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« [..]These scholars, who tend to stress the

daringness, spontaneity, and invention involved in the creation of
tropes, see the years of early childhood as a time of poetic genius.

Indeed, in their admiring eyes, the process of metaphoric development
is often marred by dissolution, with the older child straining to recapture
what was effortlessly available to the innocent young.»

(Gardner & Winner, The Development of Metaphoric Competence: Implications for Humanistic Disciplines, 1978)

A one-and-a-half-year-old girl holding a pen for the first time.

The image rights of the minor fall within the scope of parental authority who provide consent for publication.



i



ABSTRACT

The developmental trajectories of metaphorical skills are currently outlined in a piecemeal fashion. While it
is well-known that in middle childhood metaphorical abilities are not fine-tuned yet, earlier achievements
are not clearly charted. Moreover, metaphors are considered as possible tools for crafting messages related
to scientific debates and social issues and it is unclear whether this is true for children and to what extent.
The overarching goal of this dissertation is to detail metaphor development in childhood by providing
answers to the following questions: How does receptive and expressive metaphorical competence develop
in early childhood? Which cognitive and socio-cognitive factors are related to metaphorical skills in the
children’s cognitive architecture? Can metaphors be used to drive proactive sustainable behavior? This
dissertation presents the results of four studies that, combining methods from developmental psychology
and psycholinguistics, investigated the developmental trajectories of metaphorical skills in both the
comprehension and production dimensions in early and middle childhood, as well as the use of metaphors
for persuasive and conceptual purposes and in particular to influence attitudes and behavior toward
environmental awareness. In S7udy 1, we aimed at mapping the development of metaphor understanding in
early childhood in a sample of 176 children aged 4 to 6. To assess metaphor comprehension skills, we
adapted the Physical and Mental Metaphors (PMM) task, in an age-appropriate multiple-choice fashion. By
distinguishing the interpretation of physical (i.e., metaphors capitalizing on perceptual properties, e.g.,
Dancers are feathers) and mental (i.e., metaphors capitalizing on mental properties, e.g., The teacher is an
icicle) metaphors, results showed that mental metaphors remain challenging during eatly childhood and that
children need to master Theory of Mind to appreciate these metaphors. Conversely, physical metaphors are
easier to understand, and their comprehension is supported by vocabulary skills. However, children start to
grasp physical metaphors only at 6 years of age. The struggle in metaphor comprehension at earlier ages
revealed that children are engaged in climbing over a literal step. Study 2 investigated metaphor production
abilities in 171 children, adopting an elicitation task where children were asked to produce metaphors given
literal prompts (e.g., describing a dog as being white without using the word white). Results revealed that
metaphor production abilities increase between 4 and 5 years of age, reaching an almost adequate level at 6

years of age. Moreover, while vocabulary boosts metaphor production throughout development, mind-
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reading skills refine these abilities later on. Furthermore, adopting approaches from Natural Language
Processing (NLP), namely computing the semantic distance between the literal prompt (e.g., white dog) and
the metaphor produced (e.g., cloud dog), we observed that as age increases children use words more distant
to the literal prompt as metaphors vehicle, reflecting broadening semantic network exploration. Notably,
the exploitation of the semantic network for metaphorical purposes is promoted by Theory of Mind abilities,
rather than vocabulary size. S7udy 3 had the goal of assessing the contribution of metaphorical competence
to specific aspects of social communication, namely persuasion. Adapting a test for evaluating persuasive
skills in eatly childhood in Italian (e.g., Try to convince Mattia to eat broccoli), we studied the type of
arguments provided (i.e., positive, negative, and psychological) as a function of cognitive and metaphorical
skills. Results showed that the ability to produce metaphors supports children in selecting psychological
persuasive arguments (e.g., Broccoli is candy), at the expense of more basic arguments such as rewards or
punishments. Notably, metaphor comprehension abilities did not explain the quality of persuasive
argumentation. S#udy 4 examined the conceptual function of metaphors during middle childhood and built
an innovative tool for fostering environmental awareness via metaphors. A novel and enriched version of
the MetaCom training program was developed, named the MetaCom-Green, targeting metaphorical
competence while presenting climate change-related issues. A control group was involved in a comparable
training program on the same topics, promoting climate change awareness without using metaphors. Results
showed that the MetaCom-Green group outperformed the control group not only in metaphor
understanding, but also in general reading comprehension skills and climate change related knowledge,
suggesting that training metaphorical competence may promote knowledge enhancing inferential skills.
Moreover, the MetaCom Green training proved effective at modulating those psychological aspects
contributing to climate change awareness, namely increasing feelings of hope toward the phenomena,
decreasing despair and promoting pro-environmental behaviors. Overall, the results of this thesis provide a
comprehensive picture of the development of metaphorical skills and their use for social purposes. During
early childhood important acquisitions take place for the later refinement of metaphorical skills. These
achievements are supported by other linguistic, cognitive and socio-cognitive abilities that contribute to a
different extent according to the dimension investigated (comprehension vs. production), the type of

metaphor (physical vs. mental) and the stage of development. At later stages, when metaphor
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comprehension is more settled, metaphor can take an important role in the social world, being crucial for
becoming an effective communicator, for persuasive intents, and especially for navigating complex topics
relevant to education and social debates. In addition, this work provides the scientific landscape with a tool
for including children in green policies, the MetaCom-Green, positively influencing their language and social

functioning as well as their pro-environmental behavior.
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INTRODUCTION

1. The ontogenesis of metaphors: on the acquisition of figurative meaning

What makes a smile different from a yawn? Infants navigate the social world actively, immediately
after birth, thanks to a conspicuous range of behaviors capable of eliciting feedback from their
caregivers. However, only those behaviors capable of evoking salient and relevant responses from
adults survive across the lifespan (Rochat, 2007; Yoder & Warren, 1998), becoming persistent,
intentional communicative tools, as is the case with the smile. This indefeasible mechanism governs
language acquisition and suggests that children learn meaning in the cradle of interaction.

Imagine a child uttering Spagherti!. 1f the child refers to her meal, she performs a correct - and literal
— association of a word to a referent. But what if the child is pointing to her classmate's hair?
Figurative meanings, particularly metaphors, are fascinating aspects of human communication that
children experience early on. Adults often use metaphors while interacting with children: a
caregiver might refer to her toddler as a /i#tle star, and a teacher would persuade his students that
books are goldmines. However, figurative meanings carry a certain degree of complexity, as suggested
by a cornucopia of studies coming from Experimental Pragmatics and Neuropragmatics (Bambini
& Frau, 2022). Specifically, metaphors are built upon a complex cognitive and socio-cognitive
platform, are extremely fragile in psychiatric and neurological conditions, and draw in the brain
their own neurophysiological pattern (Bambini, Pompei, & Scalingi, 2022). While obtaining a
certain degree of agreement on the trajectory of acquisition of several phenomena (e.g., scalar
implicatures, Wilson & Katsos, 2020), for other phenomena, such as metaphor, the developmental
arm of pragmatics is facing the challenge of integrating studies reporting inconsistent
developmental starting points, with the paradox of being separated by a gap of ten years (Cacciari
& Padovani, 2012; Pouscoulous & Tomasello, 2020). I argue that the cause of the fueling of this
rift is threefold. First, these studies lacked a clear definition of metaphor and metaphorical skills.

Furthermore, while pragmatic research in fields other than development was beginning to
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implement standardized tests strongly grounded in neuropsychology, and using sophisticated
statistical methods to analyze the collected data, the study of metaphor acquisition remained
anchored to tasks with major psychometric problems and weak analysis tools. Finally, the lack of
a true developmental perspective has led studies to pay little attention to the contribution of other
cognitive and socio-cognitive abilities, which have focused on when neglecting how metaphors gain
a foothold in children’s communicative repertoire. In this introduction, I will briefly retrace the
key events that characterized the study of metaphor in acquisition, while trying to account for the
psychometric, methodological, and individual difference issues in the experimental works
presented in this dissertation.

Within the framework of Relevance Theory, metaphors stand at the far end of a continuum of word
uses that goes from literal to figurative meanings (Sperber & Wilson, 2008). Metaphor constitutes
a case of loose use of words (in a continuum with approximation, category extensions, hyperbole,
and other phenomena) in which the intended meaning is not blatantly enclosed in the utterance,
but rather is derived on the basis of inferential processes capable of integrating lexical, contextual
and psychological information (Carston, 2010; Wilson & Carston, 2006). To make a long story
short, metaphor is the use of a word that moves apart — to some extent — from its literal,
conventional use. The nuanced nature of these meanings makes it hard to determine the minimum
unit for a metaphor to be defined as such, and this has been the first challenge for the study of
figurative language development.

Early observational studies reported that during pretend play, children may refer to their airplane
as a bird-car or call egg-ball a ball with an ovoid form (Barrett, 1986). These expressions are usually
produced within the communicative strategy of relying on familiar words to fill a gap, capitalizing
on perceived similarities, and might vanish as soon as the child acquires the requisite word (e.g.,
airplane for the bird-car; Clark, 2020). Intriguingly, such over-extensions caught the eye of scholars,
who glimpsed in these expressions the first signs of figurative meaning (Billow, 1981; Winner, 1979).

Starting from this arm of over-extensions, a conspicuous number of studies tried to investigate the
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developmental trajectory of metaphors. After initial observational studies, scholars tried to develop
simple tasks to investigate metaphorical production (Gardner et al.,, 1975), asking children to
complete some vignettes to find an ending for a simile:
Things don't have to be huge in size to look that way.
Look at that boy standing over there. He looks as gigantic as ...

Children as young as 4 years produced a high number of metaphors, also compared to their older
peers. However, most of those metaphors were inappropriate (e.g., gigantic as a clock ot sad as a shirf),
questioning a genuine metaphorical use of these expressions (Gardner et al, 1975). More
importantly, these authors warned about an unusual phenomenon. In facing a renaming task, while
very young children often performed metaphorical renaming (e.g., a park with grass for a hairbrush),
school-aged children showed a sort of tension in dealing with this task, strictly preferring to ca//
things by their name (Gardner & Winner, 1978). In the same years, the very first studies on metaphor
comprehension, which asked children to verbally explain the meaning of metaphors, described a
different story: young children are unable to produce appropriate explanations until young
adolescence (Winner et al., 1976). The U-shaped pattern described by studies on production, paired
with the persistent inability to comprehend metaphors until later stages, elicited important doubts
about the genuine metaphoricity of younger children’s expressions. These doubts were further
justified by contemporary evidence on the study of child cognitive development, which started
deriving important cognitive implications from the systematic study of pretend play. Specifically,
psychologists concluded that pretend play seemed to free children to participate in other realities
that temporarily override the real world (Lillard, 1993) and, within this framework, children may
flexibly turn a pen into a rocket for pretense purposes. These considerations sharply raised the
question of whether the ease in renaming objects would count as a metaphorical ability or as a
reflection of the tendency to override reality (Gardner & Winner, 1978). For decades, metaphorical

skills were described as a late achievement (Cacciari & Padovani, 2012).
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However, some authors didn’t give up on the idea that metaphors flourish very early in
development, holding tightly to early observations of spontaneous metaphor generation
(Pouscoulous, 2011), despite — intriguingly — discontinuing the study on metaphor production.
Crucially, this perspective provided the literature with new evidence on metaphor comprehension:
children as young as three years can understand metaphorical expressions when tested with age-
appropriate tasks (Di Paola et al., 2020; Pouscoulous & Tomasello, 2020). These new tasks
promised to catch early sparks of metaphor comprehension while capturing pure inferential
abilities (Pouscoulous, 2011) and were structured as act-out tasks, in which children were asked to
point to The tower with the hat choosing between a tower with a pointy roof and a tower with a
balcony (Pouscoulous & Tomasello, 2020). These studies have the merit of having brought to light
important methodological limitations of previous tasks, such as the high metalinguistic load of
verbal explanation tasks (Winner et al., 1976) and the use of conventional metaphors, which rely
on more experience-based lexical knowledge (Cacciari & Padovani, 2012). Nevertheless, it is not
clear whether act-out tasks actually require pragmatic inference, namely the mechanism that allows for
integrating information with the context to understand the intended meaning (Sperber & Wilson,
2002). Specifically, items like The tower with the hat seem to resonate with some children's production
and over-extensions and highly capitalize on the shape bias (i.e., the idea that objects sharing the
same shape also share the same name; Diesendruck & Bloom, 2003). Children may solve these
tasks by accepting over-extensions (e.g., 4a?) as labels for unfamiliar objects (e.g., poznty roof). Against
this argument, authors of the early stance claim that this kind of over-extensions might be an
intentional misuse of words when the correct word is not possessed (Pouscoulous, 2011). Hence,
according to this view, children would exploit the same underlying mechanisms of adults’ figurative
uses described by Sperber and Wilson (2008): The ad hoc concepts built on the basis of most metaphorical
terms are genuinely ad hoc: that is, they are adjusted to the precise circumstances of their use and are therefore unlikely

to be paraphrasable by an ordinary langnage expression.
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At this point it seems clear to me that a large portion of literature has approached the ontogenesis
of metaphor using the same lenses used to investigate metaphor processing in the adult. In this
fuzzy picture, the need for a developmental account of pragmatics cries out.

Within this work, I will try to bring empirical evidence on how children navigate the metaphorical
extreme of the literal/non-literal continuum. To do this, I will resume the study of metaphor
acquisition in both receptive and expressive modalities, building original assessment and training
materials, as well as employing innovative and adequate statistical methods.

2. How to do things with metaphors: linguistic, cognitive, and psychological effects

To frame, to gain, to illuminate. Metaphors are not linguistic trappings for human beings, rather,
they serve a variety of cognitive and psychological functions. In 1996, Mio and Katz listed the main
applications of metaphors, spanning from their conceptual functions to emotional ones. I will
briefly review these applications, integrating previous considerations with recent evidence.

Initial insights on the power of figurative language come from the work of Lakoff and Johnson
(1980) who, through the lens of Cognitive Linguistics, described metaphorical associations as
conceptual mappings reflecting human experience. Along these lines, a conspicuous body of
research has pursued the study of metaphors as conceptualization tools capable of driving our
thoughts and behaviors, particularly in uncertain situations (Flusberg et al., 2017; Hanne &
Hawken, 2007; Scherer et al., 2015; Thibodeau & Boroditsky, 2011, 2013). Complementary,
metaphors seem to solve strategic functions such as increasing the memorability of concepts (Beard
et al., 2024; Katz, 1992) as well as improving the social background during conversation, increasing
intimacy and Theory of Mind (Bowes & Katz, 2015). Metaphors also play a major role in persuasion
(Sopory & Dillard, 2002b), populating advertising, which capitalize on the multimodal nature of
these figurative meanings (McQuarrie & Phillips, 2005; Pérez-Sobrino, 2016). Moreover, in spite
of common sense, metaphors inhabit science as much as poetry: figurative expressions are brief,
effective tools to communicate technical concepts (Deignan & Semino, 2019; Knudsen, 2003;

Ortony, 1975). Finally, metaphors are recognized as a tool to the access of mental world also in
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clinical settings, where they are defined as the /anguage of change (Muran, 1990; Witztum et al., 1988).
The difficulty in tracing the developmental trajectories of metaphors, as well as the lack of a
developmental perspective, hinder information on when metaphors are converted from
developmental challenges into linguistic, cognitive, and psychological tools. If it is true that
metaphors are necessary and not just nice (Ortony, 1975), it seems crucial for the study of metaphor
acquisition to be oriented not only in the understanding of when a child is able to utter or
comprehend a metaphor per se, but how and when it is possible to do things with metaphors. This work
delves into this gap, trying to provide initial empirical evidence on when children begin to benefit
from metaphorical skills for socio-communicative purposes (i.e., persuasion) and deep
conceptualization of complex issues.

3. Aims and thesis roadmap

The present dissertation discusses the results of four experimental works, motivated by the
ambition of providing current literature with new theoretical insights on metaphor competence as
well as novel assessment, training, and statistical tools for a robust renovation of the study of
metaphor acquisition.

Following this ambition, the aim of this work was two-fold. The first aim was to investigate the
metaphorical abilities in eatly childhood in both receptive and expressive modalities, by testing
which developmental phases are crucial for figurative meaning and which other linguistics,
cognitive, and socio-cognitive skills support this acquisition. The second aim of the work was to
further explore when children can start exploiting metaphors for specific communicative (i.e.,
persuasion), conceptual (i.e., learning), and psychological (i.e., attitudes modulation) purposes.

To reach these overarching goals, attention has been drawn to several aspects. First, I considered
the insights from the study of psychometric properties of tasks in the developmental population
(Haladyna et al., 2019; Rodriguez, 2005; Williams et al., 2014), as well as the guidelines and
principles for the assessment and training of fragile individuals (American Psychological

Association, 2022). Moreover, I have adopted statistical approaches apt to detect possible wobbles,
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bumps, and sudden jumps during acquisition (van Dijk & van Geert, 2007), following the most recent

applications of Additive modeling (Van Rjj et al., 2022; Wieling, 2018), and combining it with more

conservative approaches, without assuming apriori either the linearity of developmental patterns,

or linear relationships with other cognitive and socio-cognitive variables. Along these lines, it was

not possible to neglect the role of Individual Differences in linguistic, cognitive and socio-cognitive

variables, as deeply intertwined with pragmatics skills in the lifespan and in fragile populations

(Ceccato et al., 2025; Frau et al., 2024; Lecce et al., 2019; Matthews et al., 2018).

The empirical arm of this work is built upon four studies:

Study 1 aimed to adapt a multiple-choice tool to evaluate the developmental trajectory of
physical and mental metaphor comprehension in eatly childhood. The study brings attention
to the possibility that children face a multistep developmental trajectory to grasp different
metaphor types, characterized by the literal and the physical steps. Individual differences in
vocabulary and Theory of Mind play a role during this climbing.

Study 2 investigated the developmental trajectories of metaphor production combining cross-
sectional and distributional semantics methods. The study provides novel information on
metaphorical expressive abilities in early childhood, with distributional semantics being
diagnostic of children’s semantic network exploration for metaphorical purposes. Comparing
the performance of children and two groups of adults revealed that while the developmental
endpoint of productive skills is a long way to go, at 6 years of age children already find the
adequate semantic distance to cover for optimal metaphor generation. An exploratory analysis
via additive modeling disentangled the complex non-linear relationships between metaphor
production and cognitive and socio-cognitive substrates, alongside its relationship with
metaphor comprehension.

Study 3 aimed to detect the first advantages of mastering metaphors, examining children's

persuasive communication development. The study contributes to delineating the profile of
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the young metaphorical thinker, who employs more refined persuasive strategies than his peers,
relying on metaphor production for psychological negotiation.

* Study 4 approached the most high-level nature of metaphors, namely their power to shape
thoughts and guide behavior during complex situations. Providing climate change
communication literature with a tool for enhancing metaphor skills and pro-environmental
behavior, this work highlights that children can benefit from metaphors’ cognitive and
psychological effects only at later stages and when appropriately accompanied during metaphor
sense-making.

Across these four studies, the experimental work incorporated data collected using behavioral tasks

and undergoing distributional semantic analysis. The methodological and theoretical background

of this dissertation is routed in the field of Developmental Pragmatics (Matthews, 2014) and, more
broadly, Psycholinguistics (Traxler & Gernsbacher, 2011) and Experimental Pragmatics (Noveck,

2018). However, Developmental Psychology profoundly contaminated this collection of studies,

and several disciplines, such as Applied Linguistics, Educational Psychology, and Distributional

Semantics contributed to the transdisciplinary profile of this work.

The most relevant consideration has to do with the population involved in the study, and with the

psychological nature of metaphor. During data collection, I have witnessed the emergence of

delicate and precious cores of children’s inner world. In research practice, these emotional
overflows are often considered side effects of the assessment in the experimental setting. However,
these eventualities have profoundly guided the interpretation of the data presented in this
dissertation and strengthened my conception of metaphors as irreducible bridges to the child's
symbolic life. Some of the children I have worked with have reported to me abuse, traumas, and
strong emotions experienced in the shadow of domestic and school roofs. While I believe that

children's emotional sharing is fostered by proper communication practice and the creation of a

safe environment (that cannot go without constant training and a genuine gravitational shift toward

the child), I attribute to metaphors the residual degree of causality. The majority of these delicate
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conversations occurred during the testing of metaphorical competence. While activating channels
of sharing, metaphors also helped me in giving something back to children, in a non-clinical
context, in which we cannot gpen drawers we cannot close.' Hence, this is a work about metaphors, played

with metaphors.

! Ts a typical expression used by clinicians to refer to those situations in which there is not enough time to propetly
clinically address a patient need (i.c., a patient that we see just once of, precisely, in the experimental setting). In these
cases, to make a long story short, the general guideline is not to go through that need, limiting to an active listening.
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STUDY ONE

CLIMBING LITERAL AND PHYSICAL STEPS: DEVELOPMENTAL TRAJECTORIES OF METAPHOR

COMPREHENSION IN EARLY CHILDHOOD?

Abstract

Attempts to describe the early acquisition of metaphor skills led to inconsistent results, possibly
due to differences in metaphor type. We implemented a multiple-choice version of the Physical
and Mental Metaphors task, accounting for literal and figurative interpretations of different
metaphor types. The task was administered to 175 children aged 4 to 6, alongside verbal and socio-
cognitive tests. The analysis revealed a curvilinear trend, with the age of six marking a significant
improvement in physical, but not mental, metaphors, driven by a drop of literal interpretations. A
further analysis limited to mental metaphors indicated that children at this age still tend to prefer
physical interpretations. In terms of cognitive substrates, vocabulary skills supported physical
metaphors, while theory of mind aided mental metaphor comprehension. Overall, results highlight
that overcoming literal, and physical preferences are two important stages in the developmental

trajectory of metaphor comprehension, interacting with verbal and socio-cognitive factors.

2 This chapter is a manuscript currently in preparation for submission to a peer review journal with the following
provisional authorship “Lecce, S.*, Pompei, C.*, (co-first authors), Del Sette, P., Canal, P., Bischetti, L., & Bambini,
V., Climbing physical and literal steps: developmental trajectories of metaphor comprebension in early childhood”.

25



1.1 Introduction

Are metaphors departures from a norm of literalness? 'This question opens the reflections of Sperber and
Wilson (2008) on the pragmatic nature of metaphors. According to Relevance Theory, utterances
can be ascribed on a continuum moving from literal uses (e.g., That candy is sweef) to metaphorical
meanings (e.g., Those players are elephants). What happens along this continuum is a progressive
increase in the freedom of interpretation of the utterance left to the receivers, departing from the
literal concept (Sperber & Wilson, 2008). In facing metaphors such as Those players are elephants, the
receiver constructs a novel ad hoc concept that incorporates the emergent property of clumsiness,
which is not blatantly enclosed neither in the concept of players, nor in the one of elphant,
capitalizing on inferential processes capable of integrating lexical meaning, contextual information
and, possibly, information regarding the interlocutor's mental state (Carston, 2010a; Sperber &
Wilson, 2002). While conventionalized metaphorical meanings (e.g., Traffic jam) are strongly
lexicalized and load less on these processes, more novel metaphors (e.g., That wound is a fjord) are
close to the pole of the continuum, being associated with a wide range of weak implicatures.

How do children learn to move along this continuum? Evidence from language development
studies suggests that the literal/metaphorical distinction may also reflect different stages of
acquisition toward metaphorical competence (see Clark, 2020). For instance, some studies on
metaphor comprehension reported that figurative meanings are acquired later than literal ones, as
suggested by a preference for more literal interpretations at early stages, with some metaphors
being thorny until middle childhood (Gardner et al., 1975; Lecce et al., 2019; Winner, 1997; Winner
et al., 1980). Other studies, however, disconfirm the /e acquisition view (Di Paola et al., 2020;
Pouscoulous, 2014). For instance, three years old children were reported to understand metaphors
when presented with act-out tasks (e.g., for the metaphor The fower with the hat, being able to prefer
a tower with a pointy roof over a tower with a balcony; Pouscoulous & Tomasello, 2020). Another
strand of recent research capitalized on the insights on literal preferences suggested by first studies,

building on the idea that young children can grasp metaphors, but when faced with literal options
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they fall for more conventional interpretations over metaphorical ones (Neff et al., 2023). These
works opened up the possibility that children's difficulties with metaphorical language may not be
due to a lack of metaphor skills per se, but rather to a genuine preference for literal rather than
metaphorical statements (Falkum, 2022; Long et al., 2021; Martin-Gonzalez et al., 2024; Neff et al.,
2023). This scenario originated a long-standing debate that has fuelled the field of experimental
and developmental pragmatics (for an overview of the /afe stance see Cacciari & Padovani, 2012;
for an overview of the early stance see Pouscoulous, 2014; for a general overview see Bambini &
Domaneschi, 2024). At present, however, literature provides a fuzzy picture of the development
of metaphorical skills, especially during eatly childhood. A deeper exploration of the error types
and a shift towards a developmental perspective are needed to overcome this variability.

Among the possible reasons for these discrepancies in the literature, there is certainly the fact that
metaphors vary along many dimensions, related to novelty as well as to their content. For instance,
some studies (Asch & Nerlove, 1960; Winner et al., 1976) distinguished between psychological
metaphors (e.g., Daddy is a 1"0lcano), sometimes referred to as abstract, which require deriving a link
between a physical (e.g., vokano) and a mental (e.g., anger) object, and physical/perceptual
metaphors, which require to grasp a link between two physical ones (e.g., My brother is a skyscraper).
This distinction is potentially loading on inferential efforts, with early studies showing earlier
grasping of the physical type (Cicone et al., 1981; Winner et al., 1976) and later studies confirming
these findings, in addition to pointing out a greater involvement of Theory of Mind resources for
the psychological type (Del Sette et al., 2024; Lecce et al., 2019).

Moreover, studies vary in the consideration they paid to the type of answers given by children. In
this respect, pioneering studies from developmental psychology suggested paying attention to error
analysis (Bowerman, 1982; James, 2013). For instance, Winner, Rosenstiel and Gardner (1976)
show that children, while not being metaphorical yet, can vary in the type of answers used to
verbalize metaphorical meanings, ranging from magical (e.g., The king had a magic rock and transformed

the guard in another rock, as an answer to The prison gnard was a hard rock), to metonymic (e.g., The guard
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worked in a prison that had hard rock walls) or primitive metaphorical (e.g., The guard had a hard, though
muscle) content. Notably, a specific trend was observed for the different types of interpretations,
with the magic and metonymic errors dominating between ages 6 and 7 and decreasing after 8, and
the primitive metaphorical responses (or rather, particularly physical interpretations of mental
contents) increasing at 8 years of age. Only at the age of 12, metaphorical answers became
dominant, after dropping the more literal (magical and metonymic answers) and then the more
physical (primitive) types. More recently, authors used to detect children's metaphor
comprehension using forced choice tasks comparing literal vs. metaphorical answers and non-
related vs. metaphorical answers, showing that, when present, the literal option is preferred but in
the latter case children are able to choose metaphors, suggesting a “literal” preference (Neff et al.,
2023; Neff & Falkum, 2022). Across studies, however, aspects such as the type of metaphor and
the type of answer are not systematically considered.

Other sources of heterogeneity may be due to methodological aspects and specifically task
properties. To begin with, verbal explanation tasks — used for instance by Winner and colleagues
(1976) - allow for capturing the nuances of comprehension machinery in great detail (Kalandadze
et al., 2019). However, these tasks heavily load on metacognitive skills, which might be not mature
and blur the possibility of observing early metaphorical development (Pouscoulous, 2011). Act-out
tasks such as those used in Pouscoulous and Tomasello (2020), while catching some precursors of
metaphor understanding, might be biased in other ways that do not fully ascertain the level of
metaphorical competence. Specifically, the item used in these tasks (e.g., The tower with the hat for a
tower with a pointy roof) can be defined as perceptual compounds rather than proper metaphors, and
children may accept overextensions (e.g., ba?) for labeling unfamiliar objects (e.g., pointy roof)
capitalizing on simple analogical reasoning (Rubio-Fernandez & Grassmann, 2016), often based on
the shape bias (i.e., the idea that objects sharing the same shape also share the same name;
Diesendruck & Bloom, 2003). A handful of studies adopted a viable middle ground assessment,

namely multiple-choice tasks (Long et al., 2021; Martin-Gonzalez et al., 2024; Mashal & Kasirer,
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2011; Nippold et al., 1984) mitigating the issues of too complex and too easy tasks. While trying to
go beyond the early-late debate to provide more fine-grained insights, these studies fell short in
exploiting their potential. Specifically, some of these studies used a suboptimal number of
alternatives, namely only two options (Nippold et al., 1984) resulting in a force-choice task, or too
many options (Martin-Gonzalez et al., 2024). A growing literature evaluating the validity of tasks
suggests that three alternatives constitute the optimal paradigm (Rodriguez, 2005), and using too
many distractors may support strategic guessing (Haladyna et al.,; 2019), thus increasing the possibility
of overestimating children’s ability. The way alternatives are presented is also problematic: some
do not support alternatives with images (Nippold et al., 1984), with the risk of an extra loading on
other cognitive skills (e.g., working memory, DeStefano & LeFevre, 2007; Lindner, Ludtke, Grund,
& Koller, 2017); others use images (Long et al., 2021) not controlling for visual parameters (e.g.,
visual complexity) that may interfere with children’s selection (Madan et al., 2018; Sun & Firestone,
2021). An additional concern regards the use of pictures as answer options in absence of a
verbalization of the linguistic content of the image (e.g., for the metaphor That child is a grasshopper
showing the images of a running child, a jumping child, a bug, and a grasshopper, Martin-Gonzalez
et al., 2024). Showing graphical representations only does not consider the possible mediating role
of mental imagery (for an overview see Carston, 2010b; Gibbs, 2006), namely, the possibility that
children select the picture that resembles the mental image activated by the metaphorical prompt.
Specifically, children might choose the grasshopper’s image because the vehicle of the metaphor
elicited that mental image (Paivio & Walsh, 2012), running the risk of intercepting a different
phenomenon from metaphor comprehension.

Another issue concerns the non-modular nature of metaphorical competence and the role of other
abilities in contributing to metaphor comprehension development. Most of the literature focused
on structural linguistic abilities (i.e., vocabulary; Rundblad & Annaz, 2010), showing that these
strongly affect metaphor skills. However, evidence from studies on adolescents, adults, and clinical

populations suggests a broader involvement of cognitive and socio-cognitive skills in supporting
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metaphor understanding development (Bambini et al., 2020, Bambini, Frau et al., 2025; Carriedo
et al., 2016; Ceccato et al., 2025; Chiappe & Chiappe, 2007; Norbury, 2005). These abilities might
play a key role, especially in eatly childhood, and this is not systematically accounted for to date.
Moreover, these cognitive skills might differently affect different types of metaphors, as in the case
of Theory of Mind reported to be involved to a greater extent in metaphors conveying
psychological, compared to perceptual, content (e.g., Daddy is a volcano), requiring Theory of Mind
(ToM) abilities to a greater extent (Canal et al., 2022; Tonini et al., 2023).
1.2.4.  The present study

The present study aims to capture the developmental trajectories of metaphor understanding in
early childhood, taking into account (i) the distinction between physical and mental metaphors, (ii)
different types of errors, including literal and unrelated answers, and (iii) role of cognitive and
socio-cognitive skills. To disentangle these conceptual and methodological issues, we implemented
a novel multiple-choice version of the Physical and Mental Metaphors task (Lecce et al., 2019),
consisting of a sentence-picture association task assessing both physical and mental metaphors and
including different response options, which was administered to children together with the
Peabody Picture Vocabulary Test-Revised (PPVT-R; Stella et al., 2000), two First-order False Belief
tasks (Sullivan et al,, 1994; Wimmer & Perner, 1983) and the Backward Word Recall task
(Lanfranchi et al., 2004). In addition, we adopted a comprehensive statistical approach able to detail
eventual curvilinear trends of metaphor comprehension achievements (via Additive models) and
to provide an ordinal classification (via ordinal logistic regressions) of error types during
development.

Our hypotheses were that: a) physical and mental metaphors display different developmental
trajectories; b) the types of errors (literal and unrelated) change throughout development, and c)
metaphor understanding is related to a different extent to specific aspects of linguistic, cognitive,
and socio-cognitive substrates, expecting in particular a link between mental metaphors and Theory

of Mind.
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1.2. Methods

1.2.1. Participants

A sample of 246 children ranging in age from four to six years was enrolled in the present study.
Children were recruited from local schools and kindergartens located in Lombardy, Italy. Before
running the data analysis, we excluded children who met one or more of the following criteria:
being diagnosed with intellectual disabilities or neurodevelopmental disorders, hearing deficits, and
not having acquired the Italian language before 3 years of age. The final sample included 175
children aged 4 to 6 years (Age: M = 5;4, D = 0;8). Both parents signed written informed consent,
and children were provided with age-appropriate information about their participation in the study.
The study was approved by the Local Ethical Committee of the Department of Brain and
Behavioral Sciences of the University of Pavia and followed the principles of the Declaration of
Helsinki.

1.2.2. Procedure

Each child took part in three individual sessions administered in a silent room during school time.
Each session lasted approximately 20 minutes. During the first session, children were assessed for
their vocabulary and working memory skills, the second session was dedicated to the assessment
of Theory of Mind, while the third session investigated receptive and productive metaphor skills.
1.2.3.  Measures

1.2.3.1 The Physical and Mental Metaphor task - multiple-choice

Metaphor comprehension skills were assessed using a novel multiple-choice task, modeled after
the PMM task created for middle childhood (Lecce et al., 2019). In order to make the task suitable
to use in early childhood, the open task format (verbal explanation in the original version) was
changed to a closed format (sentence-picture matching task) by creating three multiple choice
options. Six items were extracted from the original PMM task, while four were created de novo,
for a total of ten metaphors (five physical and five mental). The six pre-existing items were selected

among those metaphors for which, in the study of Del Sette and colleagues (2021), children scored
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more than 0 in at least 80% of the cases and obtained the maximum score in at least 60% of the
cases. One physical and five mental metaphors met the selection criteria. The four novel metaphors
were built to balance the physical-mental set. The quality of these four novel items was evaluated
against the original set of metaphors, assessed in the multiple-choice fashion: by correlating single
novel items’ comprehension scores with the six-item score, we found a good item-total correlation
(.37< rs < .57) indicating a similar structure of the addendum against the original set. Items were
orally presented to the participants who were asked to choose the best and most apt (visually
supported) explanation for the meaning of each sentence, among a set of alternatives. Following
the indications on multiple-choice formats (e.g., Rodriguez, 2005), three alternatives were included
and these included both literal and unrelated options, in addition to the correct metaphorical one.
Importantly, in creating the alternatives, we controlled for the physical-mental dimension, focusing
on the literal/nonliteral distinction. Specifically, for physical metaphors, all options capitalize on
physical properties (i.e., “Dancers are feathers” means that: a) “They are dressed in white”; b)
“They are light”; ¢) “They are short”), while for mental metaphors all answers capitalize on mental
properties (e.g., "The teacher is an icicle" means that: a) "She likes cold things"; b) "She is strict,"
or ¢) "She likes singing"), keeping the physical or mental trait constant within options set. Each
option was a) verbally provided, and b) associated with an image (See Fig.1.1). Specific criteria were
set for both literal and non-literal incorrect alternatives: literal alternatives are based on salient
encyclopedic features of the literal concept, adjusted to be plausible with respect to the topic.
Unrelated alternatives are based on features that can be sensibly associated with the topic but do
not in any way integrate vehicle features. Moreover, they are never antonyms (i.e., they never carry
the opposite) of the correct meaning of the metaphor. Images accompanying the three alternatives
were controlled for photometric dimensions, visual complexity, self-similarity, and symmetry.
Answers were coded as correct (score: 1) and incorrect literal and incorrect unrelated (score: 0).

Furthermore, in addition to the question on Accuracy, Mental metaphors only were followed by

an additional question on Interpretation. Mental metaphors can have both a mental (appropriate,
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The teacher is mean) and a physical (under-informative but plausible, The feacher is freezing)
interpretation. While in the Accuracy question we controlled for possible literal/unrelated
preference, in the Interpretation questions we controlled for the mental vs. physical preference,
independently of the option selected during Accuracy evaluation. Thus, mental items only were
followed by a forced-choice question about the interpretation, among a physical and a mental one
(e.g., "She is freezing", coded as 0 points, vs "She is mean”, coded as 1 point). The total score range

for Accuracy was 0-10. The total score range for interpretation was 0-5.

Example of Physical and Mental metaphors items

a)  Physical Metaphor

i

7

Literal Correct Unrelated

b) Mental Metaphor

Literal Correct Unrelated

Interpretation question:

The teacher is an icicle means more that she is mean or that she is freezing?

Figure 1.1. Examples of Physical and Mental Metaphors items. Panel A illustrates an example of physical metaphor
(Dancers are feathers) with three possible alternatives, each accompanied by an image. Panel B: Mental metaphor (The teacher is an icicle)
with three possible alternatives each accompanied by an image followed by the interpretation question with the mental (i.e., “She is mean”)

and physical (i.e., “She is freezing”) options.
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1.2.3.2. Vocabulary
The Italian version of the Peabody Picture Vocabulary Test-Revised (PPVT-R; Stella, Pizzoli, &
Tressoldi, 2000) was used to assess children’s vocabulary skills. The PPVT-R is a robust tool, with
excellent split-half reliability (» = .88, Dunn & Dunn, 1981) and strong validity compared to the
McCarthy Scales of Children’s Abilities (= .79, Naglieri & Maxwell, 1981). The PPVT-R consists
of 175 verbal stimuli and assesses receptive vocabulary through a picture selection task, where
children are asked to choose the image that best represents the meaning of a word spoken by the
experimenter. Following standard procedures, each child's test starting point is determined based
on their chronological age. If a child gives an incorrect answer to any of the first 8 benchmark
items, the starting point is adjusted accordingly. Additionally, six consecutive errors in an 8-item
block result in the test being discontinued. The total score is based on the number of correct
responses, with a score range of 0-175.

1.2.3.3. Working Memory

Working memory was assessed using the backward word recall task (Lanfranchi et al.,, 2004), a

widely used measure that is part of a reliable verbal working memory battery (overall Cronbach’s

alpha = .56). The task involves presenting children with lists of two to five words, which they are

asked to recall immediately in reverse order. For each of the four levels of difficulty (i.e., 2-, 3-, 4-,

and 5-word trials), two items are administered. If a child provides incorrect responses to both items

at a given level, the test is discontinued. The total score is based on the number of levels for which

the child correctly recalls the words in reverse order, with a score range of 0-8.

1.2.34. Theory of Mind

Theory of Mind abilities were assessed using four first-order false belief (IFB) tasks. Two of these

tasks, adapted from Sullivan and colleagues (Sullivan, Zaitchik, & Tager-Flusberg, 1994), were

presented in Italian using a picture book. Each task included a first-order FB question and a control

question. Children’s responses were considered correct (1 point) only if they answered both the

FB question and the control question correctly, with a score range of 0-2. Additionally, two first-
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order I'B tasks developed by Wimmer and Perner (1983) were adapted into Italian and administered
using puppets. Each story included a first-order FB question and two control questions. Children’s
responses to the first-order FB question were considered correct only if they also answered the
reality control question correctly, with a score range of 0-2. Given that these tasks are likely to
measure the same underlying construct (see Beaudoin et al., 2020), raw scotes (0/1) from both task
types were summed, and composite scores with a score range of 0-4 were transformed into
proportions, with a score range of 0-1.

1.2.4  Statistical analysis

Statistical analyses aimed at evaluating the trajectories of acquisition of metaphor comprehension
abilities first accounting for age effects and then gauging the role of other linguistic and cognitive
skills, for the different metaphor types (Mental vs. Physical). As a preliminary step Pearson’s
correlations among all variables were performed. Descriptive summary data for each linguistic,
cognitive, and socio-cognitive variable are reported for sequential age groups. In light of the well-
known relationship between chronological age and vocabulary skills (e.g., Keuleers et al., 2015),
we privileged an analytical approach where we assessed age-related and linguistic/cognitive-related
effects separately. All statistical analyses were performed in the R environment (v. 4.2.3; R Core
Team, 2023), with the R Studio editor (v. 2023.09.1+494).

1.2.4.1 Accuracy analysis

Moving to the main analysis, accuracy and interpretation scores were analyzed with mixed-effects
regressions using Generalized Additive Models (GAMs; Hastie & Tibshirani, 1986), a family of
models suitable for studying complex non-linear relationships between outcome and predictive
variables. GAMs were preferred over linear regressions for their ability to describe developmental
effects through smooth functions, relaxing the assumption of either linear or non-linear effects in
the regression framework. In GAMs, the effect of a predictor refers to a smooth function of the
expected value of the response, which in turn may follow any exponential family distribution,

allowing the use of a quasi-likelihood approach (Wood, 2017). Considering the nature of our
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dependent variables (correct vs. incorrect, score 1 vs. score 0), the binomial family of GAMs was
used, and random intercepts for individual-level (Subjects) and material-level (Items) variability
were estimated. Accuracy scores were modeled as a function of multivariate smooth functions
across each level of the Metaphor Type categorical factor and estimated areas of significant
difference between smooths using #sadug package version 2.4.1 (van Rijj et al., 2022). For recent
guidelines in using GAMs in language acquisition research see Wieling, 2018. The package mgw
version 1.9-1 (Wood, 2023) was used to implement GAM models. We used the package 7gl 7z
version 0.1.11 (Fasiolo et al., 2023) for data visualization.

To meet our aims, we ran three different models. The first GAM examined metaphor
comprehension abilities (Accuracy) as a (smoothed) function of age and included the Metaphor
Type (Mental vs Physical; sum-coded) factor in interaction with the smooth function. The second
GAM tested metaphor comprehension as a (smoothed) function of Vocabulary, ToM, and WM,
including the Metaphor Type interaction. The third GAM examined the physical or mental
preference (Interpretation) for mental metaphors only as a smoothed function of age and included
the measure of correct understanding (Accuracy) as an item-level factor (Correct, 1 wvs.
Literal/Unrelated, 0; sum-coded). The final random structure for each model included by-subjects
and by-items random intercepts only, as more complex structures did not lead to model
convergence.

1.2.4.2. Response Types Analysis

To examine response types, we considered the three responses on an ordinal scale (correct > literal
> unrelated). We thus analyzed the ordered accuracy scores as a function of Age and Metaphor
Type in interaction, with Cumulative Link Mixed Models (CLMMs) with the ¢/zz() function from
the ordinal package, v. 2019.12-10 (Christensen, 2019). To account for non-linear relationships, we
introduced both the linear and quadratic terms of Age, and we included random intercepts for
subjects and items. To assess the contribution of fixed effects we compared models of increasing

complexity via likelithood ratio test: the hierarchical approach revealed that adding the quadratic
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term to the model did not improve the model’s fit. The final model formula was: Accuracy~ Age
* Metaphor_type + (1 |Participants) + (1 |Items). Post-hoc comparisons were computed with the
emmeans package, v. 1.10.6-090001 (Lenth, 2024).

1.3. Results

Raw scores for each variable are reported across age groups in Tab. 1.1.

Table 1.1: Descriptive Statistics of children’s performance in each age group.

Measures Range of Whole 4 years 5 years 6 years
possible sample N =58 N=78 N=39
scores N=175
Vocabulary 0-175 68.4 (25.2) 52. (18.6) 68. (22.5) 91.7  (19.9)
2 9

Working Memory 0-8 2.01 (1.76) 1.0 (1.53) 1.9 (1.70) 3.44  (1.19)
9 9

Theory of Mind 0-1 0.54 (0.29) 0.4 (0.26) 0.5 (0.28) 0.66 (0.30)
2 6

Mental Metaphors 0-5 1.74 (0.99) 1.8 (0.88) 1.5 (1.03) 1.95 (1.05)
3 6

Physical Metaphors 0-5 2.65 (1.12) 2.5 (1.08) 2.4 (1.12) 3.21 (1.00)
0 7

Correlations among all variables of interest are reported in Fig. 1.2.
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Figure 1.2. Correlogram between scores in the physical and mental metaphors accuracy and linguistic, and
pragmatic variables. The plot shows correlations between physical and mental metaphor accuracy scores and age, vocabulary, working
memory and theory of mind. Positive correlations are displayed in bine and negative correlations in red. The color intensity is proportional

to the magnitude of correlation coefficients. Crossed cells indicate associations at p-valne > .05.

1.3.1. Developmental trajectories of metaphor comprehension: analysis of Accuracy and Error
Types

1.3.1.1. Accuracy analysis

The first GAM showed an effect of Metaphor Type approaching significance (§ = -0.83, # = -1.89,
p = .058), which revealed that Mental Metaphors were more difficult to understand than physical
ones (across the age range). Moreover, the model showed specific trends for Metaphor Type. In
Physical Metaphors, a significant growth of Accuracy as a function of Age emerged (s(Age):Physical
metaphors, edf = 2.328, F'= 12.93, p = .005), showing that Age modulates a non-linear change in
Physical Metaphors Accuracy. Visual inspection showed that the non-linear change described a
rapid growth in Physical metaphor Accuracy with age (See Fig. 1a). In Mental Metaphors, a more
flat, non-significant effect of Age was found (s(Age):Mental metaphors, edf = 1.274, F'= 0.52, p =

.767; See Fig. 1.1a). Estimating differences between the two smooth effects, we found a significant

38



difference between Physical and Mental Metaphors smooths starting from 71 months of Age,
signalling that from six years of age the performance in Physical metaphors departs from the one

in Mental ones (See Fig. 1.1b). Model’s formula and output are reported in Table 1.2.

Table 1.2. Output of the Generalized Additive Model with Accuracy as dependent variable and age as predictor

Model’s Formula:
Accuracy ~ Metaphor Type + s(Age, by= Metaphor Type) + s(Subjects, bs= “re”) + s(ltems, bs= “re”)

Fixed Effects

Predictors Odds Ratios Cl edf p
(Intercept) 0.75 0.49-1.15 -1.33 0.185
Metaphor Type[MentalvsPhysical] 0.44 0.18-1.03 -1.90 0.058
Smooth term (Age) x 0.52 0.767

Metaphor Type[Mental]

Smooth term (Age) x 12.91 0.005
Metaphor Type[Physical]

Random Effects

s(Subjects) 8.60 0.310
s(ltems) 119.64 <0.001
Observations 1750
R? 0.113
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Figure 1.3. Physical and Mental metaphors comprehension. a) Smuooths of Physical and Mental metaphors accnracy.
Shaded bands represent the 95%-confidence interval. b) Smooth difference between the two (non-linear) smooths comparing the performance
in Physical and Mental metaphors. The red line on the x-axis (and vertical dotted lines) indicates that the difference is significantly different
Sfrom zero.

1.3.1.2. Response Types analysis

The CLMM showed a main effect of Age (OR = 1.25, 95% CI [1.13, 1.39], 7 = 4.27; p < .001), a
main effect of Metaphor Type (OR = 0.54, 95% CI [0.30, 0.97], z = -2.06; p = .040), and a
significant Age by Metaphor type interaction (OR = 0.83, 95% CI [0.69, 0.99], z = -2.02; p = .044),
to probe this interaction we performed post-hoc analyses.

The analysis of simple trends of cumulative probabilities confirmed a different effect of Age on

Metaphor comprehension. For Physical metaphors, Age increase was associated with less
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Unrelated answers (Bpop = -0.03, CI [-0.05, -0.01], g = -3.51, p <.001), less Literal answers (Bprob =
-0.05, CI [-0.08, -0.03], = -4.00, p < .001) and more Accurate answers (Gprob = 0.08, CI [0.04, 0.12],
3= 4.37, p <.001). Differently, for Mental metaphors, no changes in the probability of observing
Accurate and Literal answers were observed. The result on Unrelated answers only was numerically
in line with the ones on Physical metaphors but failed to reach significance (S = -0.02, CI [-0.04,
-0.00], z = -1.87, p = .061). To better examine this latter trend, we performed the analysis of the
probability distribution of each Accuracy level between Metaphor Types as a function of Age. With
this approach, we confirmed that, with Age, Unrelated answers between Physical and Mental
decreased at a similar rate (Apop = -0.01, CI [-0.03, 0.01], ¢ = -0.84, p = .399). Conversely, the
analysis revealed a significant difference in the Age trend for Literal answers between Physical and
Mental metaphors (Apor = -0.04, CI [-0.07, -0.01], z = -2.80, p = .005): while Mental metaphors
have the same probability to obtaining literal answers with Age, the probability to observe literal
answers for Physical metaphors decreases with Age. Moreover, the analysis indicated a significant
difference in the effect of Age between Physical and Mental metaphors for Accurate answers (Aprob
=0.05,CI [0.00,0.09], = 2.19, p = .028), with Physical metaphors showing more Accurate answers

in comparison to Mental ones as Age increases (See Fig.1.4.).
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Figure 1.4. Effect plots of changes in type of answers with age. a) Effect plot of changes in type of answers for physical

metaphors. Each band represents the proportion of Inaccurate (upper band), Literal (medinm band) and Accurate (lower band) responses
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throngh age. B) Effect plot of changes in type of answers for mental metaphors. Each band represents the proportion of Inaccurate (upper

band), Literal (medium band) and Accurate (lower band) responses throngh age.

1.3.2.  Interpretation Analysis

Finally, we used a GAM to evaluate the preference for mental over physical interpretation in mental
metaphors. This GAM showed a significant interaction between Accuracy (of Mental metaphors)
and Age (s(age):Accuracy, edf = 1.775, F' = 16.12, p < .001): only when children were accurate in
understanding the meaning of the (Mental) metaphor, they preferred Mental over Physical
interpretation (See Fig. 1.5a). By estimating differences between the two smooth effects, we found
a significant difference between Accurate and Inaccurate answers starting from 72 months of Age,
signaling that from about six years of age having understood mental metaphors directs only to

mental interpretations (see Fig. 1.5b). The model’s formula and output are reported in Table 1.3.

Table 1.3. Output of the Generalized Additive Model with Interpretation as dependent variable and Age and Accuracy as predictors

Model’s Formula:
Interpretation ~ Accuracy + s(Age, by= Accuracy) + s(Subjects, bs= “re”) + s(Iltems, bs= “re”)

Fixed effects

Predictors Odds Ratios ) edf p
(Intercept) 0.85 0.36-2.00 -0.38 0.706
Accuracy [Accuratevslnaccurate] 1.14 0.83-1.59 0.81 0.418
Smooth term (Age) x Accuracy[lnaccurate] 0.12 0.734
Smooth term (Age) x Accuracy[Accurate] 16.21 <0.001

Random Effects

s(Subjects) 39.95 0.019
s(ltems) 105.51 <0.001
Observations 868

R? 0.197
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Figure 1.5. Mental interpretations for Accurate and Inaccurate answers. a) Smooths of Mental Interpretations for
Accurate and Inaccurate answers for Mental metaphors. Shaded bands represent the 95%-confidence interval. b) Smooth difference between
the two (non-linear) smooths comparing Accurate and Inaccurate answers for Mental metaphors. The red line on the x-axis (and vertical

dotted lines) indicates that the difference is significantly different from zero.

1.3.3.  Cognitive substrates of metaphor understanding across types

The role of cognitive variable was tested with a second GAM, which showed only a significant
interaction between Physical Metaphor Type and the cognitive substrates, and namely with
Vocabulary skills (s(Vocabulary):Physical metaphors, edf = 1.682, F = 8.77, p = .013): as
performance in Vocabulary increases, Physical Metaphors accuracy increases (See Fig.1.6). No

other interactions with Physical metaphors emerged.
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Table 1.4. Output of the Generalized Additive Model with Accuracy as dependent variable and cognitive predictors

Model’s Formula:
Accuracy ~ Metaphor Type + s(Vocabulary, by= Metaphor Type) + s(Theory of Mind, by= Metaphor Type)
+ s(Working Memory, by= Metaphor Type) + s(Subjects, bs=“re”) + s(Iltems, bs= “re”)

Fixed Effects

Predictors Odds Ratios Cl edf p
(Intercept) 0.74 0.48-1.15 -1.32 0.186
Metaphor Type[MentalvsPhysical] 0.43 0.18-1.03 -1.89 0.059
Smooth term (Vocabulary) x 0.35 0.787

Metaphor Type[Mental]

Smooth term (Vocabulary) x 8.77 0.013
Metaphor Type[Physical]

Smooth term (Theory of Mind) x 6.15 0.013
Metaphor Type[Mental]

Smooth term (Theory of Mind) x 1.06 0.303
Metaphor Type[Physical]

Smooth term (Working Memory) x 4.43 0.035
Metaphor Type[Mental]

Smooth term (Working Memory) x 2.23 0.161
Metaphor Type[Physical]

Random Effects

s(Subjects) 11.66 0.254
s(ltems) 120.78 <0.001
Observations 1750
R? 0.121
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Figure 1.6. Association between Vocabulary and Physical and Mental metaphors accuracy. a) Smooths of the
relationship between Physical and Mental metaphors accuracy and V' ocabulary scores. Shaded bands represent the 95%-confidence interval.
b) Smooth difference between the two smooths comparing the effects of 1 ocabulary on Physical and Mental metaphors comprebension. The

red line on the x-axis (and vertical dotted lines) indicates that the difference is significantly different from zero.

The same model highlighted two interactions between mental metaphors and the cognitive
substrates: Linear effects of Theory of Mind and Working Memory were observed for Mental
metaphors only (s(ToM):Mental metaphors, edf =1.000, FF = 6.15, p = .013; s(WM):Mental
metaphors, edf = 1.000, F' =4.43, p = .035). As indicated in Fig. 1.7a, as Theory of Mind scores
linearly increase, the performance in Mental Metaphors understanding increases and higher scores

in Working Memory were associated with worse performance in Mental Metaphors.
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1.4. Discussion

This study aimed to investigate the developmental trajectories of metaphor comprehension in early
childhood using an age-appropriate tool taking into account different types of metaphor and
response options and adopting a fine-grained statistical approach for metaphor development. We
expected to observe a different pattern of acquisition for physical and mental metaphors,
determined by modifications of the response types. We also assumed that individual differences in
cognitive and socio-cognitive skills play a role in metaphor understanding at this age, with a specific
contribution of ToM for mental metaphors. Our results showed that when applying a refined

statistical approach and controlling for the psychometric properties of the task, namely the use of
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metaphors rather than perceptual compounds, and the appropriate number and type of options,
the study of metaphor development goes far beyond the early-late debate, showing different
“challenges” or steps, that children have to climb in reaching full fledge metaphor skills.

Our analysis via additive modeling revealed that physical and mental metaphors were associated
with different developmental processes within the same time window. Specifically, the
developmental trajectory of physical metaphors departed from mental metaphors, drawing a
curvilinear trend, with the age of six marking a significant improvement in physical metaphors only.
This evidence must be considered in light of the pragmatic and cognitive achievements in this
developmental period. During the whole preschool period, children collect an impressive amount
of pragmatic tools and consolidate some pragmatic inferential abilities, strategically extracting
information from the context (Bohn & Frank, 2019; Grigoroglou & Papafragou, 2019). At the end
of this process, children can detect Gricean maxim violation at an adult-like level (Okanda et al.,
2015) as well as derive implicatures through simple inferences (e.g., indirect answers; Bernicot et
al., 2007), showing to have built the prerequisite pragmatic toolkit for metaphor comprehension.
In this phase, children also learn to capitalize on perceptual experience to guide knowledge and
language acquisition (Neill & Astington, 1992; Werker, 2018), thus exploiting this experience to
enrich their conceptualization of objects (Juhasz et al., 2011; Ayhan et al., 2015). This is particularly
relevant for analogical reasoning development, which might have a role in interpreting metaphor
understanding (Holyoak & Stamenkovic, 2018). In this context, sensorial experience plays a pivotal
role in metaphor acquisition: between five and seven years of age, children’s development of
analogical perceptual reasoning is related to metaphor comprehension (Nippold & Sullivan, 1987).
Crucially, in this phase, to determine similarities between objects children explore deeper
properties that are less often available in the perceptual array such as labels, internal biological
components, or motion capabilities (Rakison, 2005).

The first step to climbing seems to be represented by literal interpretations. Analysis of error types

via multinomial ordinal regressions showed that the improvement in physical metaphors was driven
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by a drop of literal interpretations, which conversely did not decrease for mental metaphors.
Unrelated answers decreased at a similar rate in both Physical and Mental metaphors. This suggests
that dropping literal interpretation is a necessary stage in developing metaphorical skills, while the
reduction of unrelated answers does not determine an improvement. According to the early stance,
literal answers reflect a general children’s preference for literal interpretations, also shared with
adults (Neff & Falkum, 2022). Conversely, the /afe stance considered literal answers as reflecting a
pure deficit in metaphor comprehension (Winner, 1997). However, our results suggest that the
tendency to prefer literal interpretation may play a more crucial role in metaphor development than
previously described, reflecting an initial step toward metaphor understanding that needs to be
overcome. Insights on the role of literal meaning in metaphor processing derive from the research
involving the adult population (Carapezza & Garello, 2025; Carston, 2010b; Weiland et al., 2014),
and may have ontogenetic implications. Several authors suggested that some activation of the literal
meaning during metaphorical elaboration occurs (Al-Azary & Katz, 2021; Rubio Fernandez, 2007;
Weiland et al., 2014) and that, intriguingly, prime words related to the literal concept denoted by
the vehicle display a facilitation effect on lexical-semantic operations occurring during metaphor
processing (Weiland et al., 2014). These insights suggest that literal meaning plays a role in the adult
population, smoothing the process and possibly offering an alternative route to grasp the intended
meaning. However, while this /Jzeral path allows reaching the correct interpretation for some
metaphors, it may be unsuccessful when employed rigidly for all figurative phenomena. From a
developmental perspective, literal answers observed in children reflect a stage in which children
rigidly apply a possible — but not the best — strategy to interpret metaphorical meanings, as it
happens for other forms of overregularization (Figueroa & Gerken, 2019; Marcus et al., 1992). The
literal one is a necessary step during which children employ rudimental strategies to forge their
pragmatic repertoire and exploit it flexibly.

Another step that children must climb seems to be the physical one. The additional analysis on

mental metaphor interpretation (e.g., The teacher is an icicle) revealed that until six years of age, even
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when the literal alternative is removed, children prefer physical (e.g., She is freezing) over mental
interpretation (e.g., She is mean). This result suggests that in contrast with the predictions of the
early stance (Neff & Falkum, 2022), removing the literal option may not be sufficient for specific
metaphor types. Moreover, even at six years of age, only a few children who selected the correct
option in the accuracy task did not fall for physical interpretation. While it might be the case for
physical metaphors, which require children to overcome literal answers, mental metaphors seem
to involve a further step. As suggested by electrophysiological evidence on the elaboration of
physical metaphors via dual coding of meaning representation (Canal et al., 2022), children may
benefit from activating perceptual knowledge of the vehicle during physical metaphor
comprehension. However, trying to use this toolkit to process mental metaphors may lead to a
physical bias. Specifically, activating the perceptual information of the vehicle for a physical metaphor
(e.g., Dancers are feathers), may help in deriving the intended meaning (e.g., being ligh?) (Al-Azary &
Katz, 2021; Carston, 2010b; Paivio & Walsh, 2012). Conversely, we argue that the activation of the
perceptual information of the vehicle during mental metaphor interpretation (e.g., The teacher is an
zicle), may lead to an unappropriated physical interpretation (e.g., She is freezing) in eatly
developmental phases. Literature on the development of mental processes highlights that mental
content is physically grounded, and that sensory experience during the development of high-order
knowledge plays a scaffolding role (L. E. Williams et al., 2009). As for the literal step, we suggest
that the physical step may constitute an essential stage toward full-fledged metaphorical
competence, during which children settle the pragmatic and cognitive acquisition for physical
metaphor understanding.

Individual differences in linguistic, cognitive, and socio-cognitive variables further provide insights
into the differences between physical and mental metaphors. The Additive model on individual
differences showed that vocabulary abilities supported the development of physical metaphors, but
not of mental ones. The role of vocabulary in metaphor development is in line with previous

literature pointing out the involvement of structural linguistic abilities for metaphorical competence
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(Lampri et al., 2024; Rundblad & Annaz, 2010; Stamenkovi¢ et al., 2019). The specific contribution
of receptive vocabulary for physical metaphors only hints at the assumption that metaphors may
benefit from exploring the semantic features of the topic and the vehicle (Kintsch, 2000). Thus, a
deeper vocabulary knowledge may foster feature exploration during metaphor comprehension.
However, this may not be sufficient for mental metaphors, in which the metaphorical meaning is
rarely inscribed in the palette of vehicle features (Tourangeau & Rips, 1991). Consistently with this
hypothesis, our data reported a specific contribution of Theory of Mind in supporting mental
metaphor understanding, in line with previous studies (Lecce et al., 2019; Tonini et al., 2023). As
suggested by Lecce and colleagues (2019), in the preschool period the link between ToM and
mental metaphor may be stronger than at later stages, as is true for language in general (Milligan et
al., 2007). To begin with, to understand mental metaphors children have to master psychological
lexicon (i.e., lexicon referred to inner mental states), which is linked to ToM rather than vocabulary
(Grazzani & Ornaghi, 2012). Even if the difficulty in mental metaphors cannot be linked to
psychological content only (Cicone et al., 1981), it may be a source of difficulty in early childhood
when children are fine-tuning their mental lexicon (Moore & Davidge, 1989; Pascual et al., 2008).
Furthermore, in these early phases, the ability to master false belief is linked to the awareness of
appearance-reality distinction (i.e., the possibility to apply different representations of the same object;
Gopnik & Astington, 1988), which may be necessary, even if not sufficient, for creating appropriate
concrete-abstract links for grasping psychological content (Cicone et al., 1981). Along these lines,
to derive a mental metaphorical meaning (e.g., The feacher is an icicle), the child must accept that the
representation of the vehicle (e.g., iicle) has a general perceptual representation (i.e., a cold object)
but acquires a new possible abstract representation in the context of the topic (i.e., someone with
no feelings). This may explain, at least partially, why ToM is not linked to physical metaphor in this
phase. During physical metaphor understanding children do not need to suppress the physical
(apparent) representation of the vehicle to reach the metaphorical meaning, which conversely

seems to help physical metaphoric meaning construction (Canal et al., 2022; Rubio Fernandez,
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2007). At later stages, when the appearance-reality distinction is well-developed, more sophisticated
aspects of ToM may come into play as facilitators for mental metaphor processing, such as emotion
recognition (Canal et al., 2022).

A more puzzling finding is offered by the correlation/effects of working memory. While there was
no significant working memory effect in predicting physical metaphors, higher levels of WM
corresponded to a decrease in mental metaphor performance. Despite previous literature reporting
a crucial role of executive functions during metaphor comprehension, these measures do not seem
to support all metaphor types (Chiappe & Chiappe, 2007; Mashal, 2013). Recent evidence showed
that fluid intelligence may not be a determinant in metaphor processing, especially for simpler
metaphors (Stamenkovi¢ et al., 2019). Also, another strand of literature reported that individuals
with high working memory tend to capitalize on cognitively demanding skills even when those are
suboptimal for task resolution (DeCaro et al., 2016; DeCaro & Van Stockum, 2018). Thus, it is
possible that capitalizing on WM in a task that requires a combination of pragmatics and socio-
cognitive skills may result in a drop in performance (See also Pompei et al., 2025).

Overall, our results offer some insights into the development of metaphor comprehension skills in
early childhood, pointing to multiple steps that children need to overcome toward full-fledged
metaphorical competence. By using a novel task that took into account literal and physical
preferences, we were able to disentangle the multifaceted nature of metaphor in the acquisition.
The age of six, when children transition to school, represents a key moment to develop from more
literal to figurative interpretation, although sensory information still represents a source of
processes, not yet abandoned for more abstract representations. At this stage, physical metaphors
are fully grasped, but mental metaphors are still captured in a literal and physical phase. Yet these
processes should not be considered in isolation, but as they develop in parallel with vocabulary and
social cognition. Going beyond the early-late debate, we argue that metaphor comprehension

abilities involve different aspects, from reasoning along the sensory-abstract dimension to
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overcoming literal aspects of meaning, in turn interacting with structural linguistic knowledge and

socio-cognitive skills.
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STUDY TWO

HOW A WHITE DOG BECOMES A CLOUD:
A CROSS-SECTIONAL AND DISTRIBUTIONAL SEMANTICS INVESTIGATION OF METAPHOR

PRODUCTION SKILLS IN EARLY CHILDHOOD®

2.1.  Introduction

According to some estimations, we produce one metaphor, broadly intended as a non-literal use
of words, a minute (Pollio et al.,, 1997). Metaphors are produced to fulfill a broad range of
functions, from shaping other thoughts, to persuading others or creating social connectedness
(Bowes & Katz, 2015; Sopory & Dillard, 2002b; Thibodeau & Boroditsky, 2013). Metaphor
production is attested also in children, that show a genuine use of metaphors especially to negotiate
meaning during learning (Cameron, 2003; Deignan & Semino, 2022). However, despite a large body
of literature on the acquisition of metaphor comprehension skills (Grigoroglou & Papafragou,
2019; Lecce et al.,, 2019; Pouscoulous & Tomasello, 2020; Winner et al., 19706), the study of
metaphor production in development is very limited and discontinued, with very few and mostly
early studies (Gottfried, 1997; Winner, 1979; Winner et al., 1980). These early studies either
measured spontaneous (e.g., red balloon for an apple, Winner, 1979) or task-elicited metaphors (e.g.,
zebra-shell for the picture of a shell with white and black stripes, Gottfried, 1997) and supported the
idea of an early development of metaphor production skills, already present in toddlers. Yet, the
lack of a robust methodology for assessing and analyzing metaphor production data, alongside the
scarce consideration of cognitive and socio-cognitive contribution, makes the level of knowledge
about productive metaphor skills acquisition somewhat rudimental. This study aims to provide

fresh evidence on metaphor production development in early childhood while proposing an

3 This chapter is a manuscript in preparation for submission to a peet-review journal as “Pompei, C., Mangiaterra, V.,
Canal, P., Del Sette, P., Lecce, S., & Bambini, V., How a white dog becomes a cloud: a cross-sectional and distributional semantics
investigation of metaphor production skills in early childhood’.
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innovative methodological framework combining cross-sectional assessment, distributional
semantics, and refined statistical approaches.

Early observational studies reported the use of metaphorical expressions in toddlers’
communication, particularly during pretend play (Billow, 1981; Winner, 1979). In these studies,
children's expressions - such as snake for a car toy twisted up - were categorized as metaphors when
met one or both of the following criteria: the reference to an object using a different name from
its conventional one, and the involvement of a comparison between two similar objects
(Vosniadou, 1987). However, as suggested by Gottfried (1997), rather than simply establishing if a
lexical innovation fall into a linguistic definition of metaphor, it is crucial to determine whether
these expressions are wsed metaphorically, namely if children are engaged in a flexible language use
apt to communicate a feature that is relevant to the context. To integrate findings on spontaneous
metaphor production, Gottfried (1997) proposed a task in which children were trained to play a
look-like game with a puppet that generates inappropriate compounds (e.g., cherry-balloon for a yellow
football) and were asked to correct him with appropriate compounds (e.g., lzon-balloon). Preschool-
aged children were able to produce appropriate compounds (e.g., gebra-shell for a shell with black
and white stripes), and the performance increased until 5 years of age. In a sentence completion
task, children were asked to complete simile sentences verbally (e.g., ook at the boy standing over there.
He looks as gigantic as...?; Gardner et al.,, 1975). In this case, even if the number of appropriate
metaphors was scarce until adolescence, preschoolers produced more appropriate metaphors than
school-aged children and were outperformed only by adolescents (Gardner et al., 1975).
Accordingly, metaphor production acquisition seems to delineate a U-shaped trajectory, with
younger children being more able than school-aged children to generate metaphors, which were
said to be stacked in a /lteral stage (Gardner & Winner, 1978).

Taking a deeper look at these studies might however cast doubts on the solidity of the idea of an
early metaphor production competence. In metaphor compounds generation, children may rely on

the communicative strategy of using familiar words to fill a gap, making an over-extension (i.e.,
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zebra) based on perceived similarity that could vanish when children acquire the requisite words
(i.e., striped), and in which the distinction between a literal and a figurative use is hard to trace (Clark,
2020). Additionally, in the sentence completion task by Gardner and colleagues (1975), while
producing the highest (even if scarce) number of metaphors, preschoolers also produced the
highest number of inappropriate responses (e.g. giwgantic as a clock). Hence, preschoolers'
performance might actually reflect the inability to reject those comparisons that would not make
sense to other individuals, cutting across the boundaries of conventional language and experience
(Gardner & Winner, 1978). More recently, some renewed interest in children's metaphor
generation arose, with a special focus on atypical development (Kasirer & Mashal, 2016, 2018).
Although involving older children, these studies pointed out that other skills, such as vocabulary
and executive functions, may play a role in metaphor production development. This matches an
extensive literature on metaphor comprehension, which highlighted the role of verbal and socio-
cognitive skills development (Norbury, 2005b; Tonini et al., 2023). However, the paucity of studies
and the methodological issues in investigating the productive dimension of metaphor competence
make this domain an unsolved challenge for developmental pragmatics. In particular, to the best
of our knowledge, there are no studies systematically investigating metaphor production during
early childhood and the involvement of cognitive skills and socio-cognitive abilities.

Another consideration regards the conceptual processes and the lexical architecture involved in
metaphor production, and how this might impact development. Generally speaking, producing a
metaphor (e.g., The white dog is a clond) requires articulating a vehicle (e.g., cloud) in association with
a topic (e.g., white dog), based on operations that include selecting salient common features between
concepts (Pérez-Hernandez & Duvignau, 20106). The vehicle of a metaphor is expected to be
diagnostic, that is, to make salient those semantic similarities and dissimilarities needed to clarify our
understanding of the topic (Katz, 1989). Hence, vehicle selection constitutes a pivotal aspect of
metaphor production and, as suggested by previous literature, how children move from one

conceptual domain to another for metaphor generation purposes may provide crucial insights into

55



the development of this skills (Gottfried, 1997; Vosniadou, 1987; Winner et al., 1980). A promising
strand of research to track down such conceptual moving from the topic to the vehicle and the
selection of the latter is offered by distributional semantics (Kintsch & Bowles, 2002; Reid & Katz,
2018). This approach provides a quantitative measure of similarity between words: vector space
models, exploiting the hypothesis that words occurring in the same context are similar in meaning
(Harris, 1954), are trained on large corpora to represent words as vectors in multidimensional
semantic spaces, based on their co-occurrences in texts (Lenci, 2008). Studies on metaphors in this
field typically measured topic-vehicle semantic similarity, computing the cosine of the angle
between the vectorial representations of the two terms (i.e., a measure of their proximity in the
semantic space) and reported that individuals, given a topic and asked to choose between several
vehicles, tend to select the semantically closest, or at least moderately close, to it (Clevenger &
Edwards, 1988; Katz, 1992; Pierce & Chiappe, 2009). Conversely, greater semantic distance
between the metaphor terms and the literal prompts is associated with higher creativity scores
assigned to the metaphors by human raters (Beaty & Johnson, 2021; Skalicky & Crossley, 2018).
The distributional semantics approach, thus, is useful to chart the breath of the conceptual and
semantic space used when producing a metaphor. This approach, however, has never been applied
to the study of metaphor production acquisition.

2.1.1.  The present study

This study aimed to investigate metaphor production and its cognitive and socio-cognitive
correlates in early childhood, combining cross-sectional and distributional semantics methods. To
address these aims, we adopted an elicitation task in which children were asked to produce
metaphors given literal prompts (e.g., @ white dog), administered to 171children alongside tests of
vocabulary, inhibitory control and Theory of Mind. In addition to accuracy, we also computed the
Semantic Similarity between the produced metaphors (e.g., #he dog is a clond) and the provided
prompt. Fine-grained statistical approaches were used to measure metaphor production abilities

and to determine the role of other cognitive and socio-cognitive skills, combining more
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conservative methods and Additive modeling. We hypothesize that: a) Metaphor production
abilities increase during early childhood and that b) this improvement is supported by cognitive
and socio-cognitive skills (i.e., vocabulary, inhibitory control, and Theory of Mind); ¢) Semantic
Similarity between the literal prompt and the metaphors decrease with age thanks to grater
vocabulary skills and semantic knowledge.

2.2. Method

2.2.1. Participants

The study involved 171 typically developing children aged 4 to 6 years (Mage=5.40, SD=0.78),
divided by age into three groups: 4-year-old children (age range: 4,0, 4;11; Mage = 4;6), 76 5-yeat-
old children (age range: 5;0, 5;11; Mage = 5;5), and 39 6-year-old children (age range: 6;0, 6;11;
Mage = 6;0), all Italian native speakers. Both parents signed written informed consent, and children
were provided with age-appropriate information about their participation in the study. A cohort
of 135 adults (Age range 18;0-59;0) was involved in the study and divided into two groups: Young
Adults (n= 58, age range: 18;0-29;0) and Adults (n= 77, age range: 30;0-59;0) using the platform

(https://limesurvey.org) configured not to collect any personal data. The study was approved by

the Local Ethical Committee of the Department of Brain and Behavioral Sciences of the University
of Pavia (n. protocol 029/2019) and followed the principles of the Declaration of Helsinki.

2.2.2.  Procedure

Each child took part in three individual sessions administered in a quiet room during school time.
Each session lasted approximately 20 minutes. During the first session, children were assessed for
their vocabulary and working memory skills, while the second session was dedicated to the
assessment of Theory of Mind skills. The third session assessed metaphor production and
metaphor comprehension. The adult group underwent a single online session assessing metaphor

production skills only.
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2.2.3.  Measures

2.2.3.1. Vocabulary

To assess vocabulary skills, we adopted the Italian version of the Peabody Picture Vocabulary Test
- Revised (PPVT-R; Stella et al., 2000). This test has been shown to have excellent split-half
reliability value (r = .88, Dunn & Dunn, 1981) and high validity against the McCarthy Scales of
Children's Abilities (r = .79, Naglieri & Maxwell, 1981). The PPVT-R includes 175 verbal stimuli
and measures receptive vocabulary with a picture selection task: children are asked to choose,
among four images, the one that best describes the meaning of the word uttered by the
experimenter. Following the standard procedure, for each child, the chronological age is used to
set individual test starting points. Six consecutive errors in an 8-item block resulted in the
interruption of the test. The total score consists of the number of correct answers (score range: 0-
175).

2.2.3.2. Inhibitory Control

To assess inhibitory, control we used the Day-Night tasks (Gerstadt et al., 1994), which showed an
excellent inter-rater reliability in previous studies (ICC= 99%, Cuevas et al., 2016). The task
employs a set of laminated cards (10 x 15 cm). All children were presented with the control task
version followed by the Stroop-like version. For the control task, children were instructed to say
night when shown a moon card and to say day when shown a sun card. For the Stroop-like Day-
Night task children were instructed to say nzght when shown a sun card and dazy when shown a
moon card. The task consisted of 16 trials (half for each type). No feedback was given during test
trials. The total administration time was approximately 3 minutes. The percentage of correct trials
was calculated (total possible score range: 0-16).

2.2.34. Theory of Mind

Theory of Mind was assessed using the Wellman & Liu scale (2004). The scale showed an average
infit of -.1 (SD = 1.1) and average outfit of 0.0 (SD = .7), meeting the criteria for a Rasch model

as well as a good convergence validity with the Saly and Ann task (Hiller et al., 2014). The scale
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consist of five tasks: Diverse Desires (understanding another’s likes may differ from your own),
Diverse Beliefs (understanding another person may think differently about the same situation),
Knowledge Access (ability to judge another’s knowledge of a scenario), False Belief (judging
another’s false-belief about the content of a descriptive box), and Hidden Emotion (understanding
a person’s facial expression does not always match their emotion). For the first four tasks, children
were able to respond verbally (requiring a single-word unambiguous response) or by pointing to a
picture. Task 5 included an additional justification component, where the child was required to give
a brief explanation for their response. Each task was administered using visual or material support
(e.g., images depicting the main character) and presented both a control and a focal question, the
latter coded as either correct (1 point) or incorrect (0 point). The raw score range was 0-5, then
transformed into proportions, with a final total score range of 0-1.

2.2.3.5.  Metaphor Comprebension

To assess metaphor comprehension, we used a newly developed multiple-choice version of the
Physical and Mental Metaphors task (Lecce, Pompei et al., in prep), originally employing the verbal
explanation task format (Del Sette et al., 2020; Lecce et al., 2019). The task consisted of 10
metaphors: 5 physical (i.e., metaphors that capitalize on physical properties, such as Darncers are
feathers) and 5 mental (i.e., metaphors that capitalize on mental or psychological aspects, such as The
teacher is an icicle). Children are asked to select the best fitting explanation for each metaphor,
choosing among a set of three options, presented both verbally and visually, corresponding to a
figurative, a literal, and an unrelated interpretation (e.g., for the physical metaphor above, They are
light, with an image representing dancers jumping almost weightlessly, They are dressed in white, with
an image representing white dressed dancers; They are short, with an image representing short
dancers; for the mental metaphor above, She likes cold things, with an image representing the teacher
in the class with a frozen board; She is strict, with an image representing the teacher with a serious
expression; She likes singing, with an image of the teacher singing). Answers are scored as correct (1)

for figurative interpretations or incorrect (0) for literal and unrelated interpretations. For the
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purposes of the study, we limited the analysis to the physical metaphor part, given that the
metaphor production task includes only physical items (total possible score range: 0-5).

2.2.3.6.  Metaphor Production

To assess metaphor production abilities, we adapted the elicitation task by Cortés, Cobos, &
Tarbox (2018). This task is composed of 4 items in which children are given literal prompts and
asked to produce metaphors. Based on our sample, the internal consistency of the task was
acceptable both in children (Cronbach’s alpha = .78) and in adults (Cronbach’s alpha = .8), the
task also showed and excellent inter-rater reliability (ICC= 92%). For each item, children are
provided with a brief description of an object (e.g., a very white dog) and then instructed to change
the prompted literal word (i.e., white) with a metaphoric equivalent (e.g., That dog is a cloud). 1f the
child does not provide any answer, it is possible to provide a prompt (e.g., think of something that
is always white). Responses were scored 2 when expressing salient metaphors (e.g., That dog is a
cloud), defined as those figurative associations where the produced vebicle (e.g., cloud) exhibit the
prompt (e.g., white) as a salient feature, i.e., a highly typical, based on word knowledge; responses
were scored 1 when using similes (e.g., The dog is like a clond) and non-salient metaphors (e.g. The dog
is an ice-cream), defined as metaphors built around a vehicle that highlight features only marginally
salient with respect to the prompt; literal or no answers were scored 0 points (total score range: 0-
8). The version for the adult sample was administed via the web-based platform LimeSurvey®

(https://limesurvey.org). Participants were provided with a brief description of an object (e.g., a

very white dog) and then instructed to change the prompted literal word (i.e., white) with a
metaphoric equivalent (e.g., That dog is a clond) in the written format. No prompt was provided
during the task. The survey was built to show a single item per time. The scoring procedure
followed the lines of the one used for children.

In addition to the above scoring procedure, we computed the semantic similarity between the literal
prompts and the produced metaphors to explore the semantic relationships underlying vehicle

selection. Specifically, following previous approaches, we calculated the cosine similarity between
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the produced metaphors (computed as the mean vector of topic and vehicle, e.g., dogand cloud) and
their relative literal prompts (computed as the mean vector of the two terms in the literal prompt,
e.g., dog and white), using the pre-trained word embeddings made available by Gunther and
colleagues (2015) for Italian, namely, 400-dimensional vectors trained on the itWac corpus (Baroni
et al.,, 2009) using Continuous Bag of Words (CBOW) algorithm (Mikolov et al., 2013). To obtain
the measures of semantic similarity, we used the LSAfun package (Gunther et al., 2015) in the R
programming language.

2.2.4. Statistical analysis

As a preliminary step, we computed Pearson’s correlations between all variables to determine the
models’ formulae. As for the main analysis, the purpose was to assess a) the development of
metaphor production skills acreoss ages; b) the role of linguistic, cognitive, and socio-cognitive
skills in the development of metaphor production; ¢) the semantic similarity between the literal
prompt and the produced metaphor varies across ages and depends on other cognitive skills and
d) the relationship between Metaphor Production skills and Semantic Similarity across the lifespan,
L.e., by comparing children and the adult cohort.

To meet aims a) and b), in line with the literature about pragmatic development (e.g., Koder &
Falkum, 2020), developmental stages were studied by considering three age groups (i.e., 4-, 5-, and
0-year children): this strategy allows to straightforwardly capture non-monotonic effects across
ages, without imposing any a priori assumptions about the functional form (e.g., linear, quadratic,
cubic, etc.) of an age gradient (Stone et al., 2010). Specifically, we fitted a linear model using the
mean Metaphor Production Accuracy of each subject as the dependent variable, testing for the
difference between Age Groups (effect coded in a backward sequential way: 5 vs. 4; 6 vs. 5) in
interaction with individual differences in linguistic cognitive and socio-cognitive variables
(Vocabulary, Inhibitory Control, Theory of Mind, and Metaphor Comprehension), scaled for each
level of Age groups. The model’s formula was: Metaphor Production scores ~ Age group *

(Vocabulary + Inhibitory Control + Theory of Mind + Metaphor Comprehension).
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As for aim c), we fitted a linear mixed-effect model using log-transformed Semantic Similarity (e.g.,
literal prompt-metaphor cosine) values as the dependent variable, testing for the difference
between Age Groups (effect coded in a backward sequential way: 5 vs. 4; 6 vs. 5) in interaction
with individual differences in linguistic cognitive and socio-cognitive variables (Theory of Mind
and Metaphor Comprehension), scaled for each level of Age groups. For considering the variability
at the individual (Subject) and Item level, we included the relevant random structures to account
for participants’ and materials’ grouping factors. The model’s formula was: Semantic Similarity
values ~ Age group * (Vocabulary + Theory of Mind + Metaphor Comprehension) + (1 | Subjects)
+ (1|Items).

To account for the developmental endpoint of metaphor production and Semantic Similarity
patterns we fitted two additional models, a linear model and a linear mixed-effect model using Age
Groups (effect coded in a backward sequential way: 5 vs. 4; 6 vs. 5; 18-29 vs. 6; 30-59 vs. 18-29) as
categorical predictor and Metaphor Production scores and Semantic Similarity values as dependent
variables. The models’ formulas were: Metaphor Production scores ~ Age group and, Semantic
Similarity values ~ Age group + (1| Subjects) + (1|Items).

We acknowledge the risks of using cut-points to categorize continuous data (i.e., Age; Sauerbrei
& Patrick, 2010), and we address this risk with the exploratory analysis described in the last
paragraph of this section. An exploratory analysis was performed to follow up the results that
emerged in the main analysis, in particular, to provide a more in-depth description of the
contribution of cognitive predictors in Metaphor Production accuracy and Semantic Similarity
values, during different developmental time windows. We used Generalized Additive Models
(GAMs; Hastie & Tibshirani, 1986) to investigate the interaction between age, linguistic, cognitive,
and socio-cognitive skills while respecting the continuous nature of the Age variable (for recent
guidelines in using GAMs in language acquisition research see Wieling, 2018). GAMs are a family
of models suitable for studying complex non-linear relationships between outcome and predictive

variables, also allowing the investigation of interactions between continuous variables via tensor
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products. A tensor product essentially models a non-linear interaction by allowing the coefficients
underlying the smooth for one variable to vary non-linearly depending on the value of the other
variable (Wood, 2017). This constitutes a great advantage in the developmental exploration of
individual differences, which may have different effects depending on the developmental time
window. We fitted two models, one using Metaphor Production Accuracy and one using Semantic
Similarity values as dependent variables. The final model’s formula for Metaphor Production
Accuracy was: Metaphor Production Accuracy ~ s(Age) + s(Vocabulary) + s(Inhibitory Control)
+ s(Theory of Mind) + s(Metaphor Comprehension) + ti(Age, Vocabulary) + ti(Age, Inhibitory
Control) + ti(Age, Theory of Mind) + ti(Age, Metaphor Comprehension). The final model’s
formula for Semantic Similarity was: Semantic Similarity ~ s(Age) + s(Theory of Mind) +
s(Metaphor Comprehension) + ti(Age, Theory of Mind) + ti(Age, Metaphor Comprehension) +
s(Subjects, bs= “re”) + s(Items, bs= “re”).

All statistical analyses were performed in R (v. 4.2.3; R Core Team, 2023), with the R Studio editor
(v. 2023.09.1+494), using the Ime4 (v1.1-20; Bates et al., 2015), the ImerTest (v. 3.1-3; Kuznetsova,
2017), and the emmeans (v. 1.10.6-090001; Lenth, 2024) packages.

The package mgev version 1.9-1 (Wood, 2023) was used to implement GAM models. We used the
package mgcl iz version 0.1.11 (Fasiolo et al., 2023) for data visualization. To inspect areas of
significant interaction, we used #sadug package version 2.4.1 (van Rijj et al., 2022). After fitting each
mixed-effect model, we checked model assumptions with the diagnostic inspection tools included
in the DHARMa package (v. 0.4.7; Hartig, 2024). In all models, the diagnostics were satisfactory.
2.3. Results

Average group performance for each task and Semantic Similarities values are reported for each

age group in Table 2.1.
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Table 2.1. Descriptive Statistics of children’s performance in each age group.

Min-Max 4 years 5 years 6 years p
score range
Vocabulary 0-175 52.2(18.6) 69.8(22.5) 91.7(19.9) <0.001
Inhibition 0-16 11.2(4.89) 12.3(4.84) 13.8(3.83) <0.001
Theory of Mind 0-1 0.66(0.19) 0.65(0.18) 0.72(0.18) 0.024
Metaphor Comprehension 0-5 2.50(1.08) 2.47(1.12) 3.21(1.00) 0.002
Metaphor Production 0-8 1.02(1.18) 2.07(1.59) 4.15(2.05) <0.001

Correlations between the linguistic, cognitive, and distributional variables are reported in Fig. 2.1.
Metaphor Production scores positively correlated with Age, Vocabulary, Theory of Mind,

Inhibitory control, and Metaphor Comprehension.

Metaphor Production 061 -035 028 053 019 036

Theory of Mind 04 -016 016 038 044

Corr

"

Inhibitory Control 021 02 022 045 "
0.0

Vocabulary | 089 045 032 s
-,

Metaphor Comprehension 024 -0.18

Semantic Similarity = -0.24

Figure 2.1. Correlogram between Metaphor Production scores, Semantic Similarity values, and linguistic,
cognitive, and socio-cognitive variables. Positive correlations are displayed in red and negative correlations in biue. The color

intensity is proportional to the magnitude of correlation coefficients. White cells indicate associations at p-value > .05. Age was transformed

in months.
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Semantic Similarity between the produced metaphors and literal prompts negatively correlated with
Age, Metaphor Comprehension, and Theory of Mind. Semantic Similarity significantly correlated
with Metaphor Production scores (7{165) = - .35, p < .001), specifically, higher scores in Metaphor

Production were associated with lower levels of Semantic Similarity (See also Fig. 2.2).

Semantic Similarity across Metaphor Production Accuracy

Accuracy levels of Metaphor Production

0.0 0.2 0.4 0.6 0.8 1.0

Semantic Similarity

Figure 2.2. Distribution of Semantic Similarity on Metaphor Production Accuracy levels. Density plots of

Semantic Similarity (y-axis) for each level of Metaphor Production Accuracy (0,1,2; x-axis) are reported.

2.3.1.  Development of Metaphor Production skills and the role of individual differences

The output of the model on Metaphor Production Accuracy is shown in Tab.2.2.

The model on Accuracy showed a significant effect of age group (5 vs. 4; 6 vs. 5), with 5-year-old
children performing significantly better than 4-year-old ones (f= 0.13, 7= 3.85, p< .001) and 6-year-
old children performing significantly better than 5-year-old ones (f= 0.26, = 7.09, p< .001). A
comprehensive visualization of Metaphor Production performance across Age Groups is reported
in Figure 2.5a. The model also showed a main effect of Vocabulary (6= 0.06, 7= 3.10, p= .002),
with higher vocabulary scores predicting better metaphor production performance (See Fig. 2.3a).
Moreover, a main effect of ToM (§= 0.05, 7= 2.89, p=.004) was observed, with higher ToM abilities
predicting higher metaphor production scores. A significant interaction between Age groups and
ToM was observed (6= 0.09, 7= 2.15, p= .033), showing that the contribution of ToM in promoting

metaphor production emerged particularly in the 5- to 6-year-old comparison (See Fig. 2.3b).
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Table 2.2 Output of the Linear Model with Metaphor Production Accuracy as the dependent variable

Fixed Effects Metaphor Production
Predictors Estimates Cl t p

(Intercept) 0.30 0.27-0.33 20.23 <0.001
Age [5vs4] 0.13 0.06-0.19 3.85 <0.001
Age [6vs5] 0.26 0.19-0.33 7.09 <0.001
Vocabulary 0.06 0.02-0.10 3.10 0.002
Inhibition -0.03 -0.06-0.01 -1.53 0.128
Theory of Mind 0.05 0.02-0.08 2.89 0.004
Metaphor Comprehension 0.01 -0.02-0.04 0.56 0.573
Age [5vs4] x Vocabulary -0.01 -0.09-0.07 -0.20 0.843
Age [6vs5] x Vocabulary 0.01 -0.08-0.11 0.26 0.797
Age [5vs4] x Inhibition -0.01 -0.08-0.06 -0.24 0.812
Age [6vs5] x Inhibition -0.06 -0.15-0.03 -1.29 0.201
Age [5vs4] x Theory of Mind -0.03 -0.10-0.04 -0.90 0.372
Age [6vs5] x Theory of Mind 0.09 0.01-0.17 2.15 0.033
Age [5vs4] x Metaphor Comprehension 0.02 -0.04-0.09 0.73 0.468
Age [6vs5] x Metaphor Comprehension -0.05 -0.12-0.03 -1.16 0.246
Subjects 171
R?/R? adjusted 0.457/0.409
a) b)

Vocabulary effects on Metaphor Production scores Theory of Mind effects on Metaphor Production scores

. ) s ol // Agegroups . /_,,/”'/// Age groups

8 o = B 4 ] /,-/"/ 4

3 — =M _—— = B

< Be < =P

Vocabulary skills Theory of Mind skills

Figure 2.3. Association between Metaphor Production and linguistic and socio-cognitive predictors. The plot

reports the relationships between Metaphor Production and 1 ocabulary (Panel a) and Theory of Mind (Panel b), across Age groups.
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2.3.2.  Effects of Age and Individual Differences on Semantic Similarity

The output of the model on Semantic Similarity is shown in Table 2.3.

The model showed a significant main effect of Age Groups [5vs.4] (6= - 0.05, /= -2.27, p= .024),
with 5 years old children reporting lower values of Semantic Similarity than 4 years old ones (See
Fig. 2.5b), and a main effect of Metaphor Comprehension (6= 0.05, 7= -2.28, p= .023), indicating
that higher level of Metaphor Comprehension predicted lower Semantic Similarity. The model also
revealed a significant Theory of Mind by Age group interaction for the 5vs.4 comparison (§= 0.05,
+=2.70, p=.007).

Table 2.3. Output of the Linear mixed-effects model with Semantic Similarity as the dependent variable.

Fixed Effects Semantic Similarity
Predictors Estimates Cl Statistic p

(Intercept) -0.39 -0.55--0.23 -4.75 <0.001
Age [bvs4] -0.05 -0.09--0.01 -2.27 0.024
Age [6vs5] -0.03 -0.07-0.01 -1.47 0.141
Theory of Mind -0.01 -0.03-0.01 -0.99 0.324
Metaphor Comprehension -0.02 -0.04--0.00 -2.28 0.023
Age [bvs4] x Theory of Mind 0.05 0.01-0.09 2.70 0.007
Age [6vs5] x Theory of Mind -0.02 -0.07-0.02 -1.02 0.309
Age [5vs4] x Metaphor Comprehension 0.03 -0.01-0.08 1.68 0.094
Age [6vs5] x Metaphor Comprehension 0.03 -0.01-0.08 1.44 0.151

Random Effects

o? 0.02

Too ID 0.00

Too I 0.03

ICC 0.56

N o 167

Nt 4
Observations 528
Marginal R? / Conditional R? 0.047/0.583
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The greater semantic exploration with age also emerges when examining the visual representations
of the semantic spaces obtained for produced metaphors and literal prompts. To obtain these
representations, we computed a cosine matrix containing the pairwise similarities between the
vehicles used by children for the white-dog literal prompt. We applied Principal Component Analysis
(PCA) to the cosine matrix and assigned a three-dimensional vector to each vehicle and the input
(i.e., the literal prompt). A three-dimensional plot representing the simplified semantic space
created by the produced vehicles and the literal prompt for each Age Group was obtained using
the 7g/ package version 1.3.17 (D. Adler & Murdoch, 2025). The representations make it possible
to appreciate the use of more distant connections from the literal prompt as well as the drop of
certain word categories across ages. While the 4 years group used words from categories near to
the prompt, such as colors (e.g., yellow or black), such categories are dismissed in the 5- and 6-years
group, in favor of words from different and distant categories such as ambulance or ghost. The
exploration within the same category seems deeper and more appropriate: the animal's category
survives across ages but while 4-year-old children produce utterances like The dog is a cat, older

children produce appropriate metaphors such as The dog is a swan.
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Figure 2.4. Semantic Networks representation of the cosine matrix among literal prompt ad vehicles
produced across Age groups. 3D representation of the simplified semantic space generated by the cosine matrix between the literal

prompt and the vebicles produced by children.
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2.3.3.  Comparison with adults

The analysis comparing children and adults revealed that the Young Adults group performed
significantly better than the 6 years group (f= 0.42, 7= 4.63, p< .001), while no significant effect of
the Adults vs Young Adults comparison was observed. The model on Semantic Similarity
confirmed a significant effect of Age Group for the 5vs.4 comparison (f= - 0.04, = -3.30, p< .001)
and revealed the 6vs.5 comparison approaching significance (6= - 0.02, 7= -1.93, p= .053), with 6
years old group showing lower value of Semantic Similarity than the 5 years old group. No

difference between the 6-year-old and the Young Adults group was observed (p>0.1).

a) b)

Metaphor Production across Age Groups Semantic Similarity across Age Groups
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Figure 2.5. Metaphor Production skills and Semantic Similatity values across Age groups. Panel a) depicts model

estimates of Metaphor Production across Age Groups. Panel b) depicts model estimates of Semantic Similarity values across Age Groups.
2.3.4.  Exploratory analysis with Generalized Additive Models

The statistical approach followed so far confirms the hypothesis about a different role of cognitive
and socio-cognitive variables in specific developmental periods. The present analysis further
examined the role of cognitive and socio-cognitive skills in determining Accuracy and Semantic
Similarity patterns of Metaphor Production during the early childhood time window. Models’
outcomes are further explored by visual inspection, performed through tensor surfaces, which have
to be interpreted as topographic contour maps, with yellow areas indicating high values and red

areas indicating low values of Metaphor Production Accuracy and Semantic Similarity.
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The GAM on Metaphor Production Accuracy, looking at the simple smooth terms, showed a
significant linear smooth for Age (edf = 1.00, F =27.08, p< .001), and a significant non-linear
smooth for Vocabulary (edf = 4.62, FF =3.11, p= .010). Moreover, a significant smooth tensor
interaction involving Age and Vocabulary (edf = 3.90, FF =4.23, p= .004) emerged, pointing to
differences in the effects of Vocabulary on Metaphor Production through Age increase. The model
also revealed a significant smooth tensor interaction involving Age and Theory of Mind (edf =
8.42, F =0.78, p= .025). By visually inspecting the 2D and 3D tensor surfaces for the Age by
Vocabulary interaction (Fig. 2.6a and 2.6¢) is possible to observe a boosting effect of Vocabulary
through Age, with a stronger effect in the interval between 75 and 85 months and Vocabulary
scores between 80 and 120 (the yellow area with the presence of three isobars between 0.5 and 0.7
Metaphor Production Accuracy, Fig 2.6a). The 2D and 3D tensor surfaces for the Age by Theory
of Mind interaction (Fig. 2.6c and 2.6d) display a larger effect of Theory of Mind in the interval
between 70 and 80 Age months (the yellow area sees four isobars between 0.3 and 0.6 Metaphor
Production accuracy, Fig 2.6b). The exploratory analysis of Metaphor Production scores confirmed
and further enriched the main analysis, revealing a constant effect of Vocabulary in promoting
Metaphor Production through Age, with a peak in older children and an effect of Theory of Mind
at later stages only.

The GAM on Semantic Similarity showed a significant linear smooth for Age (edf = 1.00, FF'=5.80,
p=.010), and a significant linear smooth for Metaphor Comprehension (edf = 1.00, F = 6.34, p=
.012). Additionally, a significant smooth tensor interaction involving Age and Theory of Mind (edf
= 2.69, F =0.48, p= .032) emerged, pointing to differences in the effects of Theory of Mind on
Semantic Similarity through Age. Importantly, the model also revealed a significant smooth tensor
interaction involving Age and Metaphor Comprehension (edf = 6.05, FF =1.08, p=.020), pointing
to differences in the effects of Metaphor Comprehension on Metaphor Production through Age

increase.
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By visually inspecting the 2D and 3D tensor surfaces for the Age by Theory of Mind interaction
(Fig. 2.6e and 2.6g) is possible to observe a large effect of Theory of Mind on Semantic Similarity
values roughly between 50 and 55 age months, indicated by the dark red area with three isobars
(between 0.76 and 0.72 cosine values; Fig 2.6e), suggesting a specific effect of Theory of Mind in
promoting the use of more distant words at earlier stages. By visually inspecting the 2D and 3D
tensor surfaces for the Age by Metaphor Comprehension interaction (Fig. 2.6h and 2.6f) is possible
to appreciate an effect of Metaphor Comprehension through Age, with a larger effect at early
stages: the yellow area extended horizontally with three isobars (0.82-0.78 cosine values) suggest
an effect of lower levels of Metaphor Comprehension in determining higher values of Semantic
Similarity. The dark red area sees three isobars between 0.72 and 0.68 cosine values (Fig 2.0h)
highlighting a large effect of higher levels of Metaphor Comprehension abilities in determining

lower values of Semantic Similarity.
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Effects of the Interaction between Age and Vocabulary
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Figure 2.6. Visualization of the exploratory analysis. The figure depicts eight panels. Panels (a) and (c) represent respectively
the 2D and the 3D surface for the effect of 1 ocabulary (on the y-axis) through Age development (x-axis) on Metaphor Production accuracy
(the color-scale). Panels (b) and (d) represent respectively the 2D and the 3D surface for the effect of Theory of Mind (on the y-axis) throngh
Age development (x-axis) on Metaphor Production accuracy (the color-scale). Panels (e) and (g) represent respectively the 2D and the 3D

surface for the effect of Theory of Mind (on the y-axis) through Age development (x-axis) on Semantic Similarity values (the color-scale).
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Panels () and (h) represent respectively the 2D and the 3D surface for the effect of Metaphor Comprebension (on the y-axis) through Age

development (x-axis) on Semantic Similarity values (the color-scale).

3. Discussion

Our study aimed to provide novel insights into metaphor production skills acquisition during early
childhood, by using cross-sectional assessment and innovative distributional semantics approaches.
To meet our aims we adopted an elicitation task asking children to produce metaphors given literal
prompts. In addition to scoring answers based on metaphor accuracy, we computed Semantic
Similarity between the literal prompts and the metaphor produced. We expected to observe a linear
developmental trajectory during early childhood, supported by linguistic, cognitive, and socio-
cognitive skills to different extents based on the developmental stage, and an increase of the
semantic distance between the prompt and the metaphor words with age, driven by vocabulary
skills.

Results on Metaphor Production Accuracy met the hypothesis, showing a progressive increase in
metaphor production abilities from 4 to 6 years of age, with vocabulary skills supporting metaphor
production across age groups and Theory of Mind boosting the development of these skills,
particularly in the oldest group. Conversely, inhibitory control and metaphor comprehension skills
didn’t show any effect, pointing to the developmental segregation of receptive and expressive
metaphor skills. Our predictions on semantic similarity were only partially confirmed: while we
observed the expected decrease in the similarity between the literal prompt and the produced
metaphor in 5 years old children (e.g., That dog is a tooth) vs. 4 years old ones (e.g., That dog is a cal),
this effect was not predicted by vocabulary but rather by Theory of Mind, opening a window on
what drives the conceptual operations underlying metaphor production. Adults outperformed
children in Metaphor Production Accuracy but showed the same Semantic Similarity pattern as 6-
year-old children.

As a first consideration, our work pointed out that early childhood is a period of crucial

development for metaphorical competence: at 4 years of age, children rarely produce salient
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metaphors, mainly creating obscure associations (e.g., white dog-ball or white dog-elephani); at 5 years
of age, the performance increases and more salient metaphors and similes started to arise,
continuing to increase from 5 to 6. Thus, children's ability to produce metaphors seems to develop
linearly during early childhood (Vosniadou, 1987). There are a number of factors supporting this
process throughout middle childhood. In particular, our analysis revealed a strong support of
vocabulary skills during these years, indicating that children become more able to produce apt
metaphor in parallel with the growth of their lexical knowledge. Notably, our finding is in contrast
with evidence reported for older children, according to which receptive and expressive vocabulary
skills play a minor role in metaphor production typical development (Kasirer & Mashal, 2016;
Lampri et al., 2024). The explanation for this discrepancy might be purely developmental. While
vocabulary is key in early phases, with children who have adequate semantic knowledge of the
prompt being more able to activate a rich array of possible vehicles, which in turn increases the
probability of producing salient metaphorical associations, at later stages, once vocabulary
knowledge is more consolidated, other cognitive skills, such as working memory and Theory of
Mind may become more relevant and support more complex productions. Consistently with this
explanation, in L2 learners, the ability to generate metaphors is strongly linked to vocabulary
(Gaskins & Rundblad, 2023; O’Reilly & Marsden, 2023), supporting the idea that a refined
conventional semantic knowledge permits an aware violation of conceptual categories for
metaphorical purposes (Gardner & Winner, 1978).

Another factor that drives the development of metaphor production is Theory of Mind.
Interestingly, in our data, Theory of Mind had a role only in the improvement in the oldest group
(6-year-olds). In these phases, children were described to deal with the appearance-reality distinction
(i.e., the possibility of conceiving the co-existence of different representations of the same object;
Gopnik & Astington, 1988) which may have a lot in common with the /Jzeral-nonliteral distinction
(Vosniadou, 1987). Specifically, until 6-7 years of age, when presented with an object (e.g., a

sponge) that occasionally looks /ike another object for its shape or color (e.g., a rock), children often
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verbally describe the appearance (e.g., #he sponge looks like a rock) as being the reality (e.g., that object
is a rock) (Flavell et al., 1986; Sapp et al.,, 2000). Even if children are somehow aware of this
distinction since earlier phases, the full-fledged ability to manage the co-existence of different
realities may be a crucial acquisition for metaphor production development, and it may be the
prerequisite to consider children’s production as genuine metaphorical uses rather than reality
overrides (Gardner & Winner, 1978). It is interesting to consider the effect of Theory of Mind
together with the effect of vocabulary. The fact that the latter affects all age groups while the former
plays a role only at later stages might suggest that they support different aspects of metaphor
production: on the one hand, vocabulary provides the necessary knowledge to look for conceptual
associates and retrieve the relative lexical elements, Theory of Mind might support a more
sophisticated facets of metaphor production, i.e., the ability to genuinely reframe the prompted
concepts with an alternative one, which is reached later in development. The additional exploratory
analysis with GAMs provides further support to these considerations. Specifically, tensor surface
representation confirmed that Theory of Mind has a larger effect in older children but also revealed
that this larger effect is observed for older children who reached the highest score on the Theory
of Mind scale. Notably, the task to assess Theory of Mind was the Wellman and Liu scale (Wellman
& Liu, 2004), in which the higher ladder consists of the Hzdden Emotion task. This task evaluates a
child’s ability to accept that people may feel an emotion (reality) but show another emotion
(appearance) for several reasons (Wellman et al., 2011; Wellman & Liu, 2004). This additional
evidence suggests that the ability to master several representations of reality, might be a prerequisite
for full-fledged metaphor production skills. Concerning inhibition, we did not observe any effect
on metaphor production in our sample. This is at odd with the largely reported involvement of
inhibitory control in supporting metaphor competence in the adult population (Bambini et al.,
2011; Chiappe & Chiappe, 2007; Sana et al., 2021). It is possible that inhibitory control comes into

play at later stages, in line with evidence of its involvement at 15 years of age (Carriedo et al., 2016),

75



becoming particularly relevant in older adults (Bambini et al., 2021) or vulnerable groups (Frau et
al., 2024), or that it may depend on task complexity and topic familiarity (Chen et al., 2025).
Another interesting non-significant effect is the one observed for metaphor comprehension.
Recent insights on metaphor comprehension showed that at six years of age, children start to
abandon literal interpretations of metaphorical expression, with a strong positive impact on
metaphor comprehension (Lecce, Pompei et al., in preparation). However, albeit a weak positive
correlation, metaphor comprehension abilities did not predict metaphor production accuracy,
reinforcing the idea that these two dimensions of metaphorical competence may follow different
developmental routes and capitalize to a different extent on cognitive skills. This dissociation is
better observed in clinical conditions, such as schizophrenia, in which, while the receptive
dimension of figurative language is severely impaired (Bambini et al., 2020, 2025; Mashal et al.,
2018), metaphor production during spontaneous speech seems somewhat preserved (Despot et al.,
2021; Elvevag et al., 2011).

Moving to a deeper consideration of the conceptual processes underneath metaphor production
development, the analysis of Semantic Similarity patterns showed that with age, children
progressively use words that are more distant to the topic. The use of more distant words correlated
also with higher accuracy scores, confirming that a certain degree of semantic distance is a
prerequisite for metaphoricity (Katz, 1989; Winter & Strik-Lievers, 2023). Most of all, the observed
correlation suggests that children become more accurate in metaphor by exploring the semantic
network more broadly. This idea is also supported by the evidence that, at this stage, children's
semantic network grows (Wojcik, 2018; Wojcik & Kandhadai, 2020), allowing for a series of high-
level language tasks. In this light, we can explain the link between semantic similarity and metaphor
comprehension, also confirmed by the exploratory analysis. While metaphor comprehension
accuracy was not related to metaphor production accuracy, we observed a link between receptive
metaphorical abilities and semantic distance of the terms used in the produced metaphor, which

may reflect children’s conceptual maturation. In particular, children who are able to produce more
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distant associations in the metaphor production task are better at exploring the semantic network
and this might go in hand with the ability to identify and explain the link between elements in a
presented metaphor. The most surprising finding related to semantic distance is perhaps the
significant association with Theory of Mind. In particular, Theory of Mind abilities predicted a
greater distance between the literal prompt and the produced metaphors in the younger group. We
can explain this finding by considering that the awareness that the interlocutor may have different
knowledge or experience of certain words may guide the exploration of the semantic network in a
social-oriented fashion (Doherty & Perner, 1998; F. Happé & Loth, 2002). This may result in
avoiding egocentric answers that excessively capitalize on personal experience that does not allow
a genuine conceptual shift (e.g., that dog is like my puppes) or lead to obscure associations, and
ascertaining that the word used stands at an adequate distance from the prompt to evoke a shared
experience (Cacciari, 2008). The exploratory analysis further revealed that the effect of Theory of
Mind on semantic similarity across age is larger at early stages in the interval between the third and
the fourth ladder of the Wellman and Liu scale, suggesting that passing the &nowledge access and the
false belief tasks (i.e., having the ability to understand that other may have different knowledge and
beliefs than ones’ own) is a necessary step to choose words with adequate distance from the literal
prompt.

The adult group was here included for the purpose of providing evidence of a developmental
endpoint of metaphor production (Gottfried, 1997). We observed that young adults and adults
outperformed 6-year-old children, indicating that in early childhood metaphor production is not
tull-fledged. However, semantic similarity values observed in the adult groups are not different
from the ones observed in 6-year-old children. At 6 years of age children already reached an optimal
level of distance from the literal topic of their metaphorical expressions, however, other factors
play a role in generating optimal metaphors. Besides, studies on the adult population suggest that
metaphor production does not correspond to an asymptotic increase of the semantic distance

between a target concept and the figurative word use, but rather it exists a middle-ground of good
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metaphors (Clevenger & Edwards, 1988; Katz, 1989; Kintsch & Bowles, 2002). Hence, even if
adults improve their metaphor production skills, correct insights on semantic network exploration
gradient for metaphorical purposes are reached during early childhood. It is possible to assume
that higher levels of semantic distance might be observed in the adult population when dealing
with creative metaphors (Beaty & Johnson, 2021; Winter & Strik-Lievers, 2023).

Overall, by combining behavioral and distributional semantic approaches and refined statistical
methods, this study provides the first robust insights into metaphor production development and
its cognitive and socio-cognitive correlates in early childhood. Productive metaphor competence
seems to have a linear developmental trajectory in this phase, supported by a complex interplay of
other skills. Our data do not confirm the hypothesis of a U-shaped trajectory for metaphor
production, at least for the first segment of the trajectory (Gardner et al., 1975). Previous studies
may have observed different mechanisms from metaphor production, namely children's natural
exploitation of the fictive framework of pretend play, thus observing magical expression rather
than figurative uses. Conversely, in our task, children were asked to communicate and deliver a message
about a specific feature (e.g., being white), using a word expected to be diagnostic in its (broadened or
narrowed) denotation, resonating with the naturalistic process of metaphor generation (Carston,
2018; Katz, 1989). Hence, our task requires a figurative use of words, which is possible only by
navigating the realm of pragmatics and conceptual associations, rather than magic.

Receptive vocabulary promotes metaphor production throughout development, suggesting that
vocabulary offers the language platform for generating metaphors. Theory of Mind skills seem to
play a role, particularly between the ages of 5 and 6 years, which is also the developmental phase
in which children reach a good metaphor production accuracy. This suggests that Theory of Mind
might play as a springboard for producing accurate metaphors, allowing children to consider
others’ mental states and the context shared with the interlocutor, dropping egocentric answers,
common in earlier stages. Theory of Mind seems also to promote a broader exploration of the

semantic network, possibly more directed to socially appropriate metaphors, based on shared
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knowledge. This complex interplay of vocabulary, semantic knowledge and mindreading skill, plus
a genuine skill in conceptual shifts, is what allows children to learn how to turn a white dog into a

cloud, paving the way towards a more sophisticated use of language.
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STUDY THREE

‘BROCCOLI IS CANDY’: THE ROLE OF METAPHORS IN CHILDREN’S PERSUASIVE

COMMUNICATION*

Abstract

Persuasion is a complex communicative process aiming at influencing others’ beliefs or behaviors.
Imbuing everyday communication, persuasion is a crucial skill for children to manage social
interactions successfully. While theoretically persuasion has been linked with the mastery of
tigurative language and with pragmatics more broadly, there is a scarcity of empirical evidence
exploring the relationship between persuasion and metaphor skills. Here we tackle this issue in
early childhood by examining whether individual differences in metaphor skills are related to those
in persuasion. A sample of 167 children (age 4-6 years) was assessed for persuasive abilities
alongside metaphor comprehension and production, in addition to vocabulary and working
memory skills as control variables. Results showed an improvement in persuasive skills at 5 years
of age. Across ages, children preferred to use positive persuasive strategies (i.e., offering rewards)
over negative ones (i.e., punishments), while psychological strategies relying on mitigation and
modeling were rarely used. Regardless of the type of strategy, persuasion correlated positively with
vocabulary skills. Interestingly, greater use of psychological persuasive strategies was associated
with better metaphor production skills (being conversely hampered by working memory), while no
effect of metaphor comprehension was found. Overall, these findings suggest that some aspects
of metaphor skills, within the broader set of pragmatic competencies, might be a driving factor in
achieving a high-level persuasive style. Such aspects possibly deal with the functions of metaphors

to favor flexible conceptualization and social use of language.

4 This chapter is a manuscript currently under review for publication as “Pompei, C., Lecce, S., Del Sette, P., Didoni,
E., Bischetti, L., & Bambini, V. ‘Broccoli is candy: the role of metaphors in children persuasive communication” in the
Language Development and Research peer-reviewed journal.
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3.1.  Introduction

Be it a child who wants to spend more time in front of the TV, a charismatic leader who needs to
win the loyalty of his constituents, or a lawyer who has to convince the jury of his client's innocence,
making information appear convincing or persuasive towards one’s interests is a key aspect of
human communicative competence. The ability to persuade others is a challenge that individuals
undertake early in development and then need to adapt to a wide range of situations, drawing on
multiple linguistic and psychological resources. In this study, we investigated the blooming of
persuasion through early childhood, while considering its cognitive and linguistic correlates and, in
particular, the role of receptive and expressive metaphor skills.

The conceptualization of persuasion can be traced back to classical rhetorical studies, particularly
to Aristotle, who conceived persuasion as the intrinsic purpose of the art of oratory (Montanari,
1996). Integrating more recent considerations, persuasion is defined as a complex communicative
process aiming at influencing others’ beliefs or behaviors (Freeley & Steinberg, 2009). Furthermore,
persuasion also refers to the set of cognitive processes responding to the communication of a
message whereby interlocutors change their “attitudes or behavior regarding an issue”, via the use
of linguistic tools (Perloff, 1993) with the intention of modifying the cognitive environment of the
audience (Sperber & Wilson, 1986). In this respect, persuasion relies both on expressive aspects
(dealing with the verbal form in which it is delivered) and psychological elements used to achieve
a perlocutionary goal, i.e., the consequential effects on the receiver. In other words, persuasion is
successful not only by delivering a proposal or suggestion but depends also on the receiver adopting
a certain psychological attitude (Sbisa, 2013).

Focusing on the linguistic level, accounts emphasize the pragmatic nature of persuasion, pointing
out that nothing like the ability to engage and persuade others to think, say, or do what we would
like them to do allows us to participate in social communication (Dillard, 2010). Indeed, to achieve
different persuasive goals, speakers need a variety of strategies, which include structural linguistic

mechanisms such as the use of requests, referential, expressive, and phatic utterances (Nord, 2008)
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but mostly exploit pragmatics-based tools (Khafaga et al., 2023). Among the wide ensemble of
pragmatic devices, some are said to contribute more (or more effectively) than others to achieving
strong persuasive effects (Baldi, 2020): being able to evoke a common cognitive ground, a sort of
“shared territory” favoring possible joint visions and solutions (Bulow-Meller, 2005). These include
implicatures and presuppositions (Lombardi Vallauri, 2022), and in particular the clever use of
figurative language, with the most prominent role played by metaphor (Sopory & Dillard, 2002;
Van Patten, 2013).

The link between metaphor and persuasion can be best understood by inspecting the definition
and scope of metaphor itself. Just like persuasion, metaphor has a two-fold nature, including
specific linguistic processes and psychological effects. According to account in the pragmatics of
language, metaphors are loose uses of words (Carston, 2010a), by which concepts conveyed by
lexical entries are broadened or narrowed towards the creation of novel and ad hoc concepts. For
instance, upon hearing an utterance such as Get the nugget of ice cream in the refrigerator, the listener
needs to use the context to first expand the lexical denotation of the metaphorically used word
nugget (dropping the feature of being made out of gold, while promoting the aspects related to being
precious or a small quantity) and then derive the intended meaning of the sentences as referring to
a small amount of very good ice cream (for a more detailed description, see, e.g., Sperber & Wilson,
2008). Mastering these processes relies on a complex interplay of cognitive and neural mechanisms
(Bischetti et al.,, 2024) that reflect the pinnacle of our linguistic and communicative skills and
mature throughout development going through different stages (Falkum, 2018; Lecce, et al., 2019;
Pouscoulous, 2014).

At a more psychological level, metaphors are deeply intertwined with our conceptualization of
various phenomena, particularly complex ones (Lakoff & Johnson, 1980). The list of cognitive and
social functions of metaphor is long and includes favoring the processing of complex concepts
from different points of view. Metaphors can make technical concepts accessible to non-experts

and provide a deep conceptualization of phenomena by eliciting thoughts about a topic and
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increasing the memorability of concepts. Moreover, from the emotional point of view, metaphors
can help in expressing feelings. (Christidou et al., 2004; Fainsilber & Ortony, 1987; Katz, 1992).
For these reasons, metaphorical devices in different modalities (e.g., verbal and visual) are largely
used in politics and advertising to persuade people to buy certain products and modify certain
behaviors or ideas (Burgers et al., 2016; McQuarrie & Phillips, 2005). Prominent psychological
accounts identify different ways in which metaphors achieve conceptualization and, in turn,
persuasion (Holyoak & Stamenkovic, 2018; Sopory & Dillard, 2002a). According to cognitive
linguistics, metaphor promotes conceptualization via embodied cognitive mappings and such
processes of mental simulation are key for the comprehension of the persuasive message (Sopory
& Dillard, 2002a). Differently, for the analogy account, metaphor stimulates the identification of
similarities between concepts (Holyoak & Stamenkovic, 2018) and, in turn, focusing on similar
target-base relations evokes a richer set of associations in semantic memory which ultimately leads
to greater elaboration and persuasion compared to literal language.

Across studies, what emerges is especially the flexibility of metaphors in conveying messages of
various kinds, promoting either negative or positive inferences. A recent review pointed out that
metaphors are often employed in political discourse to emphasize negative consequences while
downplaying positive ones, (e.g., on immigration policies), with large-scale social consequences
(Boeynaems, et al., 2017). Studies on visual metaphors in advertising reported that metaphors
suddenly convey aspects related to rewards or positive outcomes of certain actions. For example,
a detergent was advertised with a picture of a bomb on the side; participants reported that they
immediately perceived aspects related to the effectiveness of the product, in the absence of
consideration of negative features related to the bomb (McQuarrie & Phillips, 2005).

Overall, metaphor seems to reach persuasive effects via multiple psychological processes (Ottati &
Renstrom, 2010), thus constituting a true high-level persuasive strategy, capable of changing the
interlocutor's mental state and attitudes toward the topic. These effects seem to be attested also in

children (Pompei et al., 2024). Despite the numerous connections between persuasive strategies
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and metaphors highlighted above, a clear understanding of whether and how the two abilities are
related to one another is still missing, especially in young children.

The study of persuasion is a relatively underexplored area within the field of developmental social
psychology. Investigations on children at-home conversations have reported that children as young
as 5 years exhibit simple persuasive tactics in their family interactions (Bartsch et al., 2011) or with
their play partners (Kéymen et al., 2016). During development, persuasion skills are also articulated
in different strategies that begin with the acquisition of the simpler ones such as positive (i.e., based
on the reward system or emphasizing positive outcomes) and negative (i.e., based on the
punishment and threat system, or focused on negative outcomes), and that peak with the
elaboration of higher-level strategies, involving mitigation (e.g. using trade-offs, providing
alternative strategies for approaching the phenomenon) and modeling (e.g. lead by example)
(Peterson, Slaughter, & Wellman, 2018; Lonigro et al., 2017). Studies have also shown that
persuasive skills mature together with other skills, including Theory of Mind, building on the idea
that being able to self-represent others’ beliefs and mental states is necessary to produce strategies
useful to effectively influence others’ beliefs, opinions, and behaviors (Barajas, Linero, & Alarcon,
2022; Lonigro et al., 2017). Other studies focused on the role of language and showed the key role
of high-level linguistic skills in the transition toward the most complex forms of persuasive
attempts. Nippold, Ward-Lonergan, and Fanning (2005) reported that, while children as early as
age 11 showed adult-like performance for syntactic and semantic features of the persuasive
production, adults outperformed children and adolescents in discourse-pragmatic dimensions, also
providing different persuasive argumentations and using different types of strategies. Consistently,
a pioneering work by Crowhurst & Piche (1979) reported that young adolescents, when asked to
direct persuasive attempts to different target audiences (e.g., teachers vs. peers) via essay, still
struggle in modulating their linguistic repertoire taking into account the interlocutor. More recent
studies have suggested that persuasive performance in adolescents may be related to a large variety

of discourse features, also depending on working memory skills (Heilmann, Malone, & Westerveld,
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2020). This sparse evidence on the importance of high-level language skills suggests that pragmatics
and metaphor in particular, as a fundamental aspect of pragmatic competence (Domaneschi &
Bambini, 2020), might play a role in the maturation of persuasive skills.

3.1.1. The present study

In the present study, we investigated the developmental pathway of persuasive communication in
early childhood, focusing on the role of metaphorical competence while accounting for more
general linguistic and cognitive abilities. Specifically, we considered the role of vocabulary, working
memory, and metaphor expressive and receptive skills in determining children’s use of different
persuasive strategies, namely differentiating between those utterances focusing on positive or
negative outcomes or applying psychological mitigation and modeling strategies. Our hypotheses
were that: (a) persuasion skills begin to develop at around 5 years of age, in line with previous
observational studies (Bartsch et al., 2011); (b) metaphor skills scaffold high-level persuasive
strategies over and above general linguistic and cognitive skills. We based the latter prediction on
two main findings emerging from the literature described above: first, the role that metaphor use
plays in modulating psychological processes during high-level persuasive argumentation (Ottati &
Renstrom, 2010), also in children (Pompei et al., 2024), and second, the role of high-level language
aspects in the development of persuasive skills (Nippold et al., 2005). These hypotheses were
explored with a cross-sectional design study in which we employed an elicitation task for persuasion
assessment and both receptive and expressive tasks for metaphor skills.

3.2. Methods

3.2.1. Participants

A sample of 246 children ranging in age from four to six years was enrolled in the present study.
Children were recruited from local schools and kindergartens located in Lombardy, Italy. Before
running the data analysis, we excluded children who met one or more of the following criteria:
being diagnosed with intellectual disabilities or neurodevelopmental disorders, hearing deficits, and

not having acquired the Italian language before the age of 3. The final sample included 167 children
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including 52 4-year-old children (age range: 4;0, 4;11; M., = 4;6), 76 5-year-old children (age range:
5;0, 5;11; Muge = 5;5), and 39 6-year-old children (age range: 6;0, 6;11; M., = 6;6). We ran an after-
the-fact power analysis (O’Keefe, 2007) focusing on the main research aim, namely the relationship
between persuasion and metaphor skills. We found that with 167 participants and a =.05, we
achieved a high statistical power (1-§ = .99) to detect a moderate effect (in line with the overall
effect » = .42 reported in the metanalysis by Sopory & Dillard, 2002b). Both parents signed written
informed consent, and children were provided with age-appropriate information about their
participation in the study. The study was approved by the Local Ethical Committee of the
Department of Brain and Behavioral Sciences of the University of Pavia (n. protocol 029/2019)
and followed the principles of the Declaration of Helsinki.

3.2.2. Procedure

Each child took part in two individual sessions administered in a silent place during school time.
Each session lasted approximately 20 minutes. During the first session, children were assessed for
their vocabulary and working memory, while the second session was dedicated to the assessment
of metaphor skills (both receptive and expressive) and persuasive skills.

3.2.3. Measures

3.2.3.1. Vocabulary

The Italian version of the Peabody Picture Vocabulary Test - Revised (PPVT-R; Stella, Pizzoli, &
Tressoldi, 2000) was used to assess children’s vocabulary skills, which has been shown to have
excellent split-half reliability value (» = .88, Dunn & Dunn, 1981) and high validity against the
McCarthy Scales of Children's Abilities (» = .79, Naglieri & Maxwell, 1981). The PPVT-R includes
175 verbal stimuli and measures receptive vocabulary with a picture selection task: children are
asked to choose, among four images, the one that best describes the meaning of the word uttered
by the experimenter. Following the standard procedure, for each child, the chronological age is
used to set individual test starting points. An incorrect response to any of the first 8 benchmark

items results in a retraction of the starting point. Six consecutive errors in an 8-item block result in
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the interruption of the test. The total score consists of the number of correct answers (score range:
0-175).

3.2.3.2. Working Memory

Working Memory was assessed using the backward word recall task (Lanfranchi et al.,, 2004), a
largely used task included in a battery measuring verbal working memory globally quite reliable
(overall Cronbach’s alpha = .506). In this task, children are presented with lists of two to five words
and asked to repeat the list immediately, in reverse order. Two items for each of the four levels (2-
word; 3-word; 4-word; 5-word trials) of difficulty are administered; failure in both items
corresponded to the interruption of the test. The total score consists of the number of correctly
achieved levels (score range: 0-8).

3.2.3.3. Metaphor Comprebension

To assess metaphor comprehension, we used the newly developed multiple-choice version of the
Physical and Mental Metaphor task (Lecce, Pompei, in prep), originally created in the verbal
explanation task format (Del Sette et al., 2020; Lecce et al., 2019). The task was adapted by creating
multiple choice options for 6 verbal items extracted from the verbal explanation version of the
task, plus 4 novel metaphors, which show acceptable item-total correlation (range of Pearson’s
correlation .37 < 75 <.57). The test includes 10 metaphors: 5 physical (i.e., metaphors that capitalize
on physical properties, such as Dancers are feathers) and 5 mental (i.e., metaphors that capitalize on
mental or psychological aspects, such as The teacher is an icicle). Children are asked to select the best
fitting explanation for each metaphor, choosing among a set of three options, presented both
verbally and visually (correct: physical, e.g., They are light, with an image representing dancers
jumping almost weightless; mental, e.g., She s strict, with an image representing a teacher scolding
her pupils; incorrect literal: physical, e.g., They are dressed in white, with an image representing white
dressed dancers; mental, e.g., She likes cold things, with an image representing the teacher eating an
icicle; incorrect unrelated: physical, e.g., They are short, with an image representing short dancers;

mental, e.g., She likes to sing, with an image representing the teacher singing). Answers are scored
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as correct (1) for appropriate interpretation or incorrect (0) for literal and unrelated (score range:
0-10).

3.2.3.4. Metaphor Production

To assess metaphor production abilities, we adapted the elicitation task by Cortés, Cobos, &
Tarbox (2018). This task is composed of 4 items in which children are given literal prompts and
asked to produce metaphors. This task is composed of 4 items in which children are given literal
prompts and asked to produce metaphors. Based on our sample, the task showed acceptable
internal consistency (Cronbach’s alpha = .78) and excellent inter-rater reliability (92% agreement
between coders; Pompeti et al., 2023). More in detail, they are provided with a brief description of
an object and then instructed to change the prompted literal word with a metaphoric equivalent
(e.g., to describe a dog being white without using the word ‘white’). Salient metaphors (e.g., The dog
is a clond) are defined as those figurative associations for which the implicated meaning matches —
on a common ground based on shared word knowledge — with the prompt word (e.g., white), and
are scored 2 points; similes (e.g., The dog is like a clond) and non-salient metaphors (e.g. The dog is an
tce-creamr) defined as metaphors built around a vehicle that highlight features only marginally
matching with the prompt word 1 point, and literal or no answers were scored 0 points (score
range: 0-8).

3.2.3.5. Persuasion

To measure persuasive skills, we adapted the interactive task by Peterson and colleagues (2018). In
this task, children sit at the table with the experimenter interacting with a puppet called Mattia. The
puppet is introduced as a peer to them. The task consists of two items that require the child to
persuade the puppet to perform an action, i.e., to eat broccoli and to brush his teeth, using only
words. In the original version of the task, two authors independently coded a random set of 33
children’s complete transcripts (i.e., 198 responses representing 33% of the 594 total responses
produced across six episodes per child) showing an excellent inter-rater reliability (94% agreement

between coders). Each item includes three trials: in the first two attempts, the puppet provides
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negative feedback to persuasive attempts; after the negative feedback, the experimenter challenges
the child to try again. Regardless of the quality of the child’s persuasive production, the third trial
is always successful (e.g., Great! You have convinced hint!), and the puppet eventually agrees to perform
the action (See Fig.3.1. for the schematic representation of the task). Following the
recommendations proposed by Peterson and colleagues (2018), unrelated answers or no answers
are scored as 0; occurrences of persuasive arguments are counted as 1 and summed up: for each
child, the final score consists of the total number of persuasive statements uttered by the child.
Repeated arguments within the same item are not considered. Persuasive arguments are further
categorized as Positive, Negative, or Psychological. The Positive label refers to sentences that use
good consequences and rewards to achieve persuasion (e.g., If you brush your teeth, then they become
strong, If you eat it, we'll give you a giff). The Negative label refers to sentences that exploit threats and
punishment to reach the aim (e.g., If you don’t brush your teeth, you get cavities, If you don’t eat broccols, you
stay small). The Psychological strategies are statements introducing a compromise or a modulation
of the request as an incentive to achieve persuasion (e.g. Mash the broccoli and try putting lemon on it, or
Try putting on a toothpaste you like) or those statements that exploit the use of one’s experience as role
model (e.g. Do you know that I always eat broccoli?, or My friend Michele also washes them. When I wash my
teeth, he also washes them). In addition to Peterson and colleagues (2018) coding, we annotated the
presence of metaphors in the answers (e.g., Broccoli is candy), which resulted in a metaphor count
measure.

To confirm the inter-rater reliability of the persuasion test adapted in Italian two authors (CP, ED)
independently coded 20% of data and the agreement between raters was determined with the
interclass correlation coefficient (ICC). The ICC was calculated on a mean-rating (£ = 2), average-
agreement, 2-way mixed-effects model, and values were reported along standard guidelines (Koo

& i, 2016).
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The average agreement for each strategy of the coding procedure was overall excellent: Negative,

ICC =1,95% CI [1, 1], p < .001; Positive, ICC = .99, 95% CI [.99, 1], p < .001; Psychological, ICC

=.99, 95% CI [.99 - .99], p < .001.

Trial 1
~N
This is Mattia!
Hi! He won't eat broccoli,
would you like to help
me convince him?
Experimenter
If you eat them
then you can
have ice cream.
- Participant
\ J
Final positive feedback
( )
% Mmh, okay! | will
F eat broccoli
Experimenter
- Participant
\ J

Trial 2

& | still think it’s
disgusting!

Yuck!

Eat them or you
can't go out and

Still not convinced,
would you like to
try again?

play!

Participant

Experimenter

Trial 3

\_

it!

I still don’t
want to eat

would you like to
try again?

At least try to taste
them. You'll see,
broccoli is candy!

Participant

Still not convinced,

Experimenter

J

Figure 3.1 Schematic representation of the Persuasion task adapted from Peterson et al., (2018). Examples are

offered in English translation from Italian

3.2.4. Statistical Analysis

As a preliminary step, after computing Pearson’s correlations between all variables, we checked the

developmental effects on all linguistic and cognitive covariates via linear models (with dependent variables

being Vocabulary, Working Memory, and Metaphor Comprehension and Production).

As for the main analysis, its purpose was to assess: a) the development of persuasive abilities considering

the use of different persuasive strategies (Negative, Positive, and Psychological); and b) the role of metaphor

skills in persuasion, also controlling for linguistic and cognitive abilities. In line with the literature about
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pragmatic development (e.g., Kéder & Falkum, 2020), developmental stages were studied by considering
three age groups (i.e., 4-, 5-, and 6-year children): this strategy allowed us to straightforwardly capture non-
monotonic effects across ages, without imposing any a priori assumptions about the functional form (e.g.,
linear, quadratic, cubic, etc.) of an age gradient (Stone et al., 2010). To meet our goals, and in light of our
research questions and hypotheses, we fitted a Generalized Linear Mixed-effect Model (GLMM) testing for
the difference between Age Groups (effect coded in a backward sequential way: 5 vs. 4; 6 vs. 5) in interaction
with the Type of persuasive strategy (effect coded in a backward sequential way: positive vs. negative;
psychological vs. positive) and scaled individual differences in linguistic and cognitive variables (Vocabulary,
Working Memory, and Metaphor Comprehension and Production). We fixed model parameters to follow a
Poisson distribution, with a log link function. For considering the variability at the individual (Subject) and
Item level, we included the relevant random structures to account for participants’ and material’s grouping
factors. Moreover, we added the term accounting for repeated assessment within items (Trial) in the random
part. The model’s formula was: Persuasion scores ~ Age group * Type * (Vocabulary + Working Memory
+ Metaphor Comprehension + Metaphor Production) + (1|Subject) + (1|Items) + (1|Trial). We also
measured the proportion of Metaphors in children’s persuasive statements via a separate linear regression
model, which formula was: Metaphor count ~ Age group.

Atfter fitting each mixed-effect model, we checked model assumptions with the diagnostic inspection tools
included in the DHARMa package (v. 0.4.7; Hartig, 2024). In both models, the diagnostics were satisfactory
(see also the additional materials provided in the OSF repository). Differences between factors, simple
effects (i.e., slopes) of individual measures, and differences between slopes (i.e., interactions) are reported
as Odd Ratios (OR; with their 95% Confidence Interval). The significance of fixed effects (i.e., the associated
p-values) in each generalized mixed model was calculated with the approximation based approach (for
further details see Kuznetsova, Brockhoff, & Christensen, 2017). To detail differences between levels of the
categorical predictors in a pairwise fashion, we conducted post-hoc analysis on age-related and type-related
effects, and the statistical significance of differences was Tukey-adjusted. All statistical analyses were
performed in R (v. 4.2.3; R Core Team, 2023), with the R Studio editor (v. 2023.09.1+494), using the Jned
(v1.1-26; Bates et al., 2015), the Jwerlest (v. 3.1-3; Kuznetsova , 2017), and the emmeans (v. 1.10.6-090001;

Lenth, 2024) packages.
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3.3. Results

Children’s performance in each variable, across Age Groups, is shown in Table 3.1.

Table 3.1. Descriptive Statistics of children’s performance in each age group.

Measures Range of Whole 4 years 5years 6 years
possible sample N=52 N=76 N=39
scores N=167

Vocabulary 0-175 69.4 (24.8) 51.6 (17.7) 70.0 (21.5) 91.7  (19.9)
Working Memory 0-8 2.06 (1.75) 1.06  (1.49) 2.04 (1.69) 3.44 (1.19)
Metaphor 0-10 4.38 (1.56) 4.33 (1.42) 4.04 (1.60) 5.15 (1.50)
Comprehension
Metaphor Production 0-8 2.23 (1.97) 1.02 (1.18) 2.07 (1.59) 4.15 (2.05)
Persuasion Total score 0-o 4.08 (2.63) 2.64 (2.23) 4.33 (2.66) 5.46 (2.21)
Persuasion Positive 0-c0 1.57 (1.70) 0.72 (1.07) 1.80 (1.60) 2.26 (2.12)
score
Persuasion Negative 0-c0 1.10 (1.58) 0.66 (1.20) 1.21  (1.61) 1.44 (1.87)
score
Persuasion 0-o 1.40 (1.64) 1.25 (1.48) 1.32  (1.59) 1.74 (1.89)
Psychological score
Metaphors count 0-c0 0.14  (0.49) 0.08 (0.27) 0.09 (0.29) 0.33 (0.87)

Note: Cells report the average value along with the standard deviation (in parentheses) for each measure forthe whole
sample of 167 children and separated for each age group
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Figure 3.2. Box plot of the linguistic, cognitive, and socio-cognitive measures for each age group. The central
mark indicates the median, the bottom edge indicates the 25th percentile and the top edge indicates the 75th percentile of data. The whiskers
indicate 1.5 times the interguartile range.

Pearson’s correlation coefficients are plotted in the correlogram in Figure 3.3.
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The Total Persuasion score was positively associated with age, as well as with Vocabulary and
Metaphor Production. Vocabulary further correlated positively with Positive and Negative
persuasion strategies while Working Memory correlated with Positive strategies only. Moreover,

Metaphor count was positively correlated with Vocabulary and Psychological persuasion strategies.
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Figure 3.3. Correlogram between Persuasion scores and linguistic, and pragmatic variables. The plot shows
correlations between Persuasion scores and 1V ocabulary, Working Memory and Metaphor Comprebension and Production and, Metaphors
count. Positive correlations are displayed in green and negative correlations in yellow. The color intensity is proportional to the magnitude of

corvelation coefficients. White cells indicate associations at p-value > .05. Age was transformed in months.

3.3.1. Developmental effects of linguistic and cognitive covariates

The model on Vocabulary showed a significant effect of Age Group for both the 5 vs. 4 and the 6
vs. 5 comparisons (5 vs. 4: f = 16.67, CI = [9.58, 23.70], # = 4.64, p < .001; 6 vs. 5: g = 22.83, CI
= [14.82, 30.85], # = 5.62, p < .001), showing an increase in verbal abilities both between the ages
of 4 and 5 and between the ages of 5 and 6. The model on Working Memory showed a significant

effect of Age Group for both the 5 vs. 4 and the 6 vs. 5 comparisons (5 vs. 4: § = 0.90, CI = [0.37,
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1.43], = 3.37,p = .001; 6 vs. 5: f = 1.45, CI = [0.85, 2.05], 7= 4.79, p < .001), showing an increase
in working memory skills both between the ages of 4 and 5 and between the ages of 5 and 6. The
model on Metaphor Comprehension showed a significant effect of Age Group for the 6 vs. 5
comparison (6 vs. 5: = 0.11, CI = [0.05, 0.17], #= 3.76, p < .001), showing an increase in metaphor
comprehension skills only between 5 and 6 years of age. The model on Metaphor Production
showed a significant effect of Age Group for both the 5 vs. 4 and the 6 vs. 5 comparisons (5 vs. 4:
f=1.05,CI =10.49,1.60], = 3.72, p < .001; 6 vs. 5: § = 2.09, CI = [1.48, 2.70], = 6.72, p < .001),
showing an increase in metaphor production skills both between the ages of 4 and 5 and between
the ages of 5 and 6.

3.3.2. Developmental trajectories of persuasive skills and association with cognitive and linguistic
covariates

The model on Persuasion scores (see Table 2) showed a significant difference between 4 and 5
years in Persuasion scores (5 vs. 4: OR = 1.42, CI = [1.10, 1.83], ¢ = 2.68, p = .007), with 5-year-
old children using more persuasive arguments than 4 years children, and a significant difference
between Positive and Negative arguments, (Positive vs. Negative arguments: OR = 1.36, CI = [1.09,
1.69], z = 2.75, p = .000), indicating that children in general used more positive than negative
arguments. Moreover, a significant Age Group (5 vs. 4) by Type (Psychological vs. Positive
arguments) interaction was observed (OR = 0.49, CI = [0.29, 0.81], ¢ = -2.79, p = .005), with an
increase of positive rather than psychological arguments between 4 and 5 years of age (see Figure
3.4a). When inspecting the pairwise differences between persuasion strategies within age groups,
we confirmed that 5 years old children used to a greater extent positive over negative (Af = 0.39,
z = 2.79, p = .010) and psychological over positive strategies (Af = -0.30, g = -2.23, p = .049).
Differently, no comparison in the other age groups reached statistical significance (4: Af < 0.42, p

> .096; 6: AB < 0.46; p > .092).
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Figure 3.4. Development of persuasive strategies and focus on the use of metaphors. Panel a) depicts model
estimates of the use of different persuasive strategies across Age Groups. Panel b) displays the use of metaphors across different Age
Groups. In both panels, ervor bars represent the standard deviation of model estimates.

Regarding the scaled continuous predictors, the model showed a main effect of Vocabulary (OR =
1.21, CI = [1.06, 1.37], z = 2.88, p=.004): greater vocabulary skills were associated with the use of
more persuasive arguments, regardless of the type of strategy (see Figure 3.5a).

The model highlighted also a significant Working Memory by Type (Psychological vs. Positive)
interaction (OR = 0.69, CI = [0.55, 0.86], ¢ = -3.23, p = .001): the post-hoc analysis identified that
higher levels of working memory were associated with a higher use of positive strategies (6 = 0.10,
CI =[0.00, 0.19], ¢ = 2.01, p = .045) and a lower use of psychological arguments (§ = -0.12, CI =
[-0.22,-0.01], g = -2.24, p = .025; see Figure 3.5b).

In addition, a significant Metaphor Production by Type (Psychological vs. Positive arguments: OR
= 1.39, CI = [1.12, 1.73], ¢ = 3.00, p = .003) interaction was observed: specifically, the post-hoc
analysis revealed that higher abilities to produce metaphors were associated with the use of more

psychological arguments compared to positive ones, due to a significant simple effect with
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psychological strategies (§ = 0.12, CI = [0.03, 0.20], = 2.57, p = .010; see Figure 3.5c). No effect

of Metaphor Comprehension on Persuasion scores was found (see Figure 3.5d).”

5> We acknowledge the debate about the treatment of the age variable. To allow drawing comparisons with the current
state of the art, we kept in the main text the analysis with the age groups. For the sake of completeness, we replicated
our analyses using age as a continuous variable, and, due to potential collinearity with vocabulary measures (which is
highly correlated — r = .62 — in our sample, we cautiously fit a model with age only. The model with continuous age
replicated the effects of the original (i.e., with age groups) for all predictors. Furthermore, it coherently reported a
significant effect of scaled age in predicting a greater use of persuasive arguments.
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Table 3.2. Output of the Generalized Linear mixed-effects model with the Persuasion scores as the dependent variable.

Response
Fixed effects lnCIden?e Rate Cl z-value  Pvalue
Ratios
(Intercept) 0.19 0.15-0.25 -13.20 <.001
Age 5vs4 1.42 1.10-1.83 2.68 .007
Age 6vs5 1.05 0.81-1.36 0.35 .728
Positive vs Negative 1.36 1.09-1.69 2.75 .006
Psychological vs Positive 1.04 0.85-1.27 0.39 .697
Vocabulary 1.21 1.06-1.37 2.88 .004
Working Memory 0.98 0.87-1.10 -0.35 .726
Metaphor Comprehension 1.02 0.93-1.13 0.51 .612
Metaphor Production 1.03 0.92-1.16 0.55 .583
Age 5vs4 x Positive vs Negative 1.35 0.76-2.37 1.03 .303
Age 6vs5 x Positive vs Negative 1.08 0.64-1.80 0.28 .783
Age 5vs4 x Psychological vs Positive 0.49 0.29-0.81 -2.79 .005
Age 6vsb x Psychological vs Positive 1.27 0.77-2.09 0.95 .345
Positive vs Negative x Vocabulary 0.94 0.72-1.22 -0.48 .630
Psychological vs Positive x Vocabulary 0.80 0.62-1.02 -1.82 .069
Positive vs Negative x Working Memory 1.21 0.96-1.53 1.60 110
Psychological vs Positive x Working Memory 0.69 0.55-0.86 -3.23 .001
Positive vs Negative x Metaphor Comprehension 0.98 0.81-1.19 -0.21 .834
Psychological vs Positive x Metaphor 0.91 0.76-1.10 -0.97 .333
Comprehension
Positive vs Negative x Metaphor Production 0.92 0.73-1.16 -0.73 .466
Psychological vs Positive x Metaphor Production 1.39 1.12-1.73 3.00 .003
Random Effects Variance SD
Interceptsubject 0.10 0.32
Interceptrial 0.01 0.10
Interceptitem 0.02 0.14
|CCSubjectTrialltem 0.07
Model fit Marginal Conditional
R? .094 .159
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Figure 3.5. Association between persuasive strategies and covariates. The plot reports the relationships between
persuasive strategies (Negative, Positive, Psychological) and Vocabulary (Panel a), Working Memory (Panel b), Metaphor production
(Panel ¢), and Metaphor comprebension (Panel d).

The model on Metaphor count (See Table 3.2.) showed a significant effect of Age Group for the

6 vs. 5 comparison (f = 0.24, CI = [0.05, 0.43], # = 2.53, p = .012), showing that children’s use of

metaphors increased between 5 and 6 years of age (See Figure 3.4b).

Table 3.3. Output of the Linear model with the Metaphor count as the dependent variable.

Metaphor count

Predictors Estimates Cl z-value p-value
(Intercept) 0.17 0.09-0.24 4.31 <.001
5vs. 4 0.02 -0.15-0.19 0.19 .848
6vs.5 0.24 0.05-0.43 2.53 .012
Model Fit Marginal Adjusted
R? .046 .034
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3.4. Discussion

The main goal of this study was to explore the long-standing yet empirically under-investigated
hypothesis that metaphor and persuasion skills are intertwined, with a focus on typically developing
children in early childhood. The results confirmed our hypothesis, showing an effect of expressive
metaphoric skills, even controlling for general language skills, in promoting specifically the use of
high-level psychological persuasive strategies, involving mitigation and modeling, in early
childhood. Before discussing this issue, we will comment on the data regarding the age-related
changes in persuasive skills.

Our results showed a significant increase in persuasion performance between 4 and 5 years of age.
This finding fits with previously reported data on the development of persuasive skills using
observational measures (Bartsch et al., 2011) and offers more stringent evidence based on a
controlled experimental task. Moreover, while previous studies described a linear pattern of
development from age 3 to adolescence (Slaughter, Peterson, & Moore, 2013; Peterson et al., 2018),
our data showed that the age of 5 years constitutes a turning point for persuasive skills.
Interestingly, in this developmental phase, children develop one for the key components of critical
thinking, namely they become able to distinguish between strong and weak reasons and to revise
their beliefs when they learn that the underlying reasons were invalid (Schleihauf et al., 2022),
suggesting that the capacity to evaluate how well reasons speak for or against a given belief might
go hand in hand with the ability to build persuasive arguments.

What drives the improvement in persuasion performance seems to be in particular the use of
positive persuasive strategies, which are cornerstones of persuasive arguments even at six years of
age. In line with previous studies (Slaughter, Peterson, & Moore, 2013), we observed that children
preferred positive strategies (i.e., proposing a reward) over negative ones (i.e., implying penalties to
avoid noncompliance), regardless of age. We speculate that this type of preference may depend on
parenting style, which was shown to play a strong role in children’s communicative skills. At

present, the authoritative style (i.e., controlling and demanding style, encouraging verbal give and
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take, and sharing with the child the reasoning behind parents’ policy, see Lavri¢ & Naterer, 2020)
is the most widely used in Western societies (Yaffe, 2023). The use of more positive strategies in
our sample might reflect the modern transition from the authoritarian style (i.e., relying on control
and sanctions) to the authoritative one, encouraging communicative exchanges that are based on
reciprocity, positively connoted, and less based on punishment (Estlein, 2021; Wilson et al., 2012).
For what concerns psychological strategies, we do not observe a general increase in the use of these
strategies in our sample. Indeed, a more varied use of persuasive strategies, including psychological
ones, is observed later in development, particularly in middle childhood (Lonigro et al., 2017).

Although high-level persuasive strategies do not significantly increase in early childhood, our study
highlights individual differences in their use. Specifically, metaphor production skills predicted the
use of psychological strategies, with children better at metaphor production also being better at
using psychological tools to build persuasive arguments. At a general level, this finding is
compatible with previous evidence that high-level language skills favor the development of
persuasive skills in adolescents (Nippold et al., 2005). More specifically, the effect that metaphor
production exerts on psychological strategies can be explained in light of its role in shaping
cognitive and conceptual operations. Either via embodied simulation (as argued by cognitive
linguistics theories) or via semantic associations (as suggested by the analogy account), metaphor
promotes thinking processes (Holyoak & Stamenkovic, 2018). Such thinking activity, either
propositional or not, is deemed key to understanding and mastering persuasive argumentation. In
particular, a metaphor might promote a mental simulation of the concept described metaphorically
(Canal et al., 2022), engaging image-based processes that enhance the persuasive capacity (Sopory
& Dillard, 2002a). Also, compared to a literal expression, a metaphor increases the connections
and inferences drawn for a given concept (Zhu & Gopnik, 2023), generating also a greater number
of thoughts connected with the message advocacy and ultimately amplifying the persuasive power
(Sopory & Dillard, 20022). In this light, higher expressive metaphorical skills might provide

children with a sophisticated toolkit for a deeper conceptualization of the topic and the
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implementation of effective argumentation. While our data do not allow us to discriminate between
embodied and semantic mechanisms of metaphorical thinking, it is possible that the two
dimensions coexist and further strengthen the link between expressive metaphor skills and
persuasion. For instance, children might transfer a rich set of inferences about a concept (Zhu &
Gopnik, 2023) to shape informative persuasive arguments (Mazzarella & Vaccargiu, 2024; Rossi
& Macagno, 2021) and exploit for the same purpose also the images and sensorimotor experience
evoked by the metaphor.

Another possible link between metaphor expressive skills and persuasive skills, partly connected to
the cognitive elaboration views proposed above, deals with the emotional evaluation of concepts.
In promoting a deeper conceptualization, metaphor also leads to a greater evaluation of the
concepts, in terms of valence associated to its attributes (Fainsilber & Ortony, 1987). The greater
number of valenced thoughts might, when they are in the appropriate direction, in turn, promote
persuasion. Recently, a training study on both metaphors and climate change, revealed that children
not only improved in their knowledge on the topic, but the training also modulated their
psychological and emotional attitudes (Hope and Despair), thus enhancing their pro-environmental
behavior compared to their peers who undergo the same training on climate change without the
use of metaphors (Pompei et al., 2024). This evidence suggests a deep connection between
metaphors and emotional, psychological, and behavioral transitions, which are core dimensions of
persuasion implementation (Sbisa, 2013).

Finally, the interplay between metaphor expressive skills and persuasion might be related to the
variety of social functions served by metaphors, even in children. Expressive metaphorical skills
allow children to negotiate meaning within the communicative exchange, as it occurs during
learning when pupils dynamically modify their metaphorical productions during collaborative
meaning-making (Deignan & Semino, 2022). Moreover, metaphorical communication is capable
of increasing the level of intimacy between intetlocutors, as Bowes and Katz showed (2015), and

these positive effects on social relationships are manifest already in children (Del Sette et al., 2021).
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As soon as children start to build their expressive metaphor competence, they may draw on these
abilities, ensuring reciprocity in communication, greater intimacy with the interlocutor, and the
creation of a shared communicative background.

The analysis of the use of metaphorical expressions during children's persuasive attempts makes
the link between expressive metaphorical skills and persuasion skills even more striking. Older
children were able to actively use metaphorical expressions to implement sophisticated
psychological persuasive attempts. Specifically, older children used expressions such as Broccoli is
candy, or Brushing your teeth makes you shiny, in 2.7% of the total persuasive attempts. Whereas for
positive statements, such as Brocoli makes you grow up, the child must retrieve their semantic
knowledge about the topic (i.e., broccoli’s well-known positive effects on growth) through close
associations (i.e., broccoli-growth), in the case of metaphorical statements, the child needs to exploit
more distant associations (i.e., broccoli-candy) (Kintsch, 2000; Wojcik & Kandhadai, 2020). In this
view, the paradigmatic association broccoli-candy may modify the psychological attitude of the
persuadee, bridging the semantic distance between the two terms by capitalizing on the common
experience of the sweetness of candies. Moreover, following embodied account (Gibbs, 2000), the
use of a metaphor may activate multimodal semantic processing, exploiting the imagery involved
in metaphor understanding (Canal et al., 2022), making for instance the persuadee experience the
positively valenced sweetness of a candy. This may directly increase the sensorial experience and
the valence related to the argument, thus boosting the persuasive effect via cognitive and affective
processes (Dillard & Seo, 2012; Seo et al., 2013). Also, the use of metaphors may increase the level
of connection between the two interlocutors (Colston & Rasse, 2022), realizing higher levels of
social connectedness that can enhance persuasive effects (Gass & Seiter, 2022). Through the use
of metaphor, hence, children generate a cognitive multiplication of interpretive spaces (Baldi,
2020), maximizing persuasive effects by activating cognitive, affective, and social channels for

access to the interlocutor’s representation of the topic.
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While metaphor production skills were key, we didn’t observe a significant effect of receptive
metaphorical skills on high-level persuasion strategies or any other type. A possible explanation for
this result might have to do with the slow maturation of metaphor comprehension skills, at odds
with expressive abilities. While there is evidence that children are good producers of metaphors
very early on (Gardner et al., 1975; Vosniadou, 1987), for comprehension early children are able
to perform certain metaphor tasks (Pouscoulous & Tomasello, 2020), but their ability to fully
articulate metaphorical meaning is still fragile till late childhood (Del Sette et al., 2020; Lecce et al.,
2019; Winner et al., 1976). According to this perspective, metaphor comprehension and production
abilities may follow diverse developmental trajectories, thus enriching communicative competence
in different moments and to different extents. We argue that receptive metaphor skills might equip
the child with additional social competencies for persuasive purposes at later stages, possibly in
middle childhood, in parallel with the flourishing of sophisticated mind-reading skills and the effect
of metaphor on fostering peer relationships (Del Sette et al., 2021). Besides metaphor skills, our
data confirmed the role of general linguistic skills in supporting persuasion abilities across
strategies, in line with Nippold et al. (2005). However, by looking at the correlations, positive and
negative strategies were positively associated with vocabulary skills (as suggested also by the
inspection of Figure 3.4), while psychological ones were not. This suggests that, while children
might rely on their linguistic repertoire to produce positive and negative strategies, this is not
sufficient to achieve complex psychological arguments. Working memory skills, conversely, hinder
the production of psychological strategies. Previous studies showed that individuals with high
working memory tend to persist in using complex, attention-demanding approaches, even when
those are suboptimal for task demand (DeCaro et al., 2016). Specifically, generating psychological
persuasive strategies involves high-level cognitive and communicative tasks, which cannot be
supported by executive functions alone, and capitalizing excessively on working memory in a

pragmatic task might result in a drop in performance.
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While this study provides information on the unexplored link between metaphors and persuasion
in development, it has some limitations. Firstly, we did not account for possible mediating effects
of ToM, which is strongly involved in persuasive skills in childhood (Lonigro et al., 2017; Peterson
et al., 2018) and has a crucial role in the development of pragmatic skills more broadly (Del Sette
et al., 2020; Lecce et al., 2019; Petit et al., 2024; Tonini et al., 2023). Secondly, our task consisted
of only two items, which besides being limited in number, involved the conversation with a peer
(while children may use different strategies when persuading adults Lonigro et al., 2017) and were
based on requests that did not involve an actual desire of the child. Future studies may include
ToM measures and map socio-communicative abilities in a wider range of tasks, also modulating
variables such as the age of the intetlocutor and the child's motivation within the persuasive
context. Furthermore, although we believe that the metaphor production effects on psychological
persuasion are genuine, being observed for psychological strategies only, we cannot rule out that
this association is due to the compatibility in modality between the two tasks, in both cases
expressive. Further studies involving other non-metaphorical productive tasks would help assess
whether modality is the only factor that counts or there is a true association between the two
abilities at stake.

The link between persuasion and metaphor operates on multiple levels: on the pragmatic level,
metaphor constitutes a tool that enables sharing common ground in terms of meanings and
experiences; on the cognitive level, metaphor strengthens the ability to find persuasive arguments;
in addition, metaphor operates on social connections, enabling increased levels of intimacy between
conversational partners. Both phenomena operate on these three levels; at the same time, their
connection cannot but hold a multifaceted nature.

Albeit not conclusive, our results offer first insights into the relevance of metaphorical skills,
particularly expressive ones, during early childhood, for communicative and social purposes.
Children develop their persuasive skills early on, to begin actively signing their contract with the

world. At the age of 5, children begin to formulate their first complex requests and do so using
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strategies based on reward or focusing on the positive outcomes of their proposals, preferring them
over strategies based on punishment or threats of negative outcomes. Only a few children,
however, attempt a psychological approach to the interlocutor during early childhood, creating a
channel for changing attitudes, not just behavior, toward the topic. Children who adopt these high-
level strategies are those who start enriching their communicative repertoire, pivoting around

metaphors as powerful tools for thinking and navigating the social world.
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STUDY FOUR

METAPHORS AS THE EARTH’S PARACHUTE: THE EFFICACY OF THE METACOM-GREEN

PROGRAM IN FOSTERING ENVIRONMENTAL AWARENESS IN CHILDREN®

Abstract

Communicating the environmental crisis is one of the main challenges of our time. Media, scholars,
and educational services frequently convey Climate Change-related information through metaphor,
an effective tool for making complex issues available to the public and shaping opinions during
social crises. However, little evidence exists on the effectiveness of metaphors in communicating
environmental issues, particularly to children. A critical matter is represented by the not-yet-fully
mature children's metaphor comprehension abilities, which might in turn limit their engagement in
the debate and reduce their opportunities for active participation. To address these issues, we built
upon the proven-effective MetaCom training to develop a novel intervention program — the
MetaCom-Green — designed to enhance both metaphor comprehension and Climate Change
awareness. Fach training session was built around one metaphor targeting an environmental issue
(e.g., The ocean is a soup or Animals are eating bites of fire). Sixty-three fourth graders were semi-randomly
assigned to the MetaCom-Green or a control group, with the latter receiving an equivalent but
metaphor-free environmental awareness program. The MetaCom-Green confirmed its efficacy in
promoting metaphor understanding. Furthermore, while both groups improved in Climate
Change-related knowledge, only the MetaCom-Green group consistently changed their attitudes
(with higher Hope and lower Despair for the future, and greater pro-environmental behavior).
These findings suggest that strengthening children’s metaphorical comprehension skills not only

enhances the understanding of complex topics but also positively influences psychological

¢ This chapter is a manuscript in preparation for submission to a peet-review journal as “Pompei, C., Mangiaterra, V.,
Frau, F., Luciani, F., Bischetti, L., Lecce, S., & Bambini, V., Metaphors as the earth’s parachute: the efficacy of the MetaCom-
Green program in fostering environmental awareness in children”.
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substrates, increasing sense of agency, decreasing resignation, and promoting action. The
MetaCom-Green training offers a promising approach to including children in environmental

discussion and green policies, also supporting their language development and social functioning.
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4.1.  Introduction

I don’t want you to be hopeful. I want you to panic...1 want you to act as if our house is on fire. Because it is. In
this famous statement uttered during her speech at the World Economic Forum, Greta Thunberg
explicitly uses a metaphor to frame global warming as an urgent crisis, aiming to elicit immediate
action (i.e., I want you to acf) by modulating emotional and psychological responses (i.e., I want you to
panic). The effectiveness of metaphors for guiding thoughts and shaping knowledge and attitudes
toward a topic is largely attested in the literature (Thibodeau & Boroditsky, 2013). First, metaphors
were shown to be effective in making complex issues, such as social or scientific debates, more
accessible to the general public (Deignan & Semino, 2019). Moreover, metaphor frames were
reported to influence attitudes and opinions in uncertain situations (Scherer et al., 2015; Thibodeau,
Hendricks, et al.,, 2017). Consistently, in the last decades, metaphors stood aside the greatest
challenges of our society: justifying the war, informing about spreading diseases, driving specific
opinions towards migration flows, or guiding action during the pandemics (Cisneros, 2008; Hanne
& Hawken, 2007; Lakoff, 2012; Semino, 2021). Similarly, climate change communication
increasingly adopted figurative language to deliver climate change-related concepts to the citizens
(Shaw & Nerlich, 2015). However, the use of metaphors is not free of challenges. While presenting
several advantages for communication purposes, they are reported to be costly in terms of
processing resources, both at the behavioral and neural level (Bambini et al., 2013, 2024) . This
should be taken into account when using metaphors to deliver information to populations with
fragile pragmatics skills. Educational materials, for instance, largely extend and explore metaphors
for environmental communication (Deignan et al., 2019). Children, however, do not possess fully
mature abilities to understand figurative meanings (Lecce et al., 2019), which might have a negative
impact on the possibility of observing the effectiveness of these expressions. This study aims to
test whether training metaphor competence in middle childhood can overcome these challenging
aspects to fully exploit the advantages of using metaphors during social crises, in particular for

climate change communication purposes.
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The literature on climate change communication highlighted that metaphors are effective for
environmental purposes both to shape concepts and to guide behavior. For instance, some studies
explored how metaphorical language scaffolds knowledge on climate change (Niebert &
Gropengiesser, 2013), reinforcing the idea that metaphors enhance accessibility (Deignan &
Semino, 2019). Others examined the role of green metaphors in triggering urgency, via frames such as
war ot enerzy metaphors, which can amplify the perceived severity of the crisis (Flusberg et al., 2017).
However, these expressions showed different effects on climate change perception, which varied
among experts and non-experts (Deignan et al., 2019; Flusberg & Thibodeau, 2023; Thibodeau,
Frantz, et al., 2017). Moreover, experts often warned about the risks of some scientific metaphors
being too simplistic, misleading, or generating unexpected outcomes depending on several aspects
(e.g., for the Genes as a blueprint metaphor, an uncontrolled promotion of deterministic beliefs, see
Condit & Condit, 2001; Nelkin, 2001). Consistently, some green metaphors turned out to be
thorny, especially for the young population (Deignan & Semino, 2022), which was the most
affected by the adverse outcomes of these metaphors. For instance, a metaphor such as The ticking
clock, (Zurru, 2024) was shown to spawned the so-called climate doomism, namely a high sense of
concern paired with a low sense of agency (Johnstone & Stickles, 2024), rather than promoting
action. Also, a consistent strand of research suggested that efforts to build excessive concern can
spill over into denial and paralysis in younger citizens (Chamila Roshani Perera & Rathnasiri
Hewege, 2013).

The literature on metaphor development and educational psychology provides insights to
understand the side effects of using green metaphors. To start with, studies on metaphors in
education suggest that when using metaphors such as Pollution is a blanket, if the knowledge of the
topic is too scarce (e.g., pollution), the knowledge of the vehicle (e.g., blankel) cannot supply the
missing information necessary to build the conceptualization of the phenomenon (Cameron, 2003;
Littlemore, 2016). Moreover, in young populations, metaphor understanding may be challenging,

as these expressions might load on not-yet-mature pragmatic inferential abilities, with children still
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struggling to derive especially more abstract meanings (Grigoroglou & Papafragou, 2019; Lecce et
al., 2019). As a result, the most influential population for climate change resolution (i.e., children)
risk not having enough basic knowledge, nor inferential abilities to make sense of the phenomenon
through metaphors, with detrimental effects on learning. Moreover, the miscomprehension may
lead to negative affection towards CC such as doomism and despair, which inhibits, rather than
promote, action.

Recently, a conspicuous body of literature tried to develop intervention programs to modulate
attitudes toward climate change in students exploiting educational techniques spanning from focus
group to virtual reality (Markowitz et al., 2018; Monroe et al., 2019). However, a recent systematic
review of educational programs on climate change revealed that while some positive effects were
observed on knowledge, the evidence of a genuine influence of such interventions on children’s
pro-environmental attitudes is scattered (Rousell & Cutter-Mackenzie-Knowles, 2020).
Surprisingly, even if climate change concepts are often conveyed metaphorically (e.g., greenhouse
gasses, Morote & Hernandez, 2022) to young studies, to the best of our knowledge, none of these
intervention programs explicitly controlled for the presence of metaphors nor children metaphor
comprehension skills. Importantly, recent evidence suggested that metaphor comprehension can
be trained in middle childhood via ad hoc intervention programs (e.g., the MetaCom training,
Tonini et al., 2022; Del Sette et al., 2024). This evidence opens up the possibility that training
children’s metaphorical abilities while introducing them to climate change may help in building
environmental awareness by avoiding misleading and exploiting metaphors’ cognitive and
psychological power.

4.1.1. The present study

The present study stemmed from the idea that, when jointly promoting metaphorical competence,
it is possible to fully exploit metaphor efficacy in delivering knowledge and shaping thoughts and
actions about climate change. Capitalizing on previous research on metaphor training, we

implemented a green and enriched version of the MetaCom training (i.e., the MetaCom-Green) to
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promote metaphor comprehension while fostering environmental awareness. The MetaCom is an
intervention based on pragmatic theory of metaphor comprehension, which promotes metaphor
skills via training attention to context and inferential reasoning about context-dependent
modulations of meaning (Tonini et al., 2022). It was shown to be effective, compared to a control
trainings, in improving metaphor comprehension, with also positive far transfer effects on reading
comprehension as well as Theory of Mind (Del Sette et al., 2024). The MetaCom-Green inherits
these foundational tenets while incorporating an informative context about climate change
phenomena as well as an extended enterprise of tasks employing metaphorical thinking to modulate
attitudes towards climate change.

We designed the study to test the efficacy of the MetaCom-Green in promoting not only metaphor
comprehension but also environmental awareness. Hence, fourth-grader children were assessed
pre- and post- training for metaphor skills as well as for a battery of reliable tools to evaluate
environmental knowledge and attitudes (i.e., Hope, Despair, Ecoempathy, and Pro-active
behavior), which we adapted in a computerized version. As a control group, we implemented an
equivalent version (i.e., the Green training) consisting of the same informative passages used for the
MetaCom-Green, without the use of metaphors and tasks aimed to strengthen knowledge and
proactive awareness.

We hypothesize that: a) the MetaCom-Green training promotes metaphor comprehension,
possibly extending to other linguistic skills and theory of Mind, replicating the results of Tonini
and colleagues (2022) and Del Sette and colleagues (2024); b) both the MetaCom-Green and the
control groups improve in climate change-related knowledge; c) the MetaCom-Green training
additionally has specific effects in modulating psychological attitudes towards climate change and
foster pro-environmental behavior compared to the control group.

4.2.  Methods

4.2.1. Participants
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To calculate the necessary sample size, following Tonini and colleagues (2022), we ran a power
analysis with G*Power. Results showed that a sample of 54 participants was necessary to reach an
80% power given a medium effect size within a factorial design (f= 0.25, or equivalently 4 = 0.50).
Anticipating some dropouts and exclusions, we selected four classes to exceed the minimum
number by some margin. Children were recruited from four classes in Lombardy, in northern Italy.
Both parents of each child signed written informed consent. Children for whom no informed
consent was obtained were engaged in different activities under the supervision of one of their
teachers. Ethical approval for this study was granted by the Ethical Committee of the Department
of Brain and Behavioral Sciences of the University of Pavia (n. protocol: 120/2023).

A final total sample of sixty-eight four-grader children (M= 9;4 SD..= 0;30) participated to the
study. After the pre-training assessment, children in each class were semi-randomly divided into
groups, balancing cases of learning disorder and bilingualism, when possible. Each training group
consisted of eight children on average. Groups were randomly assigned either to the MetaCom-
Green (34 children) or the control training condition (34 children). Both training programs was
meant to be accessible for children with special needs following the Guidelines for the intervention
with persons with disabilities (American Psychological Association, 2022).

Participants were then excluded from the analysis if they met one or more of the following criteria:
(i) diagnosis of learning disability and/or neurodevelopmental disorder, (i) not speaking Italian
from three years of age, (iii) missing either pre- or post-training assessment, and (iv) missing more
than one session of the training. The final samples consisted of 32 children (M., = 9;4, age
range = 8;8—10;2) in the MetaCom group and 31 children (Mg = 9;4, age range = 8;5-10;3) in the
control group. Check for participants at the ceiling in the near and far transfer measures at pre-
training (> 95%) were performed but no exclusions were necessary.

4.2.2. Design and procedure

The study was conducted in three main phases: a pre-training assessment (T0), a training phase

(the MetaCom-Green and the control training), and a post-training assessment (T1). Two
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experimenters - blind to children’s training assigned condition - collected the data at T0 and TT1.
The assessment at TO was conducted during two collective and one individual session. The
collective sessions included paper and pencil assessment of the linguistic and socio-cognitive profile
while the individual session investigated the children’s pragmatic and cognitive profile and a
computerized assessment (i.e., via tablet) of climate change-related knowledge, attitudes, and
behavior.
The MetaCom-Green training was administered by the leading experimenter of the research team.
Two research assistants semi-blind to the research questions were instructed to train children on
climate change-related topics without the use of metaphors and administered the control training.
The two intervention programs consisted of two sessions per week, for two consecutive weeks,
plus a session of guided play for a total of five sessions of 60 minutes each. The two training
programs were balanced for duration, frequency, and intensity, and were equal in their content: the
four control training sessions included the same prompts and a comparable number and structure
of the tasks, crucially not including metaphor items or tasks. Experimenters aimed at elicitating the
participation of the entire group during the intervention sessions, providing positive feedback or
corrections when necessary. The post-training assessment included two sessions, one individual
and one collective. In this phase, only outcome measures were assessed. The study took 8 weeks,
and the two groups were tested in parallel. Once the experimental paradigm was concluded,
following the good practice of randomized clinical trials, children of the control group were
involved in two sessions of the original MetaCom.
4.2.3.  Assessment
4.2.3.1. MacArthur Scale of Subjective Social Status

To measure Socioeconomic status, we adapted in Italian the MacArthur Scale of Subjective Social

Status (N. Adler, 2007), a measure of perceived Socioeconomic and Sociometric status, presented

in a ladder format with 10 steps. The MacArthur scale showed good construct validity correlating

with other measures of subjective socioeconomic status and health measures (Cundiff et al., 2013)
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and Social Comparison Index in children (Amir et al., 2019), as well as substantial test-retest
reliability (ICC: 75%; Giatti et al., 2012). Two versions of the ladder have distinct references to
which individuals can compare themselves. The society ladder is a global measure of subjective
social status and is related to the individual’s place in the social hierarchy. References used in this
scale are objective indicators such as income, education, and occupation. The community ladder,
on the other hand, assesses how children see themselves in the ladder considering the community,
namely the school, where they live in; those who are positively considered by peers stand at the
top of the ladder and those who have poor peer relationships are at the bottom. Children are
asked to rank their position in the society and in the school choosing one of the 10 ladders.
Possible score range: 1-10.
4.23.2. Vocabulary
Receptive vocabulary skills were assessed using the Italian version of the Peabody Picture
Vocabulary Test -Revised (PPVT-R; Stella et al., 2000). This test demonstrated an excellent split-
half reliability value (» = .88, Dunn & Dunn, 1981) and high validity strong validity in relation to
the McCarthy Scales of Children's Abilities (» = .79, Naglieri, 1981). The PPVT-R consists of 175
verbal stimuli and evaluates receptive vocabulary through a picture-selection task: children are
presented with four images and asked to choose the one that best represents the meaning of the
word spoken by the experimenter. Following prior research (Del Sette et al., 2024), the test was
administered collectively by starting 20 items before the standard starting point for nine-year-olds
(i.e., item 70). Children matched each word to the corresponding picture on a printed booklet. The
final score was calculated according to the standard scoring procedure, with possible total scores
ranging from 50 to 175.
4.2.3.3. Working Memory
Working memory was assessed using the Digit Span Backward Test (WISC-R; Orsini, 1997,
Wechsler, 1974). In this task, children were asked to recall sequences of two to eight numbers in

reverse order. Each trial consisted of two sequences of the same length and was considered
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successful (i.e., awarded 1 point) if at least one sequence was recalled correctly. Failing both
sequences in a trial resulted in test termination. Previous studies have demonstrated that the Digit
Span Backward Test had good reliability (Cronbach’s a = .80), high test-retest reliability (rs = .74;
Williams et al., 2003), and moderate construct validity, as indicated by its correlation with fluid
intelligence (r = .64; Conway & Kovacs, 2013). Possible total scores range from 0 to 7.

4.2.4. TFocus variables

4.24.1. Theory of Mind

We selected seven mental stories from the Strange Stories task (Mazzola & Camaioni, 2002; Happé,
1994), in which children are asked to infer an actor’s intentions after the presentation of a brief
passage describing a social scenario, followed by an open question. This task assesses the ability to
attribute mental states (e.g., desires, beliefs, or intentions), including higher-order mental states.
The selected set included two stories involving double bluffs, two on misunderstanding, two on
persuasion, and one on a white lie. After reading the stories, children were asked to explain a
character’s statement in a written format, with no time constraints. The Strange Stories task has
demonstrated good psychometric properties, including acceptable internal consistency and high
test-retest reliability in the middle-childhood population (Devine & Hughes, 2016). Following
established scoring guidelines (White et al., 2009), responses were rated on a 3-point scale: 0 for an
incorrect answer, 1 for a partially correct and implicit answer, and 2 for a fully correct and explicit
answer. Possible total scores range from 0 to 14. Two authors (CP; VM) independently coded 30%
of the answers, and the Intraclass Correlation Coefficient showed high inter-rater reliability a both
time points (T0=94%; T1=96%).

4.24.2. Reading Comprebension

Reading comprehension was assessed using the Memory and Transfer standardized Reading
Comprehension battery (MT Reading Comprehension; Cornoldi & Colpo, 1998), a validated tool
designed for primary school children. The task involves reading short narratives followed by

comprehension questions. Performance in this battery has been shown to correlate significantly
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with related skills such as prior knowledge, reading fluency, and verbal abilities (e.g. Florit et al.,
2020; Lecce et al., 2021). Following Tonini and colleagues (2022), we selected the The Ancestor’s
cave story, followed by 10 multiple-choice questions. Completing the task required deep text
understanding and the use of inferential reasoning skills, and we considered reading comprehension
abilities as a potential far-transfer measure. Possible total scores range from 0 to 10.

4.24.3. Physical and Mental Metaphors task

Metaphor comprehension was assessed using a modified version of the 12-item Physical and
Mental Metaphors (PMM) task (Lecce et al., 2019; Del Sette et al., 2020), a tool for evaluating the
understanding of nominal metaphors in middle childhood, validated for 9 years-old children (Del
Sette et al., 2021). This task presents children with metaphors embedded in minimal contexts (e.g.,
Dancers are butterflies; The teacher is an icicle) and has been shown to be a sensitive measure for
detecting both individual differences and training-induced improvements in metaphor
understanding (Tonini et al., 2022). Accuracy in the PMM task was considered the primary outcome
measure of the MetaCom training. The PMM task exhibits strong psychometric properties,
including good internal consistency (composite reliability =.706), strong test-retest reliability (r
=.68), and adequate construct validity (Del Sette et al., 2021). Children were asked to verbally
explain the meaning of each metaphor, and responses were scored based on their accuracy in
articulating the relationship between the topic and the vehicle of the metaphor. Following
established guidelines (Lecce et al., 2019; Del Sette et al., 2020), responses were rated with: 0 for
incorrect, literal, or "Don't know" answers; 1 for partially correct responses that referenced non-
salient features; and 2 for fully correct responses that captured salient aspects of the metaphot’s
meaning. For example, for the metaphor Daddy is a volcano, an answer like Daddy eats ketchup would
receive a score of 0, Daddy is tall and strong would receive 1 point, and Daddy is very angry would be
rated as 2. To ensure reliability, two independent raters (CP, VM) coded 25% of the responses, and
the Intraclass Correlation Coefficient showed high inter-rater reliability a both time points

(T0=97%; T1=98%). Given the unidimensional factor structure of the PMM task (Del Sette et al.,
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2021), a global accuracy score was computed by aggregating responses across all items. As a result,
possible total scores ranged from 0 to 24, then rescaled from 0 to 1.

4.24.4. Climate Change-related Attitudes

To the best of our knowledge, no scales to assess climate change-related attitudes in children were
developed in Italian. For this reason, we adapted three existing scales - Hope, Despair, and Pro-
environmental behavior — originally validated for Australian adolescents (Stevenson & Peterson,
2010) - into Italian and in an age-appropriate, computerized version. FEach scale was presented by
a Martian character, who explained that it arrived on Earth to understand what was happening to
the planet. The Martian then presented each item as a sentence-summary of what he learned. For
the Hope and Despair scales, building on previous research on valid child-friendly Likert-scale
alternatives (Katsos & Bishop, 2011; Schaeken et al., 2018), children were instructed to prize the
Martian with a strawberry depending on the correctness of the statement: from a very small
strawberry if the Martian didn’t understand the sentence to a very big one if he understood very
well (See Fig. 4.1.). Responses were recorded using a slider with 21 anchor points (possible score
range from O to 20 per item), with the strawberry dynamically increasing in size as the score
increased.

4.24.4.1.  Hope scale

The Hope scale comprised 8 items assessing the dimension of Hope as a combination of agency
(e.g., I know that there are many things that I can do to help solve problems caused by climate change) and positive
thinking (e.g., Even when some people give up, I know there will be people who will continne to try to solve problems
caused by climate change). The Italian adaptation based on our sample demonstrated good internal
consistency (Cronbach’s « = .80), consistent with the original scale (Cronbach’s a = .80). Possible
total scores ranged from 0 to 160.

4.24.4.2.  Despair scale

The Despair scale included 4 items about helplessness, hopelessness, and resignation towards

climate change (e.g., Climate change-related problems are out of my control). The scale exhibited lower but
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still acceptable internal consistency (Cronbach’s a= .6), in line with the original version (Cronbach’s
o= .59) and with other measures of climate concern (Stevenson et al., 2014). Possible total scores
ranged from 0 to 80.

4.24.4.3.  Pro-environmental behavior scale

For the Pro-environmental scale, a slightly different procedure was used. Since this scale measured the
frequency of children’s pro-environmental actions, children reported how often they engaged in
specific behaviors (e.g., Turn off the lights at home when there are not in use) by selecting from five smiley
faces ranging from sad to happy and corresponding to the range from never (0 points) to ahways (4
points). The scale consisted of 10 items covering three dimensions: Household Behavior,
Information Seeking, and Transportation. The Italian adaptation based on our sample
demonstrated good reliability (Cronbach’s a=.77), in line with the original version (Cronbach’s a=

.74). Possible total scores range from 0 to 40.

Slider response format for Green scales

| believe that earth scientists will succeed in solving the problems caused by climate change

-‘_

| believe that earth scientists will succeed in solving the problems caused by climate change

§—

Figure 4.1. Computerized procedure for Climate Change-related attitudes assessment. The panel represents an

exaniple from the Hope scale. Children were presented with the slider and the strawberry set in the middle of the slider. Children can tap
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the strawberry and slide it in both directions: left sliding resulted in a decrease of the strawberry size, and sliding right increased the
strawberry sige.

4.2.4.5. Climate Change Knowledge scale

To verify the increase in the understanding of climate change-related concepts and phenomena,
we adapted an existing survey into Italian. This survey was originally developed to assess the
effectiveness of training program on CC-related knowledge among Australian primary school
children (Taber & Taylor, 2009). The original scale included 25 multiple-choice questions on
climate change-related knowledge with four response options (i.e., True, False, I don’t know, I
don’t understand). For our study, we selected and adapted a subset of items based on the following
criteria: the item should not be country- or region-specific (e.g., related to Australia); the item
should align with the content covered in the training (e.g., excluding topics like the Ozone’s Hole);
the item should avoid strong emotional trigger (e.g., cancer); and the item should demonstrate a
significant increase in correct responses after training in the original study. The test was
implemented via tablet. The final adapted scale consisted of 15 items, with a possible total score
ranging from 0 to 15.

4.24.6. Connection to Nature Index

To assess the emotional disposition of children towards the environment, i.e., Ecoempathy, we
used the Connection to Nature Index, a valid and reliable tool developed by Cheng & Monroe
(2012) for middle childhood. The Index showed good construct validity, as it correlates with other
measures contributing to the development of affective attitudes toward nature as well as good
reliability (Cronbach’s o= 0.87). This index consisted of 15 items covering four different factors:
a) enjoyment of nature, b) empathy for creatures, ¢) sense of oneness, and d) sense of responsibility.
Children were asked to rate how they agreed with the statements (e.g., I like to hear different sounds
in nature) using a 5-point response format from 1 (strongly disagree) to 5 (strongly agree). The test was

implemented via tablet. Total possible score range: 15-75.
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4.2.5. Training programs

4.2.5.1. The MetaCom-Green

The MetaCom-Green training program is shaped after the MetaCom training (Tonini et al., 2022),
with several improvements and specifics. While it maintains some features of the original version
(i.e., the general structure and the rationale of the exercises), changes were implemented to boost
receptive productive and metalinguistic metaphor skills while promoting climate change awareness.
The MetaCom-Green was composed of four standard sessions plus a guided-play session. Fach
standard session was built around a metaphor about one of four phenomena related to the
environmental crisis (e.g., The ocean is a soup tor the topic of water pollution). The metaphorical
items were built by consulting more than 50 entertaining and educational Italian textbooks on
climate change for school-aged children and adapting three of the most commonly used nominal
metaphors and a more novel one. Each session was of increasing complexity in terms of the novelty
of the metaphor used (e.g., first session: The ocean is a soup; third session: Animals eat bites of fire), and
of the amount of information provided in the passage and was composed of 8 tasks (Tasks 1,3,7
and 8 were novel integrations for the MetaCom-Green):

1) Meaning analysis (multiple-choice): Once the trainer presented the text about the climate
change-related phenomenon children were asked to answer a multiple-choice question
about the meaning of the metaphor by choosing among a correct, an incorrect literal, and
an incorrect unrelated alternative. The trainer started the discussion by identifying the
encyclopedic features of the concept encoded by the metaphor’s vehicle (e.g., for bites of
fire, being very hot, not feeding, etc.,) and analyzing the context to select the relevant
properties for the metaphorical meaning-making;

2)  Meaning analysis (verbal explanation); After the multiple-choice task, children were asked to
answer a second question about the meaning of the metaphor, in a verbal explanation
modality. In this case, the trainer exploited different answers to fine-tune the metaphor's

interpretation, explicitly addressing the differences between salient and non-salient
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3)

4

properties. This task aimed at strengthening the adjustment of the concepts to the context
and to understanding the implicated meaning of the metaphor through pragmatic
inference.

Metacognitive considerations: In this task, children were asked to answer a question about the
effectiveness and utility of the metaphor in delivering the message, explaining why the
metaphor was effective and useful (or not) in communicating the phenomenon compared
to a literal counterpart. This task aimed at eliciting metacognitive considerations about
metaphor use for communicating scientific concepts. It was inspired by the Goal-directed,
Interactive Think-Aloud (GITA) technique, which allowed the students to examine the
processes used to interpret and learn from metaphors (Cameron, 2003).

Sentence-picture matching; Children were asked to select the picture that better represented the
meaning of the metaphor (e.g. animals eat bites of fire) from three alternatives representing
three different interpretations: one illustrated the literal meaning of the vehicle (e.g. animals
eating small bites of hot food, Figure 4.2(a)), one depicted the metaphorical meaning of the
vehicle (e.g., a forest in flame, Figure 4.2(b)), and one was a non-related representation of
the metaphor’s topic (e.g., the animals in the forest, Figure 4.2(c)). This task aimed at

consolidating the knowledge about the meaning of the metaphor in a multimodal fashion.

5) Association task: This task, inspired by Willinger and colleagues (2019), consisted of

)

providing children with a set of four isolated words (e.g., bites of fire - chili pepper -
reproach — anger), which included the term used as vehicle in the metaphor under
consideration (e.g. bites of fire), and asking them to find metaphorical associations between
the four words. There were both literal (e.g., reproach-anger) and metaphorical (e.g., anger-
chili pepper) possible associations. This task aimed at strengthening the learned
metaphorical meaning and promoting its generalization also for mental content;

Metaphor production: Children were asked to recall or invent another metaphor for animals

suffering due to non-optimal environmental conditions. Creative metaphor production was
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encouraged during the discussion. This task was meant to strengthen also the productive
dimension of metaphorical skills;

7)  Knowledge task: This task consisted in a reading comprehension task in which children were
asked to answer both multiple-choice and open questions about the content of the text.
This task aimed at strengthening the knowledge of the information about the climate
change-related phenomena presented in the passage.

8)  Proactivity task: The last task required children to combine the knowledge acquired and the
metaphorical conceptualization for pro-environmental purposes. Specifically, children
were asked to imagine an object they could turn into to solve the situation (e.g., being a
hydrant to stop the fire) and explain how they could metaphorically be that object in daily

life situations (e.g., close the tap while washing teeth).

a) b) <)
Literal option Correct option Unrelated option

Figure 4.2. Picture matching task. Images used as options for the picture-matching task of the metaphor “Animals eat bites of

fire”. Panel a) Literal option; Panel b) Correct option; Panel ¢c) Unrelated option

In the MetaCom-Green a single item was presented for each session. During the first session, the
experimenter presented the training introducing the concept of metaphor and the concept of
climate change. Children were told that metaphors are often used to introduce complex and
scientific concepts because they may help elucidate important aspects of the topic. A total of four
items were presented. Sessions were held in groups but were articulated in different moments: First,
the trainer read the question loudly and asked children to individually reason about the question

and write down their answers in the booklet. Then, the trainer started the group discussion after
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each item. The trainer gave feedback for each item both positively reinforcing correct answers and
redirecting incorrect ones. As in the Metacom original version, at the end of each session, children
were provided with a card related to the content of the session. In the MetaCom-Green the card
contained the correct picture used in the picture matching task (see Fig. 3b) and the metaphor
learned, additionally, on the other side of the card there were six pro-environmental actions
children can do, always metaphorically presented (e.g., Animals are not dolls: avoid buying products
that are tested on animals. Ask your parents how to recognize them). Cards were presented to the
children as a thank-you gift and as a useful tool for the final game of the last session.

4.2.5.1.1.  Guided-play session

For the final session of the training, we decided to adopt a guided-play strategy following recent
insights from pedagogy and educational psychology. For these purposes, we implemented the
MetaGame-Green. The session consisted of a board game, with the main scope of saving the
ecosystem. The board was made in fabric and measured 84,1 cm x118, 9 cm. It was structured in
four parts (Ocean, Glaciers, Forest, and Atmosphere), reflecting the four topics covered during the

training (See Fig. 4.3a).

a) b)

Board of the guided-play session

Quiz and Contingency cards

Quiz Card
Front Back

A What does the metaphor
& “The earth has a cough” mean?
R

s,

Contingency Card
Front Back

4 You threw a plastic bottle on

Q the ground!
Q Plastic is such a snail, it will
take more than 100 years to

° biodegrade!

Go back 3 squares

Figure 4.3. Material for the guided-play session. Panel a) represents a stylized version of the board of the MetaGame-Green.
Panel b) reports two examples of a Quiz card and a Contingency card of the MetaGame-Green

Children were divided into four teams; each team had as a first aim to become responsible for one

of the elements of the ecosystem and restore it. To do so, children have to collect clean-air cards
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that allow them to acquire both the Element (e.g., The ocean) and the items to restore it (e.g., clean
water, healthy fishes, etc.). To collect cleaned-air cards children had to answer correctly to guiz cards
or deal with contingency cards. Quiz cards were built to contain 25% of climate change-only questions
(e.g., Which are the main sources of pollution?), 25% of metaphor-only related questions (e.g., What does
1t mean the metaphor “My classmate is a fox”’?) and 50% of questions related to green metaphors (e.g., What
does it mean that “turtles have collars’?). climate change-only quizzes addressed the topic covered during
the four canonical sessions but did not contain questions from the Knowledge scale used in the
assessment, metaphors-only quizzes resembled the structure of the training exercises (i.e.,
association tasks, metaphor comprehension and production tasks, etc.) but do not contain
metaphors from the PMM task. Contingency cards contained both negative and positive
contingencies related to anti- or pro-environmental behaviors; immediate consequences related to
climate change or role-taking towards animals, always metaphorically framed. The trainer
supervised the game following the principles and practice of guided play (See Weisberg et al., 2016).
4.2.5.2. Control training

To match the MetaCom-Green training, we used active control training. The control training
consisted of a parallel training program on climate change phenomena. The training covered the
same topics as the MetaCom-Green, using the same passages without the use of metaphors. The
control training included four sessions plus a guided play session. During the canonical sessions,
children were presented with a passage on a CC-related phenomenon followed by 6 tasks
comparable to the ones of the MetaCom-Green, aimed at controlling for each possible
confounding variable, thus maintaining constant among the two trainings the levels of knowledge
strengthening, multimodality, interactional and metalinguistic load and motivational aspects (i.e.,
two tasks of meaning analysis; a picture-matching task; a role-playing and metalinguistics task; a
drawing task; a proactivity task). As for the Metacom-Green, at the end of each session, children
were provided with a card related to the content of the session, containing the correct picture for

the picture-matching task (see Fig. 4.2b) and the title of the passage. On the back side of the card,
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there were 6 bullet points on notions about the phenomena (e.g., Excessive heat in nature is
anything but a mere discomfort to animal species and leads to serious consequences such as
droughts and fires). Cards were presented to the children as a thank-you gift and as a useful tool
for the final game of the last session. For the control training, we did not use a board game because
of the high metaphoricity of its structure, being a visual (or act-ouf) metaphor for children (Fleer,
2013) The guided play session was performed in small groups with the format of quiz game. The
quizzes consisted of exercises that focused on the analysis of explicit content and that involved
only low-level inferential abilities of topic on climate change (75%) and on general knowledge
(history, geography, etc.; 25%). As for the MetaCom-Green, the trainer followed the practice and
principles of guided play (See Weisberg et al., 2010).

4.2.6. Statistical Analysis

All analyses were performed using the integrated environment for R, R studio (R Core Team, 2023).
As a preliminary step, we computed Pearson’s correlations among all variables. Moreover, we
performed independent sample-t tests between the two groups at pre-training, to detect possible
pre-training differences. To meet our first aim, namely to verify the effectiveness of metaphor
comprehension, we fitted a Cumulative link mixed model (CLMM) with the ¢/z() function from
the ordinal package, v. 2019.12-10 (Christensen, 2015), using the accuracy in the PMM task as the
dependent variable assessing the proportional odds of the scoring (0, 1, 2). All other variables were
analyzed by means of Linear Mixed Models (Bates et al., 2024), with the /wer() function. In all
models, Time (Post-training vs. Pre-training) and Group (MetaCom-Green vs. Control) were
included as sum-coded within and between factors, respectively. Scaled scores for the Digit-span
Backward and Peabody Picture Vocabulary Test-Revised were added as fixed effects, in interaction
with Time and Group. Random intercepts for individual-level (Subjects) and material-level (Items)
variability were included in each model. Post-hoc analysis were performed using the emmeans

package (Lenth, 2024).
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4.3. Results

4.3.1. Descriptive statistics

Descriptive statistics for each variable are reported for pre- and post-training in Table 4.1.

Table 4.1. Descriptive statistics of the two training groups at pre- and post-training on control and dependent variables

Metacom_Green Control
Pre-training Post-training Pre-training Post-training
Measures mean(SD) mean(SD) mean(SD) mean(SD)
Vocabulary 143 (13.8) - 143 (12.5) -
Min to max score: 50-175
Working memory 3.86 (0.81) - 4.03(0.95) -
Min to max score: 0-7
Socioeconomic status 4.32(1.09) 4.16 (1.30) 4.39(1.20) 4.25(1.24)
Min to max score: 0-10
Sociometric status 3.29(1.75) 3.53(1.68) 3.67 (1.69) 3.78(1.90)
Min to max score: 0-10
Theory of mind 6.47 (2.85) 7.41(2.72) 6.97 (2.96) 7.22(2.78)
Min to max score: 0-14
Reading comprehension 6.06 (1.72) 7.28 (1.71) 5.61(2.40) 6.00 (2.54)
Min to max score: 0-10
Metaphor comprehension 14.5 (3.62) 17.0(3.08) 13.5(3.10) 13.8(2.76)
Min to max score: 0-24
Knowledge scale 5.85(1.76) 7.24 (1.64) 5.82(2.28) 6.36 (1.98)
Min to max score: 0-10
Hope scale 115 (26.4) 123 (29.2) 96.7 (33.4) 92.3(34.1)
Min to max score: 0-160
Despair scale 26.7 (18.4) 19.1 (14.9) 25.1(17.0) 24.0(15.6)
Min to max score: 0-80
Ecoempathy scale 69.2 (4.52) 70.7 (4.94) 68.3(6.17) 67.6 (7.37)
Min to max score: 15-75
Pro-environmental scale 24.3 (5.69) 25.7 (6.14) 25.8 (6.02) 24.6 (6.94)

Min to max score: 0-40

Correlations among all variables of interest are reported in Fig. 4.4.
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Figure 4.4 Correlation between outcomes and covariates at pre-training. The plot shows correlations between
linguistic, cognitive, and socio-cognitive variables and green scales. Positive correlations are displayed in red and negative correlations in
blue. The color intensity is proportional to the magnitude of correlation coefficients. Highlighted cells indicate associations at p-value <

.05.
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Table 4.2. Independent sample t-tests comparing the two training groups on control and dependent variables at pre-training.

t df p Mean SD Choen’s d
difference difference

Mc Arthur Socioeconomic 0.59 51 .56 0.02 0 0.15
Status

Mc Arthur Sociometric Status 1.08 61 .28 0.04 0 0.27

Peabody Picture Vocabulary 0.21 60 .89 0 -0.02 0.07
Test-R

Digit-span Backwards 0.29 57 .78 0.01 0.03 0.07

Strange Stories 0.34 60 .74 0.02 0.02 0.09

MT Reading comprehension -0.66 53 .51 -0.04 0.08 0.17
task

Physical and Mental metaphors -1.02 60 .31 -0.03 -0.02 0.26
task

Knowledge 0.30 58 77 0.02 -0.04 0.08

Hope -2.23 57 .02 -0.11 0.04 0.56

Despair -0.57 61 .57 -0.03 -0.01 0.14

Pro-environmental scale 0.87 61 .40 0.03 0.01 0.21

Ecoempathy -0.76 55 .45 -0.01 0.02 0.19

4.3.2.  Main Analysis

The CLMM on Physical and Mental Metaphors scores showed a main effect of Time (OR = 1.41,
95% CI [1.15, 1.73], z = 3.35; p = .001), Group (OR = 0.58, 95% CI [-0.36, 0.11], z = 1.46; p <
.001), and a significant Time by Group interaction (OR = 0.57, 95% CI [0.38, 0.86], z = 2.71; p =
.007). A deeper look into the cumulative probabilities for each Accuracy level between groups at
T1 revealed that compared to the control group, the Metacom-Green group showed more fully
corrected answers (i.e., 2 points; Aprob = 0.09, CI [0.10, 0.17], z = 3.22, p = .017), less partially
corrected answers (1 point; Aprob = 0.11, CI [0.19, 0.21], z = 3.43, p = .008), and less wrong

answers (0 point; Aprob = -0.20, CI [-0.32, -0.08], z = 4.77, p < .001).
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Figure 4.5. Effect plot of changes in Accuracy levels for the PMM task. Each band represents the proportion of Inaccurate
(lower band), Partially Correct (medinm band), and Accurate (higher band) responses pre- (10) and post- training (T'1) across groups.

The model on Theory of Mind reported a significant effect of Time (§ = 0.04, SE= 0.02, # = 2.41,
p = .018), with both groups performing better at post-assessment. The effect of time was also
explored within groups. The significant effect of Time seems guided by the improvement of the
MetaCom-Green at T1 (§ = -0.06, 95% CI [-0.11, -0.01], 7 = -2.25, p = .028), statistically weaker in
controls (= -0.03, 95% CI [-0.08, 0.24], 7= -1.11, p = .272). The model on Reading comprehension
skills showed a main effect of Time (§ = 0.08, SE= 0.02, 7= 3.70, p < .001), a main effect of Group
B =-0.09, SE= 0.04, r = -2.11, p = .037), as well a significant Time by Group interaction (§ =
0.10, SE= 0.04, # = 2.36, p = .020), with a significant improvement between TO and T1 in the
MetaCom-Green group only (8 = - 0.13, 95% CI [-0.18, -0.07], # = -4.25, p < .001). The model
on Knowledge showed a main effect of Time (f = 0.08, SE= 0.02, # = 2.01, p = .046) and a
significant Time by Group interaction (§ = 0.08, SE= 0.04, # = 2.01, p = .0406). By exploring this
effect within groups, comparisons indicate that the MetaCom-Green group only performed
differently between TO and T1 (§ = 0.12, 95% CI [-0.18, -0.06], # = 4.12, p < .001).

The model on Hope revealed a main effect of Group (6 = 0.15, SE= 0.05, 7= -3.23, p = .002) and
a significant interaction Time by Group (f = 0.08, SE= 0.03, # = 2.51, p = .013). Despite the

difference between groups at TO (§ = - 0.12, 95% CI [-0.21, -0.01], # = -2.17, p < .001), the
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significant difference at T1 (6§ = -0.19, SE= 0.05, # = -2.82, p< .007) was only guided by the
significant increase between assessments for the Metacom green group only (6 = 0.51, SE= 0.22, 7
= 2.54,p = .014).

The model of Despair showed a main effect of Time (f = -0.06, SE= 0.04, # = -2.20, p = .030) and
a significant interaction Time by Group (§ = -0.10, SE= 0.04, 7= -2.20, p = .030). Post-hoc analysis
confirmed that only the MetaCom-Green group performed differently at pre- and post-assessment
(B =0.10, SE= 0.31, = 3.32, p = .002), showing lower levels of Despair compared to the Control
group.

The model on Pro-environmental behavior showed a significant Time by Group interaction (§ =
0.06, SE= 0.206, = 2.26, p = .026), with the MetaCom-Green group showing higher levels of Pro-
environmental behavior at T1 compared to the Control group.

No significant effects were found for the model on Ecoempathy (ps> .05).

Effects of the MetaCom-Green training on transfer variables
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Figure 4.6. Effects of the MetaCom-Green training on far transfer and green variables. Panel a) depicts the effect of
the training on Theory of Mind for the control and the experimental groups. Panel b) depicts the effect of the training on Reading
Comprebension abilities for the control and the experimental groups. Panel ¢) depicts the effect of the training on climate change-related

Knowledge for the control and the experimental groups. Panel d) depicts the effect of the training on climate change-related Hope for the
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control and the experimental groups. Panel e) depicts the effect of the training on climate change-related Despair for the control and the

experimental groups. Panel f) depicts the effect of the training on Pro-environmental bebavior for the control and the experimental groups.

4.4. Discussion

This study tested the hypothesis that training metaphor skills in middle childhood may help in
exploiting the full potential of metaphors to deliver climate change-related information avoiding
misunderstanding and despair, while promoting sustainable behavior. We implemented the
MetaCom-Green program, as an enriched version of a training program with proven efficacy, as
well as an equivalent control training on climate change without the use of metaphors. We expected
to replicate the results of Tonini and colleagues (2022) and Del Sette and Colleagues (2024)for both
near (Metaphor Comprehension) and far (Reading Comprehension and theory of Mind) variables.
As for the green variables, we hypothesized to observe an improvement of both groups in climate
change-related knowledge, with the MetaCom-Green group only showing a modification of the
psychological and behavioral attitudes towards climate change. The analysis confirmed most of our
hypotheses: the MetaCom-Green group outperformed the control group in metaphor and reading
comprehension skills, although both groups improved in Theory of Mind. Notably, while both
groups showed a similar trend in Knowledge improvement, only the MetaCom-Green group
showed a statistically significant increase in performance. Additionally, only the children in the
MetaCom-Green group increased their Hope levels, decreased their level of Despair, and, crucially,
showed more sustainable behaviors. No effects on the Eco-empathy were observed for either
group.

Starting with the effects on linguistic and socio-cognitive abilities, we replicated the findings in
Tonini and colleagues (2022) showing the efficacy of the MetaCom, also in its Green version, in
boosting metaphor comprehension skills in middle childhood, also extending its effects to far
transfer measure of reading comprehension (Tonini et al., 2022). This was indeed expected since
the Metacom-Green maintains the theoretical foundation of the MetaCom, potentiating attention

to context and inferential processes. However, contrary to recent findings showing a causal effect
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of metaphor training on Theory of Mind (Del Sette et al., 2024), we didn’t find a specific effect of
the MetaCom-Green on children's socio-cognitive skills, with both groups showing higher Theory
of Mind performance at post-training. While the original MetaCom consisted of both physical and
mental metaphor items, the MetaCom-green covered topics related to environmental phenomena,
capitalizing more on physical than mental content. Recent evidence suggested that the relationship
between Metaphors and Theory of Mind may be stronger for mental, rather than physical
metaphors (Canal et al., 2022; Lecce et al., 2019; Lecce, Pompeti et al., in prep). In this view, it may
be the case that training in environmental metaphors, which mainly refer to physical characteristics
(e.g., being warm or being polluted), doesn’t generalize to mentalizing skills. Moreover, the control
training also consisted of a role-playing task in which children were asked to explain the
phenomenon of the training session (e.g., wildfires) to a fictive classmate who ignored the
phenomenon. These factors may have led to a slight increase of both groups in Theory of Mind.

Moving to the main focus of interest, that is, the effects on the green variables, the first result to
comment is the performance on the Knowledge scale, which numerically increased in both groups,
but significantly improved only the MetaCom-Green group. This result is consistent with previous
attempts at training climate change knowledge in middle childhood without a specific focus on the
communicative tools employed. These trainings showed only slight improvement in climate
change-related knowledge (Taber & Taylor, 2009) and did not account for the presence of possibly
misunderstood metaphors (Cameron, 2003). Interestingly, in a recent study, authors asked about
the causes and effects of climate change to a large sample of primary and secondary schooled
children, observing a discrete knowledge of the phenomenon, except for questions related precisely
to a metaphorically expressed concept, i.e., Greenhouse gases (Morote & Hernandez, 2022), which
studies considered a possible source of misunderstanding (Forgacs & Pléh, 2022). Our findings
suggest that presenting climate concepts via metaphors, while at the same time accompanying
children in figurative language understanding, promotes knowledge more effectively than

traditional environmental training. This evidence lends concrete support to the largely shared idea
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that metaphors constitute a powerful learning mechanism starting from early childhood, especially
because they promote inferences about a phenomenon, thus enriching its conceptualization (Zhu
& Gopnik, 2023). Even if metaphors do not provide additional or new information compared to
their literal counterparts, they constitute a way of learning by thinking through which new knowledge
is generated without supplying additional data on the topic (Lombrozo, 2020). The MetaCom-
Green training, while minimizing the risk of misunderstanding metaphors, exploits the metaphor
function of conceptual co-builder and ensures knowledge to a greater extent than a literal
educational program.

While knowledge constitutes the fundamental basis for awareness, being informed about climate
change may lead to different levels of willingness to act (Boyes et al., 2007; Skamp et al., 2013).
Perhaps the most important finding of this work is that the MetaCom-Green efficacy is not limited
to knowledge but showed positive effects also on hope and sustainable behavior and decreased
despair toward the environmental crisis. Insights from the literature on the clinical populations,
particularly in patients affected by depressive disorders, suggest that metaphors may foster hope
by opening new possibilities, bypassing skepticism, and drawing near personal experience (Burns,
2024). Along these lines, metaphors may fill a gap between the awareness of the risk and the
possibility of thinking about the future. Specifically, thinking metaphorically (e.g., task 8, to imagine
becoming an object to save the planet) might offer a new way of thinking about the future, fulfilling
a similar function to utopian thinking (i.e., imagining a future society in which climate change has
been addressed) which have been shown to promote hope and diminish fear (Daysh et al., 2024).
Conversely, literal 7o-do /ists do not seem to offer these possibilities and may not affect behavior,
resulting rather overwhelming (Bird et al., 2024). Another consideration regards the strong link
between metaphors and embodied experience (Littlemore, 2019). Accounts in cognitive linguistics
suggest that the processing of metaphors may promote mental simulations and embodied
experience of the concept (Canal et al., 2022; Gibbs, 2000), in terms of eliciting sense-making

imaginative elaboration around bodily functions (Winnicott et al., 1989). The direct experience of nature
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has a pivotal role in raising the basis for environmental awareness already in early childhood
(Cameron-Faulkner et al., 2017). Consistently, at later stages environmental education studies
showed that tools simulating direct experience (e.g., virtual reality) seem to constitute the most
effective ways to promote engagement in sustainability (Chen & Martin, 2015; Markowitz et al.,
2018; Rooney-Varga et al., 2020), despite not always improving learning (Makransky et al., 2019)
and potentially generating strong negative emotions (Lavoie et al., 2021). Metaphors may be a
viable simulation tool that sustains embodied experience by keeping children at a safe distance, which
is crucial to avoid despair. The last consideration regards the more affective aspects of climate
change-related attitudes. While modulating other attitudes, the MetaCom-Green didn’t display any
effect on eco-empathy. Affective Theory of Mind seems to have an impact on climate change
education, in terms of creating and strengthening the connections between the phenomenon and
the consequences on plants, animals, and people (Satchwell et al., 2025). Previous training on
climate change based on affective Theory of Mind showed promising results on eco-empathy and
proactive behavior (Gopinath & Kumar, 2024). Ecoempathy is a very specific socio-cognitive and
affective aspect that probably might benefit from a specific training. This is in line with our result
on Theory of Mind, with the MetaCom-green being not specific enough to foster Theory of Mind
to a greater extent compared to the control one. Future intervention programs may disentangle
cognitive and affective routes to sustainability, possibly combining the effects of these two tools.

Opverall, our results suggest that scaffolding children’s metaphorical competence makes it possible
to restore the efficacy of metaphors in communicating scientific concepts. Accompanying children
toward a full comprehension of green metaphors may prevent doomism, and foster hope and

sustainable behavior, gently — but effectively- including children in the management of social crises.
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CONCLUSION

The main purpose of this work was to provide novel empirical evidence on the development of
metaphor skills, toward a novel developmental pragmatics account of metaphor acquisition.

The need for a theoretical and methodological turn in the study of metaphor development is
corroborated by the fact that so far studies on metaphor development have returned a disagreement
on the acquisition timing of this ability of almost 10 years. The heterogeneous results of decades
of research in developmental pragmatics also brought to light the lack of a systematic investigation
on the role of specific cognitive and socio-cognitive substrates in metaphor receptive and
expressive abilities. Rather than making room for the early vs. Jate debate, the driving force behind
this work was to open the way to the study of metaphor acquisition broadening the developmental
perspective. Firmly rejecting an oz-gff view of metaphorical ability, I have approached the study of
this phenomenon trying to observe it in its first manifestations, respecting its nuances and
appreciating the full flowering in its applications.

In accompanying into a brief journey through the ontogenesis of metaphor, these four studies have
opened a small glimpse into the possibility of redesigning the study of metaphor in a developmental
key, as a pragmatic competence that will be able to settle in the literal vs. non-literal continuum as
part of the communicative enterprise, only after passing through complex developmental phases.
I'will briefly review the main contributions offered by the empirical effort of this work, concluding
with a theoretical proposal for the study of metaphors in acquisition.

1. The development of metaphors in early childhood: the chrysalis years

Taken altogether, the four studies describe a multistage development toward a full-fledged
metaphorical competence. Children start to produce their first accurate metaphors at 5 years of
age, while in the same period are facing a literal step in metaphor comprehension. This asymmetry
is confirmed and emphasized when investigating the ability to generalize metaphorical skills to the
real world. In particular, Study 1 suggests the presence of two different stages toward metaphor

comprehension: the literal and the physical ones. Between 4 and 5 years of age, children seem to
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approach metaphors trying to solve them as literal sentences. While previous studies considered
this moment or a deflection in the developmental trajectory or a mere preference maintained until
adulthood (Falkum, 2022; Gardner et al., 1975), I propose another interpretation, merging insights
from developmental psychology and Relevance Theory (Sperber & Wilson, 2008). Out of the
pretend-play context, during preschool years, children start having expectations of relevance toward
the interlocutor. In interpreting a sentence like The feacher is an icicle, children between 4 and 5 years
of age might activate the decoding of the utterance and in turn recognize the communicative
intention of the interlocutor. At that point, given the rudimental level of their cognitive, socio-
cognitive, and pragmatic enterprise, are not able to activate assumptions that bring away from the
propositional content of the utterance. In this view, the lack of full-fledged inferential skills may
result in literal interpretations meeting children’s expectations of relevance. Hence, far from being
a preference that holds toward adulthood, the literal one is an ontogenetic stage reflecting that
children are employing the available low-level pragmatic toolkit, which will be replaced by a more
sophisticated version of the same mechanism as far as requisite cognitive, socio-cognitive and
inferential skills are developed. Complementary, Study 1 also signaled the presence of a physical step,
during which children prefer physical interpretations over psychological ones for mental
metaphors, suggesting that managing metaphors involving mental reality may require an additional
load in terms of both inferential effort and socio-cognitive cost. Similarly to what we argued for
the literal stage, physical interpretations are the results of the activation of the inferential chain
reaching a step beyond the literal one. In interpreting The feacher is an icicle, children in the physical
step might prefer interpretations such as The zeacher is freezing, showing that to reach high-level
inferential processes the pragmatic system needs a specific involvement of Theory of Mind.

Hence, interpreting metaphors literally (and then physically) is not a preference, but rather a
necessary step, pragmatic in its nature. The relation between the literal world and its figurative
denotation is further explored by Study 2, which analyzed how children turn literal concepts into

figurative meanings proving two pieces of evidence. First, metaphor comprehension and metaphor
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production develop at different time rates: at 5 years of age children have already improved in their
ability to generate some metaphors, and no contribution of metaphor comprehension is observed.
However, some relation is observed in terms of the exploration of the semantic network for
figurative purposes. An adequate semantic network exploration for choosing appropriate metaphor
vehicles seems to be guided by both Theory of Mind and rudimental metaphor comprehension
skills and, during early childhood, reaches an adult-like level. We can speculate that once they
climbed the literal step in physical metaphors described in Study 1, children learn to create
associations among distant words originating a coherent network of meanings to explore in a social-
oriented fashion. However, this does not mean that metaphor comprehension supports metaphor
production, but rather that the receptive system may share some features with the expressive one
in terms of lexical-semantic strategies. The asymmetry between comprehension and production,
with production emerging earlier, is not the only case of asymmetry in language acquisition
(Hendriks & Koster, 2010) and also resonates with dissociations in clinical populations, in which
metaphor production seems to be preserved in spite of metaphor comprehension deficits (Despot
et al., 2021). Explaining this asymmetry may be more than challenging. However, I think that this
work provides some evidence that metaphor production and metaphor comprehension may
constitute two separate systems of the same module, capitalizing on different skills to different
extents, with the expressive system reaching a better performance slightly earlier. Consistently, in
metaphor production, Theory of Mind comes into play at later stages to fine-tune the productions
in a less egocentric perspective but is not determinant for the improvement observed between 4
and 5 years. Conversely, to interpret metaphors children must master connections of meanings
taking into account the interlocutor’s communicative intention, hence, relying on personal
experience is not sufficient. Along these lines, I have experienced several spontaneous metaphor
productions by young children who, even in the absence of a full comprehension of physical and
mental metaphors, were able to produce metaphors, even about complex abstract concepts. I had

the impression that children used metaphors to make sense of their experience, as they produced
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metaphors in two main circumstances: during the presentation of task instructions or during highly
emotionally connotated situations. As for the first case, I was presenting the first Theory of Mind
task of the Wellman and Liu scale (Wellman & Liu, 2004b), where a character is described as loving
to eat carrots. As soon as I provided this feature, the child told me, with an exreka-like attitude: So
he is a rabbit! (See Appendix). A bunch of these cases occurred during task instructions (e.g., being a
broken machine tor the Digit Span Backward). The second strand of cases would require a more
delicate and broad discussion I cannot go through for the purposes of this dissertation. However,
I will provide an example to substantiate my speculations. During an assessment session, one of
the children referred a series of domestic abuses, concluding her speech saying: Sadness is what
happens to me but happiness. . . happiness is running free as a dog (See Appendix). Also in this case, the child
used metaphors to make sense of her experience and, eventually, share this experience. What I
argue is that the expressive system of metaphor abilities plays a role in bonding the inner and the
social world, helping in generalizing the experiential knowledge acquired, and thus being more
ontogenetically urgent than the receptive one. Consistently, metaphor production constitutes, in
turn, a foundational skill for socio-communicative intents, as shown in Study 3 for persuasive
communication. During early childhood, those children who already master some expressive
metaphorical abilities are able to employ high-level persuasive strategies, independently of the
actual use of metaphors in the persuasive statement. Importantly, metaphors are not mere linguistic
trappings, and their potential is not limited to the cognitive effects they have in the receptive
modality. Rather, metaphor production skills provide, in turn, a cognitive-grounded pragmatic
springboard for high-level communicative purposes. Being metaphorical thinkers opens a privileged
gateway and maximizes children’s effectiveness in the social world. However, during early
childhood, children have a long way to go before reaching a full-fledged mastery of metaphorical
abilities, particularly for what concern the receptive modality. Only in middle childhood children
would possess a more high-level receptive system with an adult-like structure, albeit not fine-tuned

yet. This developmental phase seems to be characterized by a more elaborate receptive system that
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conserves a certain degree of plasticity, enabling children to particulatly benefit from training, as it
happens for other abilities in the same period (Rueda et al., 2021). Study 4 constitutes a window
onto the most complex level of metaphorical competence: its generalization in the conceptual
domain. The MetaCom-Green training plays the role of a protective factor against metaphorical
misunderstanding, as well as showing that an adequate metaphorical receptive system is required
to benefit from metaphors' cognitive and psychological effects. Particularly, metaphors act on
humans’ motivational force, entering the psychological world via multimodal channels and
fostering a deep conceptualization and simulated experience of concepts. In this context,
supporting children in refining their metaphorical competence ensures their entry into society as
individuals who can understand the complex scientific debate and actively participate into it, also
having a decisive role. Capitalizing on this evidence, if eatly childhood constitutes a sort of chrysalis
phase, in which children strengthen and learn to generalize their rudimentary competence, during
middle childhood we can observe the first butterfly’s flaps.

2. Milk pragmatics: toward a novel developmental account of metaphorical meanings

In this dissertation, I have sometimes mentioned the phrasing of wetaphorical competence. What 1
mean by metaphorical competence is #he owning of flexible expressive and receptive pragmatic systems, in
which concepts can be broadened and narrowed to enable metaphorical meaning interpretation and generation for
communicative, social, conceptual, and psychological purposes. These systems are built upon vocabulary,
which constitutes the lexical scaffolding, Executive Functions, which hold the cognitive
engineering, and Theory of Mind, which drives the continuous social and mental-oriented linkage
among concepts, also constituting the socio-cognitive bridge toward the interlocutor. Inferences
are the high-level operations of the receptive system. Producing statements able to activate the
inferential chain in the interlocutor is the high-level outcome of the expressive system.

These systems allow the navigation of the literal/non-literal continuum; however, while low-level
activations of the receptive system are sufficient to grasp literal meanings, a high machinery of the

same system is required for metaphors. The study of metaphorical competence concerns how
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children acquire the elements of these systems and when children become ready to use these
systems for socio-communicative and conceptual purposes.

During early childhood, the linguistic, cognitive, and socio-cognitive architecture involved in the
high-level functioning of these systems is not yet developed, and this is self-evident in the pragmatic
behavior of the child. The literal step constitutes a relevance-guided mechanism, which is the result of
the application of a rudimentary version of the system, rather than the expression of a lifelong
preference for the literal end of the continuum. Conversely, human beings are meant for
metaphors, as proved by the comprehension-production asymmetry, with an earlier emergence of
metaphor production as an invaluable social and psychological tool. With the fine-tuning of
metaphor comprehension abilities, metaphors consolidate their leading role in the child’s
conceptual system. From then on, metaphorical competence will stand aside the greatest
communicative challenges of our adult life.

Keeping this work as due and respectful arm’s length from any evolutionary consideration, but
being deeply inspired by an allegory used by Andrea Moro (2011) to describe phylogenetic
processes of grammar, I conclude my dissertation with an evocative hint, which is the hypothesis
of a Milk Pragmatics. The exploration of children’s errors toward a fine-tuned metaphorical
competence persuaded me that literal and physical interpretations share the same sort of milk teeth.
They are dismissed and suddenly replaced by finer interpretations, eventually coexisting with them
for a certain time window.

Hence, a systematic study of children’s error types during figurative meaning acquisition combined
with robust quantitative methods can provide the testing ground of a Milk Pragmatics, thus paving
the way toward a novel developmental account of metaphor competence.

3. Future directions

Gardner and Winner, in 1978, sealed their heartfelt doubts in a paper on the implications of
metaphor research on humanistic disciplines: /... /#he adequacy of paraphrase as a test for metaphoric

competence; [...| the ontological status of "early metaphor'" and the kinds of evidence on which one would want to
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"o

make inferences about the "awareness,”" "intention,”" and "consciousness" of young subjects, the possible nature and
meaning of a “literal stage” |[...].

Almost fifty years later, I trust that this work contributes, at least in some small way, to the good
hope of answering these questions. However, novel queries emerged after this work: How many
stages characterize the development of metaphorical competence? Are they considered as proper
stages? And why are they ordered the way they are? Do precursors of metaphorical competence
exist before early childhood? And what about adolescence, is it only a period of fine-tuning?
Other crucial questions concern the psychological status of metaphors, reported as being dynamic
clinical tools in developmental psychotherapy, even if in the absence of any quantitative evidence.
Future studies should pursue the investigation of metaphorical competence development to
complete the exegetical timeline and describe when, and if, metaphors become a bridge to enter
the child’s symbolic life.

Gardner and Winner concluded their work with a yearning:

If humanistically oriented scholars will add to their judicions consideration of texts an equally critical attitude toward
the findings reported by psychologists of various stripes, future treatments of figurative langnage should be significantly
enriched.

Undoubtedly, my future research efforts will be guided by the ambition to restore the harmony
between a formal description of the linguistic phenomenon and a genuine ontogenetic

consideration of its cognitive and psychological nature.
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APPENDIX

Below are reported some spontaneous metaphor productions that occurred during testing and training

sessions.

Metaphor

“So he is a rabbit”
“I should be a broken machine”
“Today I am a carrot”

“Happiness is running free as a dog”

“This is not a court”

“She has a computer in her mind”
“Pandas are parachutes, saving them
means saving the earth”

“Work together to do...a chain”
“Climate change is like a pencil, we

have made mistakes, but we can still
erase them!”

“Thank you! You are getting me out of

hell”

Age

10

Note

Diagnosed with
neurodevelopmental
disorder

Bilingual

Diagnosed with
dyslexia

Diagnosed with
dyscalculia

159

Context

Wellman and Liu scale (Instructions)
Digit Span Forward (Instructions)
Debriefing

Spontaneous sharing

Guided-play session
Digit Span Backward (Peer performance)

Training session

Training session

Training session

On the way from the classroom to the
experimental room






