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This study investigates the effectiveness of training preschoolers in order to enhance their social
cognition and pragmatic skills. Eighty-three 3-4-year-olds were divided into three groups and
listened to stories enriched with mental state terms. Then, whereas the control group engaged in
non-reflective activities, the two experimental groups were guided by a trainer to reflect on
mental states depicted in the stories. In one of these groups, the children were prompted to not
only talk about these states but also “embody” them through prosodic and gestural cues. Results
showed that while there were no significant effects on Theory of Mind, emotion understanding,
and mental state verb comprehension, the experimental groups significantly improved their
pragmatic skill scores pretest-to-posttest. These results suggest that interactional interventions
can contribute to preschoolers’ pragmatic development, demonstrate the value of the new
embodied training, and highlight the importance of multidimensional testing for the evaluation of
intervention effects.

1. Introduction

In the preschool years, children gradually develop the ability to interact with the social world around them. This ability is highly
relevant for children’s everyday life because it impacts their social relationships and the quality of their interactions (Matthews, Biney,
& Abbot-Smith, 2018). Much attention has been devoted to studying the ability to interact socially and its underlying skills, partic-
ularly in the domain of social cognition and pragmatics. The present article builds on this previous research and examines how
children’s developing social cognition and pragmatic abilities can be boosted in the preschool years by focused training.

Social cognition is an umbrella term that refers to a set of cognitive and emotional abilities that are applied in social situations
(Harvey & Penn, 2010). One ability generally included in this set is the ability to attribute mental states to other human beings and to
make predictions about their behavior, known as Theory of Mind (ToM), a term coined by Premack and Woodruff (1978); see also
Perner, 1991, and Wellman, 2014, for a review). In the developmental field, ToM skills have received considerable attention,
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particularly in the last forty years (see Henry, Phillips, Ruffman, & Bailey, 2013; Wellman, 2018, for a review). A large number of
studies have demonstrated that this developmental milestone is reached in the preschool years, as children gradually develop the
ability to detect and interpret the mental states of themselves and others (see Perner & Roessler, 2012; Wellman, Cross, & Watson,
2001; Wellman & Liu, 2004).

At present, ToM in children is traditionally measured by means of what are known as false belief tests (Wimmer & Perner, 1983). In
order to succeed in these tests, the child must be able to reconstruct the false belief of others or his/her own previous false belief. For
example, in the so-called “Sally and Anne” change-of-location task (Baron-Cohen, Leslie, & Frith, 1985), the child is required to predict
that a puppet called Sally will mistakenly look for an object, which has been moved to a different place during her absence by Anne,
another puppet, in the place where she last left it rather than in the place to which Anne has moved it. Another widely used standard
false belief test is the “Smarties” unexpected content task (Astington & Gopnik, 1988; Perner, Leekam, & Wimmer, 1987) in which
children are asked to recall their initial false belief about the contents of a Smarties candy tube. However, just using false belief tests
may not be sufficient to assess a child’s developing social cognition, as it provides us only with a small glimpse of what social cognition
is about (see Harris, 2006, for an overview of children’s developing understanding of belief in the context of social cognition; Wellman,
2018, for a criticism of the exclusive use of the false belief paradigm). Another important aspect of social cognition is emotion un-
derstanding, which refers to the ability to infer others’ emotions and feelings. It has been shown that even at 3.5 months of age, infants
can recognize certain emotions in others through facial and prosodic cues (Kahana-Kalman & Walker-Andrews, 2001). However, it is
only when they approach school age—as with their ability to detect false beliefs—that they become able to name emotions and un-
derstand the external causes of emotions in others (Pons, Harris, & de Rosnay, 2004).

As stated, the general focus of the literature on social cognition development has been on ToM skills, and, particularly, on the
ability to understand false belief (see Harris, 2006 for an overview of children’s developing understanding of belief in the context of
social cognition; Wellman, 2018 for a criticism of the exclusive use of the false belief paradigm), with other components such as
pragmatic skills receiving less attention. Pragmatic skills usually include the ability to recognize and express communicative in-
tentions, infer other people’s expectations and motivations, initiate conversations, respond with relevant information, and understand
utterances in context. The development of these pragmatic skills, which are crucial in a child’s daily social life (Matthews, 2014;
Matthews et al., 2018; Norbury, 2014), is characterized by its own trajectory (Domaneschi & Bambini, 2020). However, despite its
overall importance and relation to social cognition, the ability to socially interact with others has not been subjected to much research
in the domain of social cognition (see Kunda, 1999, for the range of phenomena attributed to social cognition).

In order to address a child’s developing social ability more comprehensively, it might be beneficial to focus on several skills
simultaneously. In the present study we will undertake to do that by looking at the impact on preschool children of a class-room based
intervention in terms of not only false belief understanding but also other aspects of social cognition (cognitive and affective aspects),
as well as pragmatic skills. Such skills help children understand social behavior and social interactions and are closely linked to
language development (Conte, Ornaghi, Grazzani, Pepe, & Cavioni, 2019; Ornaghi, Pepe, & Grazzani, 2016). Both are also related to
social competence (see Hughes & Leekam, 2004) and impact children’s developing social relationships, influencing, for example, their
popularity with peers, their capacity for leadership (Peterson, O’Reilly, & Wellman, 2016), and even their academic achievement
(Lecce, Caputi, & Hughes, 2011; Lecce, Caputi, & Pagnin, 2014).

We hypothesize that training children to talk about mental states could potentially enhance not only their ToM understanding but
their pragmatic competence behavior overall. Boosting the whole set of socio-communicative abilities early on in a child’s develop-
ment may also be important from an educational point of view.

1.1. ToM training

In recent decades, training studies have focused on children’s ToM development and have shown the beneficial effects of focused
language-based interventions on ToM. The first ToM training studies focused on the use of false belief tasks and demonstrated that a
child’s performance on these tasks can be improved if the child is exposed to mental state language (Appleton & Reddy, 1996; Melot &
Angeard, 2003; Slaughter, 1998; Slaughter & Gopnik, 1996). These studies used a task specific approach, namely tasks which were
specifically developed to help preschool children pass standard false belief tests, which generally consisted of providing them with
feedback right after their performance on specific false belief sequences. For example, in Appleton and Reddy (1996), after two weeks
of training in groups, 3-year-old children showed improvement in their ability to pass false belief tasks about the location of an object.
Positive results were also reported by Slaughter and Gopnik (1996), who individually trained 3- to 4-year-olds on appearance vs.
reality distinctions for two weeks, and by Slaughter (1998), who carried out individual training sessions on false belief unexpected
content tasks with 3- to 4-year-olds over the course of two or three weeks. In Clements, Rustin, and McCallum (2000), 3- to 5-year-old
children were individually trained to pass change-of-location false belief tasks by being provided with detailed explanations of their
judgements, which was also found to be effective. In another successful two-week intervention study by Melot and Angeard (2003), 3-
to 4-year-old children were provided with explicit feedback on their performance in change-of-location false belief tasks and
appearance vs. reality distinction tasks. A more recent study by Lecce, Bianco, Demicheli, and Cavallini (2014) adopted this same
approach and similarly showed that training 4- to 5-year olds individually in three 20-minute sessions improved their performance on
false belief unexpected content and unexpected location tasks.

While these first studies showed that specific training providing feedback and explanations about the correctness of children’s
answers in false belief tasks can lead to improvements in ToM, other studies have tested whether training linguistic skills (specifically
syntactic skills) can facilitate the development of ToM (Hale & Tager-Flusberg, 2005; Lohmann & Tomasello, 2003). A close rela-
tionship between ToM development and language has been shown in research (Astington & Jenkins, 1999; de Villiers, 1995, 2000;
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Happé, 1995; more recently Milligan, Astington, & Dack, 2007; Tager-Flusberg & Joseph, 2012), particularly the link between ToM
and the acquisition of sentential complement syntax (de Villiers & Pyers, 2002; Slade & Ruffman, 2005). According to de Villier’s
account (de Villiers, 1995, 2000; de Villiers & De Villiers, 2000), the acquisition of sentential complements promotes false belief
understanding because it provides children with the representational format needed for reasoning about false beliefs. More precisely,
since in sentential complements the clause that may be false can be embedded in a main clause that is true, the very structure of
complement clauses makes it possible to handle misrepresentation and serves as a bootstrap for false belief understanding. Based on
this, Lohmann and Tomasello (2003) conducted a two-week training intervention with 3-year-old children that focused on
discourse-shifting (shifting between different perspectives while talking about deceptive objects) and sentential complement syntax.
The results showed that language-based training played a key role in the development of the children’s false belief understanding. In a
similar study, Hale and Tager-Flusberg (2003) trained children either in sentential complements or, as a control condition, in relative
clauses. While the control group showed no improvement in false belief understanding at posttest, the group trained in sentential
complements improved their performance on a false belief task. Moreover, training children in sentential constructions had the same
effect on false belief understanding as false belief training per se.

Another set of training studies have used conversation-based approaches to boost ToM performance (Astington & Peskin, 2004;
Esteban, Sidera, Serrano, Amado, & Rostan, 2010; Guajardo & Watson, 2002; Ornaghi, Brockmeier, & Grazzani, 2011). All of these
studies have used storybooks whose texts included a variety of terms describing mental states' such as know, think, get angry, get scared
to train ToM. However, contradictory results have been obtained. For example, Guajardo and Watson (2002) examined in two studies
whether exposing children to storybooks which focused on mental states would facilitate ToM understanding. In Study 1, a group of 37
3- to 4-year-old children participated in 12-15 training sessions lasting 15-25 min for five weeks which involved an experimenter
reading storybooks in class and subsequently discussing mental state concepts with the child participants. The training did not lead to
significant improvement in any of the false belief (unexpected location and unexpected content) posttest tasks. In Study 2, by contrast,
which involved 54 slightly younger children, training was given on an individual basis rather than in a group and sessions lasted
10-15 min. In this case, training was found to be effective. A separate training study by Astington and Peskin (2004) yielded negative
findings. In this four-week study, storybooks were read to a total of 48 4-year-old children at home, individually, and at school, as a
group activity. However, while one group (the experimental group) was exposed to texts with a large number of mental state terms, the
other (the control group) were told the same stories but without any explicit mental state terms. Though both groups showed
improvement, surprisingly, children in the control group improved significantly more in a subsequent false belief explanation task than
children in the experimental group. Another study by Esteban et al. (2010) with 96 3- to 4-year-old children also looked at the impact
of storybook reading and subsequent discussion on children’s performance on several individual ToM tasks. In this case, the experi-
mental group of child participants was first told a story by their teacher and then participated in conversations and reflective in-
teractions about the story. This training session lasted 15 min and took place three times over two weeks. By contrast, the control group
was exposed to no special intervention. The results showed that the experimental group improved only in an unexpected location task,
while no effect was found for an unexpected content task. In a similar study involving two age groups (34 3-year-olds and 36 4-year--
olds), Ornaghi et al. (2011) explored the role of actively using mental state lexical items in conversational activities based on a sto-
rybook in promoting performance on ToM tasks. The time frame for training was much longer in this study, since the 20-minute
sessions took place twice a week over two months. In the experimental condition, children in groups of six were exposed to one of the
stories from the storybook and afterwards engaged in language games and conversations which encouraged them to use mental state
terms. In the control condition, children heard the same stories in similar-sized groups but afterwards did not engage in any of the
linguistic activities. This study also obtained mixed results, with an improvement in false belief understanding being found only in the
older, 4-year-old group but no improvement seen in the 3-year-olds. Taken together, the findings from the above-mentioned studies
suggest that training children in groups on mental state language through reading stories and discussion with the teacher for several
weeks does not have a robust effect on ToM understanding.

It is important to mention that while the majority of studies within the conversational training approach have focused on false
belief and applied false belief tasks to measure effects, a few of them have included other tasks. For instance, Astington and Peskin
(2004) also measured the children’s ability to comprehend and produce cognitive verbs. For their part, Ornaghi et al. (2011) examined
their child participants’ abilities even more comprehensively: in addition to performing false belief and a mental state verb
comprehension tasks, participants were tested for potential gains in affective aspects of social cognition and pragmatic competence. To
evaluate the affective aspect of social cognition, a test measuring children’s comprehension of the nature, causes, and regulation of
emotions was used. To measure pragmatic competence, a brief 12-item pragmatic judgment test (Carrow-Woolfolk, 1999) was used in
which the children were asked to make judgements about the appropriateness of responses to particular situations. Like for ToM,
results for emotion understanding and pragmatic competence revealed different effects depending on age. On the one hand, training
had a beneficial effect on the emotion understanding only in the younger, 3-year-old children. On the other, while there was a sig-
nificant conversational training effect on pragmatic competence for 3-year-old children relative to an untrained control group, for the
4-year-olds both the experimental and control groups significantly improved their performance.

In sum, up thus far inconclusive findings have been obtained with regard to the effects of conversation-based training with mental
state language on ToM. However, as mentioned above, most studies have focused on false belief measures and have not assessed other

! In the articles listed above, mental state terms are also referred to as inner state terms, metacognitive language and mental lexicon. The studies by
Guajardo and Watson (2002) and by Astington and Peskin (2004) focus on the use of cognitive mental state terms (e.g., know, think), while the
studies by Esteban et al. (2010) and Ornaghi et al. (2011) include both cognitive and emotional states.
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complementary competencies such as emotion understanding and pragmatic abilities.
1.2. The need for a multidimensional approach for assessing training effects

As mentioned, though awareness of false belief has been the primary focus of attention in prior research on social cognition, authors
such as Wellman (2018) have criticized the false belief paradigm as an overly categorical measure for the very profound ability to
attribute mental states to another person. Given these issues, a multidimensional test battery would provide a more comprehensive
understanding of a child’s developing social cognition and pragmatic abilities. Thus, the current training study will adopt a multi-
dimensional approach that incorporates not only false belief tests but also a mental state verb comprehension test, and other measures
of social cognition and pragmatic abilities. This strategy will allow for a more fine-grained empirical comparison of the efficacy of
experimental interventions across tasks.

Although pragmatic skill measures represent a comprehensive assessment of social ability, so far little attention has been devoted to
assessing the potential positive effects on these skills of mental-state-related conversational interventions. As mentioned above, the
study by Ornaghi et al. (2011) assessed gains in the pragmatic competence of 3- and 4-year-old preschoolers, measured through a short
pragmatic judgement test. Other intervention studies on pragmatic abilities have focused on specific and fairly advanced receptive
pragmatic skills rather than on expressive pragmatic competence, training children, for example, on nonliteral meanings such as irony
(Pexman, Reggin, & Lee, 2019; Sziics & Babarczy, 2017), metaphors (Biatecka-Pikul, 2010; Cortés, Cobos, & Tarbox, 2018), or
inferencing (Davies, McGillion, Rowland, & Matthews, 2019). In addition, most prior research on pragmatic training has concentrated
on intervention programs designed to improve the pragmatic abilities of children with disabilities, specifically children with Autism
Spectrum Disorder (for a recent review see Parsons, Cordier, Munro, Joosten, & Speyer, 2017; see also Adams et al., 2012), and also
adults after traumatic brain injury (Bosco, Parola et al., 2018; Gabbatore et al., 2015). Nevertheless, as noted in Bambini et al. (2016),
the evaluation of pragmatic abilities is still rarely carried out in clinical settings.

Thus, no study so far has fully assessed the potential effects of a focused classroom-based training intervention on the expressive
pragmatic abilities of typically developing children using a comprehensive pragmatic test battery. As for mental state verb compre-
hension and production, as we have seen, some previous studies have assessed the effect of conversational training on mental state verb
comprehension along with other ToM measures (Astington & Peskin, 2004; Ornaghi et al., 2011). By the same token, other studies
adopting a conversation-based approach have assessed affective social cognition. For example, in Tenenbaum, Alfieri, Brooks, and
Dunne (2008)) 5- to 8-year-old children were individually trained with story reading followed by explanatory conversations for four
weeks, yielding an increase in emotion understanding. Similarly, a study by Grazzani and Ornaghi (2011) found that training 3- to
5-year-old preschool children in groups with conversational language games for two months had a significant effect on their emotion
comprehension. However, the present study is to our knowledge the first to assess the impact of conversational training on all three of
these social cognition factors as well as pragmatic competence.

1.3. Aims of the present study

The first overarching aim of the present study is to assess the potential positive effect of a four-week group-based conversational
classroom intervention not only on false belief understanding, but also on two more aspects of social cognition (mental state term
comprehension and emotion understanding) as well as expressive pragmatic abilities. We hypothesize that conversational mental state
training for preschoolers based on talking about mental and emotional states will enhance both their social cognition and their
pragmatic skills. As mentioned above, we believe that such a multidimensional approach will provide richer insights into the effec-
tiveness of training than a unidimensional approach based exclusively on false belief tasks.

The second aim of the study will be to assess the potential effects of two different paradigms for conversational mental state
classroom training, one involving conversation and verbal expression alone (non-embodied training) and the other involving both
verbal and behavioral expression (embodied training), where children are asked to act out mental state concepts using gesture and
prosody (see Pexman, 2019 for the role of embodiment in conceptual development). To our knowledge, this will be the first study to
assess the role of embodied conversational training. Given the strong relationship between pragmatic development and the devel-
opment of multimodal communication, it is important to ask whether embodied forms of training are also effective for boosting
pragmatic abilities.

A growing body of research has highlighted that pragmatic development in children goes hand-in-hand with their use and un-
derstanding of gesture and prosody. First, many studies have investigated the co-development of gesture, prosody, and pragmatics at
early ages (see Esteve-Gibert & Prieto, 2018; Goldin-Meadow, 1998, 2014, for reviews), suggesting that in order to communicate their
intentions preverbal children rely heavily on multimodal aspects of communication such as prosody (Carpenter, Akhtar, & Tomasello,
1998; Hoicka & Wang, 2011; Sakkalou & Gattis, 2012), facial expression (Oller et al., 2013; Scheiner, Hammerschmidt, Jiirgens, &
Zwirner, 2002), eye gaze (Behne, Carpenter, & Tomasello, 2005; Farroni, Csibra, Simion, & Johnson, 2002), manual gestures (E. Bates,
Camaioni, & Volterra, 1975; Camaioni, Perucchini, Bellagamba, & Colonnesi, 2004; Tomasello, Carpenter, & Liszkowski, 2007), and
their combination (Aureli et al., 2017; Esteve-Gibert, Prieto, & Liszkowski, 2017; Griinloh & Liszkowski, 2015). Second, several studies
have shown that prosody and gesture play an important precursor role not only at early stages of language development but also later
on, during the preschool years, when children undergo important changes in their pragmatic development (see Hiibscher & Prieto,
2019, for a review). Research has provided empirical evidence that multimodal cues pave the way for the acquisition of a variety of
pragmatic skills during the preschool years and beyond, such as speech act marking (Rusiewicz & Esteve-Gibert, 2018), focus and
informational structure (Esteve-Gibert, Leevenbruck, Dohen, & D’Imperio, 2017; Frota & Butler, 2018), epistemic stances (Armstrong,
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Esteve-Gibert, Hiibscher, Igualada, & Prieto, 2018; Bartz, 2017; Hiibscher, Esteve-Gibert, Igualada, & Prieto, 2017; Hiibscher, Vincze,
& Prieto, 2019; Kim, Paulus, Sodian, & Proust, 2016), emotional states (Berman, Chambers, & Graham, 2016; Berman, Graham,
Callaway, & Chambers, 2013; Berman, Graham, & Chambers, 2013; Berman, Chambers, & Graham, 2010; Khu, Chambers, & Graham,
2018), politeness (Hiibscher, Prieto, & Wagner, 2020; Hiibscher, Garufi, & Prieto, 2019), pragmatic inferences and irony
(Gonzalez-Fuente, 2017; Laval & Bert-Erboul, 2005), and discourse and interactional abilities like turn-taking (Casillas & Frank, 2012)
and narratives (Colletta et al., 2015; Goldin-Meadow & Wagner, 2005; Graziano, 2014; Llanes-Coromina, Vila-Giménez, Kushch,
Borras-Comes, & Prieto, 2018; McNeil, Alibali, & Evans, 2000; Sekine & Kita, 2015).

Despite this well-established relationship between pragmatics and multimodal development, however, little is known about
whether multimodal training interventions based on face-to-face conversations can contribute to enhancing social cognition and
pragmatic skills. Since children benefit from multimodal cues and are sensitive to prosodic and gestural markers, we would expect that
enacted training interventions that encourage the production of embodied, multimodal prosodic and gestural expressions of mental
states and emotions will enhance their acquisition of social cognition and pragmatic skills. This study is intended to shed light on this
issue. Though previous studies have assessed conversational mental state training interventions (with mixed results), no previous study
has assessed the potential of embodied training interventions, that is, conversation coupled with gesture and prosody. If comparable
training effects can be achieved with the embodied training paradigm we apply in the present study, this would be of particular
relevance regarding children whose verbal language skills are weak, whether due to their developmental stage, linguistic impairments
or a different linguistic background.

2. Methods

The experiment consisted of a four-week between-subjects classroom-based training paradigm with a pretest and posttest design.
Children 3 and 4 years of age were assigned to one of three training conditions: non-embodied conversational, embodied conversa-
tional, and control. From now on we will use the shorter term non-embodied and embodied conditions. This age range was selected
because a large body of research has demonstrated that critical development of social cognition occurs during the early preschool
period (e.g., Wellman, 2018).

2.1. Participants

Participants in the study were 3- to- 4-year-old Catalan-speaking children (M age = 44.75 months, SD = 3.27). All participants were
preschoolers from two Catalan public schools located in the middle-income district of Sant Marti in the central district of Barcelona,
where the population is largely Catalan-Spanish bilingual.” The main language of instruction in these schools is Catalan. Our training
scheme was embedded within the school curriculum, that is, it was carried out during school hours, and a great majority of families (94
%) provided written consent for their children’s participation. Parents of participating children also completed an occupational status
questionnaire, which yielded a mean ISEI score of 60.90 (SD =13.23; see Ganzeboom, De Graaf, Treiman, & De Leeuw, 1992),
confirming overall middle class status, as well as a language questionnaire regarding the daily exposure of their child to Catalan (mean
overall exposure time = 59 %, SD = 20.83). All children were typically developing children and had no history of speech, language, or
hearing difficulties.

Although initially 117 students were enrolled, 34 ultimately had to be excluded from analysis, for different reasons. First, 15 of the
initial recruits failed to meet the 20 % minimum score in a screening test of Catalan vocabulary proficiency (see section 2.3.1 below).
Subsequently, two children missed school and dropped out of the experiment, while 17 others were too restless or inattentive to
participate during either the pretests or posttests. This left a final study sample of 83 children, of whom 46 were female and 37 male.

2.2. Materials
This section will describe first the materials used in the pretest and posttest sessions, then the training materials.

2.2.1. Pretest and posttest tasks
The following four abilities were assessed at pre- and posttest: (1) pragmatic competence; (2) false belief understanding; (3) mental
state verb comprehension; and (4) emotion understanding. The materials used to measure these abilities are described in detail below.

2.2.1.1. Pragmatic competence. Children’s expressive pragmatic competence was assessed by means of the Audiovisual Pragmatic Test
(APT) (Pronina, Hiibscher, Vila-Giménez, & Prieto, 2019), which was designed to assess pragmatic abilities in Catalan-speaking
children from early childhood to adolescence. The test was developed to assess expressive pragmatic abilities in terms of the appro-
priateness of a spoken reaction to a discourse prompt. The general design, item coverage, and elicitation procedure of the APT is based
on currently used pragmatic tests for children (e.g., TOPL-2 (Phelps-Terasaki & Phelps-Gunn, 2007) and CASL-2 (Carrow-Woolfolk,
2017)). In broad terms, the procedure is based on the Discourse Completion Task method, in which an everyday social context is

2 According to the Barcelona City Council’s Department of Statistics database for 2018, which can be accessed at https://www.bcn.cat/
estadistica/catala/dades/anuari/cap06,/C0616010.htm, 96% of the population of Sant Marti understands Catalan and 79% speaks it.
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described and then the participant is asked to respond with the speech act that would be most natural in that context. The APT contains
a total of 47 items, accompanied by illustrations, that represent different contexts that might plausibly occur in a child’s everyday life
(see Fig. 1 for an example).

For the purposes of this study, only the first 35 items were selected, given that the test takers were 3- to 4-year-old children who
would be unlikely to have encountered in their daily lives the more complex pragmatic situations presented in the last 12 items. The
items were presented in a fixed order.

2.2.1.2. False belief understanding. The first type of measure used to assess children’s social cognition tested their false belief un-
derstanding. Two tests were used for this purpose. The first one was the classic “Sally and Anne” change-of-location task (Baron-Cohen
et al., 1985), in this instance adapted to Catalan (Armstrong et al., 2018). The task was presented in video format, with the video
showing short sequences involving puppets (see Fig. 2). The child was asked two questions, the first a false belief test question (“Where
will the princess look for the ball?”), the second a control question (“Where is the ball really?”).

The second measure was the “Smarties” unexpected content task (Gopnik & Astington, 1988). In this task, the experimenter gives
the child the characteristic tube in which Smarties chocolate candies are sold. The child opens the tube and finds that it contains
pencils, not candies. The experimenter then asks the child two questions, in this order: a self-test question (“What did you think was in
the box before you opened it?”), an other-person-test question (“What would your friend think was inside the box before it was
opened?”). In this case, the Smarties tube used in the original task was replaced with a similar tube used by a local candy brand,
Lacasitos, which would be familiar to Catalan children.

2.2.1.3. Mental state verb comprehension. A second measure of the cognitive aspect of social cognition, the conceptual comprehension
of cognitive mental states, was assessed using the Metacognitive Vocabulary Test (MVT) (Pelletier & Astington, 1998), which is
designed for 3- to 7-year-old children. The test consists of a total of 12 short stories accompanied by images and measures children’s
ability to discriminate among mental state verbs describing the main character’s state of mind (see Fig. 3). Following Ornaghi et al.
(2011), only the first six stories were used due to the young age of the participants. The mental state verbs assessed in the first six
stories include know, remember, guess, figure out, wonder, and forget. For the purposes of this study, the test was translated from English
into Catalan by the second author of the study, with the translation checked by a Catalan native speaker.

2.2.1.4. Emotion understanding. To assess the affective aspect of social cognition, the Emotion Matching Task (EMT), originally
designed for English-speaking preschool-aged children by Izard, Haskins, Schultz, Trentacosta, and King (2003) was used. The EMT
has been translated and adapted for preschool children in Spain (Alonso-Alberca, Vergara, Fernandez-Berrocal, Johnson, & Izard,
2012), and the Spanish version has also been translated into Catalan by the same authors. The EMT measures the emotion compre-
hension of 3- to 6-year-olds and focuses on four basic emotions: happiness, sadness, anger, and fear/surprise. In the present study, only
the two most discriminating parts of the EMT were administered: the expression-situation matching subtest and the expression labeling
subtest. The expression-situation matching subtest consists of a total of 12 items. The child is asked to indicate which of the four
pictures expressing diverse emotions or a ‘neutral’ face match a described situation (see Fig. 4, left panel). The expression labeling
subtest consisted of a total of 12 pictures that assess the child’s ability to name emotions (see Fig. 4, right panel).

2.2.2. Training session materials

The materials for the eight training sessions were taken from the The Adventures of Jack and Theo (Ornaghi & Grazzani, 2020), a set
of stories specifically designed for and used in the training study by Ornaghi et al. (2011). The set comprises 16 stories arranged in
order of increasing difficulty that narrate the adventures of two characters, Jack and Theo. The first eight stories were translated into
Catalan for use here (a sample is provided in the Appendix A). Then high-quality audio recordings were made of the stories being read
aloud in child-directed speech by a preschool teacher under the supervision by the second author to ensure that the engagement level
expressed by the reader was uniform. Finally, eight short videos were created using the audio tracks accompanied by illustrations from
the original materials by Ornaghi et al. (2011)°.

The eight stories used in this study are enriched with mental state terms. A total of 12 mental state terms were trained: eight of them
cognitive state terms and four of them emotional state terms (see Table 1). Each of the eight stories trained two terms, either one
cognitive state and one emotional state, or two cognitive states. For example, in the sample story provided in the Appendix A, the two
terms are believing (cognitive) and getting upset (emotional). Thus, the eight cognitive state terms each appeared once in the full set of
eight stories, whereas the four emotional state terms each appeared twice.

Once the audiovisual prompt materials were ready, scripts were prepared for the trainer who would conduct the training sessions in
the two experimental groups. In contrast with Ornaghi et al. (2011), the scripts for the training procedure were highly controlled. After
listening to the story, the children in the experimental groups participated in a group interaction with the teacher. The key difference
between the two experimental conditions consisted in the instructions given by the experimenter. In the non-embodied condition,
children were asked to tell what the story character or they themselves say when they have a certain mental state, whereas in the
embodied condition, children were (1) asked to tell the same but, importantly, (2) the experimenter also encouraged children to show

8 All training materials including stories in video format in Catalan, scripts, instructions and examples of training sessions can be found on the
specifically designed educational website https://entrenemlesemocions.wordpress.com.
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Fig. 1. Sample item from the Audiovisual Pragmatic Test showing text in English translation and illustration intended to elicit an expression of
concern for a friend.

Fig. 2. Stills of a video sequence from the false belief task. From left to right: (1) the princess puts a ball in the purple box and leaves; (2) the lion
moves the ball from the purple box to the gold box; (3) the princess comes back (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article).

Q| e |

Fig. 3. Sample item from English version of the Metacognitive Vocabulary Test showing the illustration (left) and corresponding text to be read to
the child (right), including the prompt question in which the child is asked to decide between two mental state verbs (in italics).

what the story character or they themselves do when they have this mental state. In this manner, the non-embodied group answered
only verbally during the training, while the embodied group answered verbally and also enacted the answers. Since the training in both
groups was kept the same amount of time, the embodied group necessarily practiced less in answering verbally, i.e., using mental state
terms and focused primarily on the enactment of the different cognitive and emotional states.

As exemplified in Table 2, which contains part of the script for Story 8 (see Appendix A), all scripts followed the same general
scheme. First, the trainer directs the children’s attention to the first target term; once discussed, the second target term is introduced.
Questions for both target terms also follow the same design: the children are asked a series of six questions in a fixed order. However, as
can be seen in the table, the non-embodied training vs. embodied training variants of the script differ with regard to the second and
fifth of these questions: questions in the non-embodied variant merely ask the children to report what story characters said, whereas
questions in the embodied variant ask the children to report what characters said and to show what they did.

The two variant scripts were previously memorized by the trainer, a professional primary school teacher and stage actress. She was
also instructed to provide positive feedback for every appropriate response, which would be either verbal or multimodal depending on
whether she was working with the non-embodied or embodied group. Also, if it was apparent that the children were having troubling
responding, the trainer was instructed to ask additional questions to encourage participation. In all instances, the children were to be
given a model answer regardless of how they performed. For example, for the term getting upset trained in Story 8, the trainer would
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“Show me who has

just been invited to

a party to play with
friends.”

“How does the
child in the
picture feel?”

Fig. 4. Sample items from the English version of the Emotion Matching Task showing texts to be read to the child and accompanying illustrations.
Left panel shows a sample from the expression-situation matching subtest, with children displaying, clockwise from top left, sad, angry, happy, and
neutral expressions. Right panel shows a sample from expression labeling subtest.

Table 1
Target cognitive and emotional state terms contained in the training
materials.
Cognitive state terms Emotional state terms
wanting getting delighted
remembering getting upset
knowing getting angry
thinking getting scared/surprised
believing
deciding
doubting
wondering

Table 2
English translation of partial script for training session corresponding to Story 8, showing the variants corresponding to the two experimental
conditions. Target emotional state term: getting upset.

Non-embodied condition Embodied condition

1. Do you remember that in the beginning of the story Theo asked Sara the Sea-Turtle: “What happened? Why are you crying?” Today we are going to play using the
words “getting upset”.

Do you remember why Sara was upset and why she was crying?

2. What did Sara say when Theo found her stuck in a 2. What did Sara do when Theo found her stuck in a hole? Can you tell me what she said?
hole?

3. What makes you upset?

4. What makes your friends upset?

5. What would your friend say if his favorite toy broke? 5. What would your friend say if his favorite toy broke? What would he do in this situation? Can you

show me?
6. Well, children, you've been very good. We have been playing using the words “___". (Children finish the sentence)

give an example of the verbal answer “I’'m so upset, I got stuck in a hole and I can’t get out” in the non-embodied condition. In the
embodied condition, the experimenter would provide the same verbal answer but also use appropriate prosodic and gestural cues to
express being upset as she spoke; the gestural and prosodic patterns were stipulated for each of the target mental states and rehearsed
by the trainer prior to the experiment (see Fig. 5). Further, in the embodied condition, children were to be encouraged at certain points
to enact the target mental state as a group.

The materials and training sessions for both conditions were previously piloted on a group of 19 3-year-old children, who did not
take part in the subsequent main study.

2.3. Experimental procedure
A diagram of the experimental procedure can be seen in Fig. 6.
2.3.1. Screening measure

Since Catalan was to be the language employed during the training intervention, participants were given a screening test to confirm
that they all had a sufficient command of Catalan to successfully understand the tasks. The measure used was an expressive one-word
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Target term: Target term: Target term: Target term:
getting upset getting thinking remembering
delighted
Gestural cues: Gestural cues: Gestural cues: Gestural cues:
Head down, Smiling, Wrinkled and Upturned gaze,
downcast eyes, brightened furrowed squinted eyes,
downturned eyes, eyebrows, hand on mouth
mouth, lowered raised eyebrows averted gaze or chin
eyebrows
Prosodic cues: Prosodic cues: Prosodic cues: Prosodic cues:
Reduced pitch Increased pitch Less varied Hesitations
range, slower range, pitch range, (silent or filled
speech rate increased normal speech pauses),
speech rate, rate slower speech
high intensity rate, rising
intonational
contour

Fig. 5. Examples of the trainer modeling target terms and the prosodic and gestural cues employed for each term.

CONTROL CONDITION
Pretests Posttests
Screening Pragmatic competence Pragmatic competence
measure False belief NON-EMBODIED CONDITION False belief
Expressive Mental state verb Mental state verb
vocabulary test comprehension comprehension
Emotion understanding Emotion understanding
EMBODIED CONDITION

Fig. 6. Experimental procedure.

vocabulary test designed to measure the lexical knowledge of Catalan-speaking children aged 0-6 by means of picture-naming tasks
(Saborit Mallol, Julian Marza, & Navarro Lizandra, 2005). The stimuli consist of 30 pictures of common objects such as a tree or a coat.
Each participant is given credit for every correctly named item, and the total score (from O to 30) is then normalized on a 0-100 scale.
For purposes of the present study, a minimum score of 20 % was set as the eligibility threshold for participation. As noted above in
Section 2.1, data from 15 children were excluded from analysis on this basis.

2.3.2. Pretest and posttest procedure

Pretest and posttest, which took place respectively before and after the four-week training intervention, followed identical pro-
cedures. Each child was tested individually at their corresponding school during school hours. The child was brought from his/her
classroom to a quiet room where he/she was seated at a table beside an experimenter, either the first author or one of three trained
research assistants. All testing was conducted in Catalan and the full session lasted around 30-35 min. Testing followed the same order
for all children, with emotion understanding being tested first, followed by mental state verb comprehension, false-belief under-
standing, and pragmatic competence.

2.3.2.1. Pragmatic competence. The child faced the computer screen where the images for each item in the APT were presented. Prior
to the APT proper, two familiarization trials were carried out. For each item, the examiner described the social situation represented in
the picture in a lively fashion appropriate for a preschooler while the child looked at the illustration displayed on the computer screen.
The examiner then asked the child to respond appropriately as if he/she was taking part in the situation. The total duration of the APT
was around 15 min.
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Pragmatic abilities were assessed in terms of the speech act appropriateness of the answer provided by each child, from an illo-
cutionary and social point of view. Each answer was given a score ranging from 0 to 2. A score of 2 was given if the answer was a target
speech act of high pragmatic quality, meaning that the child managed to utter the intended speech act and showed social adjustment.
For example, in a situation in which the child was prompted to ask for a piece of cake, if the child uttered a sentence along the lines of
“Can I have a piece?” this was given a score of 2, since it was the target requesting speech act and the child had reacted appropriately
from a social point of view. By contrast, a score of 1 was given if the child managed to produce the target speech act but the answer was
not quite socially appropriate. Depending on the situation, this might mean that the child said too much or too little or answered too
directly. For example, if when asking for a piece of cake the child said something like “Give me a piece”, the answer was given a score of
1 since the child was able to express a request but was too demanding or insufficiently polite in doing so. A minimum score of 0 was
given if the child did not provide any answer, provided an unrelated answer, or answered in a socially inappropriate way. For example,
if when refusing the cake the child said, “Give me more”, the answer was scored as 0 since the child had clearly not understood the
situation. If when prompted to express concern for a friend who had just tripped and fallen down the child did not manage to express
worry and simply said something like “You fell” in a blunt way, a score of 0 was given. On the other hand, an appropriate answer to this
item like “Are you alright? Do you need help?” was scored as 2.

Finally, each participant’s scores were averaged to produce a general pragmatic appropriateness score, the maximum score possible
being 70 (35 items x maximum 2 points).

2.3.2.2. False-belief understanding. In the first task, the child was shown a video and then asked false-belief and control test questions;
a score of 1 was given for each correct answer to the two questions. In the second task, the child was shown a Lacasitos tube and then
asked self-test and other-person-test questions; a score of 1 was given for each correct answer to the two questions. The administration
of the two tasks took approximately 5 min in total. Scores from the two tasks were added to yield a composite ToM score ranging from
Oto4

2.3.2.3. Mental state verb comprehension. First, two training items were administered so that the child would understand the test
procedure. Then the six stories from the MVT were read to the children. After each story they were asked to select which of two
cognitive verbs correctly described the main character’s state of mind. The duration of the test was around 5 min. One point was
awarded for each correct verb choice. The range of possible total scores was therefore from 0 to 6.

2.3.2.4. Emotion understanding. In the 12 trials of the expression-situation matching part of the EMT, the child was shown four pic-
tures of children expressing diverse emotions and was then asked to indicate which picture matched a described situation. In the
expression labeling part of the EMT, after being shown a picture, the child was required to identify the emotion depicted. Altogether
the EMT took approximately 10 min. Following standard procedure, children were awarded one point for each correct answer in the
first part of the test, yielding a possible maximum score of 12 points, and were awarded one or two points, depending upon accuracy in
labeling, for each correct answer in the second part, yielding a possible maximum score of 24 points. The range of possible total scores
was thus from 0 to 36.

2.3.3. Training procedure

Following the administration of the pretest, the participating children were assigned to one of three different conditions. In order to
guarantee a homogeneous distribution of children across the three conditions, a special algorithm* was written to control for potential
differences in the abilities measured. Once the children were distributed into groups according to the results of the algorithm, a
separate one-way ANOVA analysis was run for each pretest measure, results on the expressive vocabulary screening test, and age to
check that the three groups were not statistically different. For comparison purposes all test scores were normalized to a 0-100 scale.
As can be seen in Table 3, ANOVA analysis confirmed that the groups did not significantly differ (p > .05 in all cases).

2.3.3.1. Intervention sessions. Children underwent one of three possible interventions in small groups of about 12 children over four
weeks in eight sessions lasting between 20 and 25 min. Sessions occurred twice a week on nonconsecutive days. They took place in a
quiet classroom at the children’s school and were videotaped using three cameras simultaneously. One camera was directed at the
experimenter, another at the children, and the third provided an image of the full setting.

The three between-subject conditions distinguishing the groups were: 1) no specific training in social cognition or pragmatic
competence skills (the control group); training consisting of experimenter-led conversations which encouraged children to reflect on
the mental states of themselves and others (the non-embodied experimental group); and 3) training consisting of conversations which
encouraged children to not only reflect on but also act out mental states (the embodied experimental group). In all three conditions, at
the beginning of each session, the children watched a video telling a story enriched with mental state vocabulary (see Table 1).
Children in the control group then simply carried out non-conversational activities related to the story, like drawing pictures or solving
puzzles depicting sea creatures and other animals, for the remainder of the session. By contrast, children in the experimental groups
received one or the other variant of the conversational training intended to enhance their social cognition and pragmatic competence

4 The python algorithm that was used to assign participants to experimental conditions while taking into account children’s class distribution and
preserving general similarity of conditions across groups is freely available on Github repository.
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Table 3
P values resulting from three-group ANOVA comparison of
pretest measures, screening test scores, and mean age.

Measures p

PRETEST: 72
Pragmatic competence 72
False-belief understanding .62
Mental state verb comprehension .46
Emotion understanding .98
SCREEING TEST .53
MEAN AGE .56

skills. Unlike the control group, these two groups followed scripted procedures. However, the time taken up by the intervention
sessions was kept strictly uniform across all three groups.

We will now describe the procedures followed in the two experimental groups. The same trainer performed the training for both
groups. The first author also remained present during each session in order to monitor the time and ensure proper execution of the
script by the trainer. Depending on the group, the trainer followed one or the other variant of the script. In the non-embodied training
group, this meant involving the children in a question-driven conversation in which they were asked to reflect on a particular mental
state in not only themselves but also other people. In the embodied group, children were asked to both reflect on the target concept and
also act it out using prosody and gesture. In each session, this procedure was followed for two separate mental states, linked through
one of the stories involving Theo the Shark. The two photos in Fig. 7 show the experimental setup of training sessions in the non-
embodied and embodied conditions.

Throughout each training session, the trainer encouraged participants to use the target terms as much as possible. She also
motivated children to participate actively in the conversation and ensured that all of them were involved in the activity.

2.4. Statistical analyses

The data from pretest and posttest were compared within and across the three groups using a linear mixed-effects model in R
version 3.6.1 (R Core Team, 2019) with the Ime4 package (Bates, Machler, Bolker, & Walker, 2015). A total of four linear mixed-effects
models were run with each of the tests measuring different abilities assessed (pragmatic competence, false belief understanding,
mental state verb comprehension, and emotion understanding) as the dependent variable. Condition (three levels: control condition vs.
non-embodied training condition vs. embodied training condition), Test (two levels: pretest vs. posttest), and their interaction were set
as fixed factors. Predictors were coded using mean-centered effects coding. Likelihood ratio tests suggested that inclusion of the Age
variable significantly improved the fit of all four models, therefore Age was also set as a fixed factor. A random intercept was set for
participants; random slopes were not included due to non-convergence of the model. The post-hoc pairwise comparisons were
computed with the emmeans package (Lenth, Singmann, Love, Buerkner, & Herve, 2018). Partial eta-squared values for effect sizes
were extracted using the sjstats package (Liidecke, 2016). Using likelihood ratio tests, the gender variable was found to be not sta-
tistically significant for models and was left out of future subsequent analyses.

The analyzed dataset is available on Github repository (https://github.com/mariia-pronina/boosting_pragmatic_abilities).

3. Results
3.1. Pragmatic competence

For pragmatic competence, the linear mixed-effects model analysis revealed a significant main effect of Test (p < .001) and Age
(p < .001). There was no significant main effect of Condition. The full estimates are given in Table 4. The estimated mean percentages

of correct responses were 21.15 (SD = 15.06) for the pretest and 25.66 (SD = 13.84) for the posttest. Further, a significant interaction
between Condition and Test was found for pragmatic competence (p = .015), showing a difference in the pragmatic scores among

Fig. 7. Training session photographs. The left panel shows the non-embodied condition, and the right panel the embodied condition.
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control, non-embodied, and embodied conditions depending on the time of the administration of the test (pretest vs. posttest). Post hoc
pairwise comparisons likewise showed a difference in the pragmatic scores among control, non-embodied, and embodied conditions
depending on the time of the administration of the test. Specifically, post hoc pairwise comparisons revealed that the difference be-
tween pretest and posttests pragmatic scores was statistically significant in the two experimental groups (p = .005 for non-embodied
group, p < .001 for embodied group), with better scores in the posttest, but not in the control group (p = .666).

To illustrate this, the mean observed percentages of correct responses by test time for each training condition are given in Table 5,
along with estimates and partial eta-squared values. These patterns are graphically illustrated in Fig. 8.

3.2. False belief understanding

The linear mixed-effects analysis showed no significant main effect of Condition, Test, or Condition x Test interaction for false
belief understanding; only Age turned out to be significant (p = .001). The full estimates are given in Table 6.

Additional analyses that took into account the type of false belief task and initial ToM performance at pretest did not lead to
substantively different results.

3.3. Mental state verb comprehension

With regard to mental state verb comprehension, no significant differences between pretest and posttest scores were found for any
of the groups. There was no significant main effect of Test or Condition and no significant Condition x Test interaction; Age was the
only significant predictor (p = .024). The full estimates are given in Table 7.

3.4. Emotion understanding

The linear mixed-effects analysis revealed a significant main effect of Test (p < .001) and a marginal effect of Age (p = .051) for
emotion understanding. No significant main effect of Condition was found, nor any significant interaction between Condition and Test.
The full estimates are given in Table 8.

Mean percentages of correct responses on emotion understanding pretests and posttests as well as estimates and partial eta-squared
values for each condition are given in Table 9.

4. Discussion and conclusions

The results obtained in the present study reveal that preschool children who received training in either of the two experimental
conditions (non-embodied or embodied conversational training) significantly improved their pragmatic skills as compared to a control
group that received no training. Pairwise comparisons confirmed that the pragmatic competence posttest score improved relative to
from the pretest score only in the two experimental conditions. On the other hand, with regard to social cognition skills related to false
belief understanding, mental state verb comprehension, and emotion understanding, these remained unchanged from pretest to
posttest in all conditions.

One of the clear findings of the study is thus that training preschool children through either non-embodied or embodied conver-
sation about mental state leads to an improvement in their pragmatic score, suggesting that children benefit from a short classroom
training in acquiring pragmatic competence. It is worth noting that the duration of training sessions was kept constant across the two
different experimental groups (and also the control group). As a consequence, while the children in the non-embodied group had solely
practiced the use of mental state terms, the children in the embodied group had less opportunity to practice using these verbs since part
of the session was devoted to acting them out. Crucially, however, the results show that the two types of training were equally effective.
The fact that children in the embodied condition did as well as (and even slightly better than) the children in the non-embodied group,
despite less exposure to the verbal training, is a significant finding, because it means that bodily actions are as effective as words and
thus embodied training has the same training power as verbal training. This finding has several important implications. It suggests, for
example, that embodied training may be successfully used for mental state training in children with low verbal abilities. Moreover,
although pairwise comparisons revealed no significant differences between the non-embodied and embodied groups in the posttest, a
larger effect size was observed in the embodied group. This suggests that embodied training interventions may yield even better results
in future studies if the exposure of children to both embodied training and mental state talk is more prolonged and intensive. Thus, our
findings support a multimodal view of language highlighting the role of embodiment in training mental states.

Table 4

Model specification and estimates for pragmatic competence.
Fixed effects B SE t P
Intercept 23.41 1.38 16.92 <.001
Condition —0.51 1.40 —0.362 718
Test 2.26 0.56 4.024 <.001
Age 5.17 1.40 3.702 <.001
Condition: Test 1.40 0.56 2.484 .015
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Table 5

Mean (SD) percentages of correct responses on pretest and posttest, , SE, t, and p values and effect sizes (5p®) for the test of pragmatic competence,
broken down by condition.

Pretest Posttest p SE t p np?
Control condition 22.76 (16.98) 23.57 (16.41) —-7.53 1.87 —0.433 .666 .009
Non-embodied condition 20.95 (13.83) 26.67 (11.10) -5.71 1.97 —2.897 .005 .202
Embodied condition 19.51 (14.30) 27.03 (13.41) —0.81 2.01 3.746 <.001 .256

30

N
=3

Test

Pretest
Posttest

Mean pragmatic competence

°

Control N
condition

Fig. 8. Mean overall pragmatic score, broken down by condition (control vs. non-embodied vs. embodied) and test (pretest vs. posttest). Error bars
represent 95 % confidence intervals of the means.

Table 6

Model specification and estimates for false belief understanding.
Fixed effects B SE t p
Intercept 39.71 1.90 20.893 .000
Condition 1.17 1.92 0.607 .546
Test 0.55 1.51 0.367 715
Age 6.88 1.91 3.602 .001
Condition: Test —0.03 1.52 —0.018 .985

Table 7

Model specification and estimates for mental state verb comprehension.
Fixed effects p SE t p
Intercept 50.11 1.71 29.389 .000
Condition -1.17 1.72 —0.681 .498
Test 0.11 1.51 0.098 1922
Age 3.96 1.72 2.308 .024
Condition: Test —1.24 1.14 —0.089 .280

While the two types of conversational training had beneficial effects on pragmatic abilities, the performance on the social cognition
tasks surprisingly did not differ across conditions in the posttest. With respect to false belief understanding, none of the three groups
(control, non-embodied, and embodied) showed any significant increase in false belief performance. Modified analyses that included
only children who performed achieved at most a 50 % score in the false belief tasks in the pretest or took into account the type of false
belief task did not improve the statistical model. Our results contrast with the positive results of other more focused training in-
terventions that essentially provided children with feedback about the accuracy of their responses (Appleton & Reddy, 1996; Lecce,
Bianco et al., 2014; Melot & Angeard, 2003; Slaughter, 1998; Slaughter & Gopnik, 1996). It also contrasts with other types of training
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Table 8
Model specification and estimates for emotion understanding.

Fixed effects p SE t p
Intercept 5577 1.45 38.431 <.001
Condition 1.15 1.46 0.787 433
Test 8.11 1.03 7.885 <.001
Age 2.90 1.46 1.980 .051
Condition: Test 1.52 1.03 1.478 .143

Table 9

Mean (SD) percentages of correct responses on pretest and posttest, f, SE, t, and p values and effect sizes (7p2) on the test of emotion understanding,
broken down by condition.

Pretest Posttest p SE t P np2
Control condition 47.50 (16.69) 61.20 (17.12) -13.7 3.42 —4.010 <.001 .303
Non-embodied condition 48.25 (18.15) 62.24 (14.64) —-14.0 3.60 —3.884 <.001 214
Embodied condition 47.33 (17.59) 68.59 (13.96) -21.3 3.67 —5.791 <.001 .539

on specific syntactic structures (Hale & Tager-Flusberg, 2003; Lohmann & Tomasello, 2003). However, in line with some
conversation-based training studies which reported mixed or negative results (Astington & Peskin, 2004; Esteban et al., 2010; Gua-
jardo & Watson, 2002; Ornaghi et al., 2011), our training study showed no extra learning effects in either of the two experimental
conditions. This negative finding might be explained by the nature of false belief tasks, which are rather short and use an all-or-nothing
evaluation approach, whereas children acquire an understanding of mental states gradually (see Wellman & Liu, 2004).

Concerning mental state verb comprehension, as in the case of false belief understanding, the results showed that training did not
lead to improved performance in any of the groups, whether experimental or control. This is consistent with previous studies reporting
negative results (Astington & Peskin, 2004). The present findings confirm that 3- to 4-year-olds still cannot fully discriminate between
different mental state verbs, as the percentage of correct choices found here was at chance level (around 50 %) both at pretest and
posttest. This suggests that perhaps this test was simply too difficult for young preschoolers (for a similar line of argumentation in
explaining children’s failure on the mental state verb comprehension test, see also Grazzani & Ornaghi, 2011).

Regarding the emotion understanding test, children in all three conditions performed significantly better on the posttest than on the
pretest. Again, although all three groups improved, the differences in posttest scores across conditions were not significant. However, a
larger effect size was observed for the embodied training group, indicating that the embodied group improved in a stronger fashion
than the non-embodied and control groups and suggesting a trend for the embodied group to improve more. In our view, the fact that
the control group also showed improvement can be explained by the nature of the specially designed stories read to the children in all
three conditions, in which emotional concepts played a prominent role. The results suggest that exposure to stories enriched with
emotional state terms, even when the terms are not specifically trained and discussed with children, can enhance children’s emotion
comprehension. The same effect did not hold for mental state verbs since, as mentioned above, the test of mental state verb
comprehension may have been too complicated for the preschoolers. Finally, an alternative explanation for the improvement in
emotion understanding in all three conditions could be the learning effect obtained from the repetition of the task in the posttest phase.

From a methodological perspective, the current findings reveal the importance of adopting a multidimensional perspective in the
assessment of social abilities in preschool children, and importantly include more comprehensive measures of the children’s pragmatic
competence, especially their expressive pragmatic abilities. To our knowledge, Ornaghi et al. (2011) is the only prior study to have
assessed the effects of conversational training in promoting typically developing preschooler’s pragmatic abilities (albeit receptive, not
expressive, abilities), obtaining mixed results and different effects for different age groups. Importantly, instead of the short pragmatic
judgement test used in Ornaghi et al.’s study, the present study used a comprehensive expressive pragmatic task in which the children
were presented with a series of everyday social contexts and then asked to use language in a social way themselves. Though Ornaghi
et al. (2011) also trained children in understanding and actively using mental state language, the present intervention was twice as
short, yet positive effects were nonetheless obtained. The results of this study thus help to highlight the important role of
language-based conversational training in improving preschooler’s pragmatic abilities. Although this area has thus been relatively
neglected in the research, we know that pragmatic competence is not only a key factor in children’s language acquisition and
socio-communicative development but also important for their general everyday functioning and wellbeing (Matthews et al., 2018;
Norbury, 2014; Stephens & Matthews, 2014). In the context of our study, and in comparison with other developmental measures, the
pragmatic test has been shown to be a highly sensitive tool that successfully captures children’s learning outcomes with respect to
social cognition measures. We thus suggest that researchers and practitioners include a comprehensive measure of children’s prag-
matic skills in studies that seek to assess mental state training outcomes in preschool children.

From a theoretical point of view, the results of the present study shed light on the complex relation between ToM and pragmatics,
which is still open to debate (Bosco, Parola et al., 2018; Bosco, Tirassa, & Gabbatore, 2018; Sperber & Wilson, 2002b; Westra &
Carruthers, 2017). Though it is indisputable that pragmatics and ToM are conceptually related (Cummings, 2015), the specific nature
of this relationship is still unclear. As pointed out in Lecce, Ronchi, Del Sette, Bischetti, and Bambini (2019), divergent theoretical
perspectives about the link between the two have emerged. One approach is a pragmatic account of ToM recently proposed by Frank
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(2018) and Westra and Carruthers (2017), according to which ToM is regarded as pragmatic in nature. According to another approach
(Sperber & Wilson, 2002a), the relationship between pragmatics and ToM stems from the fact that pragmatics requires the attribution
of intentions to speakers and implies reasoning about their mental states. As a result, pragmatics is regarded as a sub-module of ToM.
However, a view proposed by Bosco, Tirassa et al. (2018) argues that ToM and pragmatics may overlap in functioning but are not
identical: providing compelling empirical evidence from developmental and clinical research, these authors claim that ToM alone
cannot explain performance on pragmatic tasks.

In the current study, the two abilities were measured using two different tasks: ToM was assessed with false belief tasks and
pragmatic abilities were assessed with a set of social scenarios. Our results showed that mental state training only led to improved
pragmatic scores but had no influence on false belief performance. This finding highlights the distinct outcomes brought about by
training on ToM and pragmatics, adding new evidence in support of the notion that ToM and pragmatics might be separable capacities,
in line with Bosco, Tirassa et al. (2018). In addition, our results show that mental state understanding, a capacity which has been
primarily associated with ToM, can foster the ability to interact in a socially appropriate way, an ability which was not directly trained.
Thus, the observed development of the ability to interact socially points towards a generalization effect of the intervention. The
training on mental states may have sharpened children’s awareness of not only the mental states but also the emotions of others,
enhancing their ability to interact socially. In other words, children’s increased ability to pay attention to others’ perspectives, which is
necessary to achieve successful communication, combined with their increased ability to react in a socially appropriate way, resulted
in improved performance on the pragmatic test. In sum, the results from the study provide indirect evidence that ToM and pragmatics
constitute two distinct but complementary abilities and also show the generalization effect of mental state understanding on pragmatic
abilities.

This study has a few limitations. First, it would have been of value to extend the duration of training in order to detect potential
differences between the two experimental conditions. As noted above, the posttest scores of the two training groups differed as
indicated by the larger effect sizes in the embodied group for the pragmatic competence and emotion understanding variables;
however, the difference was not statistically significant. Based on the difference in effect size in the present study, one might expect
more prolonged training to lead the embodied group to outperform the non-embodied group. Second, it would have been useful to
have the children perform the same battery of tests again several months after the posttest to test the longevity of the intervention
effects. Future research will be needed to confirm and expand on the present findings.

Nevertheless the present study highlights the important role of conversational classroom interventions in improving pragmatic
abilities, whether accompanied by embodied communicative behaviors or not. These results are of special relevance to educational
practices since the sort of conversational training described here can be easily applied to a variety of preschool classroom contexts, as
well as laying the foundations for sociocognitive training-test batteries with atypically developed children. From an educational point
of view, it is important to highlight that the current experimental conversational classroom intervention, both embodied and non-
embodied, was carried out in the naturalistic context of schools and can thus be easily applied to a variety of educational settings.
To this end, the training materials used in this study and accompanying instructions are freely available online at https://
entrenemlesemocions.wordpress.com to aid preschool teachers to incorporate aspects of conversational training through embodi-
ment into their classrooms. Moreover, the current findings reveal that from a methodological perspective it can be beneficial to adopt a
multidimensional perspective and to include comprehensive measures of children’s pragmatic competence to obtain a more complete
picture of their developing socio-communicative abilities.
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Appendix A. Sample story from the training materials in English translation

Story 8: Sara sea-turtle (target terms: believing, getting upset).

One day, Theo Shark was swimming along the bottom of the sea. Suddenly, he heard a voice calling for help and he
thought: “Someone is in trouble or in danger”. He looked around and decided to try to find that person and help
them.

He tried to figure out where the voice was coming from by swimming about in all directions. When he came near
some rocks he could hear the voice more strongly. He went right up to the rocks and saw an opening between two
of them. He looked in and saw Sara Sea-Turtle who was crying. Theo asked her: “What happened? Why are you
crying?”.

Sara, upset and frightened, said: “I was gathering food for my little babies and I saw some delicious shellfish in this
hole. I thought that my little ones would love them. I noticed that the hole was a bit small, but I decided to get in
anyhow and now I'm stuck inside here and can’t get out. Please help me!”.

Theo replied: “Of course, don’t worry, stay calm. I'll go and call my friend Jack Dolphin; he’s sure to know how to
get you out of there”.

So Theo swum as fast as he could towards Jack’s house. When he got there, he explained the situation to his friend,
and Jack immediately had an idea: he decided that they would take a very strong rope with them to pull the sea-
turtle out of the hole.

Together, Theo and Jack went back to Sara Sea-Turtle and when she saw them she felt a lot calmer because she
know that two friends would do their best to get her out of the hole.

Theo Shark said: “We’re back, my friend Jack has brought a rope; now you’ve got to hold it tightly between your
teeth and we’ll try to pull you out”.

Sara, feeling much better now, said: “OK”. She thought to herself: “I've got to try as hard as I can. I really hope it
works!”.

Theo and Jack began to pull as strongly as they could, but no matter how hard they tried, they could not get Sara
out. “This isn’t working”, said Jack. “She’s too stuck. We won’t be able to get her out on our own.”

So they decided to go and ask some other fish to help them.

“The more of us there are, the harder we will be able to pull!”, thought Jack.

After a while, Charlie Balloon Fish, Amadeus Hammerhead, Sally Eel and even Diego Seahorse came to help too.
When Sara saw so many other fish coming to help her she felt better straight away and tried even harder to free
herself.

(continued on next page)
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(continued)

They all pulled on the rope as hard as they could, and after a number of attempts, the sea-turtle finally popped out
of the hole she had been stuck in. Delighted to be free at last, she thanked Theo, Jack and all the other fish, before
rushing home to feed her babies.

From that day onwards, Sara never went through narrow openings again in case she got stuck once more.
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