective attention in spontaneous-response false belief 

tasks. It does not answer some further theoretical issues, though. In particular, can we still consider 

infants’ action prediction capacities as a way to access others’ mental states? Furthermore, do 

infants’ need to represent the expected outcome of the other’s action in order to predict it?  

As to the first question, embodied accounts of social cognition (De Jaegher, 2009; Gallagher, 

2001, 2008) have argued that, in most everyday social situations, we do not need to attribute mental 

states to others because we normally perceive them as persons rather than as mindless bodies 

(Zahavi, 2007). Accordingly, one may claim that action prediction capacities actually constitute a 

way to access or directly perceive others’ mental states. Such a proposal concerns the most suitable 

interpretation for the cognitive processes underlying infants’ social cognitive abilities. As far as the 

proposal in this article only concerns the empirical problem of identifying these processes, it is 

however neutral with respect to such an issue (see also Fenici, 2012, pp. 281–283). 

As to the second question, the action prediction capacities here introduced are open to a minimal 

representational description in terms of action oriented representations (Wheeler, 2005, 2008). 

According to more radical enactivists (Gallagher & Hutto, 2008; Hutto & Myin, 2012), however, 

basic cognitive capacities such as action prediction abilities are best understood by appealing to 

“concrete spatio-temporally extended patterns of dynamic interaction between organisms and their 

environments” (Hutto & Myin, 2012, p. 31) that do not involve reference to representations at all. 

Such debate concerns the possibility to naturalize representational content. In contrast, this article 

has dealt with the problem of specifying the physical nature of the cognitive processes underlying 

action prediction abilities. As far as these two issues are orthogonal, the present proposal does not 

need to take party on any of the two sides. 
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