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Abstract. In the article titled “Motor Simulation and Ostensive-Inferential Com-
munication”, a theoretical model of how motor simulation is a mechanism that un-
derlies language acquisition is described. It is argued that motor areas might play
a role in both the recognition of linguistic communicative and informative inten-
tions in infants, by activating brain regions dedicated to speech processing. In this
paper, I will extend the position taken there (i) by connecting my model to the fea-
tures of infant-caregiver interaction in speech perception, (ii) by explaining the
process that causes brains to create networks between speech areas and the motor
cortex, and (iii) by showing how the most influential mindreading models can be
made compatible with both the embodied simulation theory and with the cogni-
tive abilities in children.
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1. Introduction

In the article titled “Motor Simulation and Ostensive-Inferential Commu-
nication” (Delliponti, 2022), an embodied model of ostensive communica-
tion (Scott-Phillips, 2014; Sperber & Wilson, 1986) in language acquisition
is described. The main goal of the paper was to outline a model of how evi-
dence regarding motor cortex activation during speech listening plays a role
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in the detection of ostensive cues typically involved in linguistic communi-
cation: in a few words, seeking a meeting point between the ostensive mod-
el of communication and motor simulation (MS), and showing its role in
language acquisition. The ostensive-inferential model, also known as osten-
sive communication (OC), explains how people communicate by expressing
and recognizing their intent to communicate and inform others about some-
thing (Sperber & Wilson, 1986). So, according to this model there is a cogni-
tion-based distinction between communicative and informative intentions.
With informative intentions, we attempt to make our intended message (its
content) clear to our recipient. The information provided to the interlocu-
tor serves as the content of an informative intention and corresponds to the
changes that the sender hopes to bring about in the recipient’s mental repre-
sentations. In the case of communicative intentions, we aim to make clear to
the intended recipients the very fact that we want to communicate. Ostension
as an offer of cues and inference as an interpretation of the cues are essential-
ly what “ostensive-inferential” means (Scott-Phillips, 2014).

Therefore, it is possible that an embodied mechanism exists for the rec-
ognition of linguistic communicative intentions during the daily communi-
cative interactions. However, we know that the recognition of ostensive sig-
nals can occur in different ways, not only in non-verbal communication, but
also in the verbal one: for example, through the perception of facial expres-
sions or the recognition of gestures (Wilson & Sperber, 2002), or through eye
contact (Csibra, 2010). For this reason, the main goal of the paper (Dellipon-
ti, 2022) was to propose a model of embodied ostensive communication in
relation to language acquisition, thus restricting the scope of application of
the model - and of the hypothesis - to language development. I will do the
same in this paper as well.

Specifically, my hypothesis was based on an interpretation following the
evidence concerning MS, i.e., that the activation of the phono-articulatory
areas of the brain following listening to phonemes or, more generally, speech,
has a role in the recognition of communicative intentions and that the acti-
vation of motor areas that respond to speech content (e.g., an action word),
namely the somatotopic activation of the brain area related to a specific ac-
tion (e.g., the primary motor area involved in leg movement after hearing “to
kick”), is involved in the recognition of informative intentions. I named the
two processes, respectively, “phono-articulatory simulation” and “semantic
simulation” in turn, these mechanisms have an important role in language
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acquisition. Building on that work (Delliponti, 2022), here I will: (i) outline
a model of the role of phono-articulatory simulation in baby talk and explain
how this role is important for the recognition of ostensive cues in infants
and for language acquisition; (ii) explain and outline in detail the role of se-
mantic simulation in the recognition of informative intentions, how it is the
result of associative learning and what is its role in the acquisition of action
words; (iii) suggest which mindreading models fit best, after introducing the
main ones, in order to describe how MS can be involved in understanding
communicative and informative intentions.

2. Motor cognition and intentions

In this section, I will show some of the evidence regarding the role of motor
cognition in the recognition of intentions. This is because there are already
theories — in the literature - regarding the role of motor activation in deduc-
ing intentions. In the earlier work (Delliponti, 2022), a hypothesis about the
role that the activation of motor cortex may have in language learning in
infants was proposed. MS is an activation of sensorimotor patterns. In par-
ticular, they are re-activated regardless of their motor functions and used
in cognitive processes unrelated to those for which they evolved (Borghi
& Caruana, 2016). The idea behind this mechanism is that mirror neurons
(MN) enable MS, which is typically viewed from the standpoint of embod-
ied cognition as an automatic system: one hypothesis is that MN, which are
located in the premotor cortex, facilitate the activation of the primary mo-
tor cortex, and that this is a consequence of a cortico-cortical effect induced
by action observation (Fadiga et al., 2005). In fact, there is evidence in ma-
caques that MN fire both when monkeys make goal-directed hand motions
and when they observe other humans doing comparable movements (Di Pel-
legrino et al., 1992): the same mechanism is thought to be activated in hu-
mans’ ventral premotor cortex, in the homolog region of the F5 monkey area
(Fadiga et al., 2005). One of the hypotheses behind the functioning of MN is
that they are involved in recognizing others’ intentions (Gallese, 2007): how-
ever, this idea has been repeatedly criticized over the past ten to fifteen years
(Cook et al., 2014; Hickok, 2009). The main misunderstanding on MN, it
appears, is related to theories explaining understanding intentions by a ho-
muncular-like functioning (Mikulan et al., 2014), as is the case, for instance,
with the hypothesis of direct correspondence, which claims that an action is
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understood when its observation causes a resonance in the observer’s motor
system (Rizzolatti et al., 2001); in this instance, the understanding attributed
to the mirror system is considered automatic and mandatory (Csibra, 2007).
Therefore, it is plausible that MN by themselves are not enough to explain
how other people’s intentions, or the mental states that underlie the acts they
watch, are encoded.

The idea that mirror neurons are involved in recognizing the arrange-
ment of body parts when we see an action, however, is supported by several
studies (Thompson et al., 2019a). Additionally, according to Thompson et al.
(2019b), the information encoded by mirror neurons is subsequently exploit-
ed by multiple brain areas “in order to identify the mental state underlying
an observed action” (p. 110). The most recent theories about how the MN
work view them as a network that extends beyond the motor cortex and in-
cludes other regions of the brain, like those involved in highly complex cog-
nitive functions as mentalization (Salo et al., 2019) The process of deducing
the intentions behind an action would therefore involve a combination of
bottom-up and top-down mechanisms.

3. Motor simulation and language

Moreover, research indicates how hearing phonemes, words and sentenc-
es activates specific motor areas. A TMS experiment (Fadiga et al., 2002)
showed that hearing phonemes causes an increase in the motor evoked po-
tentials (MEPs) amplitude recorded from tongue muscles normally involved
in producing them. The result was interpreted as an acoustically connect-
ed resonance mechanism. This phenomenon was confirmed in a series of
studies (Gallese, 2007). In an electromyography experiment by McGuigan
and Dollins (1989), it was found that tongue and lip muscles are activated in
the same manner during both the production of regular speech and covert
speech. In Delliponti (2022), it was proposed that this evidence concerning
motor activation at the phono-articulatory level while hearing phonemes,
words, etc., can be considered as supporting the hypothesis of a phono-ar-
ticulatory simulation (see also Fischer & Zwaan, 2008).

Secondly, other studies show evidence for a motor cortex activation sen-
sitive to the content of words. In Martin et al. (1996), it was shown that the
left middle temporal gyrus, which is activated during action tasks, as well as
the left premotor cortex, which is typically activated when people imagine
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themselves holding objects in their dominant hand, are both differentially
activated when pronouncing tool names as opposed to animal names. Oth-
er research demonstrates that exposure to words that denote instruments
or actions causes a motor resonance (having the activation of motor are-
as as an effect). According to research by Hauk et al. (2004), action words
that describe movements of the face, arms, or legs, somatotopically activate
the fronto-central cortex, supporting the idea that the sensorimotor cortex
processes certain aspects of the meaning of action-related words (Pulver-
muller, 2005). Similarly to the case of the phono-articulatory effect, it was
suggested (Delliponti, 2022) that the evidence concerning somatotopic mo-
tor activation, when motor cortex responds to the content of the words, can
be considered as supporting the hypothesis of a semantic simulation (Fis-
cher & Zwaan, 2008).

However, my main hypothesis was that phono-articulatory simulation
and semantic simulation are mechanisms associated with OC. Specifically,
that these processes result from the neural exploitation hypothesis (Gallese,
2003; Gallese & Lakoff, 2005), from which the MS theory originates, and
that they deal with the recognition of ostensive signals relating to a specif-
ic means of communication, i.e., language: the phono-articulatory simula-
tion as having a role in the recognition of communicative intentions, and the
semantic one as having a role in the recognition of informative intentions
(both in language).

4, Ostensive signals in infants

The point of my thesis, however, is to explain how motor simulation (pho-
no-articulatory and semantic) plays a role in language acquisition, and what
are the details related to the mechanisms involved, specifically, in the rec-
ognition of communicative and informative intentions. According to Csi-
bra (2010), infants easily recognize the meaning of ostensive signals that are
encoded as communicative intentions. Rather than being the result of the
growth of communication abilities, recognizing ostensive signals — in the
case of communicative intentions, observing their presence and not neces-
sarily accessing their content - is one of the sources. So, communication de-
velopment is made possible by the fact that the ability to understand them
is innate. Ostensive signals must satisfy the following requirements: clearly
identify the infant as the recipient of a communicative act; be discernible to
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neonates; and elicit a preference for the source. At least three different types
of stimuli meet these requirements: direct gaze resulting in eye contact; the
specific intonation pattern known as baby talk, motherese or infant-directed
speech, that is employed with infants; and contingent reaction to the infant’s
behavior in a turn-taking way. I claim that this facilitation to recognize os-
tensive signals in infants might happen also in the case of informative inten-
tions. For the purposes of the next section, I will focus on baby talk.

5. Phono-articulatory simulation in language acquisition

I will present here some of the evidences of how baby talk can play a role in
the recognition of communicative intentions and what is the role of motor
simulation. There is a specific aspect of how baby talk might be involved
in phono-articulatory simulation and, accordingly, in language acquisition.
The human hearing system has got special features that enable it to distin-
guish human voice from background noise (Csibra, 2010). With a bias to-
ward speech, newborns can distinguish between speech and non-speech
stimuli. Specialized brain regions support this differentiation, and people
are naturally more sensitive than other animals to this form of communi-
cation (Vatakis et al., 2008). But hearing speech does not definitely provide
the conclusion of being addressed, and differently from eye contact speech
does not directly indicate the addressee of communication. You will know
the addresser is speaking to you, for instance, if they use your name, wel-
come you politely, refer to events that are pertinent to your specific situa-
tion or to anything you said or did before, and so on. By the way, the issue
here is that preverbal infants are unable to decode the message of what one
says, while those methods work only in case one can decode the content of
a speech. Even though infants are not the ones being spoken to (most of the
time), they can hear speech, and given specific cues by the speakers - indi-
cators that make it clear when speakers are speaking to a young child, but
not necessarily eye contact — infants are able to recognize that speech is ad-
dressed to them.

Moreover, when speaking to preverbal newborns, adults automatically
change their prosody (Csibra, 2010). Infant-directed speech, or baby talk, dif-
fers from adult-directed speech in pitch, amplitude fluctuation, and speed.
Although there are cultural variances, these features of baby talk are univer-
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sal (Fernald, 1995). It has been suggested that this specific style of speech di-
rected at infants has a number of purposes, including capturing the infants’
attention, regulating affect, maybe being a cause of language learning, or
simply being a result of talking to infants in emotionally charged situations
(Csibra, 2010). So, according to Csibra, “the immediate function of the in-
fant-directed intonation pattern is [...] it makes it manifest that the speech
is infant-directed. [...] the special prosody associated with motherese indi-
cates to the baby that he is the one to whom the given utterance is addressed,
and so it serves as an ostensive signal” (ibid., p. 148). It is also likely that this
feature, i.e., the preference for baby talk, is innate in humans. So, baby talk
“is very effective in orienting infants to the speaker, and mothers use it to
achieve exactly this effect” (Csibra, 2010, pp. 148-149). When infants cannot
determine that they are being spoken to, based on the speech content, adults
often utilize baby talk, which complements infants’ sensitivity to it. Basi-
cally, this means that baby talk is important for infants in order to acquire
language, not necessarily because the features of baby talk help them to un-
derstand words, but mainly as infant-directed speech is crucial for them in
order to recognize linguistic communicative intentions: in turn, as a side ef-
fect, this helps them with language acquisition.

On that note, how is phono-articulatory simulation involved in infants’
sensitivity to baby talk? My hypothesis is that the communicative reso-
nance mechanism is crucial to language learning (Delliponti, 2022) because
it makes sure that the infant’s focus is solely on language and not on other
“communication systems”. Therefore, the identification of linguistic com-
municative intentions would involve MS, namely the phono-articulatory
one, that is involved in the recognition of communicative intentions. From
this point of view, baby talk is a mechanism that facilitates the activation of
the phono-articulatory system: as a consequence, when adults resort to baby
talk, a greater activation of speech related motor areas should be observed in
infants. The content of motor processing (low-level) would then be sent to
the mentalizing system, so that the process of recognition of the communi-
cative intention (high-level) would be successful (Salo et al., 2019). In short,
the act of communicating is processed by means of the phono-articulatory
resonance (Fischer & Zwaan, 2008), and in the case of baby talk, this results
in a greater activation of speech related motor areas in infants. My conclu-
sion is therefore that, as a side effect, phono-articulatory simulation could
play a very important role in language acquisition.
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6. Semantic simulation in language acquisition

With regard to semantic simulation, in my previous paper (Delliponti, 2022),
an involvement of motor resonance in the recognition of linguistic inform-
ative intentions was suggested. As previously mentioned, this hypothesis is
based on the evidence concerning somatotopic activation of the motor cor-
tex responding to the content of the words (Hauk et al., 2004; Martin et al.,
1996; Preissl et al., 1995; Pulvermuller et al., 1999), and more specifically,
action words or action verbs (Pulvermuller et al., 2005). As claimed by Fis-
cher & Zwaan (2008, p. 837): “referential motor resonance occurs when the
motor system responds to the content of the communication”. The same au-
thors make clear the distinction between phono-articulatory and semantic
simulation:

If alistener’s speech motor system responds to hearing the word “kick”, then
this would be an example of communicative motor resonance; the motor
system is simulating the production of the utterance. However, if the leg
area of the premotor cortex responds, this would indicate referential mo-
tor resonance; the motor system is simulating the action that is being de-
scribed by the utterance rather than the production of the utterance itself
(Fischer & Zwaan, 2008, p. 837).

However, it is necessary to clarify in which sense, and what it means that
semantic simulation has a role in the recognition of linguistic informative
intentions. Here, one might think that this mechanism is similar or specular
to that of phono-articulatory simulation, but on closer inspection, it is pos-
sible to see that it is a different process, with different features. It was also
claimed (Delliponti, 2022) that semantic simulation is consistent with the
notion that our ancestors’ environment caused selection pressures in favor
of vocal information with action content, as communication and language
originated for action (Borghi & Caruana, 2016). This indeed seems consist-
ent with an embodied approach to the origin of language, embodied eventu-
ally in a weaker and not necessarily in a strong sense.

So, what does it mean that semantic simulation is involved in recognizing
informative intentions? We know that associative learning is the mechanism
that leads to the sensorimotor processing of verbs, in adults (Cooper et al.,
2013; Heyes, 2010), and a similar process happens in infants (7 to 9 months
olds) with regard to the processing of action related sounds (Gerson et al.,
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2015; Paulus et al., 2012, 2013). Moreover, motor areas are activated when ac-
tion verbs are heard during the early stages of language acquisition (Antog-
nini & Daum, 2019). This means that the processing of action related verbs
involves the sensorimotor system in infants. Fargier et al. (2012, p. 889) ex-
plain how somatotopic activation of motor areas during the hearing of ac-
tion words, and mostly verbs, is a consequence of associative learning:

Since “action words” (mostly verbs) are often acquired and experienced in
the context of execution of the depicted actions [...], and given Hebb’s postu-
late that synchronous activity of neurons leads to the formation of neuronal
assemblies [...], Pulvermuller suggested that neural networks including per-
isylvian language areas and motor areas emerge with experience. By means
of these shared circuits, perceiving an action word will then automatically
trigger activity in motor regions of the brain [...].

Given the associative learning process, a hypothesis is that at an early
age the motor system, in conjunction with the mentalizing system, helps to
recognize the intention behind an action. It is the theory that combines ev-
idence about MS as a mechanism that helps to provide information about
intention (Gallese, 2007), plus the evidence about the role of high-level sys-
tems, namely the network consisting of the motor cortex and the brain areas
of mentalization (Salo et al., 2019). This leads to recognizing the intention of
an action, as well as the action itself.

Consequently, assuming a knowledge of the action already possessed (but
not strictly necessary), my thesis about the role of associative learning is that
it is possible to acquire a new (action) word by relying on the information
contained in the recognition of the intention. As said earlier, this happens
because action words are frequently learned in the context of performing the
actions shown. Thus, an association is formed between the intention behind
an action and the intention behind the word (e.g., to grasp). My hypothesis
is that the recognition of the informative intention behind the association of
word and action (by the recognition of the intention of the action) helps to
consolidate the sense of the word. As a result of the associative learning, there
is a somatotopic activation of the motor cortex upon hearing the learned ac-
tion word. This mechanism is involved in language acquisition and probably
plays an important role, considering that infants learn words in stages, with
more abstract words coming later, whereas the first verbs they acquire are
largely verbs describing observable actions (Antognini & Daum, 2019; Pon-
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ari et al., 2018; Reggin et al., 2021). So, semantic simulation is a result of as-
sociative learning, that is the mechanism properly at work during the recog-
nition of the informative intention of the action, and the association of the
correspondent linguistic informative content (see Figure 1). In my model, it is
the associative learning — via recognition of the informative intention - that
facilitates the acquisition of action verbs, while semantic simulation (which
takes place after the process has occurred) is only a result of learning. Since
at the time there is no definitive evidence on the role of semantic simulation,
it is not entirely out of place to define it as a “secondary effect”.

7. Motor simulation and inference: what kind of mindreading?

In the previous sections I suggested a model of MS and how it plays a role
in OC, illustrating the way in which this model plays, in turn, an important
role in language acquisition. I will now try to suggest what kind of mind-
reading might be at work in these specific cognitive processes related to the
developmental phase, an issue involved in the broader problem of mindread-
ing in infancy (Butterfill & Apperly, 2013; Carruthers, 2013, 2016; Goldman,
2006; Goldman & Jordan, 2013; Rakoczy, 2012). There are some basic ques-
tions relevant to the topics presented here, e.g.: Do newborns have a theory
of mind? And if so, what type? Is it explainable within the framework of the
“classical” theory of mind, or is it of a different kind? These are clearly non-
trivial questions to which, however, attempts have been made in recent years
to give some answers; and it will be the experimental work, possibly, to of-
fer new evidence in order to account for the less clear aspects of the theory.
However, what I will do in this section is to present some mindreading mod-
els and suggest which of them have features compatible with the cognitive
resources of early childhood and with the MS model presented here.

To put it simply, there are two main models that describe, in different
ways, mechanisms and features of mindreading: the theory-theory (TT) and
the simulation theory (ST) (Goldman & Jordan, 2013). Each of these main
strands can be divided into two categories characterizing specific modules,
distinct or constituting one another’s subset, each with certain properties.
TT can be divided into full-blown theory of mind (FB-ToM) and minimal
theory of mind (M-ToM) (Butterfill & Apperly, 2013), while ST can be divid-
ed into high-level simulational mindreading (HL-SM) and low-level simula-
tional mindreading (LL-SM) (Goldman & Jordan, 2013). What characterizes
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the difference between the distinct types of TT (FB-ToM and M-ToM) and
ST (HL-SM and LL-SM) is the specific degree of complexity involved, com-
plexity related to the cognitive resources and the processing difficulty impli-
cated in mindreading. Consequently, it is possible that — under certain con-
ditions - each subdivision is addressed to a specific object.

Generally speaking, the theory of mind (ToM) is the ability to infer from
others’ thoughts, beliefs, and emotions, what their intended action would be,
in order to predict it (Byom & Mutlu, 2013). As for the TT, FB-ToM involves
the mental representation of propositional attitudes such as beliefs, desires
and intentions, e.g.: subjects represent the belief of another agent, such as an
object is behind a wall, by holding a second-order belief, namely a represen-
tation, and not by adopting or imitating the first-order belief that the object
is behind the wall (Lurz et al., 2022). This is a representation about a rep-
resentation, or metarepresentation (see Figure 2). Otherwise, in the case of
M-ToM, one of the proposed explanations is that subjects use proxies in or-
der to attribute to agents perceptual states, beliefs or intentions: these prox-
ies are defined by Butterfill & Apperly (2013) as encountering and registra-
tion. Under a limited range of commonplace situations, agents sense an item
only when they come into contact with it, and they believe that an object
has a certain property only when they register it as having that property (see
Figure 3). So, according to the authors (ibid.), encountering and registra-
tion are ways to attribute mental states to others without involving any rep-
resentation about representations; it is enough to process goal-directed ac-
tions by representing their outcomes as functions of motions made by a body
(and not representing mental states). Hence, in order to possess a M-ToM it
is enough to understand bodily movements as “units which are directed to
goals” (ibid., p. 614).

As for the ST, it requires first-order beliefs with similar content to the
tirst-order beliefs encoding other agents’ actual representations. HL-SM hy-
pothesizes that mindreaders use their own minds to create mental models of
their intended targets. When a subject places her cognitive processes in the
same “starting-state” as the agent’s and, as a result, those processes direct
her, this simulation may allow her to predict what the agent will do (Gold-
man & Jordan, 2013). Importantly, it is mostly a product of imagination and
involves a decision-making mechanism (see Figure 4). HL-SM ditfers from
LL-SM as this one, unlike HL-SM, is an automatic process that does not re-
quire the use of imagination or a decision-making mechanism (see Figure 5).
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Conditions such as the mirroring of disgust and pain, or motor simulation,
are automatic processes that directly trigger a reaction in the mindreader /
simulator, similar in the content to the state of the agent; they are therefore
implicit, low-level representations.

Thus, what kind of mindreading may infants have, compatible with the
MS theory presented here, specifically the MS involved in language acqui-
sition? The literature on mindreading has repeatedly underlined how prob-
lematic it is to attribute a FB-ToM to newborns, on the basis of the evidence
concerning childhood skills on attributing intentions to others (Carruthers,
2013; Rakoczy, 2012); similar issues have also affected the debate on mind-
reading in non-human animals (Bermudez, 2009; Lurz et al., 2022). How-
ever, based on some groundbreaking studies (Onishi & Baillargeon, 2005;
Southgate et al., 2007), we know that pre-verbal infants possess the ability
to recognize goals, perceptions, and beliefs, based on some form of sensitiv-
ity to false belief tasks. On the basis of what I claimed previously, it would
seem reasonable to suppose that the type of mindreading taking place dur-
ing the phono-articulatory simulation and during the semantic simulation,
in infants, is linked to the ST: this also seems obvious given that MS, which is
a form of embodied simulation, is based precisely on the ST (Goldman & de
Vignemont, 2009). And it also seems reasonable to suppose, on the evidence
presented in this paper, that some of the mentalizing tasks can be described
with reference almost exclusively to empathic mirroring, i.e., LL-SM. In fact,
MS is in all respects a type of LL-SM: the activation of motor areas spe-
cialized in the phono-articulatory movements or in the movements of other
parts of the body (arms, legs, etc.), as happens during the phono-articulato-
ry simulation and the semantic one (activation that in such cases, as men-
tioned, is consequent to listening to words or phrases, in one case respond-
ing to the communicative act, in the other to the content. Activation which,
however, is subsequently inhibited, see Borghi & Caruana, 2016), is an au-
tomatic mechanism that does not require the use of imagination or of a de-
cision-making process. What happens is that the motor cortex automati-
cally activates in response to exposure to verbal stimuli, low-level activation
which is a type of embodied simulation.

However, what kind of mindreading should we refer to in order to ex-
plain the recognition of ostensive cues in infants? What I want to suggest
in this final part of the paper is that a simulation approach (both low- or
high-level) can be accompanied in several cases by a ToM-based approach,
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depending on the evidence we have on circuit sharing and activation of dif-
ferent areas of the brain during mentalizing tasks (Lombardo et al., 2010).
The recognition of communicative intentions of the type described here in
infants (baby talk) occurs through phono-articulatory simulation, which is
a type of LL-SM. It may be that this is an entirely implicit mechanism, not
requiring any kind of high-level representation. However, the semantic sim-
ulation, which takes place through a somatotopic activation of the motor
cortex, is a type of SM and consequently LL-SM, but it is possible that the de-
scribed mechanism of attribution of informative intentions could be accom-
panied by an activation of brain areas involved in higher-level processing.
This is because the process of associative learning during the observation
of actions accompanying the learning of related action verbs occurs parallel
to a mechanism involving the attribution of goals to the action; this process
might need a M-ToM, considering that pre-verbal infants may lack the me-
tarepresentative skills of older children (Butterfill & Apperly, 2013). In fact,
as said previously, understanding body actions as units that are directed to-
ward goals is all that we need to possess a M-ToM. However, the same pro-
cess could also be explained by a HL-SM, which would require a first-or-
der representation, in this case through imagination and a decision-making
mechanism. It is therefore likely that the associative learning process under-
way during the acquisition of action verbs, is initially linked to a MS mech-
anism that is activated following the observation of the action to which the
verb corresponds, an association that would create new connections between
linguistic and motor areas. The first part of the process could therefore be
exclusively explained with the LL-SM. However, as mentioned, attributing
an intention to the observed action could be something that implies the ac-
tivation of other areas, specialized in mentalization tasks (Lombardo et al.,
2010). At a later time, the data processed by low-level areas could therefore
be sent to other brain areas dedicated to a higher-level processing. Based on
the evidence concerning mindreading in childhood (Butterfill & Apperly,
2013), it may be excluded that infants, up to a certain age, are equipped with
a FB-ToM, while this second part of the process is likely to rely on a M-ToM
or a HL-SM. The result of this learning could equally exploit the same mod-
ules (LL-SM and M-ToM, or LL-SM and HL-SM), and therefore the under-
standing of an action verb would be a process that implies both an activation
of motor areas and of areas more specialized in mentalization tasks. How-
ever, although I claim here that semantic simulation (here understood there-
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fore as the outcome of the learning process) has an important role in lan-
guage acquisition in childhood, only future studies could shed light on the
role that the part of semantic simulation relating to low-level activation may
have during everyday understanding of action verbs.

To conclude, in order to explain the cognitive processes taking place
during the MS needed by infants to recognize the ostensive cues useful for
language learning, the best method is not to exclude a type of explanation
involving a “mixed” approach, with low- and high-level representations,
whether this can be explained entirely through the ST, or whether this pro-
cess can be explained through mechanisms involving representations of dif-
ferent types, as diverse as those at work in distinct models, as in the case of
LL-SM and the M-ToM.

Conclusions

In this paper I tried to clarify the main assumptions advanced in Dellipon-
ti (2022), extending their implications, and developing some of the points
that had not been sufficiently explored. First of all, I defined what the os-
tensive-inferential model of communication is, explained the theory behind
motor simulation. I then introduced some evidence supporting the theories
regarding the role of mirror neurons and motor areas in intention recogni-
tion, and the evidence for the role of motor areas in language processing.
I suggested that motor activation during words listening and, more general-
ly, utterances, could have a similar role to that of intention recognition dur-
ing the observation of actions, after having clarified in which sense motor
areas are involved in the recognition of intentions, and how these are part
of a larger network which also includes areas of mentalization. I then in-
troduced two concepts: phono-articulatory simulation (or communicative
motor resonance), which occurs when the speech motor system responds to
listening to words, simulating the production of the utterance; and seman-
tic simulation (or referential motor resonance), which occurs when there is
a somatotopic activation of motor areas responding to the action content of
words, simulating it. I then explained how phono-articulatory simulation
plays a role in language acquisition, especially in the case of baby talk, which
serves infants as ostensive signals for the recognition of communicative in-
tentions. I then explained how semantic simulation is the result of an asso-
ciative learning process, also crucial for learning action words (especially
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verbs), since the learning context, in which the word is presented at the same
moment in which the action to which it refers is shown, has a role in the un-
derstanding of the informative intention behind the word: motor simulation
is involved in recognizing the intention behind the action, that intention is
then moved to the word, resulting in a Hebbian learning. After the learning
phase, listening to the word will be sufficient to activate the same motor ar-
eas involved in the action.

Finally, I presented some mindreading models, all attributable to the the-
ory-theory and simulation theory distinction, suggesting that the simulation
processes presented here can be supported in some cases by low-level sim-
ulational mindreading alone, in the case of phono-articulatory simulation,
or by a mix of low-level and high-level mindreading, in the case of semantic
simulation, e.g., low-level plus high-level simulational mindreading, or low-
level simulation plus minimal theory of mind.
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Figure 1. Semantic simulation as a byproduct of recognizing
the informative intention in language acquisition
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