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This paper presents a pilot study aimed at investigating the comprehension of pantomimic
stories and its possible cognitive underpinnings in typically developing children. A group
of twenty-two Italian-speaking children aged between 8.02 and 10.11 years were included
in the study. Participants watched short videos in which professional actors performed
pantomime narratives; then answered a comprehension question and retold the stories.
Analyses revealed positive correlations between the comprehension of pantomimes and
age, theory of mind, and working memory. The implications of these results for a narrative
model of language origin are discussed against the background of an eco-evo-devo
perspective.
� 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
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1. Introduction

1.1. Theoretical background

We present a study aimed at exploring the cognitive underpinnings of pantomimic storytelling in children with typical
development, with the broader aim of looking for the evolutionary prerequisites of human communication in the context of a
narrative hypothesis of language origin. This study is set against the background of the eco-evo-devo approach, which
considers evolution as driven by multiple sources – i.e., developmental, environmental, and genetic – that complement with
each other in a process of mutual co-construction (Sultan, 2021). This idea is strictly related to the concept of niche con-
struction, which posits that organisms constantly modify environmental states, exerting some influence over their own
evolution, and thus creating opportunities for coevolutionary scenarios (e.g., Laland et al., 2000, 2014).

The eco-evo-devo perspective has been applied also to the study of language and cognition (e.g., Bertossa, 2011; Spencer
et al., 2009). Of particular interest for the present investigation is a specific tenet of this perspective, which exploits the niche
construction hypothesis to raise concerns about the issue of domain specificity applied to language. Starting from the thesis of
the modularity of the mind proposed by Fodor (1983) and further corroborated in several areas, many scholars proposed to
consider the acquisition and use of language as constrained by domain-specific mechanisms, that is, evolutionary devices
. Ferretti).
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dedicated for specific purposes, like the processing of grammar (e.g., Pinker, 1997; Spelke and Kinzler, 2007). However, the
existence of similar specific constraints is challenged by many studies, mainly placed in the context of cultural evolution
investigations (e.g., Chater et al., 2009; Culbertson and Kirby, 2016), which emphasize the role of non-language capacities,
such as sharing and copying, in fostering the evolution of language features. Against this background, a proposal of the eco-
evo-devo approach is to connect the requirements for language emergence to a complex multifactorial collection of cognitive
capacities emerged for environmental and social pressures and only later exploited to configure the language-ready brain,
that set the stage for language ontogeny and phylogeny (e.g., Boeckx and Benítez-Burraco, 2014; Oller et al., 2016; Segovia-
Martín & Balari, 2020).

Accordingly, we present a pilot study aiming at exploring the relationship between certain cognitive abilities and narrative
communication, intended as pantomimic storytelling –which has been claimed to have represented an important stage in the
evolution of human communication (e.g., Boyd, 2018; Corballis, 2017; Ferretti, 2021; Ferretti et al., 2022; McBride, 2014;
Zlatev et al., 2020) – to propose an account for language origin and evolution that rules out the need of involving from the
beginning language-related biological devices. Before presenting our experimental investigation, a general introduction to
the narrative model of language origins underlying the study is required.
1.2. The functional role of narrative

According to the narrative model of language origins, storytelling is the distinctive feature of human language, i.e., the
feature characterizing language with respect to other forms of animal communication (Boyd, 2018; Corballis, 2017; Ferretti,
2021; Ferretti et al., 2017; Ferretti et al., 2022; McBride, 2014). From our perspective, the adherence to this model is linked to a
more general way of defining communication and its functional role, namely in terms of influence of others’ behaviors to
make them act in a certainway (e.g., Carazo and Font, 2010; Dawkins and Krebs,1978; Owren et al., 2010; Rendall et al., 2009;
Scarantino, 2013; Seyfarth et al., 2010). Studies on animal rhetoric (Hawhee, 2011; Parrish, 2014, 2021), pointing to the
adaptive character of communicative behaviors aiming at exerting some influence over other individuals, strongly corrob-
orate this view. Overall, they allow to define a path of functional continuity between animal and human communication,
which rests on the view that communication, in all its forms, is a matter of persuasion.

Although human language and animal communication share the same functional role, our claim is that the human species
developed a specific way of influencing and modifying others’ behavior: in the transition from animal communication to
language, humans evolvedmore efficient persuasive tools governed by the emergence of the ability to tell stories (Ferretti and
Adornetti, 2021; Ferretti, 2022). Narrative, conceived as “a primary resource for configuring circumstances and events into
more or less coherent scenarios involving the experience of persons” (Herman, 2013, p. 74), has been proved to be a powerful
tool of persuasion (Gustafson et al., 2020; Green and Brook, 2000; Hoeken and Sinkeldam, 2014; Igartua and Barrios, 2012;
Mazzocco et al., 2010; Schreiner et al., 2018). This would depend on its extraordinary capacity to exert a force on the individual
by making her cognitively transported into the storyworld and emotionally engaged with the character through a process of
identification (e.g., Bilandzic and Busselle, 2013; Gustafson et al., 2020; Green and Brock, 2000; Mazzocco et al., 2010).
Transportation refers to a state of intense cognitive and emotional focus on the story (Green and Brock, 2000) that can lead to
identificationwith story’s protagonist, i.e., to an experiencewhich leads the receiver to adopt the perspective of a character. In
doing so, the receiver sees the story events through the character’s eyes and thus might be prone to be influenced by his/her
beliefs and attitudes (de Graaf et al., 2012).

From this view, investigating the origin of language means exploring the emergence of narrative forms of communication.
Various models have been proposed in this regard (e.g., Bietti et al., 2019; Boyd 2018; McBride 2014; Ferretti, 2022; Ferretti
et al., 2022). In this paper, we focus on two specific issues characterizing the debate: the material conditions � semiotic
systems � and the structural constraints � cognitive devices � which are required to develop a narrative form of commu-
nication. Our investigation rests on a methodological assumption shared by many cognitive models of language origin (e.g.,
Corballis, 2018; Sperber and Origgi, 2010; Scott-Phillips, 2014): the idea that the systems and cognitive skills responsible for
language processing as we know it today are also involved in its phylogenetic origin. From this point of view, examining how
language works is a way to shed light on how language possibly evolved.1 Against this background, we report a pilot study
about the comprehension of narrative pantomime and its possible cognitive underpinnings that, shedding light on the
mechanisms underlying story processing, might provide some insights on how our hominin ancestors developed a narrative
communication – i.e., it might contribute to outline the complex picture of the cognitive systems necessary for narrative
language to evolve.
1 Scott-Phillips and Heintz (2023) suggested that the field of language evolution research consists of three main areas of investigation: “1. The biological
evolution of whatever cognitive capacities are necessary to generate, acquire, and use languages. 2. The transition from very simple systems, with few if any
of the characteristic features of languages (e.g., no or very little syntax), into a system that is characteristically linguistic. 3. The change from one char-
acteristically linguistic system to another.” (Scott-Phillips and Heintz, 2023, p. 95). Our study, focusing on the cognitive prerequisites necessary to use
language, is concerned with point 1.
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1.3. Narrative pantomime

As for the issue concerning the material conditions that allowed the emergence of storytelling, we posit that the early
semiotic system able to convey the defining elements of a story – i.e., coherently connected sequences of events involving the
experience of persons – is pantomime. On this view, pantomime was a precursor to human language – a means to tell stories
before the emergence of a fully-fledged language (see also Boyd, 2018; Corballis, 2017; McBride, 2014). A starting point for
clarifying the relation between the pantomimic origin of language and the ability to tell stories is the thesis proposed by
Donald (1991), and further refined by Zlatev (e.g., 2014; Zlatev et al., 2020), which considers bodily mimesis (of which
pantomime is a specific case) as an intermediate stage between the episodic (i.e., limited to the here and now) communication
of great apes and the symbolic culture of Homo sapiens. Mimesis is seen as “an embodied, analogue and primordial mode of
representation” (Donald, 2012, p. 189) resting “on the ability to produce conscious, self-initiated, representational acts that
are intentional but not linguistic” (Donald, 1991, p. 168). Both Donald (1991) and Zlatev (2014) identify the primary adaptive
function of bodily mimesis in toolmaking. However, since a mimetic act is by its nature public and has the intrinsic potential
to communicate, it would have naturally been exapted for other functions, such as intentional communication (Zlatev, 2014;
Gärdenfors, 2017; 2021).

Relevant to our proposal is the notion of pantomime growing out of bodily mimesis proposed by Zywiczy�nski et al. (2018,
p. 308) who, stressing the communicative power of pantomime, characterize it as mimetic (volitional and representational);
non-conventional and motivated; multimodal but primarily visual; improvised; using the whole body and the surrounding
space rather than exclusively manual and stationary; holistic and non-segmental; communicatively complex and self-
sufficient; semantically complex; displaced, open ended and universal.

For a narrative account of pantomimic communication, it appears especially relevant the holistic nature of pantomime,
i.e., the fact that pantomime can refer to “whole events or sequences of events in a holistic ‘continuous strand’, with no
self-apparent onsets and terminations in the stream of movement, which does not naturally decompose into easily
isolable component parts” (Zywiczy�nski et al., 2018, p. 314), along with the fact that it is a form of enactment involving
the whole body (Brown et al., 2019; Ferretti, 2021; Ferretti et al., 2022).2 Maintaining that pantomime is a process
involving the whole body that can refer to whole events in a holistic fashion means adopting a “broad” definition of
pantomime (Adornetti et al., 2019), which distinguishes it from iconic gesturing, generally considered to be only manual
(e.g., Arbib, 2012; Armstrong and Wilcox, 2007; Tomasello, 2008). While hand gestures can be very effective to panto-
mime single actions and objects (see Brown et al., 2019) – e.g., using fingers to represent scissors cutting – they might be
less successful to represent broader events – e.g., representing a tennis player serving the ball. As narrative consists of
sequences of events of this latter type – e.g., a tennis player serving the ball and celebrating the point –, a broad notion of
pantomime implying a body-to-body mapping is required. Brown and colleagues (2019, p. 3) describe this mode of
pantomiming as egocentric type, in which “a person performs an empty-handed transitive action in the first person with
an imaginary object”.
1.4. Cognitive underpinnings of narrative

The second step of our argument for a narrative account of language origins concerns the structural constraints – the
cognitive systems – that allowed our ancestors to tell stories through pantomime before the emergence of verbal lan-
guage. In this regard, we endorse a “narrative first hypothesis” (Ferretti, 2021), which considers the possibility to express
narrative contents through pantomime as secondary to the possibility of mentally representing those contents: narrative
is primarily a modality of thought which predates its expression through a semiotic system (Ferretti, 2016; Ferretti et al.,
2017). In other words, adhering to the narrative first hypothesis means claiming that semiotic systems do not have in
their own the potential to convey a narrative content without underlying appropriate cognitive structures for ascribing
meaning to a certain expressive performance. Against this cognitive background, the possibility to exapt pantomime for
storytelling depends on narrative being both mentally represented by the individuals who generate it and understood by
an audience.

The narrative first hypothesis is corroborated by research attesting that narrative does not depend on language but relies
on the proper functioning of a cognitive architecture not specific for linguistic processing. Interesting indications come from
neurodevelopmental disorders, such as autism spectrum disorders (ASD). A significant number of investigations has provided
evidence that autistic persons have impairments in narrative production (e.g., Adornetti et al., 2023; Diehl et al., 2006; Ferretti
et al., 2018; King et al., 2013) and comprehension (e.g., Jolliffe and Baron-Cohen, 2000; Minshew et al., 1995; Nuske and Bavin,
2015). For example, autistic children show difficulties in coherently connecting the sequences of events constituting a
2 The narrative potential of pantomime is also advanced by McNeill (2005) who defines pantomime as a “gesture or sequence of gestures conveying a
narrative line, with a story to tell, produced without speech”. According to McNeill, the production in absence of speech makes pantomime a dead-end in
evolutionary terms. In his view, indeed, from the very beginning language had to rely on an integrated system of gesture and speech (McNeill, 2012).
Lacking in the speech system, pantomime was not a precursor of human language.
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narrative (Diehl et al., 2006; Ferretti et al., 2018) as well as in comprehending the goals and motivations underlying the
actions of the stories’ characters (e.g., Happé, 1994; Jolliffe and Baron-Cohen, 1999). Relevant for our purposes is that these
difficulties have been interpreted as reflecting impairments in cognitive systems and processes not specific for language.
Among them, Central Coherence (CC; Jolliffe and Baron-Cohen, 2000; Nuske and Bavin, 2015), Theory of Mind (ToM; Baron-
Cohen et al., 1986; Happé, 1994; Tager-Flusberg and Sullivan, 1995), Episodic Future Thinking (EFT; Ferretti et al., 2018;
Marini et al., 2019), andworking memory (WM; Kuijper et al., 2017). CC has been suggested to be responsible for constructing
an overall representation of the story plot integrating the single elements of an event into a wider global context at both the
conceptual (i.e., semantic) and perceptual (i.e., visual) level (e.g., Happé et al., 2001; Lopez et al., 2008; Plaisted, 2001). ToM
allows the understanding of the psychological/motivational causes of characters’ actions (Gerrig, 2010; Oatley, 1999),
contributing to give meaning to those actions. EFT is involved in the processing of the temporal axis of a narrative discourse,
allowing to envision the temporal dimension of the characters’ actions (Ferretti et al., 2018). WM is an important predictor of
children narrative development (e.g., Dodwell and Bavin, 2008; Veraksa et al., 2020; Ward et al., 2016). It is one of the main
components of executive functions and allows to process, store and update information in real time to accomplish a task (e.g.,
Fuster, 2008; Miyake et al., 2000; Rosenthal et al., 2006). It has been connected to the process of events representation (e.g.,
Radvansky and Zacks, 2014) since, when people represent a single event, theymust keep track of the various aspects involved
in that event as well as to integrate those aspects with information coming from both the environment and their world
knowledge.

This cognitive model of narrative processing has been further corroborated by recent evidence showing that the narrative
impairments of autistic persons are not restricted to the linguistic code, but also extend to the processing of visual stories
(Adornetti et al., 2020; Coderre et al., 2018). Overall, these indications strengthen the view that narrative processing relies on
a broad cognitive architecture independent from the expressive semiotic system. This is an important indication that can
inform language evolution research. Supporting the more general hypothesis that the cognitive architecture underpinning
story processing does not rely on systems specific to language, it suggests that such architecture might work as a basis for a
communicative/narrative exaptation.

1.5. The present study

In spite of theoretical considerations suggesting that pantomime can support narrative, to the best of our knowledge, there
are no neuro-cognitive studies explicitly exploring whether pantomime may be used to convey narrative contents. Some
indications by Hogrefe et al. (2013) show that people with acquired aphasia use sequences of pantomimes to convey stories,
which are judged as comprehensible by healthy speakers. But it should be stressed that this study did not aim systematically
at exploring the narrative potential of pantomimic communication, neither its cognitive prerequisites. To fill this gap, the
present research aimed at investigating the comprehension of stories conveyed through pantomime by a group of typically
developmental participants belonging to middle childhood. Specifically, the research question underlying this study was
whether pantomimes, involving the whole body and representing sequences of events causally and temporally connected
each other’s to convey a story, are judged as comprehensible by children. Developmental research on pantomime recognition
showed that children begin to understand pantomimic acts around 5 years of age (Bigham et al., 2007; O’Reilly,1995) and that
this ability is still developing across childhood (Fabbri-Destro et al., 2019; Wurm et al., 2017). As for story comprehension,
studies found that important qualitative improvements in key elements of narrative understanding occurs in middle
childhood (Burris and Brown, 2014). Putting together the results of these two lines of research, we expected children to
comprehend pantomime stories and recognition rates to increase with age.

In addition to a narrative pantomime comprehension task, we administered tests to evaluate cognitive abilities such as CC,
ToM, EFT, andWM that, as mentioned, have been claimed to contribute to the processing of specific aspects of story contents,
such as those related to plot and character. Basing on the results of previous research, we predicted to find positive corre-
lations between measures relating to these cognitive abilities and measures of narrative comprehension.

2. Materials and methods

2.1. Participants

Twenty-two Italian-speaking children with typical development aged between 8.02 and 10.11 years were included in this
pilot study. They had IQ level in the normal range. The group included twelve females and ten males (Table 1).

Childrenwere recruited in local schools. Before the administration of the tasks, teachers reported that the participants had
normal cognitive development, as well as average school performance. Moreover, according to parents’ reports, none of them
had a known history of psychiatric or neurological disorders, learning disabilities, hearing, or visual loss. All children had
normal or corrected-to-normal vision.

The study was approved by the ethical committee of Roma Tre University. Parents signed the consent form for the
participation of their children to the study and for the treatment of the data.



Table 1
General data of the participants.

Typically Developing Children (n ¼ 22)
M (SD) [range]

Age 9.46 (0.74) [8.02–10.11]
Education 3rd – 5th grade
Gender distribution Males ¼ 10 (46%)

Females ¼ 12 (54 %)
IQ level 102.27 (14.45) [80–130]

Data are expressed as mean (M), standard deviation (SD), and range.
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2.2. Procedure

Children were tested individually at school. The administration of the research protocol took two days. On the first day,
children were administered the Raven’s Progressive Matrices to assess their IQ level (Raven, 1938; Italian standardization:
Belacchi et al., 2008) and the digit span memory task aimed at evaluating their working memory abilities (Wechsler, 1993). On
the following day, participants were administered three tasks aimed at assessing their abilities of CC (through the Picture
Puzzles taken from Korkman et al., 2007; Italian standardization: Urgesi et al., 2011), EFT (through the Picture Book task,
Adornetti et al., 2021; adapted from Atance and Meltzoff, 2005), and ToM (through the Theory of Mind-part II taken from
Korkman et al., 2007; Italian standardization: Urgesi et al., 2011). Finally, participants were administered a task to evaluate the
comprehension of pantomimed stories through a test specifically developed for this study.

2.2.1. Digit span memory task
To assess children’ ability of verbalWM, theDigit span forward and backward subtests of theWechsler Scales III for children

(Wechsler, 1993; Italian standardization: Orsini and Picone, 2006) were used. In the digit span forward task, participants were
required to repeat a sequence of numbers in the same order pronounced by the experimenter. The sequences consisted of a
minimum of 2 to a maximum of 9 digits: for each item of a specific length, two different lists of digits were presented (e.g., 3-
8-6; 6-1-2). The children obtained a score of 1 for each list correctly repeated. The task ended when children got both se-
quences of an item wrong. The digit span forward score coincided with the total of exact repetitions, for a maximum of 16
points. In the digit span backward subtest, participants were asked to repeat each list of digits in the reverse order of which
pronounced by the experimenter. The items had the same structure as the digit span forward task, but they had 8 digits at
most. The final score was obtained counting the number of lists correctly repeated by participant. The maximum score for the
digit span backward was 14. The sum of the scores resulting from these two tasks was the digit span composite score (Digit
span total score; Table 2) (maximum 30 points). The mean score of the digit span total score was 11.68 (standard deviation:
2.36), which is within the normal ranges of the Italian Standardization of the Wechsler Scales III for children (Orsini and
Picone, 2006).

2.2.2. Picture Puzzles
CC, namely the ability to visually discriminate the constituent parts of a picture recognizing the parts-whole relationship,

was evaluated using the Picture Puzzles subtest from the NEPSY-II (Korkman et al., 2007; Urgesi et al., 2011). Participants were
shown a series of large pictures sectioned by a grid and four smaller pictures, identified by letters (A-B-C-D), belonging to the
larger picture. They were asked to indicate the corresponding location of each small picture as a part of the larger picture, i.e.,
the experimenter told participants “Look at each small picture and showmewhich frame in the large picture it coincides to”.
Children had 45 s to complete an item. They obtained a score of 1 if the location of the four small pictures in the grid was
correctly identified within 45 s. The response time was always recorded (CC response time), even when the task was
completed beyond the given time (i.e., when the score was 0). The test was organized by age. All participants were presented
with a first item as a trial. The CC score was obtained by calculating the percentage of the correct answers in relation to the
number of items (varying according to age), and by normalizing the response time. Children reported a mean percentage of
75.96 (standard deviation: 30.02) of items correctly identified, which is within the normal ranges of the Italian Standardi-
zation of the NEPSY- II (Urgesi et al., 2011).

2.2.3. Picture Book task
EFT, i.e., children’s ability to imaginatively pre-experience possible personal future states, was assessed by administering

The Picture Book Trip task (Adornetti et al., 2021), adapted from Atance and Meltzoff (2005). The task included six colored
illustrations of scenarios depicting the same number of possible trip destinations (e.g., snowymountains, a road in the desert,
a waterfall, a riverside, etc.). The scenarios were shown one at time, and always in the same order. Participants were first
asked to imagine themselves visiting the depicted places in a future time. Then, for each scenario (e.g., snowymountains), the
examiner presented three photographs of objects that could be respectively: (1) useful in the target place (i.e., a winter coat);
(2) semantically related to the scenario (i.e., ice-cubes); and (3) not related in any way with the target place (i.e., a bathrobe).
The task required selecting the item that childrenwould need to bring with themselves in the target destination. Specifically,
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the experimenter asked: “Which of these objects will you need to take with you on a trip on snowy mountains?”. For each
correct answer, a score of 1 was assigned (Identification Score, IS). After the choice, irrespective of it was right or not, she/he
was required to motivate her/his answer (“Why do you need to bring that object with you?”). The motivations were evaluated
with 1 point when they included a mention to a future internal state (e.g., cold, thirst, etc.). The total number of correct
motivations represented theMotivation Score (MS). A composite score of EFT was obtained by summing up the IS and theMS,
for a maximum of 12. Children reported a mean total composite score of 9.45 (standard deviation: 1.71). There are no
normative data for this task. However, the present results are in line with those of a previous study in which the same task
was administered to a large sample (96 participants) of Italian children (Adornetti et al., 2021).

2.2.4. Theory of mind-part II
The Theory of Mind-part II subtest from the NEPSY-II (Korkman et al., 2007; Urgesi et al., 2011) was used to evaluate

children’s ability to understand others’ emotions or feelings in specific social contexts. Participants were shown 9 numbered
pictures (the first was a trail item) depicting a series of social situations in which a target individual, i.e., a young girl named
Julia, was involved (e.g., playing with cats, riding a roller coaster, etc.). The target individual was always portrayed from the
back, so that her face was not shown. For each context, children were asked to indicate from four different options the
appropriate photograph corresponding to the emotional state of the young girl, i.e., how Julia feels in that social context. The
experimenter assigned a score of 1 for each correct answer, for a total of 8 scores (Table 2). Children reported a mean score of
6.36 (standard deviation: 1), which is within the normal ranges of the Italian Standardization of the NEPSY- II (Urgesi et al.,
2011).

2.2.5. Narrative pantomime comprehension task
The narrative pantomime comprehension task was specifically designed for the present study to evaluate children’s ability

to understand stories conveyed through pantomime. Participants were asked towatch six video clips displayed on a 14inch PC
monitor, showing a series of shorts stories enacted by one actress/actor. The first story was used as a trial to allow children to
get acquainted with the test. Thus, five stories were considered for the analyses. To ensure the quality of the pantomime
performance, we recruited two professional actors, a boy and a girl, from the eminent Silvio D’Amico Art Academy of Rome.
Pantomimes were performed through the whole-body from a character viewpoint, i.e., in an egocentric mode (Brown et al.,
2019), and did not include any type of verbal communication so that audio was excluded. All the videos were shot in the same
location, i.e., a quiet and empty classroom, with a Canon Eos M100 video camera.

All the stories were 1 min long and had the same narrative structure: a beginning, a sequence of related events involving
the actions of a character, the occurrence of a problematic situation, and an open ending showing the actress/actor just taking
one target physical object to address the conflictual event. Since the identification of the target object was crucial for un-
derstanding the problematic situation as well as the character’s motivation driving the open ending, the presence of a real
physical object was methodologically desirable to avoid any disturbance to the comprehension task. The focus of the present
study, in fact, was not merely exploring participants’ understanding of pantomimed objects or single events but their ability
to reconstruct the plot line by integrating the final event with the beginning and the middle of the narrative. Therefore,
following the broad definition of pantomime above discussed, all the stories actions were mimed by the actress/actor just
using the whole body in the absence of any corresponding object; only in the final frame the actress/actor took the physical
object. However, it is important to stress that no action was performed using this target object: the video stopped before the
actress/actor could take an action with it, and before the instrumental goal was revealed. The choice to leave open the final
event is motivated by both methodological and theoretical considerations. Several lines of investigation do indeed emphasize
the relevance that the conclusion has for understanding the overall meaning of a story: the ending is the point of convergence
of all the elements of a narrative which gives unity and direction to the story by making sense of events connecting with the
beginning and the middle, thus representing a valuable factor for evaluating if the overall story meaning has been fully
comprehended. Figs. 1 and 2 illustrate the critical frames of two stories of the task.

Participants were asked to carefully watch the video on the PC monitor, and then, for each story they were administered
two comprehension tasks, corresponding to two comprehension indexes: a first index relating to the children’s under-
standing of the character’s motivations; a second index assessing the degree of comprehension of the plot line. First, par-
ticipants were asked to answer to a character’s motivation question, i.e., “Why did the girl/boy take the target object?” (e.g.,
“Why did the boy take the guitar?”). For example, for the guitar story (Fig. 1), the correct answer is that the boy took the guitar
to earn some money in order to buy the ice-cream; for the cat food story (Fig. 2), the right answer is that the girl took the pet
food to attract the cat pushing him to get down from the tree. These answers obtained a score of 1. Therefore, as five stories
were used for the analysis, the total comprehension score consisted of a maximum of 5 points. Since for each question only
one right answer was possible, children’s responses were rated by only one coder (the first author).

Successively, children were administered a retelling task. Specifically, the retelling task elicited the construction of a
representation of the whole narrative, which could be more or less coherent. To build a coherent narrative representation,
children had to recognize not only the motivations underlying the character’s actions, but also how the individual panto-
mimic events constituting the stories were causally and temporally linked each other’s. For that, retelling task is suitable to
provide more information than the comprehension questions alone on how children processed the story-plot. In fact, in the
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literature, retelling has been explicitly related to children’s ability “to use extended amounts of language, to recall details and
to summarize information into an intelligible whole (.) (so as to focus) the listener’s attention on restructuring information
in a holistic fashion” (John et al., 2003, p. 93). In this vein, the process involved in retellingmight be indicative of a “deep level”
of comprehension in which an understanding of characters’ feelings and thoughts is part of a wider process of building a rich
situation model.

After watching the video clip and answering the comprehension question, whether that was correct or incorrect, par-
ticipants were required to retell the story (i.e., the examiner told “And now tell me the story”). Each story was tape-recorded
and transcribed verbatim later in time. The transcriptions included the pauses, false starts, phonological fillers, and, even-
tually, extraneous elements. Subsequently, referring to coding schemes used in the literature on narrative processing (e.g., for
comprehension assessment: Paris and Paris, 2003; for production assessment: Reese et al., 2011; King et al., 2014), retelling
was scored according to a scale from 0 to 3 points specifically developed for the present study. This scale was designed to
evaluate to what extent children were able to coherently report the stories they saw by integrating the events line, i.e., the
beginning, the middle/conflictual event, and the resolution/ending, with the character’s motivation. Performance received
0 point when the child did not carry out the task; transcriptions received 1 point when the story was incoherent, i.e., when
neither the causal and temporal sequence of events nor the motivations of the character’s actions were correct; 2 points were
assigned when children correctly described the story events without identifying the motivation behind the final action;
finally, 3 points were assigned when the sequence of events was correctly retold and the final motivation was provided.
Examples of the speech samples for each point of the scale are reported in the Appendix. The final score of retelling was
obtained by summing up the score of each story, for a maximum of 15 points (Pantomime retelling score).

Transcriptions’ evaluation was carried out independently by two coders (the third and the fourth author). Inter-reliability
was calculated (r ¼ .95; p < .001). Any discrepancies were resolved by discussion.
Table 2
Descriptive analyses of the children’s performance on the tasks administered. Data are expressed as means, standard deviations, and ranges.

Group (n ¼ 22)
M (SD) [range]

Digit span forward score 7.36 (1.26) [5�11]
Digit span backward score 4.32 (1.62) [2–8]
Digit span total score 11.68 (2.36) [8�17]
Central coherence score 75.96 (30.02) [ 0–100]
Central coherence score response time 169.36 (57.32) [94�270]
Episodic future thinking – identification score 5.59 (.73) [3–6]
Episodic future thinking – motivation score 3.86 (1.32) [2–6]
Episodic future thinking – total score 9.45 (1.71) [5�12]
Theory of mind score 6.36 (1) [5–8]
Pantomime character’s motivation comprehension score 3.45 (1.05) [1–5]
Pantomime retelling score 12.09 (2.99) [1–15]

Fig. 1. Critical frames of the guitar story. (1) A young boy is walking with a guitar (i.e., the physical target object) on his back; he is very flushed; therefore, he
stops buying an ice-cream; (2) he chooses the ice-cream flavors, but just as he is about to eat it, he realizes he does not have any money left. (3) After searching
repeatedly his pants pockets, (4) he gives back the ice-cream, and sadly keeps walking. (5) While reflecting on a possible solution, he suddenly has an idea: (6) he
gets his guitar, sits on the street and he places his hat in front of him.



Fig. 2. Critical frames of the cat food story. (1) A young girl is petting her cat on her arms. Then she accompanies her cat on the ground, but unexpectedly the cat
runs away and climbs on a tree (2) with the girl watching at the pet. (3) The girl tries moving the cat down: (4) she is trying to climb the tree herself, when
accidently (5) she falls on the ground and hurts her knee. Therefore, she looks for another solution and has an idea: with satisfaction, (6) she goes to get a box of
cat food (i.e., the physical target object).
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3. Statistical analysis

Correlation analysis (Pearson’s r) between narrative comprehension scores (pantomime character’s motivation compre-
hension score and pantomime retelling score), age and the cognitive abilities scores (IQ, theory of mind, central coherence,
episodic future thinking, andworkingmemory) was performed. Subsequently, multiple regression analysis was performed on
significant correlations, with the age and cognitive variables as predictors and the narrative comprehension scores as
dependent variables.
4. Results

Correlation analysis showed that the pantomime character’s motivation comprehension score was positively associated
with age (r ¼ .55; p ¼ .007), digit span backward score (r ¼ .59; p ¼ .004) and total digit span score (r ¼ .55; p ¼ .008), while
the pantomime retelling score was positively associated with age (r ¼ .42; p ¼ .049), digit span forward score (r ¼ .42;
p ¼ .050, at the limit) and total digit span score (r ¼ .51; p ¼ .016) and theory of mind score (r ¼ .47, p ¼ .027) (Table 3).

Multiple regression analysis with age, digit span backward and total score as predictor variables and pantomime char-
acter’s motivation comprehension score as dependent variable showed the significant regression model [R ¼ .65; R2 ¼ .43;
R2

adj ¼ .33; F(3,18) ¼ 4.46; p ¼ .016. Age: b ¼ .34; SE ¼ .23; t(18) ¼ 1.471; p ¼ .158; digit span backward: b ¼ .13; SE ¼ .37;
t(18) ¼ 0.353; p ¼ .728; total digit span: b ¼ .29; SE ¼ .32; t(18) ¼ 0.923; p ¼ .368].

At second step, removing age, the multiple regression analysis with digit span backward and total score as predictor
variables and pantomime character’s motivation comprehension score as dependent variable showed the significant
regression model [R ¼ .60; R2 ¼ .36; R2

adj ¼ .29; F(2,19) ¼ 5.29; p ¼ .015. Digit span backward: b ¼ .41; SE ¼ .32; t(19) ¼ 1.629;
p ¼ .220; total digit span: b ¼ .22; SE ¼ .32; t(19) ¼ 0.671; p ¼ .510].

Multiple regression analysis with age, digit span total score and theory of mind score as predictor variables and panto-
mime retelling score as dependent variable showed the significant regression model at limit [R ¼ .58; R2 ¼ .34; R2

adj ¼ .23;
F(3,18)¼ 3.11; p¼ .052. Age: b¼ .13; SE¼ .25; t(18) ¼ 0.513; p ¼ .615; digit span total: b¼ .34; SE ¼ .22; t(18) ¼ 1.557; p¼ .137;
theory of mind: b ¼ .24; SE ¼ .71; t(18) ¼ 0.981; p ¼ .339].

At second step, removing age, the multiple regression analysis with digit span total score and theory of mind score as
predictor variables and pantomime retelling score as dependent variable showed the significant regression model [R ¼ .58;
R2¼ .33; R2

adj¼ .26; F(2,19)¼ 4.71; p¼ .022. Digit span total: b¼ .37; SE¼ .21; t(19)¼ 1.774; p¼ .092; theory of mind: b¼ .31;
SE ¼ .21; t(19) ¼ 1.461; p ¼ .160] (Table 4).



Table 4
Multiple regression analyses results.

Pantomime character’s
motivation comprehension

Pantomime retelling score

Step 1 Multiple
regression model

R [ .65; R2 [ .43; R2
adj [ .33

F(3,18) [ 4.46; p [ .016
R ¼ .58; R2 ¼ .34; R2

adj ¼ .23
F(3,18) ¼ 3.11; p ¼ .052

Predictors Age b ¼ .34; SE ¼ .23
t(18) ¼ 1.471; p ¼ .158

Age b ¼ .13; SE ¼ .25
t(18) ¼ 0.513; p ¼ .615

Digit span backward score b ¼ .13; SE ¼ .37
t(18) ¼ 0.353; p ¼ .728

Digit span total score b ¼ .34; SE ¼ .22
t(18) ¼ 1.557; p ¼ .137

Digit span total score b ¼ .29; SE ¼ .32
t(18) ¼ 0.923; p ¼ .368

Theory of mind b ¼ .24; SE ¼ .71
t(18) ¼ 0.981; p ¼ .339

Step 2 Multiple
regression model

R [ .60; R2 [ .36; R2
adj [ .29

F(2,19) [ 5.29; p [ .015
R [ .58; R2 [ .33; R2

adj [ .26
F(2,19) [ 4.71; p [ .022

Predictors Digit span backward score b ¼ .41; SE ¼ .32
t(19) ¼ 1.629; p ¼ .220

Digit span total score b ¼ .37; SE ¼ .21
t(19) ¼ 1.774; p ¼ .092

Digit span total score b ¼ .22; SE ¼ .32
t(19) ¼ 0.671; p ¼ .510

Theory of mind b ¼ .31; SE ¼ .21
t(19) ¼ 1.461; p ¼ .160

Table 3
Correlation analysis (Pearson’s r) between narrative comprehension scores (character’s motivation comprehension score and pantomime retelling score) and
age, IQ, working memory (forward, backward, and total digit span), central coherence, episodic future thinking (identification, motivation, and total) and
theory of mind scores.

Narrative comprehension

Pantomime character’s motivation comprehension score Pantomime Retelling score

Age r [ .55; p [ .007 r [ .42; p [ .049
IQ score r ¼ .00; p ¼ .990 r ¼ .03; p ¼ .888
Digit span forward score r ¼ .33; p ¼ .138 r ¼ .42; p ¼ .050
Digit span backward score r [ .59; p [ .004 r ¼ .41; p ¼ .056
Digit span total score r [ .55; p [ .008 r [ .51; p [ .016
Central coherence score r ¼ .22; p ¼ .324 r ¼ .04; p ¼ .855
Episodic future thinking – identification score r ¼ .00; p ¼ 1.00 r ¼ .20; p ¼ .376
Episodic future thinking – motivation score r ¼ �.27; p ¼ .231 r ¼ .09; p ¼ .688
Episodic future thinking – total score r ¼ �.20; p ¼ .375 r ¼ .16; p ¼ .480
Theory of mind score r ¼ .32; p ¼ .150 r [ .47; p [ .027
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5. Discussion

This study aimed to explore the narrative potential of pantomimic communication by investigating the comprehension of
short pantomime stories and its possible cognitive underpinnings in children with typical development. Analyses confirmed
our prediction about the effect of age on narrative pantomime comprehension. In line with expectations, comprehension
improved with age: the more the age increased, the more the childrenwere able to reconstruct the story plot by grasping the
motivations underlying character’s final action (pantomime character’s motivation comprehension score) and correctly
telling the events constituting the narratives (pantomime retelling score). As for the relationship between children’s
comprehension performances and the cognitive systems, only two predictions were confirmed: positive correlations were
found between comprehension scores (character’s motivation comprehension score as well as retelling score) and measures
of verbalWM and ToM; CC and EFT turned out to be not involved in narrative pantomime comprehension task. The regression
models (with and without age as a predictor) were significant, but individual predictors (WM and ToM) were not. Although
the present investigation is a pilot study conducted on a small group of participants, its results offer some stimulating points
for discussion of both the ontogenetic and phylogenetic development of narrative pantomime.

5.1. Ontogenetic implications

To the best of our knowledge, this is the first study that investigated the comprehension of narrative pantomime in
children with typical development. Most of previous research (both on adults and children) adopted a “narrow” interpre-
tation of pantomime, i.e., “pantomimes that are based on the execution of a relevant motor sequence in the absence of an
instrumental goal or of its object for transitive actions” (Adornetti et al., 2019, p. 3), and focused on pantomimic acts produced
by hand gestures only (e.g., Dick et al., 2005; Lennox et al., 1988; O’Reilly, 1995; van Nispen et al., 2017). Against this back-
ground, O’Reilly (1995) examined both the comprehension and the production of the “body-part-as-object” (BPO) pantomime
(e.g., using a finger as a toothbrush) vs the “imaginary object” (IO) pantomime (e.g., pretending to hold the toothbrush in
hand) in 3- and 5-year-old children and in adults. In line with the more general premise of a developmental progression of
representational ability characterized by a gradual distancing of symbols from their referents (Bigham and Bourchier-Sutton,
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2007; Werner and Kaplan, 1963), the hypothesis was that BPO pantomimes would have been easier for children to identify
than IO pantomimes. Results confirmed the hypothesis: youngest participants had difficulties in comprehending and pro-
ducing imaginary object representations and obtained better performance when asked to comprehend and produce pan-
tomimes with a body part representation. Overall, these results, showing children’s “increasing independence from concrete
environmental support in their knowledge about actions” (O’Reilly, 1995, p. 999), highlight a developmental improvement of
pantomime comprehension across the preschool years (see also Lennox et al., 1988). Our study might contribute to expand
these observations to middle childhood. In our stimuli, the actions enacted to depict the objects were IO pantomimes, such as
the boy who holds in his hand an imaginary ice cream (Fig. 1, frame 3) or the girl who pets an imaginary cat in her arms (Fig. 2,
frame 1). Although our narrative comprehension task did not directly assess the understanding of this specific aspect
pantomime, it is likely that part of the progression observed in the ability to interpret narrative pantomime was tied to a
developmental advance of children’s symbolic representation ability.

That said, being our pantomime comprehension test based on a narrative task, the developmental progress we found can
be also explained in terms of a development of narrative comprehension and production abilities over childhood. As for story
comprehension, research showed that between 5 and 9 years of age an important qualitative improvement in key elements of
narrative understanding occurs (Burris and Brown, 2014). Around age 5, children begin to produce more goal-directedmental
representations, i.e., representations of character’s desires motivating actions (Trabasso et al., 1992; Berman and Slobin, 1994;
Kendeou et al., 2008). By the age of 6 children are more sensitive to causal structures (Lynch et al., 2008) and between 8 and 9
years of age they also appear to be more sensitive to goal structures and inferences (van den Broek et al., 2003; Trabasso et al.,
1992). As for story production, by the age of 6 children begin to develop strategies for generating coherent texts
(Nicolopoulou, 2008; Peterson and McCabe, 1991). Around age 8, they make efforts to conform their tales to the episodic
structure. i.e., causally related, goal-based, problem-resolution episodes with reference to characters’ internal states (Stein,
1988; Botvin and Sutton-Smith, 1977). Between 9 and 12 ages, the ability to produce stories with complex plots
embedded in multiple episodes becomes mastered (Hudson and Shapiro, 1991). In line with these investigations, our results
confirmed the predictions and showed that also the comprehension of stories represented through pantomime follows a
developmental improvement during childhood: the more the age increased, the more the children grasped the motivations
underlying the character’s actions and correctly retold the stories, demonstrating to be sensitive to their causal and goal
structures.

A second finding emerging from our analyses concerns the positive correlations between measures of verbal WM and the
two narrative scores, i.e., pantomime comprehension question and retelling score, and between ToM and retelling score.
Having found these correlations, we therefore explored a cause-effect relationship between the cognitive and narrative
variables. To this aim, multiple regression analyses were performed by inserting as predictors the cognitive variables that
resulted significantly correlated to the narrative variables. The results showed that the regression models (with and without
age as a predictor) were significant, but individual predictors were not. This might be due to the strong inter-relationship
between predictors or the small sample size. Overall, putting together the positive correlations and the significant regres-
sion models, these results point to the existence of a strong link between the comprehension of narrative pantomime on the
one hand and WM and ToM on the other hand.

The positive correlations between measures of verbal WM and the two narrative scores seem confirming previous
literature showing that WM is connected to narrative production and comprehension, i.e., to the construction of situation
models (Radvansky and Copeland, 2001). Situation models (van Dijk and Kintsch, 1983; Zwaan and Radvansky, 1998), or
mental models (Johnson-Laird, 1983), are mental representations simulating the events described in a text. Their importance
for narrative processing relies on the fact that they contain crucial aspects of events in the world, such as space, time, cau-
sality, and so forth. According to Radvansky and Copeland (2001, p. 1074), the recruitment of WM in the construction of a
situation model might be linked to updating processes “in that updating requires that a large amount of information be kept
available to allow a person to shift from one situation to the next”. Specifically, WM must contain information about the
relevant components of a situation, such as the spatial-temporal framework, the entities involved, their goals, motives, and
properties, and the causal relations among events. In line with these considerations, previous research attested the crucial
role of verbal WM in the development of children’s narrative abilities (e.g., Kormos and Trebits, 2011; Montgomery et al.,
2009; Veraksa et al., 2020). Our results indicate that the involvement of verbal WM in narrative processing is not
restricted to stories processed verbally, as already suggested by research on visual narrative comprehension (e.g., Cohn, 2020;
Loschky et al., 2020). Overall, these considerations allow to point to the existence of a cross modal network of cognitive
processes and systems sustaining the representation of narrative contents irrespectively of the semiotic systems used to
convey stories.

This latter interpretation is further corroborated by the positive correlation between ToM and retelling score: the more the
children understood others’ emotions or feelings, themore they coherently retold the sequence of story events, i.e., causal and
temporal links between the events were properly identified and reported, and correctly described the character’s motivation
necessary to give meaning to the final action. As stressed by Kim et al. (2021), ToM “acts as an interpretive mechanism in
making connections among various perspectives, thoughts, and emotions represented in texts, and hence it plays a critical
role in establishing an accurate and rich situation model” (p., 2). In their study aimed at exploring the relations among ToM,
mental state talk, and discourse comprehension in a group of 10 years old children, Kim et al. (2021) evaluated two genres of
discourses: narrative texts and informational texts. Participants heard short narratives and short informational texts and then
were invited to recall discourses and answer to some open-ended comprehension questions. Results showed that ToM
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predicted the extent of mental state talk in both narrative texts and informational texts and that mental state talk in narrative
texts was strongly related to narrative comprehension. Other investigations revealed a development in children’s narrative
processing, both oral andwritten, that goes hand in handwith the development of mentalizing abilities across childhood (e.g.,
Dore et al., 2018; Guajardo and Watson, 2002; Kim, 2020; Pelletier and Beatty, 2015).

These behavioural data are further corroborated by neuroscientific investigations (e.g., Ferstl et al., 2008; Lin et al., 2018;
Mar, 2011, Mason and Just, 2009). Relevant to our study is the experiment by Yuan et al. (2018), who used fMRI to explore the
brain systems recruited in the generation of narratives. Participants were asked to read short stories describing an event and
then represent it, either through a verbal description, a gestural pantomime, and a drawing on a tablet. Results showed the
existence of a cross-modal “narrative hub” transcending the systems recruited to convey story content: the three semiotic
systems employed to produce the stories activated a common set of cognitive operations in the mentalizing network. Ac-
cording to the authors, “one possible interpretation of the results is that people assume a mentalistic stance as their default
mode of processing stories, oriented toward the characters in the stories” (Yuan et al., 2018, p. 1310). In other words, ToM
contributes to process a key aspect of narrative – the character-based dimension – independently of the semiotic systems
employed to convey stories. Our finding supports such an interpretation: when children had to tell the observed pantomimed
stories, they appeared to process the sequences of events with a special focus on the protagonist’s motives and feelings.
Extending the findings by Yuan and collaborators (2018), our analyses show that the mentalistic stance applies not only to the
production of pantomimic stories, but also to their comprehension. Overall, it is our claim that these considerations may
provide support to the “narrative first hypothesis”, i.e., the view that story processing strongly relies on the proper func-
tioning of a multiple cognitive network not specific for linguistic processing. Before examining the phylogenetic implications
of these findings, some last issues emerging from our analyses are worth to be mentioned.

A first issue concerns the finding of differential relations of ToM to the two narrative measures adopted in the present
study.While a positive correlation betweenToM and retelling scorewas observed, ToM did not significantly correlatewith the
comprehension question. This result suggests that our two narrative measures somehow reflect two distinct processes of
narrative comprehension. Specifically, retelling may have benefited from ToM skill, encouraging children to make inferences
about the characters’ goals, beliefs, emotions, and intentions not explicitly present in the story, thus providing amore detailed
estimation of pantomimic story comprehension. Conversely, the absence of correlation between ToM and the comprehension
question might prove the latter to be of a different nature, in that it may elicit just a portion of information.

Finally, contrary to our predictions, no significant correlations were found between the narrative measures and the score
on task of CC. Several studies have highlighted the role of CC in understanding and memory of global story structure, as CC
would support the construction of an integrated representation of the story plot (e.g., Happé et al., 2001; Lopez et al., 2008;
Norbury and Bishop, 2002). In our study, the absence of correlation between CC and narrative comprehension might be
related to methodological issues. Indeed, along with differences among individuals in the processing style, research has also
shown that the creation of a coherent representation of the narrative may rely on both local processing and global processing
– involving the ability to focus on either the parts, the whole pattern, or both – depending on task and stimulus conditions
(see Booth, 2006).

A similar consideration can apply also to a last finding of this study: contrary to our predictions, we did not find corre-
lations between the narrative scores andmeasures of EFT. In previous investigations, EFT has been found to be involved in the
processing of the temporal links between the sequences of story events when participants had to imagine the missing events
of a narrative discourse by envisioning past or future episodes (Ferretti et al., 2018; Marini et al., 2019) whereas its contri-
butionwas not significant when the narrative stimuli included visual events that were all visible to the participants (Adornetti
et al., 2020). Again, it is possible that an influence of EFT in narrative processing is contingent on specific aspects of the
narrative.

5.2. Evolutionary implications

The results of this investigation may offer some indications about the narrative origin of human language. At a general
level, they show that pantomime represents a suitable means for conveying narrative contents: children understood quite
well the narrative plot conveyed through whole-body pantomime and their comprehension grew up with age in a way that
seems mirroring the developmental progression of linguistic narrative processing. The fact that pantomime turns out to be a
suitable system for storytellingda system allowing the representation of two crucial elements of a story, such as plot and
character (see also Sibierska, 2017)dopens the way to the possibility of considering it a precursor to human language, i.e., a
way to tell “proto-stories” before the emergence of a fully-fledged language. That said, in adhering to the “narrative first
hypothesis” we consider the potential of pantomime to convey stories as subject to the possibility, for both modern humans
and ancient ancestors, to be endowed with a set of cognitive systems enabling narrative representations. In this regard, our
investigation highlights that at least two systems are required to comprehend pantomimic storytelling: WM and ToM. It can
be assumed that our ancestors’ ability to narrate through pantomime rested on the possibility for them to be endowed with
these systems. In other words, if our hypothesis on the pantomimic narrative origin of language is correct, thenWM and ToM
do not merely support the proper functioning of story processing, but they were also involved in the selective pressures that
have driven the transition from animal communication to human language.

As for WM, a great body of research has tried to unveil its evolutionary origins (e.g., Coolidge and Wynn, 2020; Haidle,
2010; Nowell, 2010; Read et al., 2022). Overall, this research points to the view that, even if all primates (possibly, all
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mammals) have WM, with the emergence of Homo ergaster/erectus there was a crucial development of this capacity and that
such development parallels complexity increases in stone artifacts. Specifically, Coolidge and Wynn (2019) described
Acheulean handaxe manufacture typical of Homo ergaster/erectus as the first cognitive archaeological Rubicon that seems to
have required an increase inWM skills. From this view, the expansion of WM during human phylogeny predated the origin of
fully-fledged language: such expansionwas originally driven by selective pressures related to toolmaking and tool-use (Stout
et al., 2015) and only later exploited for other aims, including communicative purposes supporting pantomimic storytelling.

Research on ToM in non-human primates also indicates that the advent of this cognitive capacity preceded the dawn of
language. Experiments showed that chimpanzees, bonobos, and orangutans can pass several false-belief tests (e.g., Krupenye
et al., 2016; Buttelmann et al., 2017; Kano et al., 2019), suggesting that these apes have, to some degree, rudimentary ca-
pacities to attribute mental states to others. These findings provide evidence that also our hominin ancestors possessed the
cognitive equipment necessary to understand how and what others thought. Also in this case, it can be assumed that this
ability originally evolved for functions not related to language – to interpret other’s behaviors – and was later exploited for
pantomimic communication allowing our ancestors to develop increasingly sophisticated narrative forms of communication.
An important consideration is that the strict relationship between comprehension of pantomimic storytelling and mental-
izing abilities contributes to support the view that pantomimic proto-stories might fulfill a persuasive aim. The mentalizing
system is, in fact, among the cognitive devices making possible one of the processes underlying narrative persuasion, i.e.,
identification with the story characters (Ferretti et al., 2022), which implies taking over the protagonists’ goals or plans and
experiencing different emotions depending onwhether these plans work out or fail (Oatley, 1999). As suggested by Bilandzic
and Busselle (2013, p. 213), this form of perspective taking “should increase a message’s effectiveness as people care for the
characters and internalize outcome expectancies”. On this view, the development of proto-stories conveyed through
pantomime can be considered as an enhancement of persuasive abilities already present in other forms of animal
communication.

Along with being a means of persuasion, pantomimic storytelling has also modified environments of our ancestors
creating a new ecological niche, i.e., a cultural environment made of symbols (e.g., rituals, traditions, religions, etc.). As
highlighted within the niche-construction perspective, culture is not only a way to respond to environmental pressures but
also a source of new challenges to the individuals who inhabit it: cultural changes, when modifying environments, become
powerful forces of evolutionary changes (Laland et al., 2000). Against this background, it is plausible hypothesizing a co-
evolutionary scenario in which pantomimic storytelling emerged through the exaptation of cognitive systems such as ToM
andWM for the purpose of making persuasionmore efficient. This would have created a feedback loop favoring the emergence
of more structured and complex expressive resources in the service of more effective communicative exchanges on the
persuasive level (Benítez-Burraco, Ferretti, and Progovac, 2021). From this perspective, the selective pressures toward more
effective forms of persuasion would have triggered the development “of a complex grammar and articulated forms of speech
in order to provide arguments aimed at both supporting and defending one’s own point of view” (Ferretti and Adornetti, 2021,
p. 4; Benítez-Burraco, Ferretti, and Progovac, 2021). In fact, narrative is not the only means of persuasion: since the rise of
classical rhetoric, argumentation has been considered the persuasive strategy par excellence (e.g., Perelman and Olbrechts-
Tyteca, 1958). Argumentation is a product of reasoning, i.e., a form of inference which involves attending to the reasons for
accepting a conclusion. The point to stress is that this inferential reasoning relies on propositional representations (Sperber
and Wilson, 1986) and, therefore, requires a sophisticated expressive system at the grammatical level, i.e., a system able to
express the constituent structure of a sentence necessary to convey propositional contents (Ferretti et al., 2022). In an
evolutionary perspective, the selective pressures towards more effective forms of persuasion fostered the transition from
pantomime to grammatically sophisticated codes. More elaborate grammars provide better tools for persuasion (Benítez-
Burraco, Ferretti, and Progovac, 2021) that, in turn, enhanced argumentative skills as well as narrative skills making it
possible “to express fully-fledged stories presenting more complex features which characterize modern-day storytelling”
(Ferretti et al., 2022, p. 11).

5.3. Limitations and indications for future studies

The present research was a pilot study and, for that, had several limitations. First, the investigation was conducted on a
small group of children. Therefore, though interesting, our results need to be corroborated in a larger sample. This could be
particularly important for the multiple regression analyses. As mentioned, while the regression models were significant,
individual predictors were not. The small sample size probably affected this result. Second, the inclusion of tasks aimed at
providing a description of the linguistic profile (e.g., grammatical and semantic competencies) of the children would have
offered a more comprehensive view of their retelling skills. Third, from a methodological point of view, it cannot be excluded
that the choice to administer the two comprehension tasks to the same group of participants could have affected the per-
formance. For that, we believe that a future study aiming at replicating the present pilot should rely on an independent
samples design, administering the two comprehension tasks to two different groups of participants.3 Moreover, another
narrative pantomime condition could be added. As said, the stories were mimed by the actress/actor just using the whole
body in the absence of any corresponding object, but in the last frame the actress/actor took a physical object, without
3 We thank one anonymous reviewer for this suggestion.
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performing action using this object. This was done for the above explained methodological and theoretical reasons. However,
in future studies it could be interesting adding a control condition inwhich the actress/actor does not take the physical object,
but just mimes that object.4

Finally, our results concerning the involvement of ToM and WM in the comprehension of pantomimic storytelling
highlight only some aspects of narrative processing. Since storytelling is a multifaceted ability, there is no doubt that other
cognitive systems are involved in its processing. As we mentioned, previous research showed that among other cognitive
abilities, both CC and EFT seem to be involved in a different way in the processing of the global meaning of a story. Future
research should take these points into consideration and try to clarify the potential association of temporal projection and
central coherence with the processing of specific aspects of pantomimic storytelling.

6. Conclusion

The present pilot study investigated the comprehension of stories narrated via pantomime and its possible cognitive
underpinnings in a group of children with typical development. Our results, although somehow limited in their potential
generation, suggest that understanding of narrative pantomime increases with age and that two cognitive abilities are linked
to children’s comprehension performances: working memory and theory of mind. These results might offer interesting in-
dications for the view that human language originated from narrative forms of communication. Specifically, our results
suggest that pantomime is a suitable means for conveying narrative contents, thus supporting accounts which argue that
pantomime could have acted as system “to tell” stories before the emergence of vocal language. Moreover, our findings
highlight the involvement of working memory and theory of mind in the processing of pantomime narrative. As it is
reasonable to think that the systems and cognitive skills responsible for language processing as we know it today were also
involved in its origin, we can speculate that working memory and theory of mind were part of a complex multifactorial
collection of cognitive systems not specific for language that, during phylogeny, were exapted for communicative purposes to
configure the language-ready brain.
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Appendix. Retelling task scale
Scale 0–3 points Narrative samples from the “guitar story” (Fig. 1)

0 points: The child did not carry out the task. Non ho capito/I didn’t understand.
1 point: The story produced is incoherent, i.e., when neither the

causal and temporal sequence of events nor the motivations
of the character’s actions are correct.

Lui passeggiava e aveva caldo e non aveva niente nelle tasche, e non l’avevo
capito che cosa e poi si era girato che faceva così ma non l’avevo capito bene./He
was walking and he was too warm and he had nothing in his pockets and I didn’t
understand what and then he turned around that he was doing this but I didn’t
understand it well.

2 points: The story events are correctly described but the
motivation behind the final action is missing or
not explicitly stated.

Ho visto che un signore aveva caldo . poi ha cominciato a pensare e poi è
andato in una gelateria e gli ha detto quale gelato voleva indicando e . gliel’ha
dato poi . ha cominciato a leccare solo che il signore gli ha detto “aspetta, devi
pagare” a allora ha toccato prima la tasca . non c’era . i soldi . e nell’altra
tasca non c’erano i soldi e . ha cominciato a suonare la chitarra e ha messo il
cappello/I saw that a man was hot . Then he started thinking and went to an ice-
cream parlor and ordered the ice-cream indicating the flavors . the he started
licking it but the gentlemen told him “wait, you have to pay for the ice-cream”. So,
he searched his pocket . there was nothing . in the other pocket there was no
money. In the end, he took the guitar and put down his hat.

3 points: The sequence of events was correctly
retold and the final motivation was provided.

Questo ragazzo ha molto caldo allora ha visto un signore che vendeva gelati o
qualcosa di fresco allora voleva comprarlo no perché sentiva molto caldo però si
è si è accorto che non aveva più i soldi allora glielo ha ridato. E allora poi an un
certo punto gli è venuta questa idea di mettersi per terra poggiare il cappello
così gli davano un po’ di soldi così aveva la possibilità di comprarlo./This boy is
very flushed so he saw a gentleman who was selling ice creams or something fresh,
so he wanted to buy it because he felt very hot but he realized that he had no longer
money, so he gave it back to him. Then at a certain point he came up with this idea
to get down on the ground and put his hat down so they’d give him some money so

he could buy it.
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