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ABSTRACT

Theory of Mind (ToM) encompasses various components of social cognition (SC), including

the Naïve Utility Calculus (NUC), which emerge during early childhood, enhancing children's

abilities to navigate the social world and comprehend and predict others' intentions. This

study focuses on the development and validation of computer-based tasks, the Theory of

Mind Task (ToMT), to assess ToM in children aged 3 to 8, offering evidence of content

validity. The study was conducted in three phases: (1) task development and refinement

through an extensive literature review and feedback from social cognition experts; (2)

evaluation of content validity, including a qualitative analysis and quantitative review by an

expert panel to determine the Content Validity Coefficient (CVC); and (3) a pilot study

providing preliminary exploratory analysis, comprehension, and acceptance of the ToMT. The

findings suggest that the ToMT has content validity and represents a promising tool for

assessing ToM. The ToMT is an innovative computer-based tool for evaluating these

constructs in children, with the potential to advance the understanding of the development of

these important skills in childhood.

Keywords: Theory of Mind. Naïve Utility Calculus. Social Cognition. Early childhood

Assessment. Psychometry.



RESUMO

A Teoria da Mente (ToM) abrange diversos componentes da cognição social (CS), incluindo o

Naive Utility Calculus (NUC), que surgem na primeira infância e aprimoram as habilidades

das crianças para navegar no mundo social, compreendendo e prevendo as intenções dos

outros. Este estudo tem como objetivo o desenvolvimento e validação de tarefas

computadorizadas de Teoria da Mente (ToMT) para avaliar a ToM em crianças de 3 a 8 anos,

fornecendo evidências de validade de conteúdo. A pesquisa foi conduzida em três fases: (1)

desenvolvimento e refinamento das tarefas por meio de uma revisão da literatura e feedback

de especialistas em cognição social; (2) avaliação da validade de conteúdo, incluindo uma

análise qualitativa e uma revisão quantitativa por um painel de especialistas para determinar o

Coeficiente de Validade de Conteúdo (CVC); e (3) um estudo piloto, que forneceu uma

análise exploratória preliminar, verificando a aceitação e usabilidade do ToMT pela

população-alvo. Os resultados sugerem que o ToMT possui validade de conteúdo e representa

uma ferramenta promissora para avaliar a ToM. O ToMT é uma ferramenta computadorizada

inovadora para a avaliação desses construtos em crianças, com o potencial de avançar na

compreensão do desenvolvimento dessas habilidades sociais importantes na infância.

Palavras-chave: Teoria da Mente. Naïve Utility Calculus. Cognição Social. Avaliação na

Infância. Psicometria.



RESUMO EXPANDIDO

A Teoria da Mente (ToM) é um componente essencial da cognição social que permite às

crianças entender que outras pessoas possuem pensamentos, crenças, desejos e intenções

diferentes das suas, e utilizar essa compreensão para explicar e prever comportamentos. Um

aspecto da ToM é o Naive Utility Calculus (NUC), que sugere que as crianças, desde cedo,

aplicam um raciocínio baseado em custos e recompensas para inferir as intenções e

preferências dos outros. A ToM se desenvolve significativamente durante a infância,

permitindo que as crianças naveguem no mundo social. Objetivo: Desenvolvimento e

validação de tarefas computadorizadas de ToM, para avaliar a ToM em crianças de 3 a 8 anos,

com foco na validação de conteúdo. Metodologia: Fase 1: As tarefas foram criadas a partir

de princípios da psicologia do desenvolvimento e da ciência cognitiva, baseadas em tarefas

existentes como a Escala de Teoria da Mente de Wellman e Liu (2004) e o framework de

Naive Utility Calculus de Jara-Ettinger (2016). Fase 2: Validade de Conteúdo. Para a análise

qualitativa, um painel de dois acadêmicos forneceu feedback sobre a clareza, pertinência e

relevância das tarefas. A análise quantitativa envolveu três acadêmicos brasileiros, que

avaliaram as tarefas utilizando uma planilha de validação de conteúdo para calcular o

Coeficiente de Validade de Conteúdo (CVC). Fase 3: O estudo piloto incluiu 10 crianças com

desenvolvimento típico, entre 3 e 8 anos. O ToMT foi aplicado à população-alvo e as crianças

completaram um formulário de feedback para avaliar a aceitação e compreensão das tarefas.

Testes de Percepção Social e Reconhecimento de Emoções foram aplicados para análises

exploratórias. Resultados: O ToMT inclui 12 tarefas animadas em vídeo que abrangem seis

componentes principais da ToM: Percepção, Desejo, Conhecimento, Crenças, Emoções e

Intenções baseadas no Naive Utility Calculus. A análise qualitativa mostrou que todos os

itens foram reconhecidos como relevantes, foi recomendada a inclusão de novos itens e

refinamentos no design das animações para melhorar a clareza dos itens. A análise

quantitativa indicou CVC totais de 0.84 para clareza, 0.96 para pertinência e 0.95 para

relevância, refletindo a validade geral do conteúdo das tarefas. Conclusão: O ToMT

representa um potencial para avançar a compreensão do desenvolvimento dessas habilidades.

A validação de conteúdo e o feedback positivo do estudo piloto indicam que o ToMT possui

validade de conteúdo.

Palavras-chave: Teoria da Mente, Naive Utility Calculus, Cognição Social, Avaliação na

Infância, Psicometria.
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1. INTRODUCTION

Navigating the social world involves understanding social cues, predicting behavior,

recognizing intentions, beliefs, and emotions, building relationships, and adapting to social

norms (Hamlin & Bloom, 2008; Spelke et al., 2013). From the moment they are born,

children's social cognition begins to develop, and as infants, they recognize goal-directed

actions and understand desires (Aschersleben & Jovanovic, 2008; Gergely & Csibra, 2003;

Repacholi & Gopnik, 1997; Woodward, 1998). Gradually through childhood, children

develop theory of mind (ToM), enabling them to understand that others have distinct mental

states and beliefs (Gopnik & Wellman, 1992; Wellman, 2014). A crucial milestone in this

development occurs around ages 4-5, when children begin to recognize that others can hold

false beliefs (Rackzoky, 2022; Wellman and Liu, 2004; Wellman et al., 2001; Wellman, 2018).

At this stage, children not only understand false beliefs but also develop the ability to

reason about others' intentions, actions, and goals, using principles of utility maximization4a

component of ToM (Jara-Ettinger et al., 2016b). In this cognitive framework, known as naive

utility calculus (NUC), agents are conceptualized as generative models that estimate actions'

utilities by balancing costs and rewards. This framework leverages Bayesian inference to

reverse-engineer these assessments, allowing agents to predict the behaviors of others based

on inferred utilities (Jara-Ettinger et al., 2020; Jara-Ettinger et al., 2019).

Various factors influence the emergence of ToM, including language development

(Astington, 2006; Astington & Jenkins; 1999; Ebert, 2020, Sarmento-Henrique et al., 2019),

brain development (Frith & Frith, 2003; Gallagher & Frith, 2003; Schurz et al., 2021),

executive function (Aboulafia-Brakha et al., 2011; Fujita et al., 2022), cultural differences

(Shahaeian et al., 2011), and socioeconomic factors (Cavadel & Frye, 2017; Kara & Selcuk,

2021; Ruffman et al., 2015). The trajectory of ToM development can vary significantly across

different contexts. Studies indicate that children in non-WEIRD (Western, educated,

industrialized, rich, democratic) populations often develop ToM through culturally specific

social interactions and practices, which can differ significantly from those in WEIRD

populations (Dixson et al., 2017; Mayer & Träuble, 2015; Menezes et al., 2014).

Additionally, children with neurodevelopmental conditions such as autism spectrum

disorder (ASD), attention-deficit/hyperactivity disorder (ADHD), and other related conditions

often exhibit variations in the developmental trajectories of ToM (Andreou & Skrimpa, 2020;
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Ahmed & Miller, 2011; Baron-Cohen, 2000; Baron-Cohen, Leslie, & Frith, 1985; Bora &

Pantelis, 2016; Happé & Frith, 2014; Perner et al., 1989; Peterson et al., 2007; Schuwerk et

al., 2014; Uekermann et al., 2010; Yu et al., 2020)

During early schooling, ToM significantly enhances social relationships by fostering

prosocial behaviors, thereby increasing peer acceptance and reducing rejection (Banerjee et

al., 2011; Caputi et al., 2012; Imuta et al., 2016; Slaughter et al., 2015). Academically, ToM

plays a crucial role in skills such as reading comprehension and scientific reasoning, enabling

children to interpret texts and hypotheses from diverse perspectives (Lecce & Devine, 2021).

Furthermore, longitudinal studies indicate that ToM development at age 5 predicts later

achievements in reading and mathematics by age 10, partly attributed to improved receptivity

to feedback, which enhances learning outcomes (Lecce et al., 2011).

Assessing ToM in clinical and educational settings is essential for understanding

individual developmental trajectories and providing tailored, evidence-based interventions

(Beaudoin et al., 2020; Fu et al., 2023). For children with neurodevelopmental conditions

such as ASD and ADHD, targeted ToM training can significantly enhance social cognition

(Hoffman et al., 2016). Assessing ToM requires tools that comprehensively evaluate a wide

range of mental states, including beliefs, desires, and intentions, to capture its full complexity

(Beaudoin et al., 2020; Fu et al., 2023).

Children's ToM assessments utilize a variety of methods such as spoken stories, comic

strips, cartoons, dramatizations, and picture sequences, catering to a range of verbal abilities

through diverse presentation and response styles, including spoken language, sign language,

and multiple-choice formats (Fu et al., 2023). Video-based assessments are increasingly

significant, offering a dynamic and engaging format (Fu et al., 2023). Computer-based

neuropsychological assessment (CBNA) tools enhance clinical neuropsychology with precise

data acquisition, controlled cognitive measurement, and reduced errors (Galindo-Aldana et

al., 2018). Compared to traditional paper methods, CBNA offers reliable, resource-efficient,

and accurate assessments(Parsey & Schmitter-Edgecombe, 2013).

When developing new measurement tools, assessing content validity is the

foundational step. Content validity ensures that the test items comprehensively cover the

construct being measured (Alexandre and Coluci; 2011; Coluci et al., 2015; Delgado-Rico et

al., 2012). Following this, tool validity encompasses several critical phases (Reppold & Hutz,

2014). Construct validity assesses the tool's accuracy in measuring theoretical constructs,

often through correlational studies with established benchmarks. Criterion validity involves

comparing the tool's outcomes with external criteria known to indicate the construct.
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Reliability testing ensures consistency across repeated measurements, solidifying the tool's

utility in capturing complex constructs (Reppold & Hutz, 2014). These phases are essential

for developing scientifically robust measurement instruments (Cohen et al., 2014; Pasquali,

2009).

Existing measures in ToM often focus narrowly on specific components like false

beliefs, thereby failing to capture the entire developmental trajectory of ToM (Beaudoin et al.,

2020; Fu et al., 2023, Rakoczy, 2022). A literature review by Fu et al. (2023) identified only

twelve out of 127 measures that encompass the full spectrum of ToM development, with just

four addressing all construct dimensions. Therefore, there is a need for more comprehensive

and developmentally sensitive ToM assessment tools. Such tools should capture ToM's

multidimensional nature, offering deeper insights into children's social cognitive development

(Fu et al., 2023). Both systematic reviews on ToM measures (Beaudoin et al., 2020; Fu et al.,

2023) highlight significant gaps4particularly the lack of standardization across diverse

populations4and few existing tools are validated using robust methods. Such validation is

crucial for accurately measuring targeted psychological constructs (Coluci et al., 2015;

Pasquali, 2009).

In the Brazilian context, there are few ToM assessments with verified psychometric

properties (Oliveira & Mecca, 2016). The TMEC is a Brazilian instrument that has

demonstrated content validity and correlations with external variables (Mecca et al., 2018;

Dias et al., 2020). The NEPSY-II, for children aged 3-16, includes a subtest for ToM and

assesses emotion recognition (Korkman & Kemp, 1998). Argollo et al. (2009) adapted it for

Brazil using back-translation and cultural adjustments, revealing age-related performance

differences in psychometric analyses.

Drawing upon existing research and addressing identified gaps in the assessment of

ToM, this study introduces the theory of mind task (ToMT) for children aged 3 to 8. This tool,

based on Wellman and Liu's Theory of Mind scale (2004) and Jara-Ettinger's naïve utility

calculus framework (2016b, 2020), consists of 12 video-animated tasks, with an approximate

duration of 15 minutes. Children's comprehension and reasoning of perception, emotions,

desires, knowledge, beliefs, and intentions are evaluated with ToMT, incorporating advanced

concepts such as preference reasoning, behavior prediction, and moral judgments through the

lens of utility calculus.
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2. THEORETICAL FRAMEWORK

2.1 Core knowledge and Commonsense psychology based on Naive Utility Calculus

Extensive research in cognitive developmental psychology and cognitive science

indicates that infants possess an innate core knowledge system, forming the foundation for

early cognitive development (Carey, 2009; Carey & Spelke, 1994; Spelke, 2022; Spelke &

Kinzler, 2007; Rule et al., 2020; Ullman & Tenenbaum, 2020). This core system includes

distinct cognitive mechanisms for representing objects, actions, number and space, that allow

infants to construct mental models of the world (Spelke, 2022; Ullman & Tenenbaum, 2020).

Bayesian probabilistic models guide infants' expectations, enabling them to update their

mental models with new data, thus refining their understanding and bridging the gap between

innate knowledge and learned experiences (Ullman & Tenenbaum, 2020).

Human cognition, based on intuitive theories formed in infancy, helps children

understand concepts like gravity, force, and mass, aiding navigation and prediction of the

physical world (Baillargeon, 2004; Spelke, 1990). From an early age, infants understand

object permanence and expect objects to follow physical principles such as cohesion and

continuity (Baillargeon et al., 1985; Baillargeon, 1994; Spelke et al., 1994). Infants initially

understand actions by observing their goals and outcomes, a basic form of reasoning (Gergely

& Csibra, 2003; Phillips & Wellman, 2005; Woodward, 1998). They also grasp numerical

concepts (Feigenson et al., 2004; Pica et al., 2004; Xu & Spelke, 2000) and comprehend

geometric principles and spatial relationships (Dehaene et al., 2006; Spelke et al., 2010).

This foundational knowledge serves as a cornerstone for the development of more

sophisticated intuitive theories and understanding, enabling children to navigate and make

sense of their environment (Aschersleben & Jovanovic, 2008; Carey & Spelke, 1994; Spelke,

2022; Ullman, 2015).Furthermore, studies suggest that infants possess innate cognitive

mechanisms for social interaction, including cue recognition and observational learning

(Spelke et al., 2013). These mechanisms mature through interaction with the environment,

laying the groundwork for advanced intuitive psychology skills essential for social navigation

(Spelke et al., 2013; Tenenbaum et al., 2007).

Commonsense psychology, or folk psychology, is the intuitive human ability to

attribute mental states4such as intentions, goals, beliefs, desires, and emotions4to oneself
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and others to understand, predict, and explain behavior (Dennett, 1987; Fletcher, 1984;

Heider, 1958; Jara-Ettinger, et al., 2016b; Stojnić et al., 2023; Wellman and Woolley, 1990).

Research indicates that infants demonstrate early signs of understanding intentionality and

goal-directed behavior in others (Gergely et al., 1995; Liu, 2020; Phillips et al., 2002;

Tomasello et al., 2005). By six months, infants can anticipate efficient actions, expecting

agents to minimize the cost of their actions (Liu & Spelke, 2017; Scott and Baillargeon, 2013;

Skerry et al., 2013). At a young age, children use statistical reasoning to understand others'

psychological states, they show surprise by observing unexpected choices, demonstrating

their ability to infer psychological states and intentions (Kushnir et al., 2010; Wellman et al.,

2016). This early manifestation resembles a rudimentary form of utility calculus (Baker et al.,

2009; Jara-Ettinger et al., 2016b). Liu and Spelke (2017) found that infants look longer at

inefficient actions, indicating surprise and suggesting an innate expectation of efficiency. By

ten months, infants use a naive utility calculus to infer goal value from action costs, expecting

agents to prefer more costly goals, reflecting early commonsense psychology (Liu et al.,

2017).

Building on this foundation, the NUC refines these attributions by positing that

children, from early childhood, interpret actions as efforts to maximize utility by balancing

costs and rewards (Jara-Ettinger, 2016b; Jara-Ettinger et al., 2020). They use Bayesian

inference to interpret peers' preferences based on statistical patterns and probabilities, similar

to how an econometrician analyzes data to make informed predictions (Baker et al., 2017;

Lucas et al., 2014). They employ statistical reasoning to infer preferences, distinguish

between knowledgeable and ignorant agents, and navigate complex social interactions

(Jara-Ettinger et al., 2016b, 2015b). By observing behaviors and outcomes, children build

mental models, using these observations as statistical data to infer the mental states and

underlying motivations of others. This approach guides them in decoding the reasoning

behind decisions, such as the factors influencing a peer9s choice of a toy (Jara-Ettinger et al.

2020).

As infants grow, their basic commonsense psychology evolves into a more

sophisticated Theory of Mind (Aschersleben & Jovanovic, 2008; Bartsch, 1996; Bartsch &

Wellman, 1989). This involves not only recognizing that others have different desires and

goals but also understanding that others can have beliefs that are different from reality and

from the child's own beliefs. As they grow and gain more experiences, their understanding of

these mental states becomes more sophisticated, allowing them to better navigate complex

social situations (Wellman, 2014).
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2.2 Theory of Mind Development

The development of ToM occurs gradually during childhood (Wellman, 2018). It

begins to emerge towards the end of the first year, when infants develop an understanding of

perception-goal psychology (Rakoczy, 2022). Furthermore, infants as young as 14 months can

discern and reason about the desires of others, which marks a significant milestone in ToM

development (Repacholi and Gopknik, 1997). This stage of acknowledging various desires

and the ability to perceive from different visual perspectives, known as Level I Perspective

Taking with evidence suggesting that starts from 24 months (Moll & Tomasello, 2006),

indicates an initial awareness of the diversity in mental states. Though this stage does not yet

demonstrate the child9s full capacity for meta-representation, it serves as a precursor to the

more advanced belief-desire psychology (Bartsch, 1996; Bartsch & Wellman, 1989; Rakoczy,

2022; Wellman et al. 2001; Wellman & Bartsch, 1988).

Figure 1, from Wellman and Bartsch (1988) presents a scheme for belief-desire

reasoning, starting with perception4processing sensory input such as sight and sound. These

perceptions inform beliefs, including knowledge and assumptions, while basic emotions and

physical states like love or fear parallel this process. Such feelings fuel desires, which, along

with beliefs, prompt actions. These actions then elicit emotional reactions. This framework

outlines the progression from sensory input to emotional response, guided by the interplay of

beliefs, desires, and actions (Wellman, 2014).

Figura 1

Scheme for Depicting Belief-desire Reasoning
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Note. This figure illustrates the belief-desire reasoning process, highlighting how beliefs and

desires lead to actions and subsequent emotional reactions. Adapted from Wellman and

Bartsch (1988).

Level II Perspective Taking evolves from the prior stage, as children begin to

understand that an object can appear differently from various viewpoints (Flavel et al. 1981).

This understanding is more complex and sophisticated, as it requires the child to appreciate

that not only do people see from different positions but that these positions can lead to

different interpretations or beliefs about the same object (Flavel et al., 1981). Children start to

recognize that others may hold different beliefs based on their unique experiences and

information, paving the way for understanding false beliefs (Masangkay et al. 1974).

At four years old, children reach a significant milestone in cognitive development with

the maturation of ToM. They gain the ability to recognize that beliefs and desires can differ

from their own, a concept solidified by their understanding of false beliefs (Wellman and Liu,

2004, Rakoczy, 2022; Wellman, 2018). This key stage, evidenced by their success in

false-belief tasks, represents a major advancement in ToM, highlighting their newfound

ability to anticipate that others' actions may be driven by distinct, even erroneous, beliefs

(Baron-cohen et al., 1985; Wellman, 2018; Mayes et al. 1996).

Children's understanding of ToM continues to evolve beyond age four, with

progressively developing abilities to comprehend complex emotions and higher-order

recursive thoughts throughout adolescence. The gradual mastery of advanced ToM skills, such

as interpreting irony and indirect speech, unfolds over time. These nuanced differences in

ToM proficiency persist into adulthood and are often accompanied by a reciprocal decline

observed in older age (Derksen et al., 2018; Rakoczy, 2022; Wellman, 2018).

The development of ToM in non-WEIRD populations shows diverse patterns

influenced by cultural and environmental factors. For instance, Samoan children show

delayed performance on false-belief tasks compared to their Western counterparts, often

failing both false-belief and true-belief tasks (Mayer and Träuble, 2015). Moreover, Dixson et

al. (2017) found that rural Melanesian children from Vanuatu exhibited a marked delay in

false-belief performance compared to urban counterparts, highlighting the impact of factors

like access to formal education and mental state talk. Research on Asurini children in Brazil's

Amazon region showed variability in ToM development, with children displaying ToM

abilities between ages 3 and 10, influenced by unique cultural practices and environmental

interactions (Menezes et al., 2014).
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These findings underscore the intricate and multifaceted nature of ToM development,

highlighting the significant influence of both neurodevelopmental and sociocultural factors in

shaping children's understanding of mental states.

2.2.1 Theory of Mind Assessment

Traditionally, ToM assessments have centered around false belief tasks, which have

played a pivotal role in understanding mental state attribution in children (Wellman, 2018). Fu

et al. (2023) conducted a systematic review encompassing a broad array of methodologies for

assessing ToM in children. They identified various approaches including scenarios, spoken

stories, comics, films, cartoons, and more, with traditional tasks like false belief being most

prevalent. A growing body of research suggests that ToM is a multifaceted construct,

necessitating assessments that capture its cognitive and affective dimensions comprehensively

(Beudoin et al., 2020; Fu et al., 2023; Wellman, 2018). Table 1 provides an overview of the

developmental sequence in Theory of Mind (ToM) acquisition among preschoolers,

highlighting the diverse desires, beliefs, and emotions tasks and their corresponding success

rates.

Table 1

Developmental Sequence in ToM Acquisition Among Preschoolers

ToM Components Description of the Tasks

% of Correct
Responses in

Preschoolers (3
to 6 years)

Diverse Desires

Children are presented with a toy figure (Mr. Jones)
and two snacks (a carrot and a cookie) on a sheet of
paper. After choosing their preferred snack, they learn
Mr. Jones prefers the opposite snack. To pass, they
must predict Mr. Jones's choice, recognizing his desire
differs from their own. This task stems from studies by
Wellman and Woolley (1990) and Repacholi and
Gopnik (1997). 95%

Diverse Beliefs

Using a toy figure (Linda) and drawings of bushes and
a garage, after the child guesses where Linda's cat is
hiding, they're informed Linda believes the opposite.
They must then predict where Linda will look for her
cat. The task is adapted from Wellman and Bartsch 84%
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(1989) and Wellman et al. (1996).

Knowledge Access

A nondescript box with a hidden toy dog inside is
shown to the child, who is then asked about another
figure's (Polly) knowledge of the contents without
Polly having seen inside. Modified from Pratt and
Bryant (1990) and Pillow (1989) to align with the
format of the Contents False-Belief task. 73%

Contents False Belief

A Band-Aid box, supposedly containing Band-Aids
but actually containing a toy pig, is used to assess
whether the child understands that another person
(Peter) can have a false belief about its contents.
Adapted from Perner, Leekam, and Wimmer (1987),
this task has been widely modified and used (Wellman
et al., 2001). 59%

Explicit False Belief

This scenario involves a toy figure (Scott), who
mistakenly believes his mittens are in a different
location than where they actually are. Children are
asked where Scott will look for his mittens, assessing
understanding of false beliefs. Inspired by Wellman
and Bartsch (1989) and Siegal and Beattie (1991). 57%

Belief 3 Emotion

Involving a Cheerios box that actually contains rocks,
children predict Teddy's emotional reaction upon
receiving the box, then after discovering its true
contents. This task is derived from Harris, Johnson,
Hutton, Andrews, and Cooke (1989). 52%

Real 3 Apparent
Emotion

Through a story about Matt, who hides his true
feelings about a mean joke, children distinguish
between Matt's real feelings and his facial expression.
The task originates from Harris, Donnelly, Guz, and
Pitt-Watson (1986). 32%

Note. Data adapted from Wellman and Liu (2004).

The seminal study by Henry M. Wellman and David Liu in 2004, titled Scaling of

ToM Tasks, aimed to empirically establish a developmental progression in preschoolers9

understanding of ToM. The study involved an assessment of 75 children aged between 2 years

11 months to 6 years 6 months across seven tasks designed to tap into different aspects of

ToM understanding. These tasks ranged from understanding diverse desires to discerning real

from apparent emotions, encapsulating a developmental trajectory from simpler to more

complex mental state understandings, as we can see at Table 4.

The findings confirmed a consistent developmental progression where children

systematically acquired the ability to pass more complex tasks based on their age and

cognitive development (Wellman & Liu, 2004). The Wellman and Liu (2004) study provides a
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structured framework for understanding the progression of ToM in early childhood,

highlighting the gradual development from basic to more complex understandings of mental

states (Beaudoin et al., 2020).

The Diverse Desire experiment by Repacholi and Gopnik (1997) elucidates toddlers'

recognition that others can possess desires differing from their own. In this study, participants,

toddlers aged 14-18 months, were randomly assigned to conditions following a baseline

assessment of their food preferences. The methodology involved a food-request procedure

where toddlers observed the experimenter's reactions - expressions of pleasure or disgust -

toward crackers and broccoli, respectively, before deciding which food to offer her. This

approach tested the children's capacity to infer the experimenter's desires based on emotional

cues.

Furthermore, within the ToM tasks, Visual perspective-taking tasks evaluate children's

understanding that different people may perceive the same object differently due to their

physical positions, as discussed by Masangkay et al. (1974) and Flavell et al. (1981). Their

experiments were designed to assess children's understanding of direct visibility of objects to

others (Level 1), where participants discerned which animal was visible to the experimenter

on a dual-sided card, probing their grasp of straightforward visibility without the need for

perspective-taking. Additionally, they assess children's insight into perspective differences in

perception (Level 2) by having them determine the orientation (upside down or right side up)

of a turtle picture from the experimenter's viewpoint across the table. These studies provide

evidence regarding the developmental shift from recognizing direct visibility to a nuanced

appreciation of perspective differences (Rakoczy, 2022).

False belief tasks serve as critical assessments for ToM (Wellman, 2018). Established

studies, such as those by Wimmer and Perner (1983) and Baron-Cohen et al. (1999), have

demonstrated that by the age of four, children typically acquire the ability to discern these

divergent beliefs. For instance, in the "Sally-Anne" task, a child's accurate prediction that

Sally will look for her marble in the original location, despite its relocation, signifies an

important milestone in the development of understanding false beliefs. Furthermore, a

significant component of false belief assessments involves evaluating second-order false

beliefs (Astington et al., 2002). These tasks evaluate an individual's ability to comprehend that

one person can hold incorrect beliefs about a third party's perspective or belief, offering

insight into the sophisticated layers of ToM (Perner & Wimmer, 1985; Astington et al., 2002).

In the study by Arslan et al. (2017), the Chocolate Bar Task narrative is utilized to

assess children's understanding of second-order false beliefs. In this narrative, Ayla and
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Murat, siblings engaged in play, encounter a situation where their mother gives chocolate to

Murat while excluding Ayla due to her misbehavior. Subsequently, Murat hides the chocolate

in a drawer, unbeknownst to Ayla. Following Murat's departure, Ayla moves the chocolate to

a toy box without Murat's knowledge. The control questions proposed by Arslan et al. (2017)

for the "Chocolate Bar" story ensure children comprehend the storyline and characters'

beliefs. These questions evaluate whether children recognize Murat's and Ayla's awareness

regarding the chocolate's location, testing memory and perspective-taking abilities. This

foundational understanding sets the stage for more intricate inquiries into beliefs, thereby

preparing children for deeper exploration of ToM concepts.

During later childhood, typically around 8-10 years old, children demonstrate

significant advancements in ToM abilities through various tasks that reflect their developing

social cognitive skills (Fu et al., 2023). In the systematic review by Fu et al. (2023), studies

suggested that at this stage, children exhibit proficiency in tasks such as recognizing lies,

enabling them to differentiate between truthful statements and deceptive ones. Furthermore,

they acquire an understanding of sarcasm and irony, discerning the disparity between literal

meanings and intended messages, thereby enhancing their interpretation of subtle social cues.

ToM development unfolds throughout childhood, as evidenced by diverse tasks measuring

various components of this construct (Arslan et al., 2017; Beaudoin et al., 2020; Wellman &

Liu, 2004). Children progressively comprehend mental states, enhancing social cognitive

skills like interpreting sarcasm and irony by late childhood.

2.2.2 Naive Utility Calculus Experiments

The concept of the naive utility calculus posits that individuals act to maximize their

utilities by balancing rewards and costs (Jara-Ettinger et al., 2020). This intuitive framework

helps predict and explain the behavior of others, forming a core component of commonsense

psychology (Jara-Ettinger et al., 2016b). By integrating this model with a Bayesian

framework, researchers aim to understand how even young children infer others' beliefs,

desires, and motivations from their actions, providing a computational basis for social

reasoning (Jara-Ettinger et al., 2020).

Tables 1, 2, and 3 below present a series of experiments from Jara-Ettinger et al. (2016a,

2016b, 2015a, 2015b) that explore children's ability to infer others' actions through the lens of

naive utility calculus. These experiments examine children's reasoning about costs and

rewards, differentiate between knowledgeable and ignorant agents, and assess their judgments

on the moral status of agents.
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Understanding Costs and Rewards Underlying Rational Actions

Research by Jara-Ettinger et al. (2015a) investigates children's understanding of

rational action using the NUC, focusing on whether children can infer individual differences

in behavior based on unobservable costs and rewards. They explore children's advanced

reasoning beyond basic Theory of Mind through experiments with five and six-year-olds.

Experiments on Table 2 the authors test three key concepts: whether children understand that

agents do not always pursue the highest rewards due to high costs, recognize that costs and

rewards vary between agents and are not directly observable, and predict how changes in

costs and rewards affect an agent's actions.

Table 2

Experiments on Children's Understanding of Costs and Rewards Underlying Rational Action

Experiment Ability Tested Hypothesis Description Key Findings

Experiment 1

Understanding
cost-reward
trade-offs

Children understand
that agents
maximize utility,
not just rewards.

32 children (mean
age: 5.85 years,
range 5.0 - 6.9
years) observed a
puppet choosing
between two treats
with different costs
in separate trials.

Children inferred
the puppet's
preferences based
on the cost-reward
trade-offs,
indicating they
consider both costs
and rewards.

Experiment 2

Inferring
agent-specific
competencies

Children can use
differences in
agents' preferences
to infer their
competencies.

32 children (mean
age: 5.8 years,
range 5.0 - 6.9
years) saw two
puppets choosing
between treats,
with one puppet
preferring a more
costly treat.

Children identified
the puppet unable
to perform a
high-cost action,
showing they infer
competencies
based on
preferences.

Experiment 3

Manipulating
costs to infer
competencies

Children can
manipulate external
costs to learn about
an agent's subjective
costs.

16 children (mean
age: 6.0 years,
range 5.1 - 6.8
years) placed treats
in locations with
different costs to
see how the puppet

Children placed
high-reward treats
in high-cost
locations to infer
the puppet's
competence,
demonstrating
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would choose. understanding of
cost-reward effects.

Experiment 4

Identifying
agents based
on subjective
rewards

Children can
identify agents
whose preferences
reveal their
competencies.

16 children (mean
age: 6.0 years,
range 5.0 - 6.9
years) chose which
puppet to test
based on their
preferences for
treats in high-cost
locations.

Children selected
the puppet with the
higher-cost
preference,
indicating they can
use preferences to
infer competencies.

Note. Data adapted from Jara-Ettinger et al. (2016a).

The experiments reveal young children's nuanced grasp of rational action, weighing

costs and rewards in decisions. This research illuminates early economic reasoning and

cognitive underpinnings of social judgments (Jara-Ettinger et al., 2015a).

Children's Understanding of Action Under Uncertainty

Through a series of experiments, Jara-Ettinger et al. 2016a investigate whether

children can differentiate between knowledgeable and naive agents based on the stability and

outcomes of their choices, understanding that knowledgeable agents achieve higher rewards

and make more stable decisions. As shown in Table 3, these experiments reveal that children

as young as 4 years old grasp the impact of uncertainty on decision-making. They predict

outcomes based on agents' knowledge, infer prior knowledge from action outcomes and

stability, highlighting a sophisticated early understanding of expected utility theory in social

cognition.

Table 3

Experiments on Children's Understanding of Action Under Uncertainty

Experiment Ability Tested Hypothesis Description Key Findings

Experiment
1

Understanding
effect of
knowledge on
rewards

Knowledgeable agents
are more likely to accrue
high actual rewards than
naive agents.

16 children (mean
age: 5.09 years,
range 4.13-5.89
years) observed

Children inferred the
knowledgeable
puppet was more
likely to say "Yum!",
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two puppets
choose the same
fruit, one said
"Yum!" and the
other "Yuck!"

showing they
understand the impact
of knowledge on
expected rewards.

Experiment
2

Understanding
stability of
choices based
on knowledge

Knowledgeable agents
are more likely to make
stable choices over time
than naive agents.

16 children (mean
age: 5.16 years,
range 4.01-5.96
years) observed
two puppets
choose the same
fruit, one changed
their mind.

Children inferred the
naive puppet was
more likely to change
their mind, indicating
an understanding of
choice stability
related to knowledge.

Experiment
3

Inferring
knowledge
based on
reward
outcomes

Agents who obtain high
rewards are more likely
to have been
knowledgeable prior to
making their choice.

32 children (mean
age: 5.12 years,
range 4.12-5.98
years) saw two
puppets choose
the same fruit, one
said "Yum!" and
the other "Yuck!"

Children inferred that
the puppet who said
"Yuck!" was the naive
one, showing they use
reward outcomes to
infer prior knowledge.

Experiment
4

Inferring
knowledge
based on
stability of
choices

Agents who make stable
choices are more likely
to be knowledgeable.

16 children (mean
age: 5.64 years,
range 4.04-5.93
years) observed
two puppets
choose the same
fruit, one changed
their mind.

Children inferred the
puppet who changed
their mind was the
naive one, indicating
they use choice
stability to infer
knowledge.

Note. Data adapted from Jara-Ettinger et al. (2016a).

These findings significantly enhance our understanding of how children develop

cognitive skills related to decision-making and social reasoning, demonstrating their early

ability to evaluate and infer the knowledge and stability of others based on observed

behaviors and outcomes (Jara-Ettinger et al. 2016b).

Toddlers' Reasoning About Costs, Competence, and Culpability

The experiments proposed by Jara-Ettinger et al. (2015b) investigate how toddlers use

the naive utility calculus to make social judgments about agents' actions. Table 4 details these
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experiments, which aim to test whether toddlers prefer more competent agents who achieve

goals with lower costs and whether they judge less competent agents, who incur higher costs,

as nicer when both fail to help. These studies seek to determine if toddlers show a preference

for agents who demonstrate higher competence and efficiency in achieving goals, and whether

they exonerate or judge more sympathetically agents who incur higher costs and fail to help,

attributing their failure to high effort rather than lack of motivation.

Table 4

Experiments on Toddlers' Social Reasoning: Costs, Competence, and Culpability

Experiment Ability Tested Hypothesis Description Key Findings

Experiment
1

Preference for
competent
agents

Toddlers prefer
agents who incur
lower costs to
achieve goals

24 toddlers (mean age:
21.58 months) saw
two puppets activate a
toy; one did so easily,
the other struggled.
Children chose which
puppet to play with.

93.75% preferred
the more
competent agent.

Experiment
2

Social
evaluation
based on cost
of actions

Two-year-olds
prefer less
competent agents
who fail to help

17 two-year-olds
(mean age: 2.64 years)
saw two puppets
activate a toy and then
refuse to help a parent.
Children chose which
puppet to play with.

68.75% preferred
the more
competent agent
despite refusal to
help.

Experiment
3

Moral
judgment based
on agent
competence
and cost

Toddlers judge less
competent agents
as nicer

66 two-year-olds
(mean age: 2.48 years)
saw two puppets
activate a toy and
refuse to help.
Children judged which
puppet was nicer or
which they preferred
to play with.

81.25% preferred
the competent
agent for play;
68.75% said the
less competent
agent was nicer.

Note. Data adapted from Jara-Ettinger et al. (2015b)

These experiments demonstrate toddlers' nuanced social reasoning, showing their

sensitivity to action costs and ability to distinguish competence from moral goodness. They
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apply the naive utility calculus in moral judgments, excusing less competent agents from

helping duties due to perceived higher costs, and viewing them more favorably (Jara-Ettinger

et al., 2015b).

The naive utility calculus offers a unifying framework for understanding social

cognition, demonstrating that even young children possess sophisticated inferential abilities

regarding others' actions (Jara-Ettinger et al., 2020). Through various experiments, it has been

shown that children can infer competencies, preferences, and motivations by observing the

costs and rewards associated with actions. This framework not only enhances the

understanding of early cognitive development but also bridges intuitive decision-making with

formal economic theories, suggesting a deep-rooted connection between commonsense

psychology and scientific models of human behavior (Jara-Ettinger et al., 2020).

3. OBJECTIVES

3.1 General Objective

To develop and validate a Theory of Mind computer-based tasks (ToMT) to evaluate

ToM abilities in children aged 3 to 8.

3.2 Specific Objectives

● Design and formulate a comprehensive set of tasks for the target age group to capture

the constructs of ToM and NUC.

● Verify evidence of content validity of the ToMT.

● Verify target population comprehension and acceptance in the tasks of the ToMT.

4. METHOD

The method of this study is developed in three distinct steps. First, the development of

tasks; this is followed by a content validity analysis involving both qualitative and

quantitative expert panels; and finally, a pilot study is conducted with the target population.
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4.1 Development of a computer-based Theory of Mind Task (ToMT)

4.1.1 Study Procedures

A comprehensive literature review was conducted to define the construct and establish

its theoretical foundation. The ToMT was developed based on principles from the

development of social cognition theories in Developmental Psychology and Cognitive

Science (Baker et al., 2011; Flavell, 1991; Jara-Ettinger et al., 2016a; Jara-Ettinger et al.,

2019; Spelke, 2013; Wellman & Liu, 2004). The tasks were chosen and adapted from

Wellman and Liu's Theory of Mind Scale (2004) and Jara-Ettinger's Naive Utility Calculus

framework (2016), creating a comprehensive measure of ToM.

The development process involved creating tasks to assess children's comprehension

and reasoning of perception, emotions, desires, knowledge, beliefs, and intentions. The

construction of these tasks was guided by experts in the field to ensure they were

age-appropriate. Initially, characters and scenarios were designed in 2D, which were then

animated to children.

4.2 Content Validity of the ToMT

This study focuses on a mixed-methods design, combining qualitative and quantitative

expert panel content analysis to verify the clarity, relevance, and pertinence of the ToMT

tasks.

4.2.1 Qualitative content analysis of the ToMT

4.2.1.1 Participants

The panel included two academics renowned for their contributions to the theoretical

framework of social cognition and decision-making studies in childhood. They were chosen

for their substantial scholarly work published in high-impact journals and their significant

influence on recent literature in the domain.

The panel comprised Expert 1, a Harvard cognitive psychology professor with a

Ph.D., renowned for her groundbreaking research in infants' cognitive abilities. Her influential
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work, recognized in top-tier journals, has earned her prestigious awards for pioneering

contributions to the field.

Expert 2, a Yale Associate Professor with a Ph.D. in Brain and Cognitive Sciences

from MIT, is known for his groundbreaking research in children's reasoning and

Decision-making. His contributions to cognitive development and social cognition have been

honored with significant awards for innovation and excellence in science.

4.2.1.2 Procedures

Experts in Developmental Psychology, Cognitive Science, and Social Cognition were

selected for their notable contributions to the literature. Invitations to participate were sent via

email, and individual video calls were conducted through the Google Meet platform to

introduce the ToMT. During these calls, academics provided qualitative feedback and

discussed their experiences with applying similar tasks in experimental research settings.

Their feedback was recorded and documented. Based on their insights and shared

experiences, the tasks were updated and refined to create an improved version.

4.2.2 Quantitative content analysis of the ToMT

4.2.2.1 Participants

For the content validity analysis, we engaged a group of three Brazilian academics,

each holding a Ph.D., with publications and research related to social cognition. These

individuals were selected based on their substantial contributions to the field at the national

level. Judge 1 is an Associate Professor with a Ph.D. in Psychology, focusing on

neurodevelopmental disorders and the development and adaptation of neuropsychological

assessments. Judge 2 is an Associate Professor with a Ph.D. in Psychology, concentrating on

cognitive neuropsychology, social cognition, and neuropsychological assessment. Judge 3 is

an Associate Professor with a Ph.D. in Developmental Disorders, specializing in

neuropsychological assessment and neurodevelopmental disorders.

4.2.2.2 Instruments
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Content Validity Sheet for the ToMT (Appendix A): The Content Validity Sheet for

the ToMT, uses a 1 to 5 scale to calculate the Content Validity Coefficient (CVC) for tasks, to

ensure their alignment with the test's objectives in assessing children aged 3 to 8. Experts

evaluate each task on clarity (ease of understanding), pertinence (alignment with ToM and

Decision-making constructs for assessment), and relevance (accuracy in reflecting specific

mental state understandings). They rated the items on a scale of 1 to 5 across three

dimensions4clarity, pertinence, and relevance defined as follows:

● Clarity: Ranging from "Not clear at all" to "Totally clear."

● Pertinence: Ranging from "Not pertinent at all" to "Totally pertinent."

● Relevance: Ranging from "Not relevant at all" to "Totally relevant."

4.2.2.3 Study procedures

For the quantitative panel analysis, five Brazilian experts in the field were invited to

evaluate the ToMT, but only three accepted. During individual video calls, the animations

were presented, and panelists rated each item for clarity, pertinence, and relevance on a scale

from 1 to 5 using a Content Validity Spreadsheet. Their qualitative feedback and suggestions

were documented. Although the instrument was revised based on this feedback, not all

suggested updates were included in the version used for the pilot study. The instrument is

currently being further updated.

4.2.2.4 Statistical Analysis

The statistical analysis process refers to the calculation of the Content Validity

Coefficient (CVC) for evaluating the content validity of items in a research instrument. This

process is based on the method developed by Hernandez-Nieto (2002) for calculating CVC.

The analysis is conducted in the following steps:

Average Score Calculation. For each criterion of an item, the average score is

computed. This is the sum of all the judges' scores for that particular criterion divided by the

total number of judges.
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CVC Calculation for Each Criterion of Each Item. The individual CVC for each

criterion is determined by subtracting the calculated bias from the average score for that

criterion and then dividing by the maximum possible score of the scale. Here bias is

calculated as follows.

Total CVC for Each Criterion. The Total CVC for a given criterion is the arithmetic

mean of the individual CVCs for all items for that criterion. This is calculated by summing

the individual CVCs for all items and dividing by the number of items.

The CVC provides a numerical value from 0 a 1 that indicates the degree to which a

panel of experts agrees on the validity of the items, taking into account possible biases due to

the number of judges involved in the assessment process (Hernandez-Nieto, 2002). 

4.3 Pilot with Target Population

The study is characterized by a quantitative approach and employs a cross-sectional

design. It aims to describe and explore the relationships between variables, without attempting

to establish cause and effect (Campos, 2008).

4.3.1 Participants

The pilot study initially received a total of 15 applications. However, only 10 children

with typical development, aged between 3 and 8 years, were included in the study. Five

children were excluded as they did not meet the inclusion criteria. The criteria for inclusion

required children to be within the age range of 3 to 8 years and to have typical development.

The exclusion criteria included global neurodevelopmental disorders, neurological

dysfunctions and injuries, as well as motor, auditory, and visual deficits. The excluded

children had conditions such as ADHD, ASD, oppositional defiant disorder, and other

neurodevelopmental disorders.
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4.3.2 Instruments

4.3.2.1 Participant Identification Questionnaire (PIQ) (Appendix B)

This questionnaire includes personal identification, information about the parents' and

children's education levels, profession, health, clinical conditions, and development. It also

covers questions about the family's socioeconomic status. The completion time is

approximately 15 minutes, and it is filled out using Google Forms.

4.3.2.2 ToMT: Theory of Mind Task (ToMT) (Souza et al., 2024). For more information,

see page 37.

4.3.2.3 Developmental Neuropsychological Assessment Battery (Social Perception

Domain Subtests) 2nd Edition (NEPSY-II) (Argollo et al., 2009).

The NEPSY-II is a comprehensive neuropsychological assessment specifically

designed for children aged 3 to 16. It evaluates a wide range of cognitive skills and functions,

including language, memory, sensorimotor abilities, social perception, and visuospatial skills

across six domains (Argollo et al., 2009).

The NEPSY-II ToM subtest assesses children's comprehension of characters' beliefs,

intentions, or feelings through verbal and contextual tasks involving stories and social

scenarios. Verbal tasks focus on the child's ability to process and infer mental states from

narrative information. In contextual tasks, children are shown images depicting various social

interactions or situations, assessing the child's ability to interpret social cues and apply them

to understand others' perspectives and emotions.

The Emotion Recognition subtest of the NEPSY-II assesses children's ability to

recognize and distinguish emotions using photographs depicting various emotional

expressions such as happiness, sadness, anger, fear, disgust, and neutrality. Tasks include

matching emotions between photographs, selecting images that reflect a specific emotion, and

recalling emotions from briefly viewed photographs.

4.3.2.4 Target Population Feedback Form (Appendix C)

A feedback form in the google forms containing the following questions: "How much

did you like the video?" with responses ranging from "did not like" with a sad emoji, "neutral"
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with a neutral emoji, and "liked" with a happy emoji. "Would you recommend this video to a

friend?" with responses being a thumbs down for "would not recommend" and a thumbs up

for "would recommend." Finally, "What do you think could be improved in the video? Any

suggestions?" and "What were your main difficulties in answering the video's questions?

4.3.3 Study Procedures

The study was submitted to the ethics committee through Plataforma Brasil and

received approval from the ethics committee with Approval Number: 6.159.009. Children

were recruited via social media to participate in the research at the Psychosocial Care Service

(SAPSI), the psychology clinic school of the Federal University of Santa Catarina (UFSC).

The evaluation process was organized as follows: Appointments were scheduled with

the families, during which they were sent an online questionnaire. Evaluations took place in a

quiet room within the SAPSI, upon their arrival, guardians were requested to sign the

informed consent form. Following, a video explaining the Informed Assent, was shown to the

participants. With their assent to participate, the children proceeded to the next stage. They

first completed the ToMT on a computer, which took about 15 minutes. After completing the

ToMT children had a break of 5 minutes and then completed the NEPSY II RE and NEPSY II

ToM subtests, average time 20 minutes. After the session, children provided their feedback

related to the ToMT tasks via a simple form. 

4.3.4 Statistical Procedures

The analysis of the pilot study data utilized both descriptive and inferential statistical

methods to uncover patterns and relationships among the study variables. Given the

quantitative nature of the study and the distribution of the data, appropriate statistical tests

were selected. All statistical analyses were conducted using STATA software.

Descriptive statistics provided a summary of the basic features of the data in the study.

For each variable4comprising demographic information such as age, sex and scores from the

ToMT and NEPSY subtests (Emotion Recognition and Theory of Mind)4the mean, median,

standard deviation (SD), minimum, and maximum values were calculated.

To determine the suitable statistical tests for data analysis, an assessment of normality

was performed using the Shapiro-Francia test. This test was chosen for its efficacy in

assessing the normality of distributions in small sample sizes, as is typical in pilot studies



37

(Royston, 1983; Shapiro, 1972).The Shapiro-Francia test indicated that the variables age,

NEPSY II subtests ER and ToM, and the NUC subtests within the ToMT total conform to a

normal distribution (p > .05). However, the ToM subtests within the ToMT do not conform to

a normal distribution (p = .044), affecting their suitability for parametric tests.

Spearman's rank-order correlation was employed to explore the relationships between

the ages of the participants and their scores on the ToMT, as well as the relationships among

the assessment scores themselves (NEPSY ER and NEPSY ToM). This non-parametric

measure of correlation was selected due to its appropriateness for ordinal data and its

capability to manage non-normally distributed variables.

The strength of the Spearman's rho correlation was interpreted using Cohen's (1988)

categorization, which classifies correlation coefficients ranging from -1 to 1. According to

Cohen, the absolute value of the Spearman's rho correlation coefficient denotes the strength of

association between two variables: a coefficient near -1 or 1 indicates a strong correlation,

while a coefficient close to 0 suggests a weak correlation. Correlations are considered very

weak for |rho| ≤ 0.19, weak for 0.20 ≤ |rho| ≤ 0.39, moderate for 0.40 ≤ |rho| ≤ 0.59, strong for

0.60 ≤ |rho| ≤ 0.79, and very strong for 0.80 ≤ |rho| ≤ 1.00. This framework aids in interpreting

the correlation results within this study.

To investigate the developmental progression in ToMT scores, participants were

divided into three age categories: 3-5 years, 6 years, and 7-8 years. Descriptive statistics for

ToMT scores were calculated for each age group to observe age-related trends and differences

in performance. These analyses are exploratory due to the limited sample size, focusing on the

applicability of the instrument across different age groups rather than providing evidence of

validity.

5. RESULTS

In this section, the findings are presented, organized into sequential stages. Initially

presenting the results for task development, following the content validity analysis, which

includes both qualitative and quantitative analysis from a panel of experts, and then moving

on to the results from a pilot test.
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5.1 Development of ToMT

The results from the development of the ToMT items are presented below. The

narrative for the ToMT was developed adapting from experiments and tasks in existing

literature, including works by Arslan et al. (2017), Masangkay et al. (1974), Flavell et al.

(1981), Repacholi and Gopnik (1997), Wellman and Liu (2004) and Jara-Ettinger et al.

(2016b).

Table 5 provides an overview of tasks aimed at assessing children's ToM. Through

scenarios involving characters such as Ana, Pati, Pedro, and Caio, children are prompted to

explore various mental states. Each narrative is crafted to test specific sub-components within

the ToM framework, utilizing targeted questions to gauge children's ability to infer explicit

ToM states.

The NUC tasks within the ToMT framework are designed around principles that

explore the naive utility calculus underlying commonsense psychology (Jara-Ettinger et al.,

2016b). These tasks aim to assess children's ability to infer intentions and preferences through

the naive utility calculus. This approach evaluates how children understand and predict others'

behaviors by considering the goals, desires, and the potential rewards or costs associated with

the actions they observe.

Table 5

Theory of Mind Tasks (ToMT) - ToM Framework and Narratives

Sub-components Narrative References

Visual
perspective-taking I
and II

Which animal is Ana seeing? Which animal is Pati
seeing? Which Ana is seeing? Which animal is
Ana seeing? Which animal is Pati seeing? Which
Ana is seeing? Are Ana and Pati seeing the same
animal? Is Ana seeing the dog standing up or
upside down? In other words, is the dog head up
or head down?

Masangkay et al.
(1974); Flavell et
al. (1981)

Visual
perspective-taking I
and II

"Pati and Pedro were playing in the park, Pati was
behind a wall and there was a dog close to her. On
the other side of the wall there was a cat. Pedro,
on the other hand, climbed a tree and sat on a high
branch. Now I will ask some questions, okay? Can
Paty see the cat? And Pedro, can he see the cat?

Masangkay et al.
(1974); Flavell et
al. (1981)
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Can Paty see the dog? And Pedro, can he see the
dog?"

Diverse desires
Which of these fruits is your favorite? Strawberry,
banana, or pear? Ian likes.... It's snack time.
Which of these fruits will Ian choose?

Repacholi &
Gopnik (1997);
Wellman & Liu
(2004)

Knowledge access

Look, a bag! What do you think is inside? Let's
open it and see? Look, there are shoes inside. Ana
arrived, she is looking for clothes to go to a party.
What do you think Ana is thinking is inside the
bag? Let's open it and see? Look, Ana, there are
shoes here inside! Let's play a trick on Pedro!
Let's close it again and show him! Pedro arrived!
Does Ana think Pedro is thinking there are shoes
or clothes inside the bag?

Wimmer & Perner
(1983);
Baron-Cohen et al.
(1985); Onishi &
Baillargeon
(2005); Wellman &
Liu (2004)

First-order False
belief

This is Ian. He has a backpack. This is Pati, she
has a Box. Ian has a ball. He puts the ball in his
backpack. Ian goes out to play outside. Pati then
takes the ball out of the backpack and puts it in the
box. Ian is now back, he wants to play with the
ball. Where will Ian look for the ball? In the
backpack or in the box? Where does Pati think Ian
will look for the ball? In the backpack or in the
Box?

Hogrefe et al.
(1986); Perner et
al. (1987);
Ruffman & Olson
(1989)

Second-order false
belief inference

Ana and Pedro are in the kitchen. Ana has a jar of
sweets and she doesn't want Pedro to see it, so she
puts the jar in the yellow box, closes it, and leaves.
Pedro wants to see what Ana put in the box. Ana
sneaks up on the other side and sees Pedro going
to open the box. Then he opens the box and finds
a jar of sweets. Pedro then puts the jar of sweets in
the drawer of the cabinet. Ana saw everything, but
Pedro doesn't know that. Where did Ana first put
the jar of sweets? Where did Pedro put the jar of
sweets after? Does Pedro know that Ana was
watching him? Ana arrives and will look for her
jar of sweets. What is Pedro thinking where Ana
will look for the jar of sweets, in the yellow box or
in the cabinet?

Arslan et al.
(2017); Perner &
Wimmer (1985)

Emotion
comprehension
based on

This is Pedro, and it's his birthday! Pedro really
wants a dog as a birthday gift. Pedro's father
thinks he wants a remote control car as a gift.

Wellman & Liu
(2004)
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second-order false
belief

Pedro's father bought a remote control car for him.
Pedro doesn't know about the car and thinks his
father bought a dog as a gift. What does Pedro
want to receive as a gift? What does Pedro think
his father bought for him? What does Pedro's
father think he wanted? How does the father think
Pedro will feel when he receives the car? Look,
Pedro's father gave him a remote control car! How
did Pedro feel when he received the car?

Emotion
comprehension

Ana and Pedro were watching a movie about the
sea. Suddenly a huge shark appeared. Ana got
very scared and said she thinks the beach is very
dangerous. Pedro thought it was really cool and
really wants to meet a shark. Let's call the friends
to go to the beach! Who do you think will accept?
Pedro or Ana?

Note. The ToMT narrative tasks were designed by the author (Souza, 2024), adapted from

Wellman and Liu (2004) and other existing literature as cited in the table.

Table 6 details the narrative tasks within the NUC framework of the ToMT. Each

narrative is designed to assess a specific sub-component of the naive utility calculus,

including inference of preference, predicting behavior, judgments of social behavior, and

distinguishing between knowledgeable and ignorant agents. These tasks present scenarios

where children must consider factors such as personal preferences, physical and social

constraints, and past experiences to predict the decisions of others.

Table 6

Theory of Mind Tasks (ToMT) - NUC Framework and Tasks Narratives

Sub-components Narrative References
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Inference of
preference based on
utility calculus

"This is Yellow. He is hungry and wants to eat a fruit.
At his home, he has two fruits. A strawberry that is far
away from him and another fruit that is inside a box,
which is very close to him. He knows there is a fruit
inside the box, but does not know which one. Look!
Now he went to get the fruit he wants to eat! He chose
the strawberry! Why do you think Yellow wanted to
go further to get the strawberry? On another day,
Yellow was hungry again and wanted to eat a fruit. He
has two fruits, a banana that is very far and the fruit
that is inside the box, very close. He knows there is a
fruit in the box, but does not know which one. Now
Yellow went to see what was inside the box. And then
he chose the banana. Why do you think he chose to
walk further to get the banana after seeing the fruit
that was inside the box? If Yellow had a banana and a
strawberry very close, which do you think Yellow
would prefer?"

Jara-Ettinger et
al. (2016b)

Predict Behavior
based on utility
calculus

"Bruno is hungry and decides to grab a fruit. He likes
all fruits, but the fruit he likes the most is the orange.
He does not like heights and would not climb a high
place because he is very afraid. Now, you can see
there is a wall before Bruno can reach the fruit shelf?
So he still cannot know what is behind the wall before
opening the door. I will ask some questions, okay?
Let's remember a little bit of what we know about
Bruno, his favorite fruit is the orange and he cannot
see what is on the shelf before opening the door. Oh,
do not forget also that he is very afraid of heights!
Before opening the door and seeing the fruits on the
shelf, which fruit do you think the boy most wants to
eat? When Bruno opens the door and sees the shelf
with the two fruits, which fruit do you think he will
eat, the orange or the apple? If both fruits were on the
lower part, which do you think Bruno would pick, the
orange or the apple?"

Jara-Ettinger et
al. (2016b)
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Judgments of social
behavior

"Pedro is in the kitchen with two friends, Ana and
Caio. He really wants to eat a banana, but it is on the
last shelf, where he cannot reach. Then, Pedro asks
his friends, Ana and Caio to help him get the banana.
Both friends answer <no,= and do not help him.
Which fruit do you think Pedro prefers: the banana
that is up there or the orange that is down below?
Why do you think Ana did not want to help Pedro?
Why do you think Caio did not want to help Pedro?
Who do you think could have helped Pedro get the
banana: Ian or Ana? Why?"

Jara-Ettinger et
al. (2016b)

Knowledge and Past
experience

"Paty and João are going to have a snack. In the
kitchen, they see a fruit option on the table, which is
the green fruit. Both friends grab the fruit and eat.
Paty says <Ew! That's horrible=, and João says
<Hmm! Tasty=. Which of the two do you think was
eating the green fruit for the first time, the boy or the
girl? Why?"

Jara-Ettinger et
al. (2016b)

Note. The ToMT narrative tasks were designed by the author (Souza, 2024), adapted from

Jara-Ettinger et al. (2016b).

The ToMT narrative tasks were designed to match the development of children aged 3

to 8, using simple stories and objects familiar to them. Subsequently, these narratives were

brought to life through engaging visual content. The development of the visual content began

with a PowerPoint presentation featuring characters in simple scenarios as show in figure 2,

the characters were designed considering diversity and scenarios considering cultural and

familiar objects. The narratives for each task were adapted into various settings and are

presented to children through a PowerPoint presentation. The examiner displays the scenarios

on a computer and narrates the story as it progresses.

Figure 2

PowerPoint Version Predict Behavior Task
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Note. The image presents an example of a task designed to assess NUC abilities in the ToMT.

It illustrates a boy with brown skin and black hair standing outside a room in front of a closed

door. Inside the room, there is a tall shelf with an orange on the top shelf and an apple on a

lower shelf, with a ladder leaning against the shelves.

The PowerPoint has been converted into an updated version based on animated

videos, featuring 12 short stories, each with an accompanying voiceover and subtitles. These

stories are easily adaptable to different languages through modifications to the voiceover and

subtitles. Subtle animations of characters and scenes, along with a soft background

soundtrack, have been introduced to engage children. Additionally, certain task designs have

been refined to add depth and improve visual comprehension as seen in figure 3.

Figure 3

Updated Second-Order Belief Task
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Note. The image shows the evolution of a second-order belief task, illustrating the

changes made to improve visual comprehension and engagement.

During assessments, the examiner plays these videos on a computer and captures the

children's responses digitally on a virtual form. If needed, the examiner may repeat the

question or offer further clarification to ensure the children's understanding before

documenting their answers. Target questions are displayed in the stories, and the examiner

pauses the videos to record the children's answers in the digital form.

Responses to questions are assessed using two types of scoring scales, depending on

the nature of the task. Simple, binary questions responses are scored on a dichotomous scale

from 0 to 1, where '0' indicates an incorrect or inadequate response, and '1' signifies a correct

or satisfactory response. This scale is used for questions that have clear, definitive answers.

Figure 4 presents the tasks for the ToM framework within the instrument and the target

questions.

Figure 4

Examples of ToM Tasks within the ToMT

Note. Examples of target questions that have dichotomous answers. (A) Perspective-taking: Is

Ana seeing the dog up or down? (B) Diverse Desire: During snack time, which of these 3

fruits will Ian choose? (C) False belief task: Does Ana think Pedro is thinking there are shoes
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or clothes inside the bag? (D) How does the father think Pedro will feel when he receives the

car?

On the other hand, some tasks are designed to allow for more nuanced responses or

require the respondent to demonstrate a degree of understanding or skill. For these tasks,

responses are evaluated on a three-point scale, ranging from 0 to 2. A score of '0' is given for

responses that fail to meet the basic requirements in the interpretation of the situation. A score

of '1' indicates a response that meets the basic criteria but lacks depth or fullness. A score of

'2' is awarded to responses that not only meet the criteria but also exhibit a higher level of

understanding. Examples of the tasks and target questions are shown in figure 5.

Figure 5

Examples of NUC tasks within the ToMT

Note. (E) Preferences based on Utility calculus: Why did Yellow choose to walk more to get the strawberries?

(F) Judgements of Social Behavior: Why do you think Caio did not want to help Pedro? (G) Predict Behavior:

Before opening the door and seeing the fruits on the shelf, which fruit do you think the boy most wants to eat?

(H) Inference of Knowledge vs Ignorance: Which of the two do you think was eating the green fruit for the first

time, the boy or the girl? Why?

The ToMT is a computer-based tool for assessing ToM and NUC in 3 to 8-year-old

children, inspired by the work of Wellman and Liu, (2004) and Jara-Ettinger et al. (2016b). It

includes 12 video-animated tasks that present characters and narratives related to mental
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states across different sub-abilities, aiming to engage the target age group. The tasks have a

total duration of approximately 15 minutes.

The ToMT comprises six main components. For the ToM framework, the components

include Perception, Desire, Knowledge, Belief, and Emotions. The NUC tasks fall within the

component of intentions and incorporate elements of the utility calculus framework, based on

the experiments of Jara-Ettinger (2016a). Figure 5 presents the distribution of the components

and subcomponents.

Figure 6

Components of the Theory of Mind Tasks (ToMT)

The ToM sub-components include Visual Perspective-taking I and II, Diverse Desire,

Access to Knowledge, False Content Belief, First and Second-order False Belief, and

Emotion and Belief. The NUC sub-components encompass Inference of Preference, Judgment

of Social Behavior, Predictive Behavior, Knowledge vs Ignorance.

5.2 Content Validity Analysis of ToMT

5.2.1 Qualitative Experts Panel Analysis
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Results from the qualitative expert's analysis are presented in the following. All items

were recognized as relevant, suggesting they align well with the intended concepts.

Additionally, experts proposed the inclusion of a new item within the Visual Perspective

Taking sub-category. For item clarity, it was recommended to refine the animation design to

aid children9s understanding of costs and rewards. The table 7 provides a summary of the

feedback received from the experts' qualitative review.

Table 7

Expert Recommendations for ToMT Modifications

Tasks Suggested
Modifications Purpose

Visual
Perspective-Taking I and
II

Add a new item to the
category.

To more accurately capture this
sub-component.

Inference of Preference
Based on Utility
Calculus

Increase the effort required
to obtain the fruit.

To make the inferences of costs and
rewards more pronounced.

Predict Behavior Based
on Utility Calculus

Increase the effort required
to reach the preferred
object.

To underline the challenge posed by
the physical effort needed to obtain
the preferred object.

Judgments on Social
Behavior

Omit color mentions; alter
the characters' clothing.

To divert focus from visual
descriptions to the core messages and
choices of the narrative.

Based on the experts' suggestions, a new perspective-taking task was added as

presented in Figure 7. Initially, we had one task covering Perspective Taking I and II. After

the experts' review, they recommended adding another task on Perspective Taking I.

Figure 7

New Visual Perspective Task (ToMT)



48

Note. The narrative following the target questions: Pati and Pedro were playing in the park.

Pati was behind a wall, and close to her, there was a dog. On the other side of the wall, there

was a cat. Pedro, on the other hand, climbed a tree and sat on a high branch. Now, I'm going

to ask some questions, okay? Can Pati see the cat? And Pedro, can he see the cat? Can Pati

see the dog? And Pedro, can he see the dog?

In the revised scenario design as shown in Figure 8, emphasis was placed on

elucidating the concept of utility calculus to children by precisely delineating the efforts

required to achieve specific objectives. The narrative was therefore refined to more clearly

underscore this concept: "This is Yulu. He is hungry and desires to eat a fruit. At his home, he

has two options: a strawberry that is far from him and another fruit that is nearby, encased

within a box. Although he knows there is a fruit inside the box, its identity is unknown to him.

Look! He now decides to go for the fruit he wants to eat. He selects the strawberry, despite it

being further away. Why do you think Yulu preferred to undertake the longer journey to get

the strawberry? Yulu's choice to pursue the distant strawberry over an accessible, unidentified

fruit exemplifies his willingness to expend additional effort.

Figure 8

Inference of Preference task Based on NUC (ToMT)
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Note. The first figure shows a grid of 3x3, while the second figure shows a modified version

of 5x3 to emphasize the distance and the effort required to reach the preferred object.

For the item focusing on predicting social behavior, the proportions of characters and

obstacles were adjusted to underscore the challenges and costs within the narrative more

effectively. These alterations make the animation more illustrative, highlighting the effort

needed to achieve a goal, as shown in Figure 9.

Figure 9

Predict Behavior Task based on NUC (ToMT)

Note. Comparative visualization of scenario adjustments. The left panel illustrates the original

animation with a proportionally sized character, making the orange within easy reach. The

right panel shows the updated animation, with a comparatively smaller character and a

higher-placed orange, indicating a greater effort needed to achieve the goal.

The initial portrayal did not effectively illustrate the challenge of obtaining the orange,

considering the character's discomfort with heights. This inconsistency was addressed in the
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revised animation by resizing the character to be smaller and placing the orange higher. These

changes enhance the visual representation to more accurately depict the narrative's portrayal

of the character's apprehension of heights.

In the item judgment of social behavior, the narrative's focus was shifted from

character descriptions based on attire to avoid potential confusion and cater to the reader's

ability to perceive color or their familiarity with specific visual details. 

In Figure 10, the image on left, to enhance comprehension of the characters, the

narrative describes the color of the clothes they are wearing: Pedro, who is wearing a white

shirt, is at home with two friends. He is hungry and decides to go to the kitchen to grab a fruit.

He really wants to eat a banana, but it is on the top shelf, out of his reach. So, Pedro asks his

friends, Ian, who is in a blue shirt, and Caio, who is in a red one, to get the banana for him.

Both friends respond with a 'no' and do not help him. Why do you think Ian, who is dressed in

blue, said no? Do you know why Caio, in the red shirt, said no? Which friend do you think

should have helped to get the banana? Why? On the right image, the revised version presents

the altered characters' genders to avoid using color names in the scene description to identify

the characters.

Figure 10

Judgment of Social Behavior Task (ToMT)

Note. Comparative visualization of scenario adjustments.

Expert feedback led to task modifications, such as adding visual perspective-taking

items and adjusting narratives for utility calculus clarity. These revisions aim to better align

tasks with developmental goals, pending validation through future research.
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5.2.2 Quantitative Experts Panel Analysis

In the content validation process of the ToMT, a panel of three experts was convened

to evaluate each item for clarity, relevance, and pertinence. The Content Validity Coefficient

(CVC) was employed in the item analysis to assess each task's clarity, pertinence, relevance,

and potential bias (Hernandez-nieto, 2002). According to predefined criteria, a CVC score

above 0.80 is considered acceptable, indicating adequate content validity. The results of this

analysis are presented in Table 8. 

Table 8

Content Validity Coefficient (CVC) Scores for the ToMT

Item Bias Clarit Pertin Relev

ToM Tasks

Visual perspective-taking I 0.04 0.896 0.963 0.963
Visual perspective-taking II 0.04 0.896 0.963 0.963
Diverse desires 0.04 0.763 0.963 0.830
Knowledge & False Content

Belief 0.04 0.763 0.963 0.963
First-Order and Second-Order

False Belief 0.04 0.896 0.963 0.963
Second-Order False Belief 0.04 0.963 0.963 0.963
Understanding emotions based

on second-order false belief 0.04 0.830 0.963 0.963
Emotion comprehension 0.04 0.896 0.963 0.963

NUC Tasks

Inference of Preference Based
on Utility Calculus 0.04 0.896 0.963 0.963

Inference of Preference Based
on Utility Calculus 0.04 0.830 0.963 0.963

Judgments on Social Behavior 0.04 0.763 0.963 0.963
Knowledge vs Ignorance 0.04 0.696 0.896 0.963

CVC Total 0.84 0.96 0.95

The CVC scores for ToM and NUC tasks showed variations across categories. All

tasks had a consistent bias score of 0.04. Clarity scores ranged from 0.696 to 0.963, indicating

a need for improvement in how some tasks are communicated. Pertinence and relevance

scores were high across the board, with most tasks scoring 0.963, demonstrating a strong

alignment with theoretical constructs. The cumulative CVC totals were 0.84 for clarity, 0.96

for pertinence, and 0.95 for relevance, reflecting the overall content validity of the tasks.
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5.3 Pilot with Target Population

5.3.1 Descriptive Analysis of Pilot Study: Demographic Characteristics and Assessment

Scores

The pilot study comprised 10 children, with a mean age of 6.3 years (SD = 1.57),

ranging from 3 to 8 years old. The median age of participants was 6 years. Of these

participants, the majority were male (n = 8), with a smaller representation of female

participants (n = 2), as presented in table 9. Children were assessed with the ToMT and Nepsy

subtests two core areas of cognitive and emotional assessment were reported: Theory

Emotional Recognition (ER) and ToM.

Table 9

Pilot Study Descriptive Statistics: Demographic Characteristics and Assessment Scores

Mean Median SD Min Max
Age 6.3 6 1.57 3 8
ToMT 27.1 27.5 4.23 17 31
NEPSY II ER
(raw score) 19.5 20 5.7 8 28
NEPSY II ToM
(raw score) 17.9 17 4.09 10 25

For the ToMT assessment, the mean score achieved by participants was 27.1 (SD =

4.23), with scores ranging from 17 to 31. In the Nepsy ER component, the children displayed

a mean score of 19.5 (SD = 5.7), with the lowest and highest scores being 8 and 28,

respectively. The Nepsy ToM assessment yielded a mean score of 17.9 (SD = 4.09), with

participant scores spanning from 10 to 25.

5.3.2 Exploratory Analysis of ToMT

This study employed Spearman correlation analysis to explore the relationship

between ToMT and the NEPSY subtests for ER and ToM. Table 10 presents the matrix

correlation for Age, ToMT, NEPSY II subtest of ToM and NEPSY II subtest of ER.

Table 10

Spearman Correlation Matrix for Age, ToMT, ToM, and ER
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Age ToMT
Nepsy
ToM

Nepsy
ER

Age Spearman's rho 4
p-value 4

ToMT Spearman's rho 0.888*** 4
p-value < .001 4

Nepsy ToM Spearman's rho 0.699* 0.522 4
p-value 0.025 0.122 4

Nepsy ER Spearman's rho 0.757* 0.671* 0.621 4
p-value 0.011 0.034 0.055 4

Note. The use of asterisks (*) denotes the level of significance, with a single asterisk (*) indicating a p-value less

than 0.05, and three asterisks (***) indicating a p-value less than 0.001.

In analyzing the correlations among ToMT with Nepsy subtests ER and ToM,

Spearman9s rank-order correlation was utilized. A significant positive correlation was

observed between the children's age and their ToMT scores (Spearman's rho = 0.888, p <

.001), indicating a strong association where older children tended to have higher ToMT

scores.

Between the assessment scores, the ToMT scores were moderately correlated with

NEPSY ER scores (Spearman's rho = 0.671, p = 0.034). However, the correlation between

ToMT scores and NEPSY ToM scores was found to be not statistically significant

(Spearman's rho = 0.522, p = 0.122).

Figure 11 presents the scores analysis across age groups: 3-5 years, 6 years, and 7-8

years. The Children aged 3 to 5 years exhibited an average ToMT score of 21. This average

score increased to 26.75 for children aged 6 years, and further to 30.5 for children within the 7

to 8-year age bracket.

Figure 11

ToMT Scores Across Age Groups



54

This analysis suggests a trend of increasing cognitive abilities with age, as indicated

by ToMT scores.

5.3.3 Feedback on ToMT from Target Population

In the analysis of feedback from the target population regarding ToMT, a feedback

form was utilized to obtain insights into children's satisfaction. Eight children completed the

form. Figure 12 presents the results, indicating a predominantly positive reception of the

video animation, with the majority of respondents expressing enjoyment and a willingness to

recommend it to friends. Only one participant responded neutrally regarding enjoyment, and

one expressed a reluctance to recommend the video.

Figure 12

Children's Feedback on ToMT
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In qualitative responses, children generally found the video animation engaging and

had minimal challenges in recalling specific details. No suggestions for enhancement were

detected, indicating overall satisfaction with the content and presentation.

6. DISCUSSION

This study aimed to develop a computer-based, video-animated tool for assessing ToM

abilities in children aged 3 to 8 years. The process involved a literature review, development

of the narrative, creation of cartoons, and animated stories. Furthermore, a content analysis

was conducted by judges, and a pilot study was carried out with the target audience.

6.1 Development of ToMT

Based on principles of Developmental Psychology and Cognitive Science, this

assessment tool aims to provide a comprehensive measure to assess a broad spectrum of

sub-components related to the developmental trajectory of ToM. Recent literature review

identified gaps in ToM assessment tools, traditional single-task measures fail to capture ToM's

varied cognitive and affective aspects, necessitating more comprehensive evaluation methods

for understanding and supporting children's ToM development (Beaudoin et al., 2020; Fu et

al., 2023; Wellman, 2018).

The development of the ToMT tool employs a multidimensional approach integrating

6 components: intentions, perceptions, desires, knowledge, beliefs, emotions, within 10

sub-components. Moreover, ToMT assesses the development of ToM across various

developmental stages in childhood. The ToM framework within the test based its tasks in

Wellman and Liu scale (2004), and also draws on studies involving second-order false belief

tasks (Arslan et al., 2017) and visual perspective levels I and II (Flavell, 1991).

In the literature review by Beaudoin et al. (2020), the Wellman and Liu ToM scale is

presented as a comprehensive measure that assesses multiple aspects of ToM abilities through

direct testing. It is associated with 183 articles, amounting to 22.0% of the total number of

studies (830) included in the review. This extensive utilization underscores its relevance and

importance in research related to cognitive development and social cognition, evidencing its

significant role in the field.
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ToM and NUC are fundamental components that collectively provide a comprehensive

understanding of social cognition (Gergely & Csibra , 2003; Jara-Ettinger et al., 2020). People

inherently possess intuitive psychology, a capacity involving the comprehension of the

invisible mental states underlying observable actions (Liu, 2020). A growing body of research

suggests that children's Decision-making begins with grasping goals and efficiency,

progressing to employing statistical reasoning for preferences. This progression entails

learning about costs, rewards, and others' perspectives, ultimately enhancing their ToM

(Baker et al., 2017; Biro et al., 2013; Jara-Ettinger et al., 2016b; Liu, 2020; Lucas et al.,

2014). The integration of ToM and NUC tasks within an assessment tool aims to provide a

comprehensive measure of children's social cognition. This innovative tool addresses existing

research gaps (Beaudoin et al., 2020; Fu et al., 2023) by utilizing a diverse range of

components to capture how children infer other agents' mental states and predict agents'

actions.

Variability in ToM assessment methods complicates data comparison and undermines

reliability (Fu et al., 2023). Computer-based tools in psychological evaluations enhance

standardization and psychometric robustness, reducing variability (Casaletto & Heaton,

2017). These tools provide standardized procedures, real-time insights, cost-effectiveness, and

quicker corrections (Casaletto & Heaton, 2017; Schatz & Browndyke, 2002). This approach is

necessary for comparing results, understanding diverse developmental patterns, and

identifying social cognition characteristics across cultures and individuals (Casaletto &

Heaton, 2017; Galindo-Aldana et al., 2018).

Integrating technology into psychological practices demands balancing innovation

with ethical responsibility. The introduction of technology has transformed psychological

assessments, highlighting the need for strong ethical standards, professional integrity, and

online individual rights protection (Muniz et al., 2021). Responsible digital tool usage ensures

participant confidentiality and dignity. Given increased data privacy concerns in the digital

realm, robust safeguards are essential to maintain the individual's safety and trust, crucial for

responsibly adapting technology in psychological practices (Muniz et al., 2021).

The ToMT incorporates digital technology into psychological assessments,

emphasizing adherence to ethical standards. Examiners are required to be psychologists or

psychology graduate students with supervision trained in its theoretical constructs and ethical

guidelines to ensure adherence to the ethical protocols. This tool is applicable in varied

settings such as clinics, schools, and for remote use, facilitating a dynamic assessment

process. By utilizing animated videos presented on electronic devices, it engages children
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interactively. Capable of operating offline, ToMT offers flexibility and accessibility, even in

regions with limited internet connectivity, underscoring its utility and ethical consideration in

diverse contexts.

Incorporating visual aids in ToM assessments benefits children with limited verbal

abilities, fostering inclusivity. This approach aligns with research advocating tailored

cognitive assessment methods (Fu et al., 2023). For children with ASD and ADHD, who often

face challenges in social cognition and communication, visual aids are crucial. These aids

provide concrete representations of abstract concepts, aiding comprehension for individuals

with ASD or ADHD (Fletcher-Watson et al., 2014; Pineda-Alhucema et al., 2018).

Recent studies, supported by rigorous evidence, highlight the effectiveness of

socio-emotional interventions in boosting children's social cognition skills (Hoffman et al.,

2016). The ToMT assessment tool is promising for its ease of use in diverse settings,

suggesting potential for facilitating data collection in large-scale experimental studies and

longitudinal research. This tool can facilitate the measurement of the efficacy of social

cognition interventions over different times, offering insights into efficient interventions that

enhance children's social cognition abilities.

Its adaptability, achieved through the use of modifiable narratives and voiceovers,

ensures broad applicability. This flexibility allows the tool to be tailored to meet the specific

linguistic and cultural needs of diverse populations. Cross-cultural validation demands

precision, statistical rigor, and cultural insight, ensuring tools maintain integrity and

relevance, enabling accurate comparisons across cultures. This involves confirming universal

applicability and uniform measurement of constructs, despite cultural differences (Casalleto et

al., 2017; Gjersing et al., 2010).

In conclusion, the ToMT's innovative framework presents a promising direction in

assessing children's social cognition. However, the assessment requires validation through

psychometric tests for reliability and validity, plus transcultural longitudinal studies on

diverse populations, to verify its adaptability in different assessment settings.

6.2 Content Validity of ToMT

The ToMT demonstrate potential and areas needing refinement, as revealed by

qualitative and quantitative analyses. Feedback from the qualitative panel highlighted the

necessity for task modifications to better simulate real-life scenarios. 
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A growing body of studies in Cognitive Science suggests an interplay between

intuitive physics and ToM development (Baker et al., 2017; Gergely & Csibra, 2003; Jacobs

et al., 2021; Pelz et al., 2020; Tenenbaum et al., 2006; Ullman et al.2017; Yildirim et al.,

2019). The task modifications aim to clarify the conceptual connections between perceived

effort and reward for children, enhancing the accuracy of measuring their reasoning of

intentions within a utility maximization framework. Furthermore, the ToMT may offer

additional evidence on the interaction between intuitive physics and psychology with ToM

development.

Understanding the transition from a basic to a more nuanced grasp of perspectives in

early childhood ToM development, Level I and II visual perspective-taking are identified as

pivotal milestones (Rakoczy, 2022). Introducing an additional visual perspective-taking task

can enrich the comprehension of ToM's developmental trajectory, illuminating the evolution

of children's ability to understand others' viewpoints. Furthermore, this enhancement promises

to aid future studies in evaluating the internal consistency of such tasks, thereby augmenting

our understanding of the instrument's reliability by verifying that its components consistently

assess the same construct across diverse populations, a critical factor in tool evaluation

highlighted by Souza et al. (2014).

Following expert recommendations and Gibson et al. (2017)'s insights on the

variability of color significance across cultures and developmental stages, this modification

aims to reduce potential bias from children's variable color perception. By omitting color

references in the Inference of Social Behavior task, the adjustment seeks to enhance the task's

accessibility and relevance across diverse cultural and developmental contexts, ensuring it

remains unaffected by perceptual differences.

The analysis of CVC scores for the ToM and NUC Tasks offers insights into both its

conformity with the target constructs and opportunities for improvement. Notably, high scores

in pertinence (0.96) and relevance (0.95) suggest the tool's strong alignment with the

constructs it aims to measure, thereby demonstrating its relevance across evaluators

(Hernandez-Nieto, 2002). However, clarity scores reveal variability, ranging from 0.696 to

0.963, signaling differences in the tasks' comprehensibility. Particularly, tasks like Diverse

Desires, Knowledge & False Content Belief, Judgments of Social Behavior and knowledge vs

ignorance based on Utility Calculus highlight a clarity gap, emphasizing the need for

refinement to improve understanding. The comparison of the overall clarity CVC score (0.84)

with those for pertinence (0.96) and relevance (0.95) identifies an opportunity for refinement,

which is essential for enhancing the tool's overall utility.
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Translating complex laboratory experiments into tools like ToMT poses significant

challenges, notably in tasks such as "Judgment of Social Behavior" and "Diverse Desires,"

inspired by Jara-Ettinger et al. (2016a) and Repacholi and Gopnik (1997). These tasks, which

exhibit lower scores on the CVC for clarity, underscore the difficulty of preserving the

essence of original experiments while ensuring they are engaging and comprehensible. The

"Inference of knowledge vs ignorance" task, receiving the lowest clarity score at 0.696,

emphasizes the necessity for adjustments to enhance clarity and effectively communicate

complex cognitive concepts to a young audience.

6.3 Pilot with Target Population

This study demonstrates a significant strong correlation between age and ToMT scores

(rho = 0.888, p < .001), indicating that as children age, their ability to understand others'

mental states and their proficiency in NUC concurrently improve.This finding aligns with

Wellman and Liu's (2004) theory on the gradual maturation of ToM. Additionally, by

kindergarten age, studies show that children exhibit advanced social reasoning abilities,

recognizing that actions are taken to maximize outcomes by balancing benefits against costs

(Jara-Ettinger, 2016a). This observation underscores the interconnected growth of cognitive

skills critical for social interaction and Decision-making in early childhood.

The strong correlation between ToMT and NEPSY Emotional Recognition (ER)

scores (Spearman's rho = 0.671, p = 0.034) suggests a linkage between children's emotional

understanding and ToM abilities. Studies analyzed in the review by Berggren et al. (2017)

highlight this relationship, underscoring the critical role of emotional recognition in

developing ToM, which is essential for interpreting social cues and making informed

decisions. Enhanced emotional skills are associated with improved empathy. Regarding the

performance related to age of the children in the ToMT, these preliminary findings highlight

the need for further research with a larger sample size to comprehensively understand the

various factors influencing cognitive development across age groups.

7. STUDY LIMITATIONS

The ToMT tool proposes an innovative assessment compared to traditional

psychological assessments. However, this assessment does not capture the nuances of a

mentalistic understanding such as irony, sarcasm, various lies, humor, and faux pas

recognition. These facets are key to ToM development, crucial for understanding social
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cognition complexities. Furthermore, the NUC framework within the tool does not

encompass all components for a comprehensive measurement of this construct, highlighting

the need for a more inclusive revision.

In these preliminary exploratory findings, no indication of an association was found

between the scores obtained from the NEPSY ToM subtest and the ToMT. The small sample

size of 10 children limits the robustness and generalizability of these findings, emphasizing

the need for caution in interpretation. Moreover, the NEPSY ToM test features tasks that

assess understanding of common sayings and social situations, designed for children up to 16

years old. This aspect might have resulted in a reduced ability to differentiate among the

younger participants in our study.

Additionally, a limitation of the computerized tool is that the scores are computed

manually through a digital form. The lack of an automated scoring system may introduce

potential errors and inconsistencies. Implementing a software solution that can accurately

compute these scores automatically would enhance the reliability and efficiency of the

assessment process.

8. CONCLUSION

This study presents a comprehensive computer-based animated tool for evaluating

ToM in children. By providing a detailed framework and engaging content, it aims to offer

deeper insights into social cognitive development. This research lays the groundwork for

future studies to further investigate social cognition and developmental patterns across diverse

populations.

In light of the increasing integration of Artificial Intelligence (AI) in research

methodologies, future studies should consider adapting the ToMT into a platform that utilizes

AI for more precise and accurate measurement of social cognition constructs. Moreover, the

use of Virtual Reality could enhance children's comprehension and engagement in a

simulation of the real world. Additionally, the development of version B of the tool for

follow-up assessments is crucial to facilitate longitudinal studies, enabling the comparison of

baseline and follow-up data to track the developmental trajectory of ToM skills over time.

Collaborating with researchers experienced in laboratory experiments related to the

construct ensures task consistency within the experimental setting. Continuous testing,

feedback, and adjustments are recommended. Recognizing that initial attempts might not fully
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capture real-world complexities, this iterative process is crucial for refining and enhancing the

tools to improve comprehension for the target population.

Additionally, incorporating missing components of ToM and NUC, especially those

related to understanding non-literal communication and complex Decision-making scenarios,

will enhance the tool9s comprehensiveness. Future research should also focus on evaluating

the psychometric properties of the ToMT to ensure its validity and reliability. Cross-cultural

validation and adaptation of the ToMT will also be necessary to ensure its applicability and

effectiveness in diverse cultural settings, paving the way for global research on cognitive

development. These additions and modifications are aimed at addressing the current study's

limitations while setting a robust foundation for future research endeavors.
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