
 

 

 

CONTEXT MATTERS: EXAMINING DIFFERENCES IN PRAGMATIC LANGUAGE IN 

RELATION TO EXECUTIVE FUNCTIONS AND CONTEXT 

 

by 

KAITLYN E. MAY 

JASON SCOFIELD, COMMITTEE CHAIR 
ANSLEY GILPIN 

RAJESH K. KANA 
LAURA MORETT 
STEFANIE WIND 

 

 

A DISSERTATION 

 

Submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy 

in the Department of Educational Studies 
in the Graduate School of  

The University of Alabama 
 

 

TUSCALOOSA, ALABAMA 

 

 

2022 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright Kaitlyn E. May 2022 
ALL RIGHTS RESERVED 



 

ii 

 

ABSTRACT 

Pragmatic rule understanding requires selective attention and inhibition of irrelevant 

stimuli in favor of the desired outcome, suggesting a potential role for executive functions (EF) 

in flexibly applying pragmatics skills (PS) differentially by social contexts. To specify the 

relationship between EF and PS, the current work examines whether preschooler’s identification 

of pragmatic requirements varies by their EF level, or by group membership, age, or authority 

level of the speaker. Ninety-five 4- to 6-year-olds completed an EF battery, language battery, 

false belief task, and pragmatics violations task. For the pragmatics violation task, children saw 

members of different social groups commit various types of pragmatic violations. They then 

judged whether a pragmatic violation had occurred and, if applicable, the seriousness of the 

pragmatic violation. Overall, children with higher EF better identified pragmatic violations 

compared to children with lower EF, with some differences for specific maxims. Additionally, 

the results suggest differences in leniency offered to group members based on not just what type 

of pragmatic violation they committed but who committed it. Collectively, this study provides 

evidence of the role of EF in PS during preschool, evidencing that EF may support interpretation 

of increasingly complex social scenarios. Second, this study demonstrates how these judgments 

differ by the pragmatic rule violated and characteristics of the individual committing violation. 

These findings will inform how EF may assist children in everyday social interactions and may 

provide insight into how children’s use of EF differs by context. 
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CHAPTER 1 
 

INTRODUCTION 

We use language to communicate with others and maintain relationships. Although 

semantic aspects of language such as vocabulary, syntax, and grammar are imperative to this 

endeavor, to interact successfully with others it is important to also consider conversational 

principles such as context, listeners’ expectations, facial expressions, gestures, information not 

explicitly stated, nonverbal signals, and nonverbal meanings. In essence, language must not only 

be used functionally, but appropriately in varying social contexts for communication to be 

successful.  

Pragmatic language skills (PS) encompass the use of appropriate communication in 

varying social situations (Ariel, 2010). In essence, PS involves knowing what to say, how to say 

it, and when to say it, as a function of a given social context. PS include the ability to initiate 

conversation, provide relevant and novel responses that draw on context, understand and 

contextualize utterances made by others, and to understand non-literal language such as irony. 

The last few decades have seen increasing interest in pragmatic development because PS are 

foundational to language and social communication (Baldwin, 1993; Bloom, 2000; Clark, 2018; 

Destruel & Shaeffer, 2015; Ifantidou & Matsui, 2013; Matthews, 2014; Matthews et al., 2018; 

Setiawati & Dewi, 2018; Tomasello, 2003; Tomasello, 2008), to a child’s ability to successfully 

interact with peers, and more broadly, to long-term socioemotional development (Roselló et al., 

2017). 
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By preschool, children have developed several PS (Adams, 2002). At age 1, children 

point when requesting something (Carpenter et al., 1998), by age 3, children regularly adapt their 

speech to their conversational partner (Kendrick & Dunn, 1983), and by 5 they are able to wait 

until the adult has finished speaking before asking questions (Sachs et al., 2009). Although 

current research charts a developmental trajectory of PS, there is little research exploring what 

cognitive factors may influence the development and acquisition of PS, such as executive 

functions (EF). EF act as the “air traffic control system” of the brain, guiding and regulating 

cognition in order to achieve various behavioral and cognitive goals (Diamond, 2013). EF is a 

multiple process system consisting of multiple inter-related processes which work together to 

achieve a variety of functions, such as planning, inhibition, self-regulation, task-switching, and 

working memory (WM) (Gilbert & Burgess, 2008).  

It is plausible that EF would be involved in PS. PS requires flexible switching between 

communication styles and rules to determine what is most appropriate given a particular context. 

Moreover, PS, and conversation more broadly, require the coordination of multiple cognitive and 

behavioral skills in pursuit of a goal: to function successfully in a conversation and be perceived 

favorably by the conversational partner. EF may play a key role in guiding cognition in service 

of pragmatic goals. Moreover, it may be necessary to engage EF to determine the proper 

interpretation in accordance with the current communicative goal and context (Novick et al., 

2005; Ye & Zhou, 2009). For example, for a child to successfully refrain from interrupting, they 

must acquire IC to successfully inhibit themselves from speaking. Likewise, WM may subserve 

the ability to effectively consider a conversational partner’s perspective while simultaneously 

forming their own message. Finally, cognitive flexibility (CF) may facilitate the production of 
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effective statements by allowing the speaker to think flexibly about their message and adjust 

their speech to their conversational partner.  

Somewhat surprisingly, there has been little research exploring what cognitive factors 

may influence the development and acquisition of PS in typically developing (TD) populations. 

However, a robust area of research identifies an association between EF and PS deficits. In 

adults it is well-documented that a traumatic brain injury to the prefrontal cortex (PFC), a region 

of the brain critical to EF, often results in PS deficits, such as rambling or overtalkativeness, 

rapidly changing topics in speech, or difficulty understanding indirect questions  (Channon & 

Watts, 2003; Dardier et al., 1967; Martin & McDonald, 2003). In addition, clinical populations 

exhibiting deficits in EF, such as attention-deficit hyperactivity disorder (ADHD) (Green et al., 

2014; Willcutt et al., 2005) and autism (Freeman et al., 2017; Ozonoff, 1995; Sanz-Cervera et al., 

2017; Young et al., 2005) often display co-morbid deficits in PS. This correlation implies that EF 

may be necessary for normal functioning of PS, yet the exact nature of this relationship has yet to 

be defined. 

Although few studies to date have explored the relationship between EF and PS across 

typical development, extensive research cites strong, bidirectional relationships between EF and 

language during early childhood (Bishop et al., 2014; Gooch et al., 2016). Many studies 

document relationships between EF and general language processes (Fuhs et al., 2014; Gooch et 

al., 2016; Karasinski, 2015; Slot & von Suchodoletz, 2018; Viterbori et al., 2012). EF skills 

across development have been associated with early expressive vocabulary skills (Kuhn et al., 

2016), receptive language skills (Kaushanskaya et al., 2017), morphological and syntactic 

abilities (Hussey & Novick, 2012; Viterbori et al., 2012), verbal fluency (Hussey & Novick, 

2012), reading comprehension (Horowitz-Kraus et al., 2014; Skibbe et al., 2019), and 
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phonological awareness (Skibbe et al., 2019; Viterbori et al., 2012). Collectively, these studies 

indicate a relationship between EF and broader language skills and suggest the potential for a 

similar link between EF and PS. 

Likewise, extensive research indicates a robust relationship between EF and social 

understanding skills during early childhood, such as Theory of Mind (ToM) and perspective 

taking, skills which facilitate an awareness and consideration of others’ mental states, 

perspectives, and motivations and play a key role in PS (Bernier et al., 2012; Hughes & Ensor, 

2009; Landry et al., 2000; McKown et al., 2009; Sabbagh et al., 2006). This body of work 

demonstrates that EF plays a key role in children’s understanding of the nuances of social 

interactions and in their ability to effectively communicate (Nilsen & Graham, 2009). 

Specifically, this work suggests that EF facilitates the online and active construction of a rapidly 

changing mental model of another individual’s beliefs, expectations, emotions, and desires that is 

necessary for a successful social interaction. Moreover, EF facilitates the ability to maintain 

focus, problem solve, take turns, inhibit inappropriate behaviors, and flexibly pursue goals within 

the context of a social interaction. Thus, existing research supports a model in which EF guides 

social interaction broadly and may also subserve more specific pragmatic skills. 

Although it is well-documented that preschool children are frequently asked to use their 

PS, and that this demand increases with age, few studies to date have assessed the cognitive 

skills underlying PS development, especially in TD populations. Studying the cognitive factors 

underlying pragmatic development during the preschool years is important, as it is during this 

time that children begin to regularly interact with others outside of the home, such as teachers 

and peers (Smith, 2003) and have ample opportunity to develop and practice social and cognitive 

skills in a variety of environmental contexts. PS developed during this period will influence early 
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socialization experiences and help the further development of social and cognitive skills (Black 

& Hazen, 1990). Towards this aim, the present study proposes to examine whether children’s 

adherence to pragmatic requirements vary by EF and/or by context. 

Study Purpose 

 This study proposes to investigate the potential role of EF in identifying pragmatic 

violations, and whether this varies by conversational partner in a sample of 4- to 6-year-olds. 

Moreover, the present study seeks to examine how individual differences in EF affect 

performance on a PS task. Research to date has failed to examine the cognitive factors affecting 

PS in typical development. It is extensively documented that children are expected to engage 

their PS skills, and that this expectation increases by age. However, there has been little research 

to identify the cognitive skills which may facilitate PS development. The present study 

represents a step towards filling this gap, namely by determining a potential need for EF in PS 

and how this varies by social context.  

The conceptual framework guiding this study hypothesizes three sets of variables which 

affect children’s identification of pragmatic violations and the relationship between EF and PS. 

Broadly, these variables fall under three themes: 1) Individual factors (e.g., language ability, 

age); 2) Cognitive factors (e.g., EF, ToM), and 3) Contextual factors (e.g., group affiliation, age, 

authority). It is hypothesized that EF will be positively related to PS, such that individuals with 

higher EF show higher performance on identifying pragmatic violations. Second, it is expected 

that EF will be predictive of PS and that the strength of this relationship will increase with age. 

Finally, it is expected that the demand for EF will vary by conversational partner, such that 

children are stricter in their expectations for members of certain groups and more lenient with 

others.   
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Research Questions 

 The broad research question guiding the proposed study asks, “What is the relationship 

between pragmatic competency and EF?” This question guides the study along three specific 

aims: 

Aim 1 

 To investigate the relationship between EF and PS in a sample of 4-6 year-olds. 

Specifically, I will: 

a. Assess the developmental progression of the EF-PS relationship. 

b. Assess whether overall EF relates to overall PS. 

c. Examine the utility of EF as a predictive measure of PS. 

Aim 2 

 To identify potential developmental, cognitive, and lexical factors that influence 

children’s use of EF during pragmatic tasks. Specifically, I will: 

a. Evaluate whether the relationship between EF and PS, and the demand for EF during PS 

tasks, changes with age. 

b. Examine associations between overall language and the EF-PS relationship. 

c. Assess individual differences in EF-PS relationship. 

Aim 3 

 To identify social factors affecting the demand for EF in pragmatic tasks. Specifically, I 

will: 

a. Evaluate whether the use of EF in identifying pragmatics violations varies by 

conversational partner. 
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b. Assess whether children’s judgments of the magnitude of a pragmatic violation differs by 

context and by EF level of the conversational partner. 
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CHAPTER 2 
 

LITERATURE REVIEW 

 PS support the use of appropriate communication in a variety of social situations. In 

essence, PS involves knowing what to say, how to say it, and when to say it. Broadly, PS 

involves 3 primary skills: 1) using language for different purposes; 2) changing language in 

accordance with the conversational partner or context; and 3) adhering to the rules of 

conversation. Using language for a variety of purposes involves an understanding and 

implementation of language for functional purposes, such as greeting, informing (e.g., “I am 

leaving”), demanding, (e.g., “Pick up the toy.”), stating, and requesting. In order to change 

language in accordance with the conversational partner or context, a speaker may change the 

complexity (e.g., speaking to a child versus speaking to an adult), volume (e.g., speaking in a 

classroom versus in the cafeteria), or formality of their speech (e.g., speaking about family to 

another family member versus a stranger). Finally, adhering to the rules of conversation includes 

taking turns while talking, introducing new topics, staying on topic, providing clarification when 

misunderstood, requesting clarification when confused, using and understanding nonverbal 

signals, respecting personal space, and other skills. In order to be successful in a conversation, an 

individual must adhere to pragmatic principles and readily use PS to adapt to a rapidly changing 

conversation and situational context. 

Before their first word, infants have already reached several pragmatic milestones and 

developed foundational PS (Stephens & Matthews, 2014). Early on, infants detect infant-directed 
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non-verbal communication (i.e., eye contact), infant-directed speech, and contingency (Csibra, 

2010; Itakura et al., 2008; Tauzin & Gergely, 2018), so much so that it has been suggested that 

infants are born prepared to detect socially and communicatively relevant information (Csibra, 

2010). By approximately 9-10 months, infants can gesture and produce vocalizations that serve 

pragmatic functions, such as requesting, labeling, protesting, and greeting (Bates et al., 1975; 

Butterworth, 2003; Dale, 1980). 

A large body of research demonstrates that PS improves with age, with development of 

the ability to manage indirect speech acts (Bosco et al., 2006); identify deceits and lies (Bussey 

& Bandura, 1999) and comprehend irony (Filippova & Astington, 2008) within communication. 

During the preschool years, children master a wide variety of PS and show rapid growth and 

increased sophistication in their PS (Adams, 2002; Ninio & Snow, 1996). At age 1, children can 

request something by pointing (Carpenter et al., 1998); by 2 children have expanded their 

pragmatic repertoire to include a large variety of acts such as asking questions, negotiating, and 

discussing (Nilsen et al., 2020); and by age 3 children regularly adapt their speech to their 

conversational partner (Kendrick & Dunn, 1983) and exploit language to lie. These capacities 

improve throughout the preschool and early school years (Talwar & Crossman, 2011). By 

approximately 6 years of age, the ability to identify irony emerges (Angeleri & Airenti, 2014; 

Harris & Pexman, 2003; Loukusa et al., 2007). During this time, children become more 

proficient conversationalists (Bloom et al., 1976; Garvey & Hogan, 1973; Hudson & Shapiro, 

1991) and are increasingly able to tailor conversations to their partner (Vázquez et al., 2013). 

Around this age, children are able to wait for an adult to finish talking before asking questions 

(Sachs et al., 2009) and are more intentional in providing information that is most relevant 

(Bloom et al., 1976) and beneficial (Menig-Peterson, 1975; Perner & Leekam, 1986; Saylor et 
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al., 2006) to their conversational partner. PS is important to overall development, as it allows 

children to build social relationships and collaborate with peers to build social and cognitive 

skills (Black & Hazen, 1990). 

Theories of Pragmatic Development 

Gricean Pragmatics 

 One aspect of pragmatic competence involves an awareness that there are unstated rules 

of conversation that a conversationalist is expected to adhere to (Ackerman, 1981; Eskritt et al., 

2008; Grice, 1975). Grice (1975) believed that conversation between two individuals is 

cooperative in nature, and defined a set of implicit assumptions, or maxims, that conversational 

partners follow during conversation to ensure effective communication. These maxims are not 

meant to serve as strict principles of conversation; instead, they provide principles to promote 

successful conversation. In essence, Grice (1975) argued that conversation participants will do 

what is necessary to be understandable and to be understood and suggested that the maxims 

represent a set of implicitly understood guidelines that are followed to achieve these goals. 

The Gricean Maxims consist of 5 maxims: 1) First Maxim of Quantity; 2) Second Maxim 

of Quantity; 3) Quality; 4) Relation; and 5) Manner. The Maxim of Quantity consists of two 

conversational implicatures. First, that the speaker should make their contribution as informative 

as is required. Second, the speaker should not make their contribution more informative than is 

required. The Maxim of Quality states that the speaker should not say what he/she believes to be 

false, or that for which they lack adequate evidence. The Maxim of Relation states that the 

speaker should say only things which are relevant and avoid saying things that are not relevant. 

Finally, the Maxim of Manner ensures clarity; the speaker should 1) avoid obscurity of 

expression; 2) avoid ambiguity; 3) be brief; and 4) be orderly. Subsequent researchers included a 
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Maxim of Politeness, in which speakers are expected to minimize the communication of impolite 

beliefs or statements and maximize the expression of polite beliefs and statements (Davis, 1998; 

Kallia, 2004; Kallia, 2007; Kingwell, 1993; Lakoff, 1973; Leech & Leech, 1983; Pfister, 2010), 

though other researchers argue that politeness is merely a motive which explains deviations from 

Gricean principles (Brown & Levinson, 1987). 

Grice (1975) asserted that violations of the maxims produce unclear utterances, resulting 

in confusion and misunderstanding between the conversational partners. This ambiguity forces 

the listener to make an inference about why the conversational partner is going against 

conversational principles. For example, a speaker may be providing seemingly unnecessary 

information because the information may be important later in the story. Similarly, an ambiguous 

reference may be because the speaker does not wish to disclose the information. Still, if an 

inference is incorrect, then the lack of understanding may persist and further impair 

understanding and the success of the conversation.  

While Grice (1975) provided the original insight that inference plays an important role in 

communication through his articulation of unspoken conversational implicatures that speakers 

must adhere to, Gricean theory fails to specify how these inferential processes delay 

comprehension. Modern cognitive pragmatic theories have focused on explicit content of an 

utterance as also relying on a pragmatic inference, rather than solely the implicit content or 

meaning implied (e.g., implicature) (Levinson, 2000; Recanati, 2010; Sperber & Wilson, 1995). 

In sum, the Gricean framework was foundational to understanding of the dynamics of language 

use between speaker and meaning. Subsequent theories expanded on this, highlighting various 

aspects of pragmatic development and cooperative communication, and charting their 

developmental trajectory.  
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Cognitive Pragmatics Theory 

Cognitive Pragmatic Theory (Airenti et al., 1993; Bara & Tirassa, 1999) focuses on the 

cognitive components of conversation, centralizing around cooperation, sharedness, and 

communicative intention, all of which were initially proposed by Grice (1975). Cognitive 

Pragmatic Theory defines communication as an activity of combined effort of at least two people 

who consciously and intentionally cooperate to construct a shared mental space which facilitates 

meaning. This theory asserts that the literal meaning of an utterance is necessary but not 

sufficient for conversational partners to determine the meaning of an utterance. Thus, the 

conversational partner must recognize and participate in the ‘behavior game’ the actor is 

proposing. Airenti and colleagues (1993) described this behavior game as a social structure 

mutually shared and developed by the participants of a social interaction. For example, consider 

the statement, “it’s cold outside.” The literal meaning of this utterance is that the temperature 

outside is cold and has no communicative significance (Airenti et al., 1993). However, if “it’s 

cold outside” were understood within the context to be an invitation to get a cup of coffee, there 

would be additional meaning past the literal utterance. This scenario provides an example of how 

the meaning of an utterance is derived from the referential context and not merely the literal 

utterance, and that speech therefore has less meaning outside of the communicative context. 

According to this perspective, a difficulty in understanding the non-literal meaning of a 

communicative act is due to a failure to follow the sequential communicative events necessary to 

understand the utterance within the context of communication, or the ‘behavior game.’ 

To conclude, Cognitive Pragmatics Theory examines the cognitive skills underlying 

conversation, with a specific focus on cooperation, sharedness, and communicative intention. By 
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examining both the literal and nonliteral meaning of speech, cognitive pragmatics emphasizes 

the importance of context and pragmatic cues in determining meaning. 

Relevance Theory 

Within cognitive pragmatics, Relevance Theory (Sperber & Wilson, 1995; Sperber & 

Wilson, 2002) is typically viewed as the most well-used theoretical framework. This theory aims 

to provide a cognitive account of utterance comprehension stemming from two Gricean 

assumptions: 1) Both verbal and non-verbal communication involves overt expression and 

inferential recognition of intentions; and 2) conversational partners presume that their partner 

will adhere to certain standards based on these inferred intentions (Sperber & Wilson, 1995). 

Relevance Theory argues that cognition and communication are relevance-oriented, such that the 

greater the cognitive or contextual effects and the smaller the cognitive demand or processing, 

the greater the relevance of the speech to the listener. Sperger & Wilson (1995) argue that 

communication surpasses Grice’s speaker’s meaning and includes a broader variety of 

communicative acts. As such, Relevance Theory views explicit communication as richer and 

more inferential than Grice (1975). Moreover, Relevance Theory rejects the notion of implicit 

communication and maxim violation being intricately linked. Finally, Relevance Theory includes 

the role of context in comprehension, exploring the dynamics of content, contextual assumptions, 

and implicatures in comprehension. 

Children’s Use of Gricean Maxims 

 The foundations of cooperative communication emerge early. As early as 2-years-old, 

children are sensitive to the Gricean Maxims, and their ability to do so improves across the 

preschool years. Two-year-olds are able to adhere to the Maxims of Quantity and show 

sensitivity to the knowledge available to the listener (Dunham et al., 2000; O'Neill, 1996), rarely 
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violate the maxims of Quality and Manner in their own speech (Pellegrini et al., 1987), adhere to 

politeness conventions (Bates et al., 1975), correct false or incorrect statements (Pea, 1982), and 

contribute to the conversation with relevant and novel information by considering their 

conversational partner’s information awareness (O'Neill, 1996).  

With development, children show increasing ability and consistency in their adherence to 

Gricean principles (Skarakis-Doyle et al., 2014). Around age 5, children begin to accurately and 

consistently judge the quality of others’ conversation by identifying speakers who adhere to and 

violate Gricean maxims (Ackerman, 1981; Conti & Camras, 1984; Eskritt et al., 2008). For 

example, Eskritt and colleagues (2008) asked 3-5 year-olds to observe an experimenter request 

information from two puppets (Eskritt et al., 2008). Participants consistently asked for 

information about the location of the hidden sticker from the puppet who adhered to Gricean 

maxims, but not the Gricean violator. Roughly half of the participants selected puppets that 

adhered to the Maxims of Quantity and Quality but at a rate lower than chance. In addition, 68% 

of participants selected the puppet that adhered to the Maxim of Relation at a rate better than 

chance. Overall, participants performed better in the Quantity condition compared to the Quality 

condition, 3-year-olds never performed above chance in the Quantity condition. These findings 

demonstrate a sensitivity to violations of the Maxims of Relation, Quality, and Quantity in 

preschool. The authors concluded that it may be that children’s ability to identify and value 

conversational implicatures occurs at various stages. 

 Still, existing studies of preschoolers’ understanding of Gricean maxims yield mixed 

results (Ackerman, 1981; Conti & Camras, 1984; Eskritt et al., 2008; Surian, 1996; Vázquez et 

al., 2013). Some studies suggest that preschoolers are able to understand some maxims (Eskritt et 

al., 2008; Gillis & Nilsen, 2013; Vázquez et al., 2013), yet other studies suggest that children are 
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only able to understand explain Gricean violations after beginning formal schooling (Ackerman, 

1981; Conti & Camras, 1984). It may be that preschoolers acquire the ability to identify each of 

the maxims at different stages of development. Further, it may be that the mixed results reflect 

the diversity of tasks assessing Gricean maxims during the preschool ages, and whether the child 

is asked to identify or respond to violations. 

Preschool Assessments of Gricean Understanding 

The lack of consensus may be partially due to the variety of tasks used to assess 

children’s understanding of Gricean maxims. Children are consistently able to identify Gricean 

maxims when assessed via story-telling tasks, in which children listen to multiple short stories 

consisting of question-exchange conversations and are asked to choose the silly response (Conti 

& Camras, 1984). A similar task asks children to assign a response to “Honest Alice,” who 

adheres to Gricean maxims, or “Saucy Sally,” who flouts the maxims (Ackerman, 1981). In this 

task, school-aged children, but not preschoolers, are typically successful at identifying maxim 

violations. Moreover, only 8- to 9-year-olds were able to explain the violations in this task.  

Conversely, a selective trust paradigm suggests that 2-year-olds may understand some of 

the maxims (Dunham et al., 2000; Eskritt et al., 2008; Pellegrini et al., 1987). In the task, 

children are asked to locate a sticker hidden beneath one of four different colored cups by asking 

for help a Gricean follower who always gave helpful advice or a Gricean flouter who always 

provided insufficient advice. For example, when asked “Is it under the blue cup?” the Gricean 

flouter puppet would say, “I like cups.” Results indicated that children are most successful at 

identifying violations of the Maxim of Relation. Three-year-olds did not perform above chance 

when a puppet violated the First Maxim of Quantity, suggesting that the Maxim of Relation may 

be easiest to understand. In sum, preschoolers show understanding of Gricean maxims in their 
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own speech (Pellegrini et al., 1987) and during game-based tasks (Eskritt et al., 2008; Gillis & 

Nilsen, 2013; Vázquez et al., 2013), but not when assessed with observational tasks (Ackerman, 

1981; Conti & Camras, 1984). 

Conversational Violations Task (CVT) 

However, one observational task has been shown to successfully measure preschoolers’ 

understanding of Gricean maxim violations. The Conversational Violations Test (CVT) presents 

children with a video in which three puppets participate in a short, question-answer conversation. 

One puppet asks a question (e.g., “What games do you know?”). One puppet provides an 

appropriate answer (e.g., “I know how to play football.”), while the other violates a Gricean 

maxim (e.g., “I know your name.”). Children must decide which puppet answered 

inappropriately. Here, children who understand Gricean maxims would choose the second 

puppet.  

The CVT has been used frequently with children in a variety of countries and with 

children of atypical development (Siegal et al., 2010; Surian & Siegal, 2001; Surian, 1996). 

Existing research using the CVT report that children with strong language skills, for example 

bilinguals, outperform other children (Siegal et al., 2010). Conversely, children with limited 

language capacities, such as children with neurodevelopmental disorders, struggle with this task 

and demonstrate impairments in identifying Gricean violations. However, the majority of work 

using the CVT to examine Gricean maxim understanding has primarily been conducted in 

children with neurodevelopmental disorders (Siegal et al., 2010; Surian & Siegal, 2001; Surian, 

1996). Existing research lacks understanding of the ages at which TD children understand 

Gricean maxims. 
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Okanda and colleagues (2015) developed a revised CVT to be used with Japanese, TD 4-

6-year-olds. In their version of the task, they included the Second Maxim of Manner. They also 

revised questions to account for cultural familiarity. For example, “What did you do at school?” 

with the answer, “We did some writing” was changed to, “We played football” because 

preschool programs typically do not include formal writing training. Football was selected as a 

widely known school physical activity. In the validation process, 30 adults completed a 

questionnaire that asked them to select the answer that they considered wrong, silly, or rude. 

Based on the results of the adult data, items with lower scores were excluded and 30 items were 

selected with 5 questions for each maxim.  

Each of the 30 items was presented to child participants through three puppets. One boy 

puppet asked questions to two girl puppets. One of the girl puppets responded with a violation of 

the maxim, and the other gave an appropriate response. To prevent biases, the respondent 

puppets were randomized, and the color of their clothing was randomized. Results showed that 

sensitivity to Gricean maxim violations increased with age. Specifically, 4-year-olds 

identification of violations was at chance. Five-year-olds were successful at identifying the First 

Maxim of Quantity and Maxims of Quality, Relation, and Manner. By 6 years, children 

performed like adults, able to identify violations of all the maxim. Moreover, results indicated 

that understanding of the Maxim of Relation occurred earliest in development, whereas the 

Second Maxim of Quantity was the most difficult to understand. Finally, children and adults 

differed in their understanding of the Maxim of Politeness. Results of this study demonstrate the 

potential of the CVT as a method of assessing pragmatic development, while also providing 

insight to the development of understanding of Gricean maxims. 
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A Potential Role for Executive Functions in Children’s Use of Pragmatics 

Notably, both social and cognitive factors have been suggested to underlie PS (Lapadat, 

1991). The two primary proposals are EF and ToM. EF are a set of higher-order cognitive skills 

that control and regulate other lower-level cognitive processes and goal-directed behaviors in 

service of achieving goals (Alvarez & Emory, 2006; Diamond, 2013). Historically, EFs were 

conceptualized as a single, central executive responsible for multi-modal processing and 

complex cognitive skills (Della Sala et al., 1998; Shallice & Vallar, 1990). Modern work 

conceptualizes EF as multiple process related system consisting of multiple interdependent 

functions which form an integrated supervisory or control system (Stuss & Alexander, 2000). In 

this sense, EF are an umbrella term referring to a variety of processes, including planning, 

inhibition, task-switching, and multi-tasking (Gilbert & Burgess, 2008; Stuss & Knight, 2002). 

In general, the field considers the three separable yet related EF defined in Miyake’s 

(2000) Unity and Diversity framework to be the core domains of EF (Diamond, 2013; Scionti & 

Marzocchi, 2021). These factors are: 1) Inhibitory control (IC); 2) Cognitive Flexibility (CF); 

and 3) Working memory (WM). IC is the cognitive process of stopping an impulsive response in 

favor of the more desired or appropriate response. CF involves flexibly switching between tasks 

or thinking about a single item in multiple ways. Finally, WM is a form of short-term memory 

which holds a small amount of information in mind for a short period of time. Together, EF 

serve as the ‘air traffic control system of the brain’; they guide and regulate other cognitive 

systems to achieve goals.  

Inhibitory Control 

 Broadly, IC is the ability to inhibit a desired response in favor of an expected response. It 

is typically divided into two types of inhibition. First, prepotent inhibition is the ability to engage 
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self-control and selectively attend to specific stimuli to suppress an impulsive response 

(Diamond, 2013). Second, interference control is the ability to cognitively engage and disengage 

between internally represented, cognitive rules that were previously active versus those which 

are currently active (Diamond, 2013; Nigg, 2000). IC is crucial to regulating and monitoring 

actions to ensure that tasks are completed in sequential order and errors are identified so that the 

task can be completed successfully. Impairments in IC typically manifest as impulsivity, a lack 

of self-control, difficulty completing tasks, inappropriate responses to speech, and perseverative 

errors despite feedback. 

Cognitive Flexibility 

 CF is the ability to switch rapidly between tasks or to think about the same object or 

concept along different dimensions by changing spatial and interpersonal perspectives. CF 

facilitates flexibility in thinking, allowing individuals to change perspectives, adjust priorities, 

admit mistakes, and take advantage of unexpected opportunities (Diamond, 2013). Skills 

supported by CF include shifting between tasks, learning from mistakes, creating alternate 

strategies when needed, thinking about things in multiple ways, dividing attention, and 

processing multiple sources of information. CF develops later in life and at a different rate than 

the other EF factors (Davidson et al., 2006; Garon et al., 2008). Individuals with impairments in 

CF often display perseverative behaviors in which they persist with the same mistake despite 

feedback.  

Working Memory 

 Finally, WM is the ability to hold a small amount of information in memory for short 

periods of time to be used in service of a behavioral or cognitive goal. Specifically, WM updates 

memory in order to facilitate rapid additions and deletions to items in short-term memory. The 
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WM system is supported by two separate systems which retain verbal and visuospatial 

information. WM is critical to everyday functioning and successful social interaction, as it allows 

us to keep in mind and manipulate information arriving from the outside and produce consistent 

and appropriate responses to contextual demands (Giofrè et al., 2013; Shah & Miyake, 1996).  

Unitary versus Diversity of Executive Functions 

 Within the EF literature there has been the longstanding debate (Teuber, 2009) of 

whether the central executive is unitary (Baddeley, 2002) or non-unitary (Parkin, 1998). Due to 

its origins in clinical neuropsychology, EF were initially conceptualized as a multi-faceted 

cognitive domain involving individual cognitive components such as initiation, WM, inhibition, 

and planning—in other words, as diverse and separable functions. There is a documented history 

of patients with frontal lobe damage who were impaired in future-oriented, goal-directed 

behavior. These cases document symptoms such as distraction by irrelevant stimuli, inability to 

flexibly switch mental sets, failure to initiate appropriate activity, failure to plan and organize 

activity to achieve goals, and impairments in novel problem solving—functions now recognized 

as central to EF (Duncan et al., 1995; Stuss & Benson, 1984). In a foundational study conducted 

by Teuber (2009), it was documented that adults with frontal lobe damage still performed within 

the normal range on intelligence tests and were instead impaired in the ability to use cognitive 

skills such as attention, memory, or language in the pursuit of a future goal (Teuber, 2009).  

Through this research it became standard to diagnose frontal lobe deficits via poor 

performance on EF tasks (Alvarez & Emory, 2006; Stuss & Alexander, 2000). Consequently, the 

frontal lobes were continually linked to EF (Duffy & Campbell III, 2001; Duke & Kaszniak, 

2000), despite inconsistent specificity of EF measures to frontal lesions (Bigler, 1988; Costa, 

1988; Wang, 1987) and documentation of patients with frontal lesions performing within the 
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normal limits on EF measures (Ahola et al., 1996; Damasio et al., 1994; Eslinger & Damasio, 

1985; Heck & Bryer, 1986; Shallice & Burgess, 1991). This assumption led to ambiguity in the 

relationship between EF and the frontal lobe that persists today.  

The development of neuroscience provided insight to the unity (e.g., EF as an integrated 

cognitive system) versus diversity (e.g., EF as independent and separable functions) debate  

(Collette et al., 2005; Karr et al., 2018; Miyake et al., 2000; Miyake & Friedman, 2012). 

Cognitive scientists who viewed EF as a limited capacity WM system (Kimberg et al., 1997) 

asked whether a unitary model of EF could account for the varied symptoms following PFC 

damage or dysfunction. They tested their theory under the argument that if EF could be 

characterized as a unitary construct, performance on separate EF tests should intercorrelate, 

indicating that they are best explained by a single latent factor. Alternatively, if EF is multi-

faceted, then performance across tests should be best explained by multiple factors.  

Miyake and colleagues (2000) used latent variable analysis of performance on frontal 

lobe tasks to determine to what extent various EF functions can be considered independently in 

adults. This work found that variables from EF tests load on three factors, affirming the potential 

to separately identify specific EF components. The work integrated the various viewpoints of the 

time by demonstrating that EF consists of correlated, but separable components, arguing for both 

the university and diversity of EF. Moreover, Miyake and colleagues (2000) work led to the 

development of empirically validated model of EF. This work was influential to the 

characterization of EF as involving subcomponents which act independently yet are tightly 

interconnected, and the influence of Miyake et al (2000) can be seen in current factorization of 

EF as involving 3 primary components in adulthood: IC, CF, and WM. Indeed, the field 

generally considers these three components to be united and diverse core domains of EF 
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(Diamond, 2013; Scionti & Marzocchi, 2021). Thus, each domain operates as separate functions 

that are related to specific frontal systems, but function in an integrative manner to achieve tasks 

collaboratively. Together, they can be conceptualized as an overall control system.  

However, other proposals also exist (Carlson & Moses, 2001; Miyake & Friedman, 2012; 

Simpson & Carroll, 2019), and it is unclear whether these factors are separate across the entirety 

of development. Specifically, Fournier-Vicente et. al., (2008) proposed a five-factor model (i.e., 

verbal and spatial coordination function, strategic retrieval, selective attention, and shifting) 

while Himi and colleagues (2021) propose that the Miyake model (2000) highly interrelates to 

other basic cognitive functions such as WM, divided attention, and relational integration that 

correlate to a higher-order factor of general cognitive ability (Fournier-Vicente et al., 2008; Himi 

et al., 2021; Miyake et al., 2000).  

Factor Structure of EF in Childhood 

Debate over the structure of EF, particularly in childhood, persists, most frequently 

regarding the inclusion of WM in the EF domain. As such, disagreement persists regarding the 

structure of EF across childhood. The preschool years are the most critical period for EF 

development, with many rapid and significant changes occurring during this time (Best & Miller, 

2010; Garon et al., 2008). However, these changes do not equally involve all EF processes. For 

example, some research indicates that all EF components during early childhood are intrinsically 

related and load onto the same factor (Brocki & Bohlin, 2004; Hughes et al., 2010; Nilsen et al., 

2013; Wiebe & Karbach, 2017). Others argue that EF consists of two broad components of WM 

and IC, with CF loading onto the WM components (Miller et al., 2012; Müller & Kerns, 2015). 

This empirical ambiguity may be due, in part, to the protracted development of WM compared to 

the other EF factors.  
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Multiple studies have shown that EF factors develop at various stages (Davidson et al., 

2006; Xu et al., 2013). For instance, children as young as 4-years-old can remember small 

amounts of information and inhibit a response. However, at this age the updating component of 

WM—the ability to hold information in mind, update it regularly, and mentally work with the 

contents— is not yet developed (Baddeley, 1992; Baddeley & Hitch, 1994; Davidson et al., 

2006). The ability to update is built upon short-term memory, which is still developing during 

the preschool and early childhood years, lending debate to the factor structure of EF across 

development. Indeed, WM and updating follow a more protracted development exhibiting 

significant accuracy different even between adolescents and adults (Davidson et al., 2006; Xu et 

al., 2013). This may be due to late-developing neural cortices, especially in the prefrontal (Fiske 

& Holmboe, 2019; Shanmugan et al., 2016) and parietal regions (Fiske & Holmboe, 2019) where 

functional connectivity has been shown to mediate improvements in EF (Buss & Spencer, 2018; 

Tamnes et al., 2010). Moreover, distinct neural regions have been shown to be related to 

different EF factors (McKenna et al., 2017). While the bilateral frontoparietal network (FPN) 

modulates task-general aspects of EF (Cole et al., 2013; McKenna et al., 2017), the anterior 

cingulate cortex and inferior frontal gyrus are central to IC (Cole et al., 2013; McKenna et al., 

2017). 

Most researchers conceptualize early childhood EF as a unidimensional set of skills 

which later fractionate into a multidimensional structure. A one-factor model has been proposed 

for younger preschoolers (3 to 4 years) with evidence supporting its use over two-factor models 

(Hughes et al., 2010; Wiebe & Karbach, 2017). The unitary structure has been linked to the 

structural and functional immaturity of the PFC during these years (Diamond, 2002). 

Conversely, in 5- to 6-year-olds there is a lack of agreement of the best fit of a two-factor (Usai 
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et al., 2014) versus latent single factor model (Hughes et al., 2010; Wiebe & Karbach, 2017). 

Studies using larger age ranges that encompass the entire preschool period identify a partial 

boundary between WM and IC in 3- to 6-year-old children, in which the two components were 

diverse but significantly related. The results of these studies identify a greater fit of 

bidimensional models compared to unitary, and support Miyake’s (2000) Unity and Diversity 

model.  

Some researchers have argued that the lack of separability of WM and IC reflects 

differences in IC tasks used (e.g., tasks examining interference versus proactive control) (Lerner 

& Lonigan, 2014; Miller et al., 2012). This is in line with research suggesting that IC may be 

best conceptualized as a set of functions rather than a unitary construct (Bunge & Zelazo, 2006; 

Dempster, 1992; Gandolfi et al., 2014; Nigg, 2000) and that each type of IC relates differently to 

WM (Diamond, 2013; Espy & Bull, 2005; Traverso et al., 2019). Still, the work seems to 

identify a two-factor model during preschool and early childhood, with the three-factor model 

emerging during adolescence (Davidson et al., 2006; Miyake et al., 2000). This progression is 

tied to the maturation of the PFC and the ability to reflect and reprocess information, allowing 

for more efficient control of attention (Zelazo, 2015). More recently, a four-factor model was 

suggested in adolescence (i.e., WM, shifting, IC, and planning) with significant performance 

differences in WM, IC, and planning between early (12-15 years) and late (15-18) adolescence 

(Laureys et al., 2022). 

In sum, this body of work suggests that IC and WM are not separate during the early 

preschool years and suggests a possibility of integration across early childhood. The lack of 

consensus on the development of the structure of EF may reflect differences in methodology, 

scoring methods, impurity of EF assessments, and a lack of task sensitivity (Best et al., 2011; van 
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der Ven, Sanne H. G. et al., 2013). Additional work is needed to chart this developmental 

trajectory more specifically. 

Theories of EF Development 

Although EF has been a key interest of developmental psychologists in recent years, the 

quest to chart its developmental course has been difficult, in part due to the longstanding 

controversy over whether EF is best represented by a unitary or fractionated framework (Barkley 

et al., 2001; Brocki & Bohlin, 2004; Miyake et al., 2000). Although the beginnings of EF appear 

in infancy, each component has its own developmental trajectory (Best et al., 2009; Garon et al., 

2008). Moreover, despite EF growth during the preschool and school years, many aspects of EF 

develop well into adolescence (Best et al., 2009; Huizinga et al., 2006). Thus, EF development is 

not necessarily linear, but may occur in spurts (Anderson, 2002). Due to the importance of the 

frontal lobe for successful performance of EF tasks, it is likely that EF development aligns with 

the development of the PFC.  

Performance on EF tasks improves with age during early childhood, even when other 

related skills such as verbal knowledge and intelligence are controlled for (Best & Miller, 2010; 

Carlson, 2005; Carlson & Moses, 2001; Zelazo et al., 1997), and is associated with development 

of the PFC. Attentional control appears to undergo the most development during infancy and 

early childhood, self-control and self-regulation are relatively mature by middle childhood, while 

information processing, CF, and goal setting are relatively mature by 12 years of age, though EF 

does not fully develop until mid-adolescence or early adulthood.  

Selective attention is a prerequisite for the development of EF (Garon et al., 2008). 

Selective attention enables the child to focus on critical pieces of a task and disengage when 

needed. Development of the superior parietal and frontal cortices allows the child to voluntarily 
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shift attention between tasks and direct their behavior in accordance with internal, self-directed 

goals (Garon et al., 2008). Moreover, the development of the anterior attention network and local 

connections to lower-level attention subsystems increases the length of time that infants can 

sustain their attention. With the development of these systems by 18 months, children can 

identify and tolerate minor conflict. During the preschool years, attention develops further, 

increasing the amount of conflict that children can tolerate, and the length of time children can 

focus. This attentional development lays the foundation for the development of EF. 

The first five years are critical to the development of both language and EF (Garon et al., 

2008). During this time, core components of EF develop, preparing the brain for the 

development of higher-order cognitive processes in adulthood. Posner & Rothbart argue for the 

development of a central attention system between the ages of 2 and 6 that later develops 

cognitive control (Posner & Rueda, 2013; Rothbart et al., 2011). Conversely, Dempster (1992) 

supports the notion that a general inhibitory process underlies development of cognitive control 

during this same time period (Dempster, 1992). With recent research supporting both viewpoints, 

the field now supports an integrative model of EF which encapsulates both perspectives (Miyake 

et al., 2000). In this model there is a central EF mechanism, similar to executive attention or a 

central inhibitory system, that emerges in childhood and correlates with adulthood EF.  

WM is the first component of EF which develops. Within the first 6 months of life, 

infants can hold small amounts of information in mind (Garon et al., 2008). The development of 

the ability to coordinate complex cognitive skills with attention manifests around 15 months. 

Within the second half of the first year, children develop cognitive control and can apply 

cognitive control to their behavior. This allows children to delay their responses and thus 

decrease conflict between dominant and subdominant responses. Children can deal with simple 
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conflict around 12 months of age and are able to coordinate WM and response inhibition at 

approximately 2 years of age. It is this development which enables children to inhibit a prepotent 

response and instead perform a subdominant response. Because set shifting is the most complex 

EF skill, it develops last, emerging between 1 and 2.5 years. 

Critical growth in EF occurs between the ages of 3 and 5, as this is when the executive 

control network of the brain develops (Rothbart et al., 2011). This network is composed of the 

anterior cingulate, dorsolateral PFC, supplementary motor area, and basal ganglia, and plays a 

key role in detecting and resolving conflict. Increased performance in EF tasks beyond 3 years of 

age may reflect the integration of the attentional network with other areas involved in EF. The 

development of an integrated executive system suggests a differential structure of EF during the 

preschool years comparative to later childhood, which is reflected by differential performance on 

behavioral EF tasks. 

Despite different developmental trajectories, information processing, CF, and goal setting 

are all relatively mature by 12 years of age (Anderson, 2002). Still, developmental regressions, 

particularly in self-regulation and strategic decision making, have been reported between 11 and 

13 years (Anderson, 2002; Anderson et al., 2008). EF continues to develop into early adulthood 

when the PFC continues developing. Complex EF skills do not emerge until adolescence or early 

adulthood (Anderson, 2002; Davidson et al., 2006). 

Developing Cognitive Control: Three Key Transitions 

Munakata and colleagues (2012) argue that the development of EF occurs in 3 transitions, 

largely due to increasing development and activity of abstract goal representations subserved by 

the PFC (Munakata et al., 2012). First, children develop the ability to overcome instincts in 

response to environmental stimuli through EF. This development is catalyzed by growth in the 
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ability to maintain information relevant to goals. Goal representation enables top-down control 

of goal-relevant thoughts and behaviors, allowing flexible response to the environment. 

Second, children transition from engaging EF reactively, in response to an environmental 

cue, to engaging EF proactively, in preparation for a need for EF. Recent work suggests that 

young children engage control at a different temporal pace than adults. Namely, young children 

engage EF reactively, on an as-needed basis rather than proactively maintaining goal-relevant 

information until it is needed (Andrews et al., 2020; Chatham et al., 2009). For example, 

consider the AX-CPT task in which participants must provide a target response to a frequent 

sequential pair of stimuli (“A” followed by “X”) and a nontarget response to all other pairs. 

Whereas 8-year-olds proactively maintain the first stimulus in order to prepare their response, 3-

year-olds instead retrieve it reactively when it is necessary due to the presence of an “X” 

stimulus.  

In the final stage, children grow to engage EF independently, rather than relying on 

environmental signals to prompt its recruitment. In general, young children can successfully 

engage EF to achieve externally-driven goals (i.e., putting away toys when told). It is only later 

in development that children succeed in engaging EF to achieve internally-driven goals (e.g., 

doing homework without prompting) (Jacques & Zelazo, 2001; Kave et al., 2008; Smidts et al., 

2004). This transition is subserved by the development of abstract representation which provide 

top-down support for category members, facilitating the selection of a response.  

Muanakata and colleague’s (2012) theory highlights the ages in which EF development 

meets key milestones. This theory argues that the development of increasingly abstract goal 

representation facilitates the development of EF and exertion of proactive control in the face of 

rapidly changing environmental demands. They argue that understanding these 3 stages should 
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permit greater understanding of children’s struggle with EF and potentially improve their 

outcome. 

Cognitive Complexity and Control (CCC) Theory  

Similar to work by Munakata et al., 2012, Cognitive Complexity and Control (CCC) 

theory outlines developmental transitions in the degree to which a child can consciously reflect 

on their plans and engage EF (Frye et al., 1998; Zelazo & Frye, 1998). Zelazo & Fyre (1997) 

argue that when children acquire the ability to reflect on rules and what they represent, they are 

then able to compare rules and embed them in a hierarchical structure of order. These transitions 

occur at the end of infancy, at 3 years of age, and again at about 4 or 5 years of age. For example, 

consider the Dimensional Card Sort Task (DCCS), a seminal test of EF. At age 2 a child may 

only be able to represent a single rule at a time (e.g., “If red, put here”), while at 3 this may 

increase to pairs of rules (e.g., If red here; if blue, here). Increases in EF, Zelazo & Frye (1998) 

argue, are necessary for embedding of rules to occur, so that at approximately age 5, children can 

represent a higher order rule used to shift between the two rules. In the case of the DCCS, the 

higher order embedding may be, “If we’re sorting by color, red car here, blue car here. If we are 

sorting by shape, then red car here, blue car here.” Each developmental transition in rule 

representation permits additional control over the environment and behavior.  

In sum, CCC Theory postulates that reflective awareness of one’s knowledge is the 

prerequisite to using that knowledge to guide behavior under conditions of interference. This 

work demonstrated that age-related changes in EF can be explained via a problem-solving 

framework, enabling researchers to assess EF more precisely across development. Moreover, this 

work pointed to the need to consider task complexity, shifting research toward an account of EF 
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in which performance is dependent on the level of representation a child is capable of in order to 

solve a problem.  

Continuity in Executive Function Development 

Through a longitudinal study of approximately 950 twins, Friedman and colleagues 

provided quantitative record of the development of EF overtime (Friedman et al., 2011; 

Friedman & Miyake, 2017). At the time, although there was substantial evidence demonstrating 

that self-restraint was associated with EF in childhood (Kochanska et al., 1998; Kochanska et al., 

2000) and adolescence (Feldman & Weinberger, 1994), it was unknown whether these 

relationships persisted longitudinally. In addition, individual differences in developmental 

patterns of emerging EF skills, such as self-restraint, to later EF had yet to be systematically 

examined. Through latent growth modeling, Miyake & Friedman (2012) provided initial 

evidence of multiple developmental trajectories of EF.  

At ages 14, 20, 24, and 36 months, children were shown an enticing toy and told not to 

touch it for 30 seconds, similar to the seminal Marshmallow Task (Mischel et al., 1972). At age 

16, participants completed an IQ test battery, and at age 17, participants completed 9 EF tasks. 

The results of the study suggested two groups (Low vs. High) of self-restraint ability. Self-

restraint group membership predicted EF abilities at age 17, demonstrating that developmental 

trajectories encompassed important individual differences relevant to EF. Considering other 

longitudinal data (Casey et al., 2011; Mischel et al., 2011; Moffitt et al., 2011), this suggests that 

individual differences in self-regulation and EF are relatively stable developmentally. Through 

this work, they identified the importance of self-restraint in toddlerhood as indicative of 

emerging EF. This work demonstrated stability of EF in development and the utility of a 

unity/diversity framework for examining individual differences in EF, informing subsequent 
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work examining the relationship between emerging EF and other longitudinal skills, such as 

verbal fluency (Gustavson et al., 2019) and depressive symptoms (Friedman & Miyake, 2017). 

Recent Perspectives on EF Development  

 Historically, EF development has been largely understood as improvements in domain-

general skills which support goal-oriented and self-regulatory behaviors underlying prefrontal 

cortical development (Diamond, 2013; Miyake et al., 2000). Because of this, EF are best studied 

in isolation from task specifics, largely because of the historical context in which EF have been 

studied (Carlson & Moses, 2001; Miyake et al., 2000; Miyake & Friedman, 2012). More recent 

work argues that EF is not supported by different components that can be individually separated 

from the demands of a task, but the development of skills in exerting cognitive control to achieve 

specific goals that are embedded in specific contexts (Doebel, 2020). This view argues that 

specific goals activate relevant cognitive skills and knowledge, beliefs, values, interests, and 

preferences that are developed within the sociocultural context. As such, the development of EF 

is embedded in the individualistic preferences and collective context in which development 

occurs, impacting how the child engages control. Individualistic preferences may include the 

appeal of the goal, the ability to recognize others’ expectations or desires (Wellman et al., 2001); 

relevant motor or embodied knowledge (Goldstein & Lerner, 2018; Lillard et al., 2017); 

strategies, skills, or rules (Doebel & Munakata, 2018; Legare et al., 2018) or understanding of 

others’ EF and control behavior (Leonard et al., 2017). Moreover, beliefs about group behaviors 

(Doebel & Munakata, 2018) or judgments of the benefits or consequences of engaging EF to 

remain in control (Kidd et al., 2013; Michaelson & Munakata, 2016) may influence performance 

on an EF task. Likewise, values and norms shape understanding of how and when EF should be 

used (Carlson & Zelazo, 2011; Doebel & Munakata, 2018; Lamm et al., 2018). Finally, interest 
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or lack thereof in a certain task may influence inclination toward certain activities or stimuli, 

affecting willingness to engage EF in order to accomplish the task (Lillard et al., 2017).  

 For example, consider the act of hitting another child. Understanding and experience of 

being hit, awareness and sympathy for others’ pain, values of avoiding harm to others, and 

understanding of socially acceptable ways to mediate conflict, development of social skills, and 

recognition that hitting another child will result in punishment all may influence a child’s ability 

and willingness to engage EF within the context of the scenario of hitting (Doebel, 2020). 

Indeed, previous work suggests that children are more effective in engaging EF when the task is 

meaningful and concrete (Saxe, 1988). Inhibiting responses or manipulating information is 

cognitively demanding, requiring extensive cognitive resources and attention. Because of this, 

the decision to allocate EF resources to a task may be the result of a cost-benefit analysis 

contingent on the specific context (Shenhav et al., 2017). With limited resources, the cognitive 

resources required to complete a task may not be worth deemed worthwhile. This cost-benefit 

analysis ensures that limited cognitive resources are not unnecessarily used or misapplied  

(Shenhav et al., 2017). By preschool, children are sensitive to effort expenditure and the 

cognitive cost of completing tasks (Leonard et al., 2017), and this sensitivity improves with age  

(Ganesan & Steinbeis, 2021; Niebaum et al., 2019). With subtle prompts, older children adapt 

behavior to avoid effort (Ganesan & Steinbeis, 2021; Niebaum et al., 2019), while 5-year-olds 

can avoid unnecessary effort exertion if provided explicit information about effort costs  

(Chevalier, 2015; Ganesan & Steinbeis, 2021).  

It may be that even in early childhood, EF performance is context-dependent, partially 

explained by motivation rather than ability  (Ganesan & Steinbeis, 2021). Likewise, reward 

significantly impacts EF performance (Lertladaluck et al., 2020), so much so that adults allocate 
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more control when a reward is predicted (Frömer et al., 2021). Four-year-olds perform better on 

EF tasks when they receive reward-related feedback or are instructed that they will receive a 

reward (Qu et al., 2013). In addition, high-span and low-span individuals perform similarly on 

WM memory tasks when rewards are increased (Adam & Vogel, 2016). In sum, this theory of 

EF development emphasizes the acquisition of knowledge, beliefs, and values in affecting how 

EF is used across development to achieve specific goals. As such, this view argues that EF is not 

a cognitive capacity perse, but the recruitment of resources depending on context (Ganesan & 

Steinbeis, 2021). 

Neurological Development of EF 

 Five periods of rapid growth of the frontal lobes, reflecting an increase in the number and 

strength of frontal connections, characterize EF development (Hudspeth & Pribram, 1990). 

Between birth and 5 years of age, the first growth spurt of the frontal lobe occurs, coinciding 

with gains in attentional control. During the ages of 7 and 9 years of age, a second growth spurt 

of the frontal lobe occurs, corresponding with rapid development of information processing, CF, 

and goal setting. The third growth spurt occurs between 11 and 13 years, during which all EF 

domains reach maturity and EF emerges. Throughout each of these stages, myelination of the 

prefrontal connections gradually occurs (Giedd et al., 1996; Huttenlocher & Dabholkar, 1997; 

Klingberg et al., 1999). This myelination results in more efficient nerve impulses, improved 

information processing, and greater integration of cognitive processes and EF. 

Neuroimaging Work on EF 

Historically, the PFC was thought to be the predominant brain region implicated in EF. 

While the PFC is largely the hub of EF, EF cannot be accomplished with solely the PFC. What is 

most unique about the PFC is that it has efferent and afferent connections with nearly all other 
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regions of the brain (Stuss & Benson, 1984). Because of this, the EF network spans multiple 

regions, largely the frontoparietal regions. Therefore, impairments in EF may not be associated 

directly with PFC pathology, but with network connections to other brain regions or impairments 

in other regions (Eslinger & Grattan, 1993; Stuss & Alexander, 2000). In essence, the integrity of 

the PFC is a necessary condition for EF, but cannot independently support EF (Della Sala et al., 

1998). In truth, the neural systems subserving EF expand far past the PFC in an intricately 

interconnected system encompassing multiple brain regions. 

Miller & Cohen’s Integrative Theory of Prefrontal Cortex Function 

Miller & Cohen’s Integrative Theory of Prefrontal Cortex Function (2001) proposed that 

EF relies on maintenance and activity patterns of the PFC (Miller & Cohen, 2001). Specifically, 

they argued that the PFC represents goals and means to achieve them, providing bias signals to 

other brain structures to coordinate neuronal activity to achieve goal-related actions. Moreover, 

they argued that the net effect of these signals was to guide the flow of activity along neural 

pathways in a distributed network of the brain. This paper was influential in that it was one of the 

first works to theorize that a key role of the PFC in EF was related to its wide-ranging inputs and 

connections to other regions of the brain, inciting focus on the specific mechanisms underlying 

the role of the PFC in EF and consideration of a distributed executive network.  

In response to Miller & Cohen’s (2001) theory, neuroimaging work within the past 20 

years has identified a distributed executive network which extends past the PFC and includes 

frontal and posterior parietal cortices and connections (Brass & von Cramon, 2002; Cole et al., 

2013; Ghanavati et al., 2019; Rubia et al., 2001), the anterior cingulate cortex (Shenhav et al., 

2013), cerebellar processing (Manni & Petrosini, 1997; Molinari et al., 2018) and parietal 

regions (Collette et al., 2006). Through this work there has been a shift in conceptualization of 
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EF as relying on frontal to a distributed network (Collette & Van der Linden, 2002; Cristofori et 

al., 2019). 

Neuroplasticity of the Prefrontal Cortex 

Traditionally, the PFC—the primary region implicated in EF—was thought to be 

nonfunctional during childhood. This idea traces to Luria (1973) who estimated that the PFC did 

not become “fully prepared for action” until about 4-7 years (Luria, 1973) and echoed by 

(Golden, 1981) who proposed that the PFC was not functional at all until 12-15, often 

incomplete until 24 years (Golden, 1981). This idea is now very refuted; although the PFC 

follows an extremely protracted developmental course, PFC function emerges early toward the 

end of the first year of life (Bell & Fox, 1992; Diamond & Goldman-Rakic, 1989) and continues 

to develop throughout childhood and adolescence (Diamond & Goldman-Rakic, 1989; Giedd et 

al., 1999; Gogtay et al., 2004). This notion of the PFC developing rapidly in early childhood yet 

being among the last areas of the cortex to reach maturity (Toga et al., 2006) lead to research in 

the neuroplasticity of the PFC during childhood, as related to EF training  (Goldman, 1971; 

McEwen & Morrison, 2013; Nguyen et al., 2019). This work demonstrates that EF is trainable 

and able to be learned, and that repeated practice on EF tasks strengthens underlying neural 

connectivity associated with the coordination of information.  

The strongest evidence for programs supporting children’s EF development is in Cogmed 

computer-based training for WM (Thorell et al., 2009), task-switching computer-based training  

(Karbach & Kray, 2009), tae Kwan do (Lakes & Hoyt, 2004), and school curriculums targeting 

EF (Diamond et al., 2007; Raver et al., 2008; Riggs et al., 2006). Most notable to this body of 

research are studies by Thorell et al (2009) and Diamond et al (2007). Although the participants 

in Thorell and colleague’s (2009) study did not exhibit improvements in IC, problem solving, or 
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response speed, participants demonstrated improvements in WM (Thorell et al., 2009). Likewise, 

Diamond et. al. (2007) evaluated the effect of the Tools of the Mind curriculum, which involves 

EF training, in preschool students, showing improvements on the Dots task and Flanker task 

following intervention (Diamond et al., 2007). These studies are notable in that they 

demonstrated EF can be trained in preschoolers—the youngest participants at the time of 

publication—one with an informal educational curriculum and the other with formal, 

computerized training. Follow up studies have affirmed that EF can be improved in preschool 

(Blakey & Carroll, 2015; Zelazo et al., 2018), suggesting the criticality of early childhood 

curriculums which foster EF.  

Interest in training EF by researchers bridges into education where over the past decade, 

EF have become somewhat of a buzzword in education, as both teachers and researchers 

champion the criticality of skills like goal setting, planning, and inhibition to various barometers 

of success. Still, this body of research lacks consensus. Although the aforementioned EF 

interventions successfully achieved near transfer, few studies to date have successfully achieved 

far transfer (Ganesan & Steinbeis, 2021). It may be that individual differences, such as 

motivation, affects the potential for EF to be improved and its transferability to other domains.  

Measurement of EF 

EF skills are activated in novel or complex tasks which require the participant to develop 

a new plan or strategy or monitor their effectiveness. Walsh (1978) provided three requirements 

of an EF task, arguing that an EF task must be: 1) novel; 2) complex; and 3) involve the 

integration of information (Walsh, 1978). Simple or routine tasks do not implicate EF, as they 

are performed instinctively without activation of the EF network (Shallice & Vallar, 1990). 

However, distinguishing between the two types of tasks has proven to be difficult. For example, 
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what may be complex or novel for one individual, may be routine or simplistic for another (Stuss 

& Alexander, 2000). Moreover, many researchers argue that all cognitive tasks require some 

level of EF in order to organize cognition towards achieving a goal or task (Della Sala et al., 

1998; Denckla, 1994; Stuss & Alexander, 2000).  

Historically, early childhood measurements of EF have fallen into three categories: 1) 

direct cognitive assessments administered one-on-one to individual children; 2) naturalistic 

classroom observations; and 3) indirect teacher/parent reports. By far, the most commonly used 

is direct child assessments. These assessments typically are adapted from standardized adult 

measures with roots in cognitive psychology and neuropsychology (Bauer & Zelazo, 2014; 

Gershon et al., 2010; Gershon et al., 2013) and have been extensively evaluated with evidence of 

high construct validity and longitudinal stability and age-based norms (Bauer & Zelazo, 2014; 

Zelazo et al., 2014). These measurements face the same issues as adult assessments of EF; 

importantly, the context in which they are administered does not mirror the “real-world” 

experiences of a child. Instead, EF assessments are typically administered in a quiet space in 

order to minimize distractions and optimize performance (Weintraub et al., 2013), yet in their 

daily experiences, children must engage EF in the presence of natural distractions and competing 

social and behavioral motivations (Silver, 2014). There are several problems facing EF 

assessments. Here, three primary issues are outlined: issues of 1) test interpretation; 2) ecological 

validity; and 3) task impurity. 

Test Interpretation 

Most EF tasks involve complex, demanding, multi-faceted tasks that implicate both 

executive and non-executive processes. The birth of EF work is rooted in clinical 

neuropsychology, particularly lesion studies. There is a documented history of patients with 
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frontal lobe damage who were impaired in future-oriented, goal-directed behavior. Many of the 

EF tasks used today are associated with frontal lobe injuries (e.g., the Wisconsin Card Sorting 

Test and the color-word Stroop test), including the adaptations of these measures used to assess 

EF in children (e.g., Day-Night Stroop) (Gerstadt et al., 1994; Zelazo, 2006). Though these tasks 

are very sensitive to cognitive impairment, determining a role of specific cognitive skills or EF 

components to task performance is difficult. Because of this ambiguity, EF tests often fail to 

differentiate between specific cognitive deficits or specific weaknesses in particular factors of 

EF. Moreover, lab measures of childhood EF are often argued to be taken out of real-world 

context and rely heavily on quantitative data to interpret scores. An overreliance on quantitative 

scoring measures may limit sensitivity to EF or fail to assess how an individual uses EF in a real-

world context.  

Regarding this, many researchers have argued for the incorporation of both quantitative 

and qualitative scoring systems to record the maximum amount of information, and for the 

development of EF assessments which mirror real world tasks. For example, because EF affects 

academic performance, comprehensive assessment of EF might should incorporate family and 

school interviews and qualitative observations (Bigler, 1988).  

The Behavior Rating Inventory of Executive Function (BRIEF) was developed towards 

these aims and is often used in conjunction with cognitive assessments to provide a 

comprehensive assessment. The BRIEF is a questionnaire in which parents and teachers provide 

a profile of EF behaviors of school age children in the home, school, and social environments. 

Still, there is only modest agreement between the BRIEF and more traditional EF measures 

(Anderson et al., 2008). Similarly, the Ratings of Everyday Executive Functioning (REEF), a 

parent-report measure of preschool EF has also been developed and used (Nilsen et al., 2017). 
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Similar to the BRIEF, this survey asks parents to reflect on their observations of their child’s 

behavior in specific, everyday contexts. The reliability and validity of the REEF has been 

evaluated, and factor analysis of the measure produced 1 factor with high internal reliability. 

Moreover, scores on REEF have been demonstrated to be related to both experimental and 

parent-report measures of EF. 

Ecological Validity 

Inconsistencies between performance on traditional EF tasks and “real-world” scenarios 

which require EF are well-documented (Eslinger & Damasio, 1985; Levine et al., 1998). 

Although a highly controlled, lab-based assessment provides more precision and control, lab 

tasks and the lab environment differ starkly from more realistic experiences which may 

necessitate EF (Sbordone & Saul, 2000). By nature, EF tasks require novelty, which poses an 

issue when striving to develop an EF measure which mirrors a real-world context. Though 

developmental research is often conducted in schools, this often requires pulling the child out of 

the classroom to a more structured, quiet setting. In contrast, early learning environments exert 

significant demand on the child’s ability to initiate behaviors, remain on-task, and monitor their 

performance despite many distractors, challenges, and competing motivations of their attention  

(Silver, 2014). Though this environment places a large amount of demand on EF, direct EF tasks 

are not designed to assess these skills. Additionally, the experimenter often acts as the “frontal 

lobe” of the participant, guiding them through the task and providing feedback as needed (Stuss 

& Alexander, 2000). In sum, these environments fail to be representative of home, classroom, or 

social environments. This line of work suggests that composite measures of EF provide needed 

reliability and purity to these measures. Further, this work has suggested that EF may be able to 

be divided into three component processes that differentiate with development. 
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Task Impurity 

 Standardized EF tasks are designed to measure the cognitive processes underlying a 

single EF component, often through measurements of reaction time and accuracy to experimental 

stimuli (Weintraub et al., 2013; Zelazo et al., 2014). These tasks are often complex to avoid 

ceiling effects and establish variability. Though complex tasks show variance in performance, 

they present an issue of task impurity in that these measures assess multiple EF. For example, 

tasks such as the Wisconsin Card Sorting Task (WCST), Tower of London (TOL), or Tower of 

Hanoi (TOH) require coordination of multiple cognitive processes (e.g., (Asato et al., 2006; 

Huizinga et al., 2006; Miyake et al., 2000). In the Day/Night Stroop task, for instance, the child 

must maintain the rule in WM, yet the Day/Night Stroop task is considered a measure of IC. 

Similarly, the WCST and child counterpart (DCCS) are often labeled as IC tasks but as shifting 

tasks by others (Garon et al., 2008). Likewise, the TOL and TOH have been described as IC, 

WM, or planning (Berg & Byrd, 2002; Huizinga et al., 2006; Welsh et al., 1999). Despite this, 

researchers often classify tasks by a single EF factor, leading to ambiguity in task purity and 

differences in implementation and interpretation at the empirical level, leading to a lack of 

consistency in EF research. 

Child Measures of EF 

 Most childhood measures of EF were initially developed and validated in adult 

populations, and are essentially reduced or simplified versions of adult measures of EF (Gnys & 

Willis, 1991). Though it is advantageous to have a battery of measures to employ across wide 

age ranges, this can be problematic. First, these adult-oriented tests may be uninteresting or 

irrelevant to children. Second, these tasks are likely to be even more novel and complex to 

children. Third, these tasks may assess non-executive processes in children or require additional 
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cognitive skills. Finally, these tasks often lack normative data to distinguish between typical and 

atypical performance in a developmental context (Baron, 2004; Fletcher, 1996).  

Inhibitory Control 

Generally, there are three approaches to preschool IC assessments: 1) delay of 

gratification tasks that require children to resist doing something highly desirable (i.e., eating a 

treat, playing with an attractive toy, or opening a present); 2) Go/No-Go assessments which 

require the child to respond to a target stimuli and inhibit a response to a non-target stimuli; and 

3) complex response inhibition tasks in which children learn and produce a novel behavior that 

contradicts their instinctual response. 

Common delay of gratification tasks include the Snack Delay (Carlson, 2005) and Gift 

Delay tasks (Carlson, 2005; Kochanska et al., 2000). In the Snack Delay task (Carlson, 2005), 

the child must refrain from eating a treat placed in front of them while the experimenter leaves 

the room. The length of time varies based on the child’s age. Similarly, in Gift Delay (Carlson, 

2005; Kochanska et al., 2000) a wrapped gift is placed in front of the child, and they are 

instructed not to open it until the experimenter returns. The child is observed and opening the 

present or peeking into the wrapping are scored as failing the task. These measures are frequently 

used with preschoolers to measure their ability to delay a desired response in favor of an 

expected response. 

There are several Go/No-Go tasks for young children that can be used to assess IC in 

children as young as 3 years of age (Willoughby et al., 2010). Stimuli presented, the speed in 

which stimuli are presented, and the response modality (verbal or motor) all influence the 

complexity and therefore age appropriateness of Go/No-Go tasks. A frequently used Go/No-Go 

task used with preschoolers is the Bear/Dragon task (Carlson, 2005). In this task, the child is told 
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to follow the hand movements of the “nice” bear puppet, but not the “naughty” dragon puppet. 

There have also been several computerized versions of this task. For example, in the NIH 

Toolbox, the child is instructed to click for fish and refrain from clicking sharks. Simon Says  

(Carlson, 2005) and the Head-Toes-Knees-Shoulders (HTKS) task (Ponitz et al., 2009; Ponitz et 

al., 2008) are other commonly used tasks. In these tasks, the child is instructed to follow the 

instructions only when the command is prefaced with “Simon Says” or to do the opposite of the 

command (e.g., touch toes when commanded to touch head). Although both the Bear/Dragon 

task and Simon Says are Go/No-Go tasks, the Simon Says task is considerably more difficult as 

the No-Go cue places additional demand on verbal abilities. 

Complex Response Inhibition Tasks require the child to respond in a way that contradicts 

the instinctual response. For example, anti-imitation games, such as the Hand Tapping task  

(Diamond & Taylor, 1996) and the Knock and Tap subtest of the NESPY (Korkman et al., 1998) 

are commonly used. These tasks ask the child to perform the opposite hand gesture of the 

experimenter. Anti-imitation tasks are used across the preschool years, though younger 

preschoolers may struggle. Another common complex response inhibition task, the Day-Night 

task (Gerstadt et al., 1994). For this task, the child is instructed to say “day” when viewing a 

picture of a moon and stars, and say “Night” when viewing a picture of the sun (Gerstadt et al., 

1994; Montgomery & Koeltzow, 2010). Similar tasks have been developed, such as the Silly 

Sounds Stroop (Willoughby et al., 2010) and Grass/Snow tasks (Carlson, 2005). However, 

performance trajectories with development across these tasks vary (Espy et al., 2004; Prevor & 

Diamond, 2005). 
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Working Memory 

WM tasks require the child to update or manipulate information in short-term memory. 

Examples of preschool WM tasks include the Self-ordered Pointing (Hongwanishkul et al., 2005) 

and Pick the Picture (Willoughby et al., 2010) tests, in which the child views a set of pictures and 

is asked to point to a target picture. The child is then shown a new page with the same pictures in 

different locations, and asked to point to a picture they did not already select. With each trial, the 

number of pictures increases to increase complexity. The Backward Digit Span Task has been 

adapted for use with preschoolers. In the child version, the experimenter introduces the children 

to a puppet named Ernie and said that whatever he/she says, Ernie likes to say it backwards. The 

experimenter demonstrates this, saying “1, 2” and then makes Ernie say, “2, 1.” Children are 

asked to try to speak like Ernie, beginning with two digits and increasing the number of digits 

until the child makes an error on three consecutive trials. 

Cognitive Flexibility 

Switching tasks assess the ability to switch between multiple rule sets. One of the most 

used assessments is the DCCS task (Zelazo, 2006). In this task, the child is shown two target 

cards (e.g., blue rabbit or red boat) and asked to sort the remaining deck of cards by color. After 

six trials, the child is told that they are going to play a new game and sort the same cards by 

shape. The Trails-P test is a preschool adaptation of the trail Making Test (Espy & Cwik, 2004). 

Children are asked to tap the members of the dog family in order of increasing size. The next 

condition presents a family of dogs with matching bones that increase in size, and with each trial 

children are asked to switch between tapping based on the size of the dogs and the size of the 

bones. See Table 1. 
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Table 1. Preschool Measures of EF 

EF Factor Description 
Commonly Used Preschool 

Assessments 

Inhibitory Control 

Suppress an instinctual 

response in favor of a desired 

response 

 

Selectively attend to specific 

stimuli 

 

Cognitive engage and 

disengage between internally 

represented cognitive rules 

Snack Delay 

Gift Delay 

Marshmallow Task 

Bear/Dragon 

Simon Says 

Go/NoGo 

Hand Tapping Task 

Day-Night Stroop 

Silly Sounds Stroop 

Grass/Snow Task 

Head-Toes-Knees-Shoulders 

Task 

Working Memory 

Maintaining and 

manipulating information in 

short-term memory 

Self-Ordered Pointing 

Pick the Picture 

Backward Digit Span Task 

Cognitive Flexibility 

Ability to adjust ideas and 

responses in a dynamically 

changing environment 

 

Switch rapidly between tasks 

 

Think about the same object 

or concept along different 

dimensions by changing 

perspectives 

Dimensional Change Card 

Sort Task 

Trails-P Test 
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EF and Social Cognition 

EF research of the last two decades has primarily focused on typical (Stålnacke et al., 

2019; Thompson & Steinbeis, 2020; Wiebe & Karbach, 2017) and atypical development 

(Barrasso‐Catanzaro & Eslinger, 2016; Zelazo & Müller, 2010; Zelazo, 2020); neural substrates 

(Fiske & Holmboe, 2019; Perone et al., 2019; Shanmugan & Satterthwaite, 2016) and cognitive, 

academic, and social correlates of individual differences (Daneri et al., 2019; Doebel, 2020; 

Montroy et al., 2016; Rosen et al., 2020; Ursache & Noble, 2016). Much less attention has been 

given to the role of EF in social skills, such as PS. 

The lack of attention towards social factors is surprising, considering that there is a rich 

history of study of the social origins of the development of control over the self, by the self. 

Social interactions differ in profound ways, from routine encounters with familiar friends and 

colleagues in passing, to a less diverse range of intense, unfamiliar interactions such as forming a 

first impression on a date, discussing politics with colleagues, bargaining, or diplomatic 

negotiation. While the more routinized social interactions recruit implicit mentalizing and social 

understanding through processes outside of EF (Samson et al., 2010), the less routinized 

interactions require the development of online representations and a rapidly changing mental 

model of another individual’s beliefs, expectations, mental state, and emotion (Ybarra & 

Winkielman, 2012). The development of this model requires broad, cognitive skills which may 

implicate EF such as problem solving, inhibiting inappropriate behaviors, turn-taking, and the 

pursuit of goals in a distraction-rich environment. Moreover, successful use of this model may 

require PS as the individual must switch social rules based on a given social context.  

EF may be a cognitive and regulatory mechanism underlying functional and social 

communication. It may be that EF help develop a working model of an event, for example, that a 
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speaker seems competent (Ybarra & Winkielman, 2012). EF may then facilitate the integration 

of contextual information with the event to revise the working model as needed and deepen 

social understanding (Smith & DeCoster, 2016). In sum, social interaction is a potential context 

which temporarily increase cognitive accessibility of flexible processing styles or operations that 

overlap with EF, such as switching routines or perspectives or the use of memory routines 

(Ybarra & Winkielman, 2012). Still, additional research is needed to determine the specific 

conditions and contexts which require EF, and how this varies by social skill. 

A strong body of research points to a robust relationship between EF development and 

the development of social understanding (Bernier et al., 2012; Hughes & Ensor, 2009; Landry et 

al., 2000; McKown et al., 2009; Sabbagh et al., 2006). Children with poor EF skills often interact 

ineffectively with their social environment, leading to significant cognitive, academic, and social 

difficulties (Wascher et al., 2018). Likewise, toddler and preschool EF levels predict children’s 

later social problems in adolescence (Jacobson et al., 2011). Growing evidence suggests that EF 

may likewise affect the development of social interaction skills in later childhood, such as ToM 

(Carlson & Moses, 2001; Frye et al., 1995), communicative behaviors (Moriguchi et al., 2016), 

and moral behaviors (Vera-Estay et al., 2015). It may be that various dimensions of social 

context (e.g., age, social partner, familiarity, social status) differentially interact with 

internalization processes to produce varying effects on EF development and performance. 

Further research in this area is needed to better understand social influences on EF. 

EF and Pragmatics 

Somewhat surprisingly, there has been little research exploring what cognitive factors 

may influence the development and acquisition of PS, such as EF. In adults, traumatic brain 

injuries to the PFC reliably result in PS deficits, such as excessive talkativeness or problems 
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understanding indirect questions (Channon & Watts, 2003; Dardier et al., 1967; Martin & 

McDonald, 2003). Clinical populations impaired in EF also demonstrate deficits in PS, providing 

support that EF may be required for effective communication. Co-morbid deficits in EF and PS 

are well-documented in ADHD (Green et al., 2014; Willcutt et al., 2005) and ASD (Freeman et 

al., 2017; Ozonoff, 1995; Sanz-Cervera et al., 2017; Young et al., 2005). More broadly, EF has 

been associated with communication difficulties in ADHD (Bunford et al., 2015; Huang-Pollock 

et al., 2009; Kofler et al., 2010; Tseng & Gau, 2013) and in social behavior in ASD (McEvoy et 

al., 1993). Some researchers have argued that deficits in EF may cause impairments in PS by 

diminishing their capacity to organize and monitor their thoughts (Zelazo et al., 2003). This may 

in turn diminish a child’s ability to simultaneously consider and respond to multiple sources of 

information; inhibit appropriate, potent, or salient responses; or plan and executive a meaningful 

response (Clark et al., 2002; Eigsti et al., 2011). As a result, the communication might frequently 

result in misunderstandings, and communication would suffer. 

The exact nature of the relationship between EF and PS—particularly in typical 

development in childhood—has yet to be defined, though emerging research suggests that the 

two constructs are closely linked. For example, increasing WM demands in pragmatic tasks leads 

to less skilled communication and less appreciation for one’s conversational partner (Lin et al., 

2019). Likewise, IC is necessary to inhibit one’s perspective in order to consider another’s 

perspective and successfully refrain from speaking (Nilsen & Graham, 2009; Nilsen et al., 2013; 

Wardlow, 2013). Finally, recent work suggests that CF may modify communicative utterances or 

interpretations and facilitate the production of effective statements by allowing the speaker to 

think flexibly about their speech and adjust their communication accordingly. Specifically, 4- to 

6-year-olds with larger WM capacity and great CF provided more effective initial descriptions 
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than their low EF peers (Bacso & Nilsen, 2017). Similarly, TD children with higher WM ability 

(ages 8-17) provided more accurate answers to partners’ requests (Eigsti et al., 2011). Likewise, 

individuals with lower EF are less able to track and update meaning, consider another person’s 

perspective, and to negotiate during a conversation (Ybarra & Winkielman, 2012). Finally, one 

study indicated that EF contributes more significantly to pragmatic skills than IQ in TD 

preschoolers (Blain-Brière et al., 2014).  

This body of work suggests it may be that individuals must engage EF to determine the 

proper interpretation in accordance with the current communicative goal and context, lending 

support to the notion that EF plays a key role in PS (Novick et al., 2005; Ye & Zhou, 2009). Still, 

further research in this area is needed. Though some studies have provided evidence supporting 

the relationship between EF and PS, others have indicated no association between PS and ToM 

or EF. In sum, existing research is conflicting and inconclusive, making it difficult to decipher 

the contribution of EF, if any, to PC. Moreover, existing research has focused primarily on EF 

and PC impairments in adults; few studies have examined this dynamic in childhood. 

Other Cognitive Factors Affecting PS 

Theory of Mind 

It is important to note that EF is not the only cognitive process shown to play an 

important role in PS. Both ToM and overall language skills have consistently been shown to 

correlate to PS, among other cognitive skills. ToM is an awareness that others have their own 

mental states, information, and motivations that are different from one’s own. ToM is 

fundamental to social interaction (Frith & Frith, 2003; Resches & Pérez Pereira, 2007) and 

provides a foundation for the development of social communication skills (Happé, 1993; Winner 

et al., 1998). The ability to understand another person’s mental state and how this contributes to 
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their behavior is critical to social communication (Bosco et al., 2009; Happé & Loth, 2002; 

Sperber & Wilson, 2002; Tirassa et al., 2006). For instance, in order to deceive someone, it is 

necessary to understand the individual’s perspective and mental state (Ma et al., 2015; Peskin, 

1996; Polak & Harris, 1999). ToM might contribute to PS through inferring intentions and 

mental states of other people. PS requires understanding of more than the literal meaning of the 

utterance; the listener must determine the intent behind the communicative act (Sperber & 

Wilson, 2002). To do this, the listener must make inferences to differentiate between what was 

said and what was actually meant. Indeed, ToM has been shown to be important to the ability to 

deceive (Ma et al., 2015; Peskin, 1996; Polak & Harris, 1999) and to understanding irony (Nilsen 

et al., 2013; Sullivan et al., 1995), and in PS more generally (Filippova & Astington, 2008; 

Happé, 1993). According to the ToM account of PS, ToM enables consideration of someone 

else’s perspective during a conversational exchange.  

Still, more recently a number of researchers argue that PS and ToM do not completely 

overlap (Bosco et al., 2018). This view acknowledges that there are relationships and 

interdependencies between the two constructs, but nonetheless maintains that PS and ToM are 

distinct cognitive abilities that may overlap but are not identical. This view is supported by 

research demonstrating that ToM alone cannot explain PS in childhood (Bosco et al., 2012). 

Moreover, Bosco and colleagues (2018) demonstrated a correlation between ToM and 

identification of ironies and deceits. However, first-order ToM only significantly affected the 

ability to identify deceit, but not ironic statements. In addition, there was no effect of second-

order ToM on any PS abilities investigated (Bosco et al., 2018). Therefore, the authors argued 

that ToM alone is not sufficient to explain performance on the task. Similar work documents that 
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although ToM and irony comprehension significantly correlate, ToM does not have a direct 

effect on humor understanding (Angeleri & Airenti, 2014).   

The relationship between ToM and EF has received substantial attention, as the two 

constructs have been suggested to be highly interlinked (Fisher & Happé, 2005; Frye et al., 1995; 

Hala et al., 2003; Hughes, 1998; Hughes & Ensor, 2007; Ozonoff et al., 1991; Pellicano, 2007; 

Perner & Lang, 2000; Sabbagh et al., 2006). ToM tasks require a shift in perspective, which may 

implicate CF. Moreover, ToM tasks engage WM in order to hold task steps in memory 

(McKinnon et al., 2007). Likewise, ToM may facilitate performance on EF tasks by enabling 

participants to adjust behavior based on feedback (Ozonoff, 1995).  

Expressive and Receptive Language 

A growing body of research demonstrates that receptive and expressive language skills 

impact childhood EF. Receptive and expressive skills in preschool are predictive of later EF 

when socioeconomic and demographic factors are controlled for (Fuhs & Day, 2011; Schmitt et 

al., 2019). Multiple studies document bidirectional effects between language and EF, such that 

EF has also been predictive of receptive and expressive language skill (Gandolfi & Viterbori, 

2020; Gooch et al., 2016). Still, some research indicates that language is a slightly stronger 

predictor of EF (Slot & von Suchodoletz, 2018). Collectively, this body of work establishes an 

interconnected relationship between EF and language. 

Context Specificity in Social Interaction: A Potential Need for EF 

Children are born into a social world. As they acquire language, they are brought into a 

social life embedded with social rules they must adhere to (Setiawati & Dewi, 2018; Vygotsky, 

1978a). Many of these norms, and the level at which individuals adhere to them, are embedded 

in specific contexts (Semin et al., 2012). For example, a child may learn that it is okay to yell on 
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the playground, but not in the library. Conversely, they may learn that it is okay and even 

necessary to speak at a high volume for an elderly grandparent, but not for peers or younger 

adults. Young children show an early understanding and enforcement of social norms (Schmidt 

& Tomasello, 2012; Schmidt et al., 2016; Wörle & Paulus, 2018). By three years of age, children 

are interested in approved and disapproved behavior, such as notions of harm, responsibility, 

culpability, positive justice, and excuses of intent (Buchanan‐Barrow & Barrett, 1998; Dunn, 

1994; Smetana, 1981; Smetana et al., 1993), and can be influenced by the attitudes, judgments, 

and behaviors of others (Kim et al., 2016). In order to be successful in a diverse social world, 

children must learn not only social norms and expectations, but how these norms and pragmatic 

demands differ by context.  

The specific role of context in children’s rule-understanding of PS across development 

has been relatively under-researched. Pragmatic rule understanding is dependent upon the 

context—the location, the person, and the environment—and with each context, children must 

internalize a new set of rules. In order to function effectively within a social situation, children 

must identify and apply social rules like PS and flexibly apply these rules in various contexts. 

Successful application of rules requires selective attention and inhibition of irrelevant stimuli in 

favor of the desired outcome, suggesting a potential role for EF in flexibly applying PS 

differentially by context (Missier et al., 2010).  

Social-contextual influences account for many associations between childhood EF and 

long-term outcomes. For instance, the relationship between early EF and preschool academic 

readiness are fully mediated by social adjustment (Baptista et al., 2017), suggesting that children 

with strong social supports may be more willing to engage EF due to social norms (Doebel & 

Munakata, 2018; Lamm et al., 2018; Pepper & Nettle, 2017) and high trust that the rewards of 
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engaging EF will ultimately benefit them (Kidd et al., 2013; Michaelson & Munakata, 2016). In 

this way, EF performance reflects not only stable cognitive capacities but a variety of social 

contextual factors influencing whether an individual chooses to engage EF (Munakata & 

Michaelson, 2021). Moreover, this may ultimately shape the development of EF in childhood. 

It may be that not only must children engage EF to successfully determine and engage the 

necessary PS for a given context, but that the demand on EF may differ by social context. 

Therefore, children with low EF may be able to be successful in social contexts which are more 

routinized, less emotionally charged, and overall less demanding of EF, yet may struggle in 

social contexts which are novel, emotionally charged, and therefore place a high demand on EF. 

Likewise, the value given to self-control and EF may vary based on context. For example, 

individualistic group memberships such as culture, community, peer group, and family may 

differ in their esteem and value of EF and self-control of behavior (Carlson & Zelazo, 2011; 

Lamm et al., 2018). Likewise, the setting of a conversation may inherently be more structured 

(e.g., church, library, school) and therefore require increasing control of behavior, whereas a less 

structured venue (e.g., playground, home, playing with peers) may be less cognitively 

demanding and therefore permit less control over behavior. In sum, variations in sociocultural 

context and norms around EF as well as individual differences in EF may influence whether EF 

is used in a given social context. However, few studies have examined contextual influences on 

EF beyond early childhood or how children’s abilities may be affected by a given contextual 

domain. The present study examines children’s identification of pragmatic rule violations in 

three contexts: 1) group affiliation; 2) age; and 3) authority. 
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Group Affiliation 

Although the influence of social-contextual factors on children’s PS has scarcely been 

examined, in the adult literature it is well-documented that the implementation of PS is likewise 

affected by social-contextual factors of the conversational partner. In particular, adults respond 

differently based on the gender, age, or social status of the other individual (Gallois, 1994). 

Emotional displays are especially affected by group membership and have been shown to 

influence not only the display of emotion but the decoding of these displays (Kirouac & Hess, 

1999). Moreover, the type of speech that individuals use can vary based on group membership. 

For example, when engaging with an in-group member, speech may be informal, playful, or 

include inside jokes, or gossip (Herbert & Kukla, 2016). Collectively, it is well-established that 

various lower level social categories (i.e., gender, age, culture, etc.) can affect the use of PS in 

adults. The common theme of these factors is whether they point to a similarity between 

conversational partners (i.e., an in-group factor) or a difference (i.e., an out-group factor). 

Therefore, as a preliminary step to study the role of social-contextual factors in children’s 

identification of pragmatic violations, the present study aims to simplify the social-contextual 

factors to broader distinctions based on group membership.  

Although few studies have examined the influence of social-contextual factors on 

children’s use of PS, there is a large body of work revealing that children do apply and adhere to 

social norms differently depending on social context, such as the violator’s group affiliation 

(Schmidt et al., 2016). Children show in-group favoritism when enforcing social rules, 

sometimes holding in-group members to a higher standard. As early as infancy (Buttelmann et 

al., 2013), children are highly sensitive to social group membership, particularly similarities and 

differences between others and themselves. Similarities produce feelings of unification or 
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belonging, while differences may produce feelings of division or a lack of belonging (Bigler et 

al., 2001). Group memberships can form quickly with little information (Billig & Tajfel, 1973; 

Dunham et al., 2011; Mahajan & Wynn, 2012; Master & Walton, 2013). For example, 

preschoolers form “minimal groups” after wearing matching stickers or matching T-shirts, 

working together towards the same task in a group, or using the word “group” to describe people 

(Billig & Tajfel, 1973; Master & Walton, 2013). In fact, children do not merely identify group 

affiliations, but treat group members differently. For example, young children show a positivity 

bias towards in-group members, often showing preference even when in-group members commit 

a social violation (Chapman et al., 2020; Hewstone et al., 2002; Inguglia & Musso, 2013; Schug 

et al., 2013). This positivity bias is so strong that children trust in-group members more (Dunham 

et al., 2011; Harris & Koenig, 2006) even when presented with false information (Corriveau & 

Harris, 2009; Elashi & Mills, 2014).  

Recent work suggests that the differential enforcement of social norms due to group 

membership may likewise transfer to EF. For instance, research examining classroom peer 

effects of young children’s EF performance suggest that having classroom peers with poor self-

regulation and EF skills can negatively impact a child’s EF development (Finch, 2019; Montroy 

et al., 2016; Weiland et al., 2013). Using multi-level modeling techniques, this body of work 

consistently demonstrates correlations between EF performance of the self and of peers. A 

similar study asked classrooms of 3rd-5th grade students to complete tablet-based EF assessments 

simultaneously. Findings indicate differential performance on each EF measure when 

administered individually compared to in a group classroom setting (Obradović et al., 2018). 

Results of a similar task asking young children to complete EF tasks individually or in groups of 
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five same-age peers yielded similar results (Mccabe & Brooks‐Gunn, 2007). Collectively, these 

studies demonstrate that context can influence individual EF performance. 

Doebel & Munakata (2018) examined the impact of group membership and group norms 

on self-control on the classic Marshmallow task. Children were assigned to a group (e.g., green 

group) and shown a card depicting headshots of four children wearing shirts in their group color 

and given a matching shirt to put on (Doebel & Munakata, 2018). Next, the experimenter showed 

the child a picture of the out-group and were tested on recognition of group membership. In the 

group-waited condition, children were told that the children in their group waited until they 

could have two marshmallows, while the out-group did not wait. In the group-did-not-wait 

condition, the children were told that the in-group (e.g., green) did not wait for two 

marshmallows whereas the out-group did wait. In the control condition children did not receive 

statements about in-group/out-group choice. Children waited longer for two marshmallows and 

valued waiting more when they believed that their in-group waited, and their out-group did not. 

The results of this study suggest that EF may be shaped by group norms around self-control, 

suggesting a larger role of social context in and group influences in mediating EF performance 

on a specific task.  

Authority 

 Children respond to authority figures in many different ways. Children conceptualize 

authority based on adult status, social position, and type of command (Laupa, 1991; Laupa, 

1994). For example, young children evaluate the legitimacy of commands based on age 

(peer/adult) and social position (authority position/no authority position) when providing 

rationales for obedience (Laupa, 1991; Laupa & Turiel, 1993; Laupa, 1994). Moreover, when 

faced with multiple individuals giving opposing commands, children make decisions about who 
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to obey based off of these decision criteria. Many of children’s authority judgments are based on 

interactions between social position and the social context. For example, children will obey the 

principal of a school while at school, however, if the social context changes to outside of the 

school, the principal’s authority no longer exists (Laupa & Turiel, 1993). In fact, the effect of 

context is so salient, that children often state that a child should obey the teacher, but not the 

parent, while in the context of a school (Laupa, 1994). Conversely, the parent is considered 

legitimate and authoritative at home.  

 Collectively, this body of work demonstrates that children judge authority based in part 

on social position and social context, and that authority affects children’s judgements of 

acceptability of the individual’s statements and actions. Existing research has explored the 

impact of authority on children’s obedience to commands. The present study expands the bounds 

of authority to examine how level of authority affects children’s judgements of permissibility of 

acts committed by the authority figure. Specifically, the present study assesses whether children 

judge the pragmatic violations of authority figures differently than non-authority figures. It may 

be that children are more lenient when judging pragmatic violations committed by authority 

figures. Conversely, it may be that children place more worth in acts committed by authority 

figures and thereby trust their pragmatic acts more, assuming that the violation must actually be 

acceptable. 

Age 

 The age of the individual likewise influences children’s judgments of authority. Social 

domain research demonstrates that adults are judged more harshly because they are perceived to 

have more sophisticated cognitive capabilities, whereas children are granted more leniency 

because they are perceived to lack sophisticated cognitive capabilities (White & Schaller, 2018). 
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Indeed, young children are held less accountable than adults who commit the same transgression  

(Bastian et al., 2011; Gray & Wegner, 2009). Similarly, different communication strategies are 

employed when communicating with an age-matched peer compared to an older adult who is 

assumed to hold greater knowledge or expertise (Dzik, 2020). In sum, these judgments of 

permissibility are affected by appraisals of the individual’s cognitive and behavioral capabilities, 

particularly their ability to foresee consequences of their actions, to regulate their behavior 

(Alicke & Davis, 1990; Malle et al., 2014). Both adults and children are capable in committing 

behaviors which violate social norms, yet judgments of these acts may differ. Although this 

phenomenon has been well-studied in the social domain literature, few studies have examined 

the effect of age on pragmatic violations. The present study examines the influence of age of the 

individual (adult versus child) in children’s judgments of an individual’s pragmatic violations.  

Present Study 

Effective communication facilitates success in children’s interactions with others. 

Pragmatics are one important aspect of communication that allows children to incorporate 

contextual and social cues to engage with others (Matthews et al., 2018). Studying pragmatic 

development in the preschool years is critical because it is around this age that children begin to 

regularly play with peers and have ample opportunity to develop and practice social and 

cognitive skills in a variety of environmental contexts. PS developed during this period will 

influence early socialization experiences and help the further development of social and 

cognitive skills (Black & Hazen, 1990). Few studies to date explore what cognitive factors may 

influence the development and acquisition of PS. Moreover, little is known about social contexts 

which help or hinder EF skills. In order to further specify the relationship between EF and 
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language development, the present study proposes to examine whether children’s adherence to 

pragmatic requirements vary by context and/or EF. 
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CHAPTER 3 
 

METHODS 

 This study seeks to address a gap in the research on the social factors influencing EF by 

investigating how EF levels impact identification of pragmatic violations, and how this varies by 

three social contexts: 1) group affiliation; 2) authority; and 3) age of the conversational partner. 

The broad research question guiding the proposed study asks, “What is the relationship between 

pragmatic competency and EF?” The proposed study examines this relationship along three 

dimensions: 

Aims 

Aim 1 

 To investigate the relationship between EF and PS in a sample of 4-6 year-olds. 

Specifically, I will: 

a. Assess the developmental progression of the EF-PS relationship. 

b. Assess whether overall EF relates to overall PS. 

c. Examine the utility of EF as a predictive measure of PS. 

Aim 2 

 To identify potential developmental, cognitive, familial, and lexical factors that influence 

children’s use of EF during pragmatic tasks. Specifically, I will: 

a. Evaluate whether the relationship between EF and PS, and the demand for EF during PS 

tasks, changes with age. 
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b. Assess whether ToM affects the EF-PS relationship across development. 

c. Examine associations between overall language and the EF-PS relationship. 

d. Assess individual differences in EF-PS relationship. 

Aim 3 

 To identify social factors affecting the demand for EF in pragmatic tasks. Specifically, I 

will: 

a. Evaluate whether the use of EF in identifying pragmatics violations varies by 

conversational partner. 

b. Assess whether children’s judgments of the magnitude of a pragmatic violation differs by 

context and by EF level of the conversational partner. 

Hypotheses 

I expect EF to be positively related to overall PS, such that individuals with higher EF 

show greater performance on pragmatic tasks. This is in line with existing studies showing 

relationships between EF and PS in adults (Channon & Watts, 2003; Dardier et al., 1967; Martin 

& McDonald, 2003; McDonald & Pearce, 1998), as well as research citing a broad relationship 

between EF and language during the preschool years. Second, it is expected that EF will be 

predictive of PS and that the magnitude of this relationship will increase with age. Third, it is 

predicted that the demand for EF will vary by function of the pragmatic context, such that 

contexts which require a higher degree of behavioral/cognitive control will require more EF. 

Moreover, I expect that high control contexts which place a higher demand on EF will result in 

diminished pragmatic performance. Likewise, I expect that low control contexts will ease the 

demands placed on low EF participants, resulting in performance more in line with age-matched 
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peers. In sum, high control contexts will increase the magnitude of PS performance difference 

between low and high EF participants. 

Conceptual Framework 

 The basic conceptual model for this study hypothesizes three key sets of variables that, to 

varying degrees, influence children’s identification of pragmatic violations and the relationship 

between EF and PS: 1) Individual factors (e.g., age, number of siblings, involvement in 

extracurricular activities, expressive and receptive language ability); 2) Cognitive factors (e.g., 

EF); and 3) Social factors (e.g., group affiliation, authority, age). EF levels are presumed to 

shape performance on pragmatic tasks—namely a child’s ability to flexibly adapt their 

identification and adherence to pragmatic rules as a function of the specific context or social 

situation. The literature indicates that EF is correlated to identification and adherence to rules in 

adults and children, and to pragmatic competency broadly in adults, suggesting that EF may play 

a key role in PS during childhood. See Table 2. 

Design 

 The current proposal presents children with a language battery, EF tasks, ToM task, and 

pragmatic language task. Baseline measures of EF, language, and family demographics, 

measured by test batteries and parent questionnaires, will show how individual differences may 

affect PS. Aim 1 documents the relationship between EF and PS in 4-6 year-old, the 

developmental progression of the EF-PS relationship, and assesses whether EF is related to PS. 

Aim 2 extends this work by identifying individual factors that might uniquely influence the use 

of EF in service of PS. Comparison of high and low EF groups will indicate whether baseline 

levels of EF might contribute to PS ability. Finally, Aim 3 identifies social factors, such as 

conversational partner, which may affect the demand for EF in pragmatic tasks. Studying the use 
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of EF during pragmatic tasks across a diverse sample will provide insight into the utility of EF as 

a predictive measure of PS. Together these measures provide a comprehensive view of the use of 

EF during language tasks. 

The study has four main independent variables. Age is a between-participants variable. 

EF and expressive/receptive language are continuous within-participants variables. 

Conversational partner is a categorical within-participants variables manipulated across four 

levels using a group membership paradigm: no group or neutral adult, in-group, out-group, child, 

and police. See Table 2. 
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Table 2. Independent Variables Influencing Performance on Identification of Pragmatic 
Violations 

Factor Measurement Variable Scoring/Item 

Individual Factors 

Parent Demographic 

Questionnaire 

Age 
How old is your 

child? 

Number of siblings 

How many children 

do you have? 

How many children 

live in the home? 

Extracurricular 

Activities 

Does your child 

participate in any 

extracurricular 

activities? If so, 

what? 

Receptive Language 

Peabody Picture 

Vocabulary Task 

(PPVT) 

Age- and grade-based 

standard scores (M = 

100, SD = 15) 

National Percentile 

Rank (corresponds to 

Age-Adjusted Scale 

Score) 

Normal Curve 

Equivalents (NCEs) 

Stanines 

Age and Grade 

Equivalents 

Growth Score Value 

(GSV) 
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Expressive Language 

Early Years Toolbox 

Expressive 

Vocabulary Task 

Range: 0-55 

Cognitive Factors 

Executive Functions 

Missing Scan Task 

(MST) 
Range: 0-10 

Head-Toes-Knees-

Shoulders (HTKS) 
Range: 0-52 

Dimensional Change 

Card Sort Task 

(DCCS) 

Range: 0-12 

Ratings of Everyday 

Executive 

Functioning (REEF) 

Range: 0-228 

Theory of Mind False Belief Task 
Binary 0-1 

(Correct/Incorrect) 

Contextual Factors 

(Pragmatics) 

Pragmatics Task 

Conversational 

Violations Task 

(CVT) 

Accuracy Judgments: 

Binary 0-1 

(Correct/Incorrect) 

Seriousness 

Judgments: Binary 1-

2 (1 = Little silly, 2 = 

A lot silly) 

Pragmatics Parent 

Report 

Children’s 

Communication 

Checklist Second 

Edition 

Scaled Scores 

Percentile Ranks 

Confidence Intervals 

Composite Score 

Index Score 
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Participants 

Ninety-five 4- to 6-year-olds (43 girls) participated in the full study (M = 5.47, SD = .80). 

There were 30 4-year-olds (M = 54.42 months, SD = 3.47, Range = 48.38-59.69), 36 5-year-olds 

(M = 65.82 months, SD = 3.27, Range = 60.21-71.59), and 29 6-year-olds (M = 77.13, SD = 

3.40, Range = 72.78-84.05). Forty-four participants identified as light-skinned and 51 identified 

as dark-skinned. Specific race information was not collected. The sample size was determined by 

a G*Power analysis with the following parameters: effect size of .20, .05 error probability, .80 

power, and 10 predictor variables. The effect size used was an estimated based on the total 

amount of variance explained by EF and age in similar social problem-solving outcomes.  This 

age range was selected because pragmatic language skills emerge around 3-4 years of age in the 

literature and this period is critical to the development of social skills (Arslan et al., 2011), PS 

(Adams, 2002), and EF (Zelazo et al., 2003; Zelazo et al., 2004; Zelazo & Carlson, 2020).   

Most participants were from mid- to upper- socioeconomic status households with 

approximate total level of income between $110,000 and $124,999 (n = 14), $200,000 or more (n 

= 15), $80,000-$94,999 (n = 11), or $55,000-$64,999 (n = 11). Mothers most often held a 

master’s degree (n = 33), doctoral/professional degree (n = 23), or a bachelor’s degree (n = 22). 

Similarly, fathers often held a bachelor’s degree (n = 34), master’s degree (n = 22), a 

doctoral/professional degree (n = 13), or had completed some college credits (n = 12). 

Participants were recruited via fliers dropped off at local daycare/preschool programs and 

posted online on Mommy group pages (i.e., Facebook Tuscaloosa Mommy and Me) and online 

experiment servers (i.e., Children Helping Science). Most participants were U.S.-based (n = 86), 

with the majority located in Alabama (n = 22), Georgia (n = 6), Florida (n = 6), California (n = 

5), and Iowa (n = 4). Remaining participants were spread among a diverse range of regions 
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spanning the U.S. (n = 86), Canada (n = 1), Thailand (n = 1), and the United Kingdom (n = 3). 

Most participants were monolingual (n = 84). See Figure 1 and Figure 2. 

 

Figure 1. Visualization of Participant Geographic Location (Global) 
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Figure 2. Visualization of Participant Geographic Location (Domestic) 

 

Measures 

 In the current study, children judged pragmatic violations committed by characters from 

5 social groups. A virtual coin toss was used to establish group membership and distinguish in-

group members from out-group members. In addition, children judged neutral group members 

(with no affiliated social groups), child characters, and authority figures (the police). 

Demographic Measures 

Parent Demographic Questionnaire 

Parents completed a brief demographic questionnaire providing information about the 

home life, family life, and child involvement in extracurricular activities that may influence EF. 

These variables were chosen because they each have been shown to influence childhood EF 

(Holfelder et al., 2020; Last et al., 2018; Rolan et al., 2018; Rudd et al., 2020). 
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Overall Language Measures 

Peabody Picture Vocabulary Test (PPVT) 

Receptive vocabulary of preschool children can be assessed a variety of ways, including 

the Peabody Picture Vocabulary Test (PPVT) (Dunn, 1997), the NIH Toolbox Picture 

Vocabulary Test (Gershon et al., 2014), and the Clinical Evaluation of Language Fundamentals 

(CELF) (Paslawski, 2005). The PPVT was chosen because it has been extensively validated for 

the proposed age group and can be easily administered remotely. In this task, participants are 

asked to select one of four pictures which best depicts the spoken word. Testing begins with a 

starting point determined by the child’s age and proceeds until a child reaches “ceiling,” defined 

as incorrectly responding to 6 of 8 consecutive items in a set. A child’s raw score is the number 

of correct answers below the ceiling, calculated by subtracting the number of errors between the 

highest basal (e.g., last item in the highest series of 8 consecutive answers) and lowest ceiling 

from the item number of the lowest ceiling. Raw scores were used to derive age-based standard 

scores. See Figure 3. 
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Figure 3. Screenshot of PPVT 

Early Years Toolbox Expressive Vocabulary Task 

 The Early Years Toolbox Vocab Task is an iPad-based assessment of children’s ability to 

identify and name objects. The task was presented via Zoom screen-share. In this game, children 

view cartoon pictures of objects (e.g., giraffe) and are asked to verbally name each item. In cases 

of an incorrect label initially being produced, the child was prompted with, “What else might this 

be called?” until either the child responded correctly or it was clear that the child did not know 

the name of the object. Testing continued until a child gave 6 consecutive incorrect responses or 

responded to the maximum 55 trials. Responses were scored as 1 = Correct or 0 = Incorrect, and 

totaled to derive a raw score. Regional differences in labels were counted as correct if the 

meaning was synonymous (e.g., river vs. stream). Approximations of the item that did not match 

the target level of specificity were scored as incorrect (e.g., camp for tent, earth for globe). See 

Table 22 in the Appendix for a list of regional differences and approximations that required the 

experimenter to judge whether the response was correct and how they were scored. The task 
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takes approximately 5-8 minutes to complete and has been normed and validated for use with 

young children aged 3-6 years. See Figure 4. 

 

Figure 4. Screenshot of Early Years Toolbox Vocab Task 

Executive Function Measures 

Dimensional Change Card Sort (DCCS)  

Several measures can be used to assess cognitive flexibility in preschoolers, including the 

Dimensional Change Card Sort (DCCS) (Zelazo, 2006), Shape School (Nieto et al., 2016), and 

Trails-P (Espy & Cwik, 2004). The Early Years Toolbox DCCS (presented as the “Rabbits and 

Boats game” to participants) was chosen because the DCCS is most frequently used in both 

children and adults and is considered somewhat of a “gold standard” within the EF literature. 

Moreover, the DCCS has been subject to far more psychometric evaluation comparative to other 

preschool measures of CF (Carlson, 2005). The DCCS is a sorting task in which the child is 

shown two target cards (e.g., blue rabbit or red boat) and told that they must sort subsequent 

cards (e.g., 3 red rabbit cards and 3 blue boat cards) according to the object’s color. After 6 trials 

the child is told that they are going to play a new game and that they now must sort the same 6 
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cards according to shape. Performance on the DCCS assesses the child’s capacity to shift their 

attention from color to shape and sort the cards accordingly. A child needs to sort at least 4 out of 

the 6 post-switch trials correctly in order to progress to the next, border-switch level. 

Children who pass the post-switch phase of the standard version of the DCCS may 

proceed to the border version. In this version, cards with a black border around it are added to the 

deck. The child is instructed that if they see a card with a black border, they play the color game, 

but if the card has no black border, then they play the shape game. The border version of the task 

consists of 6 trials. On each trial, the rules are repeated, the card is labeled as having a border or 

not, and the child is asked where the card should be placed. 

Trials for all 3 levels are scored dichotomously (0 = Incorrect, 1 = Correct) and summed 

to create a raw accuracy score for pre-switch (e.g., Block 1) and post-switch (Blocks 2 and 3). 

Because a post-switch accuracy score tends to index the extent to which a child successfully 

switches from one sorting rule to the next, the final post-switch scores (e.g., Block 2 + Block 3) 

are used as a score of CF. See Figure 5. 

 

Figure 5. Screenshot of Early Years Toolbox DCCS/Rabbits and Boats Task 



 

72 

 

Missing Scan Task 

 In the Missing Scan Task (MST) (Buschke, 1963; Roman et al., 2014) children are 

presented with images of animals in sets of 3 or higher. Examples of animals used include turtle, 

pig, cow, and duck. To ensure children can identify the animals, children are asked to name 

pictures of each animal in the set. If a child is unable to identify an animal, the animal is not 

included in the test set. 

 In the task, child is told that they are going to play a memory game. A barn appears on 

screen and a random set of two animals appear next to the barn. These two animals are 

considered are used for the training and practice sets. The child was first asked to name the two 

animals out loud and instructed to remember the animals because the animals would go inside 

the house. The child was then told that when the animals came back out of the house, one of the 

animals would be missing. The child was given roughly 10 seconds to look at the animals in the 

memory set and name them out loud before they returned to the barn. A few seconds later, one 

animal is brought out (chosen at random). The experimenter then asked the child, “Which one is 

missing?” Children who did not show understanding of the task did not proceed to test. 

 Test trials began with a memory set sized based on the child’s age. Three- to 4-year-olds 

began with three animals, while 5- to 6-year-olds began with 4 animals. A correct trial requires 

the child to scan WM to report the missing animal. Span length is increased by one animal each 

time the missing animal was identified. If the child responded incorrectly, they repeated a trial of 

the same set size. In both training and test trials, the child is shown the missing animal after each 

trial regardless of whether an incorrect or correct animal was provided. The MST concludes 

when the child fails to correctly name the missing animal on two trials of the same memory set 

size or correctly completed a set size of 10. Each trial was scored dichotomously (0 = Incorrect, 
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1 = Correct). WM capacity is scored as the longest set size that the child could correctly scan 

with no errors. See Figure 6. 

 

Figure 6. Sample Item from Missing Scan Task 

 

Head-Toes-Knees-Shoulders  

There are a large variety of existing preschool IC measures, including the HTKS task, 

Snack/Gift Delay, Day-Night Stroop, and Silly Sounds Stroop. The HTKS task (Ponitz et al., 

2009; Ponitz et al., 2008) was selected because it is “game-like” and therefore intrinsically more 

engaging, can be easily administered and scored, and has been psychometrically evaluated in a 

longitudinal study of diverse samples of young children and found to have strong construct 

validity with other measures of IC (McClelland et al., 2014). In the first round, children must 

follow the experimenter’s instructions exactly. For example, if the experimenter says, “Touch 
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your head,” the child should touch their head. In the second round, children must do the opposite 

of the experimenter’s command. For example, if prompted, “Touch your head,” the child should 

touch their toes. Each round begins with 6 practice items and includes 10 test items. The final 

score is the sum of the first six practice items and the 20 test items, for a range of 0-52. 

Ratings of Everyday Executive Functioning (REEF) 

 The Ratings of Everyday Executive Functioning (REEF) Questionnaire is a parent-report 

of preschoolers’ EF skills. The REEF has been shown to be both reliable and validated for use 

with 3- to 5-year-olds (Nilsen et al., 2017) and scores on the REEF have been shown to be 

related to both laboratory measures of EF and other parent-report measures of EF. Although this 

does not encompass the entirety of the proposed age group, the REEF will provide an additional 

measure of EF to support the primary measures. The REEF contains 76 items divided into 8 

sections assessing how the child plays games, interacts with others, interacts within the home and 

community, and communicates to others. For each section, parents rated their child on a 4-point 

Likert scale (0 = Is not able to 4 = Always or almost always able). Sample items included, “My 

child plays “Hide and Go Seek” without cheating (e.g., does not peek when counting)” and “My 

child stops fun activity, without complaint, when he/she is told time is up.” Responses were 

summed to create a raw REEF score. Parents completed the REEF to provide an additional 

measure of the child’s EF skills.   

False Belief Task 

 The false belief task is commonly used in ToM studies. In the false belief task, the child 

must infer that another person does not possess knowledge that they possess. For example, in the 

below trial (See Figure 7) children were shown a crayon box that contained pencils and were 

asked what their friend would expect to find in the box. Children without ToM typically respond 
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pencils, whereas children with ToM correctly respond crayons. Four versions of the false belief 

task were used. Each child were randomly shown one version and their response was scored 

dichotomously (0 = Incorrect, 1 = Correct). 

 

Figure 7. Sample Item from False Belief Task 

Pragmatic Language Measures  

Children’s Communication Checklist-2, U.S. Edition (CCC-2)  

The Children’s Communication Checklist-2 is a parent or caregiver rating scale of 

various aspects of communication, such as vocabulary, sentence structure, syntax, semantics, and 

pragmatic language. The pragmatic language section is of particular importance for the present 

study and will be used as an addition measure of the child’s pragmatic language ability. The 

CCC-2 is a 70-item questionnaire that takes 5-10 minutes to complete. Parents were asked to 

respond to items assessing their child’s communication strengths and difficulties in everyday 
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settings. Sample items included, “My child talks repetitively about things that no one is 

interested in” and “My child leaves out “is” (e.g., says “Daddy going to work” instead of “Daddy 

is going to work” or “Daddy’s going to work,” or says “the boy big” instead of “the boy is big”). 

Each item was scored on a 4-point Likert scale: 0 = Less than once a week (or never); 1 = At 

least once a week, but not everyday (or occasionally); 2 = Once or twice a day (or frequently); 

and 3 = Several times (more than twice) a day (or always). 

Pragmatic Violations Task  

Children watched videos of short conversational exchanges between two speakers. In 

each trial, a narrator asks a question and the character on screen gives a short answer which 

violates a pragmatic rule. Participants were asked to identify whether the character violated 

pragmatics (e.g., “Did he/she say something silly? Yes or no?”) and provide judgements of the 

magnitude of the violation (e.g., “Was it a little or a lot silly?”) (See Figure 8). Questions varied 

by group membership of the character across 5 conditions: 1) In-group adult; 2) out-group adult; 

3) neutral adult; 4) child; and 5) police adult. This method is similar to other studies of PS in 

young children and is frequently used within developmental studies (Casillas & Frank, 2017; 

Surian, 1996). The task was developed through an extensive pilot testing process (see Appendix). 

It is important to note that because of the unbalanced presentation of group conditions, direct 

comparisons across conditions cannot be made for those missing conditions. General patterns are 

discussed in the results chapter, as well as future analyses to account for unbalanced 

presentation. 



 

77 

 

 

Figure 8. Screenshot of Pragmatic Violations Task 

Group Affiliation 

To achieve the in-group and out-group affiliation, children were shown a virtual coin toss 

to determine if they would be a member of the red (in-group) or blue team (out-group). Children 

were always told that they were a member of the red team (i.e., “Wow! This is great! You are 

going to be on the red team!”) (Elashi & Mills, 2014; Patterson & Bigler, 2006). To ensure that 

they understood this, children were shown a row of characters wearing different colored shirts 

and asked to identify their “teammates,” people who “were on no team,” and people who “were 

on the other team.” Children who do not correctly identify the characters will not complete the 

trials in the remaining conditions. See Figure 9. 
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Figure 9. Virtual Group Affiliation Paradigm 
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CHAPTER 4 
 

RESULTS 

Executive Function Scoring 

Rasch measurement techniques were chosen because, unlike classical test theory, which 

produces scales that measure a point on the dimension of interest, Rasch models facilitate the 

measurement of EF as a continuum. This technique allows for items from all tasks and 

participants to be estimated on the same dimension and become directly comparable. In doing so, 

Rasch techniques allow for testing of unidemensionality, takes into account response options 

which may not be equally spaced, and is generalizable across samples and items. 

An analysis of each of the EF tasks was conducted using the dichotomous Rasch model 

(Rasch, 1960) and Partial Credit Rasch model (PCM) (Masters, 1982). The results of these 

models were reviewed and compiled into a single dataset and analyzed using the PCM to gather 

evidence related to the validity of the interpretation and use of scores as a single, latent EF 

variable (See Appendix for results of individual models). With this dataset, an additional model 

was computed treating participant responses to the three EF measures as a single task. The 

analysis computed logit-scale measure (θ), SE, and model-data fit statistics that were used as an 

overall EF score for each participant in all subsequent analyses. Details of the PCM analysis are 

outlined below and individual models of each of the 3 EF tasks are discussed in the Appendix. 
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Partial Credit Model Rasch Analysis of EF Measures 

An analysis of the 3 EF tasks was conducted using the PCM (Masters, 1982) in order to 

gather evidence related to the validity of the interpretation and use of scores from this measure as 

a single, latent EF variable. In total, this resulted in 12 items from Levels 2-3 of the DCCS, 6 

items from Levels 5-10 of the MST, and 20 items from the HTKS, for a total of 38 items. The 

DCCS was scored dichotomously (0 = Incorrect; 1 = Correct), the MST items were scored using 

three ordered rating scale categories (0 = Incorrect response to both trials; 1 = Passed level on 

second trial; 2 = Passed level on first trial), and the HTKS items were scored using three ordered 

rating scale categories (0 = Incorrect; 1 = Child Self-corrects; 2 = Correct). The results of the 

analysis inform the appropriateness of the items for the participants through estimates of person 

fit, item difficulties, and overall thresholds specific to each item. The analysis was conducted 

using the “eRm” package of R Studio  (Mair & Hatzinger, 2007) using the following equation:  

ln �
𝑃𝑃𝑛𝑛𝑖𝑖(𝑥𝑥𝑥𝑥 = 𝑘𝑘)

𝑃𝑃𝑛𝑛𝑖𝑖(𝑥𝑥𝑥𝑥=𝑘𝑘−1)
� = 𝜃𝜃𝑛𝑛 − 𝛿𝛿𝑥𝑥 − 𝜏𝜏𝑥𝑥𝑘𝑘 

Table 3 presents a summary of the results from the analysis of the EF data. Specifically, 

the calibration of Persons (N = 95) and items (N = 38) on three ordered rating scale categories 

are summarized using average logit-scale calibrations, standard errors, model-data fit statistics, 

and reliability of separation statistics. Examination of the results indicates that, on average, the 

participants were located slightly lower on the logit scale (M = -0.05, SD =1.03), compared to 

items (M = -0.31, SD = 0.97). This finding suggests that the participants had 

relatively moderate levels of EF. Average values of model-data fit statistics indicate overall 

adequate fit to the model for both participants (Infit MSQ: M = 0.95, SD = 0.32) Outfit MSQ: M 

= .97, SD = .51) and items (Infit MSQ: M = 0.97, SD = 0.17; Outfit MSQ: M = 0.97, SD = 0.27). 
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Average standardized Infit (Persons: M = -0.23, SD = 1.27; Item: M = -0.22, SD = 1.21) and 

Outfit (Persons: M = -0.02, SD = 1.08; Item: M = -0.11, SD = 1.17) statistics were near the 

expected value of 0.00 when data fit the model. This finding of adequate fit to the model 

supports the interpretation of participant calibrations on the logit scale as indicators of 

their locations on the latent EF variable as measured by the 3 assessments.  

Table 4 includes detailed results for the items on the 3 EF assessments. For each item, the 

average rating on the recoded raw score scale is presented, followed by its location estimate on 

the logit scale (δ), SE, and model-data fit statistics. Examination of these results indicates that 

Item 1.2 of the HTKS was the easiest (Average Score = 1.78; δ = -1.84; SE = 0.10). The most 

difficult item was the 10-span trial of the MST (Average Score = 0.14; δ = 1.83, SE = 

0.08). Because the HTKS consists of 10 trials of identical items (e.g., Level 1) followed by a set 

of 10, more difficult, identical items (e.g., Level 2), these differences do not represent difficulty 

perse, but more likely cognitive load or fatigue. Moreover, because the MST requires the child to 

reach their upper limit of performance, the majority of participants did not complete the 10-span 

trial. 

Examination of model-data fit statistics for the items indicates overall adequate fit to 

the PCM, with some departures from expectations for individual items. Specifically, the highest 

values of fit statistics, which suggest noisy rating patterns, were observed for the 5-Span trial of 

the MST (Infit MSE = 1.56; Std. Infit = 3.98; Outfit MSE = 1.84; Std. Outfit = 4.05). The lowest 

values of fit statistics, which suggest muted rating patterns, were observed for Item 2.9 of the 

HTKS (Infit MSE = 0.73; Std. Infit = -2.21; Outfit MSE = 0.57; Std. Outfit = -1.67). As this was 

one of the last items of the HTKS, the muted rating patterns may reflect a familiarity with the 

task and overall pattern of performance. 
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In terms of model-data fit, values of the person fit statistics indicate overall adequate fit 

to the PCM, with some departures from expectations for individual students. Specifically, the 

highest values of fit statistics, which suggest noisy rating patterns associated with a 

particular item, were observed for Person 21 (Infit MSE = 2.38; Std. Infit 

= 4.47; Outfit MSE = 3.02; Std. Outfit = 4.01). The lowest values of fit statistics, which suggest 

muted rating patterns associated with an item were observed for Person 4 (Infit MSE = 0.48; Std. 

Infit = -2.70; Outfit MSE = 0.49; Std. Outfit = -1.70). See Table 5. 

Figure 3 illustrates the calibrations of the Persons and Items on the logit scale that 

represents the latent variable. The top panel of the map shows the distribution of the measured 

ability of the participants from least to most able. The histogram at the top of the figure 

represents participants distribution across the latent scale of EF. Participants at the left of the 

histogram exhibited lower levels of performance on the EF tasks, while participants at the right 

side of the histogram exhibited higher levels of performance on the EF tasks. The points in the 

middle of the figure represent the category ordering for each item. For each item, a solid circle 

shows the overall item difficulty location and open circle symbols show the location of each 

rating scale category threshold, with labels indicating the threshold number. Dichotomously 

scored items do not include category thresholds. The figure reveals disordering of scale 

categories for the three-category items; however, this likely reflects the natural developmental 

progression of EF skills. Namely, many participants scored in the middle category on most of 

their trials, the developmental stage of EF in this age group. As such, the model is appropriate for 

creating the latent EF variable. 
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Table 3. EF Summary Statistics (Partial Credit Model) 

  Persons (θ)  
(N=95)  

Items (δ)  
(N = 38)  

Calibrations      
  
Measure (Logits)  

    

M  -0.05  -0.31  
SD  1.03  0.97  

Standard Error      
M  0.08  0.11  

SD  0.01  0.03  
Model-Data Fit      
  
Infit MSE  

    

M  0.95  0.97 
SD  0.32 0.17  

Std. Infit      
M  -0.27  -0.22  

SD  1.05 1.21  
Outfit MSE      

M  0.97  0.97  
SD  0.51  0.27  

Std. Outfit      
M  -0.02  -0.11 

SD  1.08 1.17 
  

      
Reliability of Separation  > .99  > .99 
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Table 4. EF Partial Credit Model Item Calibrations 
Item Label Average SE Measure (δ) Chi-Square df Outfit MSQ Infit MSQ Outfit t Infit t 
DCCS 2.1 0.64 0.08 -0.71 85.49 94.00 0.91 0.97 -0.62 -0.32 
DCCS 2.2 0.74 0.07 -1.25 78.25 94.00 0.83 0.97 -0.83 -0.21 
DCCS 2.3 0.76 0.07 -1.39 72.32 94.00 0.77 0.92 -1.09 -0.55 
DCCS 2.4 0.73 0.07 -1.19 104.94 94.00 1.12 1.14 0.65 1.07 
DCCS 2.5 0.76 0.07 -1.39 111.89 94.00 1.19 1.14 0.90 0.99 
DCCS 2.6 0.79 0.07 -1.60 85.65 94.00 0.91 1.03 -0.29 0.24 
DCCS 3.1 0.56 0.08 -0.29 85.35 94.00 0.91 0.96 -0.78 -0.50 
DCCS 3.2 0.43 0.08 0.31 86.58 94.00 0.92 0.95 -0.62 -0.63 
DCCS 3.3 0.42 0.08 0.36 103.81 94.00 1.10 1.07 0.85 0.89 
DCCS 3.4 0.51 0.08 -0.04 81.57 94.00 0.87 0.90 -1.20 -1.32 
DCCS 3.5 0.42 0.08 0.36 95.39 94.00 1.01 0.97 0.16 -0.37 
DCCS 3.6 0.45 0.08 0.21 98.96 94.00 1.05 1.06 0.48 0.74 

MST 5-Span 1.18 0.14 -0.35 172.49 94.00 1.84 1.56 4.05 3.98 
MST 6-Span 0.59 0.14 0.75 131.19 94.00 1.40 1.06 1.31 0.47 
MST 7-Span 0.31 0.11 1.41 82.23 94.00 0.87 0.85 -0.16 -0.78 
MST 8-Span 0.24 0.10 1.48 81.69 94.00 0.87 0.82 0.05 -0.82 
MST 9-Span 0.17 0.08 1.99 67.82 94.00 0.72 0.86 -0.42 -0.49 
MST 10-Span 0.14 0.08 1.83 54.76 94.00 0.58 0.92 0.00 -0.18 

HTKS 1.1 1.60 0.12 -1.29 143.22 94.00 1.52 1.25 1.49 1.29 
HTKS 1.2 1.78 0.10 -1.84 108.68 94.00 1.16 1.22 0.45 0.89 
HTKS 1.3 1.05 0.12 -0.14 96.33 94.00 1.02 1.02 0.23 0.20 
HTKS 1.4 1.46 0.13 -0.91 109.73 94.00 1.17 1.06 0.67 0.39 
HTKS 1.5 1.61 0.12 -1.23 78.08 94.00 0.83 0.84 -0.30 -0.79 
HTKS 1.6 1.67 0.11 -1.44 119.61 94.00 1.27 0.96 0.71 -0.11 
HTKS 1.7 1.24 0.12 -0.57 123.14 94.00 1.31 1.30 1.99 2.21 
HTKS 1.8 1.66 0.11 -1.38 73.83 94.00 0.79 0.83 -0.34 -0.76 
HTKS 1.9 1.66 0.12 -1.31 118.88 94.00 1.26 0.93 0.60 -0.24 
HTKS 1.10 1.65 0.12 -1.33 96.25 94.00 1.02 0.84 0.21 -0.71 
HTKS 2.1 1.12 0.15 -0.21 58.68 94.00 0.62 0.74 -2.27 -2.42 
HTKS 2.2 1.31 0.14 -0.54 70.89 94.00 0.75 0.83 -1.05 -1.32 
HTKS 2.3 1.06 0.14 -0.12 83.80 94.00 0.89 0.93 -0.62 -0.60 
HTKS 2.4 0.83 0.14 0.34 83.79 94.00 0.89 0.96 -0.63 -0.31 
HTKS 2.5 0.91 0.14 0.18 80.95 94.00 0.86 0.97 -0.73 -0.23 
HTKS 2.6 0.87 0.14 0.24 68.99 94.00 0.73 0.83 -1.63 -1.58 
HTKS 2.7 0.99 0.15 0.03 65.61 94.00 0.70 0.84 -1.48 -1.45 
HTKS 2.8 1.16 0.15 -0.26 66.65 94.00 0.71 0.78 -1.41 -1.95 
HTKS 2.9 1.24 0.15 -0.38 53.60 94.00 0.57 0.73 -1.67 -2.21 
HTKS 2.10 0.99 0.14 0.02 83.41 94.00 0.89 0.88 -0.66 -1.08 

 
 
 
 
 
 
 
  



 

85 

 

Table 5. EF Task Person Calibrations 
 Average SE Measure (θ) Chi-Square df Outfit MSQ Infit MSQ Outfit t Infit t 

P1 0.11 0.04 -2.72 15.55 38.00 0.41 1.00 0.08 0.19 
P2 0.21 0.05 -2.09 16.06 38.00 0.42 0.78 -0.28 -0.54 
P3 0.61 0.09 -0.90 30.82 38.00 0.81 0.86 -0.24 -0.66 
P4 1.05 0.08 0.21 18.58 38.00 0.49 0.48 -1.70 -2.70 
P5 0.50 0.07 -1.16 42.74 38.00 1.12 1.16 0.40 0.80 
P6 0.89 0.09 -0.20 31.25 38.00 0.82 1.10 -0.45 0.52 
P7 0.87 0.10 -0.26 39.41 38.00 1.04 1.03 0.22 0.22 
P8 1.11 0.08 0.35 29.40 38.00 0.77 0.65 -0.53 -1.55 
P9 0.89 0.10 -0.20 41.11 38.00 1.08 1.06 0.35 0.36 
P10 0.13 0.04 -2.52 40.83 38.00 1.07 1.12 0.54 0.40 
P11 1.26 0.08 0.84 24.77 38.00 0.65 0.72 -0.62 -0.95 
P12 0.29 0.06 -1.78 28.65 38.00 0.75 1.11 0.02 0.48 
P13 0.66 0.09 -0.77 22.81 38.00 0.60 0.68 -0.89 -1.68 
P14 0.26 0.07 -1.87 25.90 38.00 0.68 1.22 -0.03 0.79 
P15 0.37 0.06 -1.52 33.98 38.00 0.89 0.95 0.12 -0.13 
P16 1.39 0.07 1.33 46.79 38.00 1.23 0.88 0.54 -0.28 
P17 0.87 0.09 -0.26 25.08 38.00 0.66 0.72 -1.01 -1.41 
P18 0.76 0.09 -0.51 36.34 38.00 0.96 1.06 0.01 0.33 
P19 1.16 0.08 0.51 44.30 38.00 1.17 1.05 0.52 0.26 
P20 0.50 0.08 -1.16 27.16 38.00 0.71 0.99 -0.33 0.02 
P21 1.03 0.08 0.14 114.73 38.00 3.02 2.38 4.01 4.47 
P22 0.50 0.09 -1.16 73.04 38.00 1.92 1.28 1.41 1.29 
P23 1.08 0.09 0.28 33.82 38.00 0.89 0.73 -0.20 -1.13 
P24 1.16 0.08 0.51 69.94 38.00 1.84 1.20 1.80 0.79 
P25 1.45 0.07 1.57 51.47 38.00 1.35 1.12 0.66 0.48 
P26 0.47 0.07 -1.23 45.44 38.00 1.20 1.36 0.50 1.62 
P27 1.03 0.08 0.14 28.95 38.00 0.76 0.90 -0.64 -0.39 
P28 1.00 0.10 0.07 41.93 38.00 1.10 0.90 0.41 -0.39 
P29 1.37 0.06 1.23 47.73 38.00 1.26 1.29 0.58 0.95 
P30 1.26 0.08 0.84 20.05 38.00 0.53 0.77 -0.97 -0.72 
P31 0.45 0.07 -1.30 40.15 38.00 1.06 1.10 0.31 0.51 
P33 0.97 0.08 0.00 23.86 38.00 0.63 0.78 -1.18 -1.00 
P34 0.66 0.07 -0.77 25.03 38.00 0.66 0.73 -0.71 -1.33 
P35 1.00 0.08 0.07 29.66 38.00 0.78 0.95 -0.59 -0.14 
P36 1.34 0.08 1.12 24.81 38.00 0.65 0.95 -0.45 -0.04 
P37 1.37 0.06 1.23 35.23 38.00 0.93 1.16 0.10 0.58 
P38 1.26 0.07 0.84 16.33 38.00 0.43 0.57 -1.29 -1.60 
P39 1.08 0.08 0.28 74.93 38.00 1.97 1.03 2.23 0.19 
P40 1.34 0.08 1.12 26.81 38.00 0.71 0.69 -0.33 -1.00 
P41 1.29 0.08 0.93 16.52 38.00 0.43 0.52 -1.17 -1.80 
P42 0.92 0.09 -0.13 42.09 38.00 1.11 1.30 0.42 1.35 
P43 0.92 0.09 -0.13 43.77 38.00 1.15 1.04 0.54 0.27 
P44 1.05 0.10 0.21 85.11 38.00 2.24 1.68 2.75 2.47 
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P45 1.42 0.06 1.45 25.02 38.00 0.66 0.92 -0.27 -0.14 
P46 1.32 0.08 1.03 23.29 38.00 0.61 0.83 -0.60 -0.47 
P47 1.39 0.07 1.33 32.38 38.00 0.85 0.72 0.01 -0.86 
P48 0.87 0.09 -0.26 52.49 38.00 1.38 1.59 1.11 2.46 
P49 1.21 0.08 0.67 25.42 38.00 0.67 0.78 -0.68 -0.76 
P50 1.05 0.08 0.21 24.28 38.00 0.64 0.66 -1.07 -1.58 
P51 0.24 0.06 -1.97 28.38 38.00 0.75 1.00 0.09 0.12 
P52 1.42 0.07 1.45 14.32 38.00 0.38 0.60 -0.85 -1.38 
P53 1.11 0.09 0.35 93.09 38.00 2.45 1.49 2.92 1.79 
P54 1.37 0.07 1.23 20.36 38.00 0.54 0.52 -0.64 -1.74 
P55 0.76 0.10 -0.51 35.99 38.00 0.95 1.01 -0.01 0.13 
P56 0.79 0.08 -0.45 22.59 38.00 0.59 0.65 -1.16 -1.84 
P57 0.34 0.05 -1.60 67.28 38.00 1.77 1.25 1.04 1.06 
P58 0.92 0.10 -0.13 41.04 38.00 1.08 0.99 0.34 0.01 
P59 1.21 0.08 0.67 16.31 38.00 0.43 0.51 -1.48 -2.02 
P60 1.37 0.07 1.23 43.75 38.00 1.15 1.62 0.44 1.76 
P61 1.05 0.07 0.21 31.17 38.00 0.82 0.56 -0.43 -2.13 
P62 0.82 0.09 -0.39 40.63 38.00 1.07 1.24 0.31 1.12 
P63 1.11 0.08 0.35 17.45 38.00 0.46 0.50 -1.71 -2.38 
P64 0.50 0.07 -1.16 31.74 38.00 0.84 0.91 -0.09 -0.36 
P65 0.76 0.10 -0.51 32.95 38.00 0.87 0.91 -0.23 -0.36 
P66 0.97 0.08 0.00 17.74 38.00 0.47 0.51 -1.90 -2.66 
P67 1.16 0.08 0.51 58.81 38.00 1.55 1.08 1.29 0.37 
P68 1.13 0.08 0.43 26.72 38.00 0.70 0.72 -0.72 -1.11 
P69 1.16 0.08 0.51 33.99 38.00 0.89 1.00 -0.13 0.08 
P70 0.84 0.09 -0.32 30.10 38.00 0.79 0.67 -0.52 -1.72 
P71 0.84 0.08 -0.32 35.24 38.00 0.93 1.10 -0.09 0.53 
P72 1.05 0.09 0.21 20.48 38.00 0.54 0.61 -1.47 -1.83 
P73 1.24 0.08 0.75 88.53 38.00 2.33 1.13 2.21 0.53 
P74 1.08 0.08 0.28 40.41 38.00 1.06 1.21 0.29 0.88 
P75 1.18 0.08 0.58 20.76 38.00 0.55 0.71 -1.14 -1.07 
P76 0.79 0.07 -0.45 84.34 38.00 2.22 1.12 2.58 0.64 
P77 0.97 0.09 0.00 30.12 38.00 0.79 1.10 -0.56 0.52 
P78 0.95 0.08 -0.07 26.68 38.00 0.70 0.72 -0.89 -1.38 
P79 1.55 0.06 2.15 13.26 38.00 0.35 0.69 -0.39 -0.68 
P80 0.82 0.08 -0.39 21.15 38.00 0.56 0.63 -1.36 -1.95 
P81 0.79 0.09 -0.45 30.35 38.00 0.80 0.77 -0.46 -1.14 
P82 1.21 0.09 0.67 30.69 38.00 0.81 0.73 -0.31 -0.94 
P83 0.92 0.09 -0.13 26.52 38.00 0.70 0.92 -0.90 -0.31 
P84 0.95 0.08 -0.07 22.44 38.00 0.59 0.74 -1.34 -1.24 
P85 0.71 0.10 -0.64 44.86 38.00 1.18 1.14 0.55 0.69 
P86 0.97 0.10 0.00 34.69 38.00 0.91 1.09 -0.16 0.47 
P87 0.74 0.08 -0.58 23.04 38.00 0.61 0.58 -1.02 -2.30 
P88 0.63 0.09 -0.83 56.15 38.00 1.48 1.06 1.04 0.34 
P89 1.50 0.06 1.83 50.07 38.00 1.32 0.93 0.62 -0.10 
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P90 0.87 0.09 -0.26 28.76 38.00 0.76 0.92 -0.66 -0.31 
P91 0.39 0.06 -1.45 34.28 38.00 0.90 0.79 0.11 -0.98 
P92 1.16 0.08 0.51 16.99 38.00 0.45 0.54 -1.60 -2.00 
P93 1.29 0.07 0.93 34.04 38.00 0.90 0.66 -0.02 -1.17 
P94 1.24 0.09 0.75 66.22 38.00 1.74 1.49 1.44 1.57 
P95 1.21 0.08 0.67 64.21 38.00 1.69 1.86 1.42 2.54 
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Figure 10. EF Person-Item Map 
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Do executive functions impact children’s identification of pragmatic violations? 

After constructing the EF variable using Rasch models, preliminary data screening was 

conducted in order to determine the suitability of the full dataset for analysis with an ordinary 

least-squares (OLS) multiple regression. Scatterplots (see Figure 4) and bivariate correlations 

(see Table 6) revealed that the relationship between the two variables were neither linear nor 

curvilinear, with some outliers. As such, a generalized linear model (GLM) multiple regression 

was selected.  

 
 

Figure 11. Scatterplot of Number Correct on CVT by EF 
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Table 6. Correlation Matrix of CVT Score, Age Group, and EF 
  EF CVT Number Correct 

EF 
Pearson Correlation 1 .16 

Sig. (2-tailed)  .13 

CVT Number Correct 
Pearson Correlation .16 1 

Sig. (2-tailed) .13  
 
 

In order to evaluate whether EF contributes to preschoolers’ identification of pragmatic 

violations on the CVT task, a GLM multiple regression assuming ordinal logistic responses using 

the multinomial link function and maximum likelihood estimation was performed. Age was a 

between-subjects factor and EF was a within-subjects factor. The overall regression was not 

statistically significant: ꭓ2(5) = 4.41, p = .11.  

Because EF refers to a complex array of various cognitive control processes, it was 

hypothesized that the lack of statistical significance may not reflect a lack of relationship 

between EF and PS per se, but rather the complexity of various cognitive capacities that EF 

supports that collectively contribute to PS, such as ToM or expressive and receptive language 

skills (Fisher & Happé, 2005; Frye et al., 1995; Hala et al., 2003; Hughes, 1998; Hughes & 

Ensor, 2007; Ozonoff et al., 1991; Pellicano, 2007; Perner & Lang, 2000; Sabbagh et al., 2006). 

As such, it was hypothesized that EF may have an indirect effect on PS through interactions with 

other socio-cognitive skills such as ToM, expressive language, or receptive language. 

What cognitive skills impact the relationship between executive functions and pragmatics? 

It may be that ToM and language skills are most relevant to the EF-PS relationship 

during early developmental stages, when cognitive capacities like EF have not yet fully 

developed, thereby making the ability to infer others’ mental states via ToM or engage language 

skills with EF increasingly necessary in service towards a pragmatic goal. This compensatory 
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strategy may diminish as sufficient cognitive capacities develop. As such, it was hypothesized 

that scores on the PPVT, Vocab, and ToM tasks may indirectly affect the relationship between 

EF and CVT.  

Towards this aim, a series of GLM multiple regressions were performed to assess 

whether PPVT, Vocab, and ToM scores were acting as moderators, covariates, or confounds and 

thus impacting the influence of EF on CVT scores. First, a full-factorial model with EF, PPVT, 

Vocab, and ToM as between-subjects factors, and Age as a between-subjects factor was 

performed. The overall model was significant, ꭓ2(45) = 80.26, p < .001, with all interactions and 

main effects significant (see Table 34 for a summary of this model). Second, a series of 

additional GLM models testing the relationships between each independent variable on the 

dependent variable, CVT score, were conducted to construct a variable relationship map (see 

Figure 5). These base models were tested in order to tease out how Age, PPVT, Vocab, and ToM 

were affecting the relationship between EF and CVT in the full factorial model. Of interest was 

whether the base models supported interpretation of ToM, PPVT, and Vocab as moderators, 

mediators, confounds, or covariates to the EF-CVT relationship. The results of these analyses are 

summarized in Figure 12 and Table 7. See Appendix for a detailed discussion of the model 

fitting procedure. 
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Figure 12. Summary of Analysis of Interaction Terms 

 

The base models produced 7 significant variable relationships: 1) Age was a significant 

predictor of EF, p = .03; 2) Age was a significant predictor of Vocab, p < .001; 3) Age was a 

significant predictor of PPVT, p = .003; 4) Vocab was a significant predictor of PPVT, p = .002; 

5) PPVT was a significant predictor of Vocab, p = .003; 6) PPVT was a significant predictor of 

ToM, p = .02; and 7) ToM was a significant predictor of PPVT, p = .02. All other variable 

relationships were nonsignificant. See Figure 5 and Appendix for summaries of these models. 

 Thus, it was determined that PPVT, ToM, and Vocab scores are moderating variables 

affecting the relationship between EF and CVT performance because they do not have a direct 

effect on EF or CVT performance but do interact with EF. As such, PPVT, ToM, and Vocab 

affect the direction and strength of the relationship between EF and CVT scores. In addition, age 

was a confounding variable on the relationship between EF and CVT scores, as indicated by the 

ToM

EF CVT

Vocab PPVT

p = .76

p = .002*

p = .003*

Age

p < .001**

p = .02*

p = .02*

p = .09



 

93 

 

significant relationship between age and EF. In sum, these analyses indicate that EF indirectly 

affects CVT scores when age is controlled for, moderated by PPVT, ToM, and Vocabulary 

performance. When these variables were entered into the model, the overall model was 

significant (p < .001) and produced significant interaction effects with EF (see Appendix). The 

results of the base model analyses were used to support interpretation of interaction effects in the 

full factorial model. See Table 13.  

 

Table 7. Moderating and Confounding Variables Affecting EF-CVT Relationship 
Variable Role Direction 
PPVT Moderator Negative 
ToM Moderator Positive 

Vocab Moderator Negative 
Age Confound Positive 

 

 Collectively, this series of analyses indicate that EF indirectly impacts PS in preschool, 

operating interdependently with other socio-cognitive skills such as ToM. These findings are in 

support of emerging research of the EF-PS in adult populations, wherein PS has been shown to 

have an interdependent relationship with EF, particularly IC and CF, with ToM (Hyter, 2017). In 

these models, WM is the overarching cognitive skill that ‘binds’ these skills to work 

cooperatively in service of social communication. This body of research, and the contribution of 

the current findings, are discussed in more detail in Chapter 5. 

Do group membership, maxim, and EF influence children’s identification of pragmatic 
violations? 

 Of interest was whether children’s judgment of pragmatic violations differs by maxim, 

group membership, or EF. First, preliminary analyses were conducted to determine whether 

children were able to understand each maxim. One-sample t-tests were computed to examine 
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whether the correct CVT responses (scored 0-3) were at or above chance levels (i.e., a mean 

score of 1.5 out of maximum 3). For the full sample, responses to the Second Maxim of Quantity 

did not significantly differ from levels which could have occurred by chance (M = 1.52, SD = 

.74, p = .84). Response scores to all other maxims were above chance levels for the full sample. 

Each age group’s responses to the First and Second Maxims of Quantity did not 

significantly differ from levels which could have occurred by chance. Additionally, 6-year-olds 

responses to the Maxim of Manner did not significantly differ from levels which could have 

occurred by chance (M = 1.65, SD = .83, p = .37), though 4-year-olds (M = 1.90, SD = .79, p = 

.008, d = .51) and 5-year-old’s responses (M = 1.89, SD = .82, p = .007, d = .47) were above 

chance levels. See Table 8. 
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Table 8. CVT mean correct responses and results of one-sample t-tests by maxim 
Age Group Maxim Mean Correct Response (SD) Results of one sample t-test 

4-year-olds 

First Maxim of Quantity 1.32(.94) t(30) = -1.05, p = .30, d = -.19 

Second Maxim of Quantity 1.42(.81) t(30) = -.56, p = .58, d = -.10 

Maxim of Quality 2.35(.91) t(30) = 5.20, p < .001**, d = .94 

Maxim of Relation 2.16(.90) t(30) = 2.84, p < .001**, d = .74 

Maxim of Manner 1.90(.79) t(30) = 2.84, p = .008*, d = .51 

5-year-olds 

First Maxim of Quantity 1.25(1.18) t(35) = -1.27, p = .21, d = -.21 

Second Maxim of Quantity 1.56(.73) t(35) = .45, p = .65, d = .08 

Maxim of Quality 2.67(.63) t(35) = 11.07, p < .001**, d = 1.85 

Maxim of Relation 2.17(.85) t(35) = 4.73, p < .001**, d = .79 

Maxim of Manner 1.89(.82) t(35) = 2.84, p = .007*, d = .47 

6-year-olds 

First Maxim of Quantity 1.11(1.10) t(27) = -1.89, p = .07, d = -.36 

Second Maxim of Quantity 1.57(.69) t(27) = .55, p = .59, d = .10 

Maxim of Quality 2.75(.44) t(27) = 15.00, p < .001**, d = 2.84 

Maxim of Relation 2.68(.55) t(27) = 11.38, p < .001**, d = 2.15 

Maxim of Manner 1.65(.83) t(27) = .92, p = .37, d = .17 

TOTAL 

First Maxim of Quantity 1.23(1.08) t(94) = -2.43, p = .02*, d = -.25 

Second Maxim of Quantity 1.52(.74) t(94) = .21, p = .84, d = .02 

Maxim of Quality 2.59(.71) t(94) = 15.02, p < .001**, d = 1.54 

Maxim of Relation 2.32(.82) t(94) = 9.75, p < .001**, d = 1.00 

Maxim of Manner 1.82(.81) t(94) = 3.85, p < .001**, d = .40 

*p < .05; **p < .001 
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To determine whether children judged pragmatic violations differently based on group 

membership, additional one-sample t-tests were conducted to examine whether the means of 

correct CVT responses were at or above chance levels (i.e., a mean score of 1.5 out of maximum 

3). For the full sample, all responses were at levels significantly above chance. However, 4-year-

olds (M = 1.68, SD = .91, p = .29, d = .20 ) and 6-year-olds (M = 1.81, SD = .85, p = .13, d = .30) 

responded to the in-group at levels that could have occurred by chance. In addition, 5-year-olds 

(M = 1.72, SD = .78, p = .10, d = .29) and 6-year-olds (M = 1.74, SD = .75, p = .42, d = .16) 

responded to the police at below chance. Finally, 4-year-olds responded to children at a 

marginally significant rate that could have occurred by chance (M = 1.74, SD = .68, p = .06, d = 

.36). See Table 9. 
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Table 9. CVT mean correct responses and results of one-sample t-tests by group membership 
Age Group Group Membership Mean Correct Response (SD) Results of one sample t-test 

4-year-olds 

Neutral 1.87(.81) t(30) = 2.56, p = .02*, d = .46 

In-group 1.68(.91) t(30) = 1.09, p = .29, d = .20 

Out-group 2.00(.63) t(30) = 4.40, p < .001**, d = .79 

Police 1.87(.76) t(30) = 2.71, p = .01*, d = .49 

Child 1.74(.68) t(30) = 1.98, p = .06, d = .36 

5-year-olds 

Neutral 1.81(.79) t(35) = 2.33, p = .03*, d = .39 

In-group 1.97(.81) t(35) = 3.50, p = .001*, d = .38 

Out-group 2.08(.77) t(35) = 4.55, p < .001**, d = .76 

Police 1.72(.78) t(35) = 1.71, p = .10, d = .29 

Child 1.94(.75) t(35) = 3.54, p = .001*, d = .59 

6-year-olds 

Neutral 2.07(.66) t(27) = 4.56, p <.001**, d = .86 

In-group 1.75(.84) t(27) = 1.57, p = .13, d = .30 

Out-group 2.32(.67) t(27) = 6.49, p < .001**, d = 1.23 

Police 1.61(.69) t(27) = .42, p = .42, d = .16 

Child 2.00(.67) t(27) = 3.97, p < .001**, d = .75 

TOTAL 

Neutral 1.91(.76) t(94) = 5.20, p < .001**, d = .53 

In-group 1.81(.85) t(94) = 3.54, p < .001**, d = .36 

Out-group 2.13(.70) t(94) = 8.68, p < .001**, d = .89 

Police 1.74(.75) t(94) = 3.09, p = .003*, d = .32 

Child 1.89(.71) t(94) = 5.44, p < .001**, d = .56 

*p < .05; **p < .001 

 

 

  



 

98 

 

In order to assess whether group membership, maxim, and EF influence preschooler’s 

judgments of whether a pragmatic violation occurred, generalized estimating equations (GEE) 

assuming binary logistic responses were conducted. The GEE was chosen because the 

relationship between EF and CVT scores were neither linear nor curvilinear, necessitating a 

generalized model, and to account for the repeated measurements (e.g., maxim and group). The 

results of a one-way ANOVA did not reveal significant improvement on CVT accuracy with age: 

F(2, 94) = 0.56, p = .57, ŋ2 = .01. Therefore, age was not included in the model. See Table 10. 

 

Table 10. CVT Mean Performance by Age Group 

 Minimum Maximum Mean SD 
4-year-olds 6 13 9.16 1.66 
5-year-olds 4 14 9.53 2.41 
6-year-olds 5 15 9.75 2.35 

TOTAL 4 15 9.47 2.16 
 

In the GEE model, group and maxim were within-subjects factors and EF was a within-

subjects covariate. In order to develop hypotheses about how these 3 factors contribute 

individually to variation in CVT scores, as well as their combined effects, a model-fitting 

procedure was conducted to determine the most parsimonious model. An initial full factorial 

GEE model was conducted. The highest-order interaction term (e.g., 3-way Maxim x Group x 

EF) was non-significant (p = .53) and was therefore removed from the model. This process was 

repeated, and with each iteration the highest-order non-significant interaction term with the 

lowest Wald ꭓ2 was removed from the model. This continued until a parsimonious model was 

reached and the highest-order interaction term was significant. See Table 44 in Appendix for a 

summary of model fitting.  
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In the final model, there were significant two-way interactions between maxim and 

group, Wald ꭓ2(6) = 39.28, p < .001; and between maxim and EF, Wald ꭓ2(4) = 11.09, p = .03. 

There were also significant main effects of maxim, Wald ꭓ2(4) = 116.68, p < .001; group, Wald 

ꭓ2(4) = 41.14, p < .001; and a marginally significant main effect of EF, Wald ꭓ2(1) = 3.64, p = 

.06. See Table 11. 

 

Table 11. Maxim, Group, EF Model Summary 
Interaction Level Interaction Term Wald Chi-Square df p-value 

Main Effects 
Maxim 116.68 4 < .001** 
Group 41.14 4 .001** 

EF 3.64 1 .06 

Two-way Maxim*Group 39.28 6 < .001** 
Maxim*EF 11.09 4 .03* 

*p < .05; **p < .001 
 

 The 2-way interaction between maxim and EF was driven by differences in EF levels of 

children who succeeded or failed to identify violations of each of the maxims. With the 

exception of the Second Maxim of Quantity, children who correctly identified the maxim 

violation had significantly higher EF than those who did not. In contrast, children who failed to 

identify violations of the Second Maxim of Quantity (M = 0.02, SD = 1.00) had higher EF than 

those who successfully identified violations of this type (M = -0.11, SD = 1.05). The magnitude 

of difference in EF ability of children who correctly and incorrectly identified the violation 

differed at each maxim. This was most pronounced in trials of the Maxims of Quality and 

Relation. Children who correctly identified violations of the First Maxim of Quality had 

significantly higher EF (M = .03, SD = 1.00) than children who failed to identify the pragmatic 

violation (M = -.50, SD = 1.08): t(283) = -3.05, p = .003, d = -.53). Children who correctly 

identified the violations of the Maxim of Relation had significantly higher EF (M = .02, SD = 
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.99) than children who did not (M = .02, SD = .99): t(283) = -1.93, p = .05, d = -.27. There was 

not a significant relationship between EF and identification of violations of any of the other 

maxims. These results suggest that perhaps some of the maxims place a higher demand on EF 

than others, and that therefore, the ability to identify certain maxims emerges later in 

development. See Table 12 and Figure 13. 

 
Table 12. EF Score by CVT Response 

 CVT Response 
 Incorrect Correct 
 EF 

Maxim Mean SD Mean SD 
First Maxim of 

Quantity -0.06 1.01 -0.03 1.05 

Second Maxim of 
Quantity 0.02 1.00 -0.11 1.05 

Maxim of Quality -0.50 1.08 0.03 1.00 
Maxim of Relation -0.26 1.12 0.02 0.99 
Maxim of Manner -0.12 1.06 0.001 1.00 
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Figure 13. EF Scores by CVT Maxim Response 

The 2-way interaction between maxim and group reflects differences in the ranking of 

leniency offered to group members at each of the maxims. It is important to note that because of 

the unbalanced presentation of group conditions, direct comparisons across conditions cannot be 

made for those missing conditions. However, the general patterns of the data suggest differences 

in the ranking of leniency offered to group members at each of the maxims. Future analyses 

should employ the Many-Facet Rasch (MFR) Model to account for the unbalanced presentation. 

Because the MFR Model allows the researcher to specify explanatory facets beyond person and 

item locations, the MFR allows for the testing of hypotheses of invariant calibrations across 

levels of facets. 

The 2-way interaction between maxim and group suggests possible differences in the 

ranking of leniency offered to group members at each of the maxims. With regards to the First 
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Maxim of Quantity, there was a significant difference in judgments of violations committed by 

out-group members (M = .51, SD = .50) and the police (M = .32, SD = .47): t(188) = 2.69, p < 

.001, d = .39. For judgments of the Second Maxim of Quantity, there was a significant difference 

in violations of the in-group (M = .44, SD = .50) compared to the out-group (M = .78, SD = .42), 

[t(188) = -5.05, p < .001, d = -.73], and compared to children (M = .29, SD = .46), [t(188) = 2.12, 

p = .04, d = .31]. There was also a significant difference in judgments of violations of the Second 

Maxim of Quantity committed by members of the out-group versus children, t(188) = 7.62, p < 

.001, d = .44. There were no significant differences in group judgments for the Maxim of 

Quality. For judgments of the Maxim of Relation, there were significant differences in 

judgments of violations committed by Neutral adults (M = .61, SD = .49) compared to the out-

group (M = .84, SD = .37), [t(188) = -3.69, p < .001, d = -.54], and compared to the police (M = 

.86, SD = .35), [t(188) = -4.11, p < .001, d = -.60.]. Finally, judgments of violations of the 

Maxim of Manner significantly differed between children (M = .73, SD = .45) compared to in-

group members (M = .54, SD = .50), t(188) = -2.75, p = .01, d = -.40, and compared to the police 

(M = .56, SD = .50), t(188) = -2.45, p = .02, d = -.36). These patterns suggest differences in 

leniency offered to group members based on not just what type of pragmatic violation was 

committed but who committed it. See Figure 14. 
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Figure 14. Mean CVT Judgment by Maxim and Group 

 

The main effects support interpretation that the unbalanced conditions do not affect the 

interaction between maxim and group. Children’s identification of pragmatic violations differed 

by virtue of who committed the violation. Participants performed best at identifying violations 

committed by the outgroup (M = 2.13, SD = .70), followed by neutral adults (M = 1.91, SD = 

.76), children (M = 1.89, SD = .71), and the in-group (M = 1.81, SD = .85). Participants struggled 

most with identifying violations committed by the police (M = 1.74, SD = .75). See Figure 15. 
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Figure 15. CVT Violation Judgments by Group Membership 

 

Children also reliably judged pragmatic violations differently based on the maxim that 

was violated. Participants identified violations of the Maxims of Quality (M = 2.59, SD = .71) 

and Relation (M = 2.31, SD = .82) most accurately, followed by the Maxim of Manner (M = 

1.82, SD = .81). Participants were least accurate at judging violations of the First (M = 1.23, SD 

= 1.08) and Second Maxims of Quantity (M = 1.52, SD = .74). All maxim comparisons were 

significant (See Figure 16). In sum, the 2-way interaction between maxim and group, coupled 

with the main effects, indicates that there are reliable differences in how children judge different 

pragmatic violations, and the people who commit these violations. Future analyses will further 

examine this relationship while controlling for unbalanced experimental conditions. 
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Figure 16. CVT Violation Judgments by Maxim 

 

Finally, there was a significant main effect of EF. On average, children who did not 

identify pragmatic violations had marginally significantly lower EF (M = -.11, SD = .05) than 

children who successfully identified the pragmatic violation (M = -.01, SD = .03), t(1423) = -

1.75, p = .08, d = -.10, indicating that EF impacted overall performance on the pragmatic 

violations task. See Figure 17.  
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Figure 17. EF by CVT Trial Judgment 

 

Do group membership, maxim, and EF influence children’s judgments of the seriousness of 
pragmatic violations? 

 Of interest was whether children’s judgment of the seriousness of pragmatic violations 

differs by maxim, group membership, or EF. First, preliminary analyses were conducted to 

determine whether children judged the seriousness of each maxim differently. A series of one-

sample t-tests were conducted to examine whether seriousness judgments were at or above 

chance levels (i.e., a mean score of 3 out of the maxim 6). For the full sample seriousness 

judgments of all maxims were above chance levels. However, 4-year-olds (M = 3.45, SD = 1.39, 

p = .08, d = .33) and 6-year-olds (M = 3.43, SD = 1.26, p = .08, d = .34) responded to the Maxim 

of Relation did not significantly differ from chance levels. See Table 13. 
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Table 13. CVT mean seriousness responses and results of one-sample t-tests by maxim 
Age Group Maxim Mean Correct Response (SD) Results of one sample t-test 

4-year-olds 

First Maxim of Quantity 2.16(1.57) t(30) = -2.97, p = .006*, d = -.53 

Second Maxim of Quantity 1.39(1.33) t(30) = -6.73, p < .001**, d = -1.21 

Maxim of Quality 4.29(1.83) t(30) = 3.93, p < .001**, d = .71 

Maxim of Relation 3.45(1.39) t(30) = 1.81, p = .08, d = .33 

Maxim of Manner 1.94(1.34) t(30) = -4.42, p < .001**, d = -.79 

5-year-olds 

First Maxim of Quantity 1.89(2.00) t(35) = -3.34, p = .002*, d = -.56 

Second Maxim of Quantity 1.81(1.86) t(35) = -3.84, p < .001**, d = -.64 

Maxim of Quality 4.53(1.34) t(35) = 6.83, p < .001**, d = 1.14 

Maxim of Relation 3.50(1.42) t(35) = 2.11, p = .04*, d = .35 

Maxim of Manner 2.36(1.46) t(35) = -2.63, p = .01*, d = -.44 

6-year-olds 

First Maxim of Quantity 1.57(1.60) t(27) = -4.73, p < .001**, d = -.90 

Second Maxim of Quantity 1.11(1.17) t(27) = -8.59, p < .001**, d = -1.62 

Maxim of Quality 4.57(1.29) t(27) = 6.45, p < .001**, d = 1.22 

Maxim of Relation 3.43(1.26) t(27) = 1.80, p = .08, d = .34 

Maxim of Manner 2.36(1.34) t(27) = -2.54, p = .02*, d = -.48 

TOTAL 

First Maxim of Quantity 1.88(1.75) t(94) = -6.22, p < .001**, d = -.64 

Second Maxim of Quantity 1.46(1.53) t(94) = -9.80, p < .001**, d = -1.01 

Maxim of Quality 4.46(1.49) t(94) = 9.55, p < .001**, d = .98 

Maxim of Relation 3.46(1.35) t(94) = 3.34, p = .001*, d = .34 

Maxim of Manner 2.22(1.39) t(94) = -5.48, p < .001**, d = -.56 

*p < .05; **p < .001 

 

  

An additional series of one-sample t-tests were conducted to examine whether the means 

of seriousness judgments were at or above chance levels (i.e., a score of 3 out of the maximum 

6). In the full sample, seriousness responses to pragmatic violations committed by the in-group 

(M = 2.95, SD = 1.55) and neutral adults (M = 2.73, SD = 1.45) did not significantly differ from 

levels which could have occurred by chance: t(94) = -.33, p = .74, d = -.03 and t(94) = -1.83, p = 
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.07, d = -.19, respectively. Seriousness judgments of violations committed by all other groups did 

not differ from chance in the full sample. See Table 14. 

Table 14. CVT mean seriousness responses and results of one-sample t-tests by group 
membership 

Age Group Group Membership Mean Correct Response (SD) Results of one sample t-test 

4-year-olds 

Neutral 3.03(1.56) t(30) = .12, p = .91, d = .02 

In-group 2.81(1.60) t(30) = -.67, p = .51, d = -.12 

Out-group 2.61(1.45) t(30) = -1.48, p = .15, d = -.27 

Police 2.39(1.26) t(30) = -2.72, p = .01*, d = -.49 

Child 2.39(.88) t(30) = -3.87, p < .001**, d = -.70 

5-year-olds 

Neutral 2.82(1.46) t(35) = -.68, p = .50, d = -.11 

In-group 3.28(1.52) t(35) = 1.09, p = .28, d = .18 

Out-group 2.58(1.44) t(35) = -1.73, p = .09, d = -.29 

Police 2.58(1.79) t(35) = -1.39, p = .17, d = -.23 

Child 2.81(1.31) t(35) = -.89, p = .38, = -.15 

6-year-olds 

Neutral 2.25(1.24) t(27) = -3.21, p = .003**, d = -.75 

In-group 2.68(1.49) t(27) = -1.14, p = .26, d = -.32 

Out-group 2.46(1.20) t(27) = -2.36, p = .03*, d = -.54 

Police 2.75(1.04) t(27) = -1.27, p = .23, - .25 

Child 2.89(1.10) t(27) -.52, p = .61, d = -.11 

TOTAL 

Neutral 2.73(1.45) t(94) = -1.83, p = .07, d = -.19 

In-group 2.95(1.55) t(94) = -.33, p = .74, d = -.03 

Out-group 2.56(1.37) t(94) = -3.15, p = .002*, d = -.32 

Police 2.57(1.43) t(94) = -2.95, p = .004*, d = -.30 

Child 2.69(1.13) t(94) = -2.63, p = .01*, d = -.27 

*p < .05; **p < .001 

 

 

In order to assess whether group membership, maxim, and EF influence preschooler’s 

judgments of the seriousness of pragmatic violations, GEE assuming ordinal logistic responses 

were conducted.  The GEE was chosen because the relationship between EF and CVT scores 

were neither linear nor curvilinear, necessitating a generalized model, and to account for the 
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repeated measurements (e.g., maxim and group). The results of a one-way ANOVA did not 

reveal significant improvement on CVT accuracy with age: F(2, 94) = .49, p = .61, ŋ2 = .01. 

Therefore, age was not included in the model. See Table 15. 

 

Table 15. CVT Seriousness Judgments by Age Group 

 Minimum Maximum Mean SD 
4-year-olds 4 20 13.23 .71 
5-year-olds 4 29 14.08 .89 
6-year-olds 3 22 13.04 .78 

TOTAL 3 29 13.49 4.55 
 

In the GEE model, group and maxim were within-subjects factors and age was a 

between-subjects factor. The same model-fitting procedure as the violation judgments was 

employed to determine the contribution of group, maxim, and EF impact seriousness judgments 

on the CVT.  See Appendix for a summary of model fitting.   

In the final model, there was a significant two-way interaction between maxim and 

group, Wald ꭓ2(6) = 59.21, p < .001. There were also significant main effects of maxim, Wald 

ꭓ2(4) = 171.16, p < .001, and group, Wald ꭓ2(4) = 26.43, p < .001. There was not a significant 

main effect of EF, Wald ꭓ2(1) = .16, p = .69. See Table 16. 

 
Table 16. Maxim, Group, EF, and CVT Seriousness Judgment Model Summary 

Interaction Level Interaction Term Wald Chi-Square df p-value 

Main Effects 

Maxim 171.16 4 < .001** 

Group 26.43 4 < .001** 

EF .16 1 .69 

Two-way Maxim*Group 59.21 6 < .001** 

*p < .05; **p < .001 
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  As mentioned previously, it is important to note that because of the unbalanced 

presentation of group conditions, direct comparisons across conditions cannot be made for those 

missing conditions. Still, observed patterns in the maxim and group interaction indicate reliable 

differences in seriousness judgments based not only on what violation occurred, but who 

committed it. Violations of the First Maxim of Quantity committed by out-group members (M = 

.76, SD = .83) were judged to be significantly more serious than those committed by the police 

(M = .46, SD = .74): t(188) = 2.57, p = .01, d = .37. Violations of the Second Maxim of Quantity 

committed by in-group members (M = .67, SD = .83) were judged to be significantly more 

serious than those committed by out-group members (M = .35, SD = .68), t(188) = 2.96, p = .003, 

d = .43, and by those committed by children (M = .44, SD = .74), t(188) = 2.03, p = .04, d = .29. 

Violations of the Maxim of Relation committed by neutral adults (M = .58, SD = .78) were 

judged to be significantly less serious than violations of this maxim committed by the out-group 

(M = 1.45, SD = .76), t(188) = -7.85, p < .001, d = .77, and neutral adults (M = .58, SD = .78), 

t(188) = -7.81, p < .001, d = .75. See Figure 18. 
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Figure 18. Mean CVT Seriousness Judgment by Maxim and Group 

 

Children also ranked the seriousness of each violation differently. Participants judged 

violations of the Maxim of Quality to be the most serious (M = 4.46 out of 6, SD = 1.49). 

Violations of the Maxims of Relation (M = 3.46, SD = 1.35), Manner (M = 2.22, SD = 1.39), and 

First Maxim of Quantity (M = 1.88, SD = 1.75) were judged to be moderately serious. Violations 

of the Second Maxim of Quantity were judged to be the least serious (M = 1.46, SD = 1.53). See 

Figure 19.  

0.66

1.48

0.58
0.67

1.46

0.810.76

0.35

1.45

0.46

1.43

0.67

0.44

1.52

0.74

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

First Maxim of Quantity Second Maxim of
Quantity

Maxim of Quality Maxim of Relation Maxim of Manner

M
ea

n 
C

V
T 

Se
rio

us
ne

ss
 J

ud
gm

en
t

Maxim

CVT Seriousness Judgments by Maxim and Group

Neutral Adults In-group Out-group Police Child



 

112 

 

 

Figure 19. Seriousness CVT Judgments by Maxim 

 

Finally, children also judged the seriousness of violations differently based on the group 

membership of the character who committed the violation. Participants judged violations 

committed by the in-group to be the most serious (M = 2.95, SD = 1.55), followed by neutral 

adults (M = 2.73, SD = 1.45), and children (M = 2.69, SD = 1.13). Violations committed by the 

police (M = 2.57, SD = 1.43) and the out-group (M = 2.56, SD = 1.37) were judged to be the least 

serious. See Figure 20.  
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Figure 20. Seriousness CVT Judgments by Group Membership 
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CHAPTER 5 
 

DISCUSSION 

In the current study, children saw members of different social groups commit pragmatic 

violations. They then judged whether a pragmatic violation had occurred and, if applicable, the 

seriousness of the pragmatic violation. They also completed a battery of EF tasks. Of interest 

was whether EF facilitates PS by guiding cognition to achieve conversational and social goals. 

Of secondary interest was whether children would judge pragmatic violations differently based 

on the group membership of the conversational partner.  

It is extensively documented that children are expected to engage PS from an early age, 

and that this expectation increases with development. However, little research to date has 

examined whether EF facilitates PS development and implementation. A large body of research 

outlines a robust relationship between EF development and the development of social 

understanding (Bernier et al., 2012; Hughes & Ensor, 2009; Landry et al., 2000; McKown et al., 

2009; Sabbagh et al., 2006). Moreover, growing evidence suggests an important role of EF in the 

development of social cognitive skills such as ToM (Carlson & Moses, 2001; Frye et al., 1995), 

communicative behaviors (Moriguchi et al., 2016), and moral behaviors (Vera-Estay et al., 

2015). In addition, co-morbid deficits in EF and PS are well-documented in ADHD (Green et al., 

2014; Willcutt et al., 2005) and autism (Freeman et al., 2017; Ozonoff, 1995; Sanz-Cervera et al., 

2017; Young et al., 2005). Emerging research in TD populations suggests the two constructs are 

closely linked. Namely, this body of work suggests that EF may be a prerequisite to determine 
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the proper interpretation of a specific communicative goal and context, facilitating the selection 

and implementation of the proper pragmatic response (Novick et al., 2005; Ye & Zhou, 2009). 

Separately, it is extensively documented that children reliably judge members differently, 

often judging in-group members more positively and out-group members less positively (Aboud, 

1988; Hetherington et al., 2014; Slomkowski & Killen, 1992). Children’s EF performance can be 

influenced by their peers  (Doebel & Munakata, 2018; Finch, 2019; Montroy et al., 2016; 

Weiland et al., 2014), and their speech and PS use differs when engaging with an in-group 

member (Herbert & Kukla, 2016). However, few studies have examined whether children’s 

pragmatic judgments are likewise affected by group membership, and how this interacts with EF. 

In order to further specify the relationship between EF and PS development, the current study 

examined whether children’s identification of pragmatic violations, and their judgments of the 

seriousness of these violations, varies by context and/or EF. 

Rasch Executive Function Scoring 

In the current study, the Rasch PCM was used to derive a latent EF score compiling 

performance on the 3 EF tasks. The latent EF score was used to address the primary research 

questions regarding the role of EF in children’s identification of pragmatic violations and their 

judgments of the seriousness of these violations. A large body of research has sought to construct 

developmentally appropriate measures of EF (Stuss & Alexander, 2000; Walsh, 1978). Despite 

this, a lack of consensus regarding valid and reliable measurements of EF in childhood persists 

(Baron, 2004; Fletcher, 1996). First, the majority of EF measurements also implicate non-

executive processes and are thereby impure. Second, EF assessments are often used to measure a 

single factor of EF and make comparisons across factors, posing an issue of task sensitivity. 

Third, the lack of consistency in assessment and measurement makes drawing larger conclusions 
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difficult. Rasch measurement theory models, which are a type of latent trait models that 

transform ordinal item responses to linear measures while maintaining strict requirements, may 

be a promising approach for EF measurement. Specifically, Rasch models provide a linear scale 

that accounts for unequal difficulties across test items or across multiple assessments. Although a 

Rasch approach has been used previously to examine validity evidence for individual EF tasks, 

to date no paper to date has constructed or evaluated a latent EF variable using examinee 

responses of multiple tasks using a Rasch approach. 

Notably, the consolidated model performed better psychometrically than the individual 

models, supporting the interpretation and use of creating a latent EF variable via Rasch 

measurement techniques to study EF in young children. Overall, this approach allowed for items 

from all tasks and respondents to be estimated on the same dimension and become directly 

comparable. This technique allows for testing of unidimensionality, considers response options 

which may not be equally spaced, and is generalizable across samples and items. As such, the 

results indicate that EF is best interpreted in terms of multiple subscales that assess different 

constructs related to EF.  In doing so, the Rasch approach addresses considerable issues in 

childhood measures of EF and offers researchers an alternative means to assess individual 

differences in EF that provides for a more robust, multidimensional measure of EF (Embretson, 

1996) 

The results of this research provide proof-in-concept of an innovative approach to 

measuring EF that allows for consistency in assessment, addresses issues of task sensitivity, and 

facilitates conclusions across individual tasks and studies. There is increasing demand for the 

development and use of comprehensive and reliable measures of childhood EF. Rasch analysis 

offers many applications for EF instrument development and refinement. Although the Rasch 



 

117 

 

model was initially designed for the field of education, the results of the present study suggest 

that the Rasch approach has strong implications for other disciplines relevant to EF, such as 

developmental and cognitive psychology. Therefore, the outcome of this research is highly 

promising for EF measurement because it provides an innovative EF measurement that 

emphasizes the entire continuum of EF ability, rather than measuring one point in the construct. 

This method addresses measurement issues commonly discussed in EF research by providing a 

comprehensive measurement and standardizing scoring across the tasks. As such, the Rasch-

based measure provides a valuable tool to measure EF, particularly in childhood. 

Do executive functions impact children’s identification of pragmatic violations? 

In the present study, children completed a pragmatic violations task in which they were 

asked to determine whether a pragmatic violation occurred, and if so, to provide a judgment on 

the seriousness of the violation. Of interest was how EF contributed to children’s overall score 

on the pragmatics task. Although in the base model there was not a significant effect of EF, 

subsequent analyses indicated that EF contributes indirectly to PS scores when age is controlled 

for, moderated by language and ToM skills. This finding is in line with existing research 

documenting strong, concurrent relations between EF and ToM (Fisher & Happé, 2005; Frye et 

al., 1996; Hughes & Ensor, 2007) and between EF and language skills (Gandolfi & Viterbori, 

2020; Gooch et al., 2016) during preschool. Moreover, emerging research in adults documents 

that PS has an interdependent relationship with EF and ToM (Hyter, 2017). This body of work 

emphasizes the importance of WM as the ‘glue’ that ensures PS, EF, and ToM work 

cooperatively towards successful social communication by supporting the active maintenance 

and renewal of the contents of WM throughout the duration of a social exchange (see Figure 21). 

Because EF and ToM both rely on the contents of WM, the updating component of WM ensures 
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that the contents of WM that are used and manipulated by EF and ToM are both relevant and 

recent.  

The updating component of WM supports the review of information in WM based on 

contextual significance. Because PS requires listeners to continually update the contents of WM 

based on the relevancy of current and incoming information, the updating component of WM 

may be especially important to not only applying pragmatic rules to a given social context, but 

updating the contents of WM to determine which pragmatic rules are relevant. Although WM 

capacity is the first component of EF to develop (Garon et al., 2008), the updating component 

develops much later, past the preschool years (Baddeley, 1992; Baddeley & Hitch, 1994; 

Davidson et al., 2006). Because of the age of the current sample, EF have not yet fully 

developed. In turn, this may increase reliance on ToM or language in service towards a 

pragmatic goal. It may be that this compensatory use of ToM or language diminishes as EF 

further develops, to transition to enacting ToM and EF more interdependently. Collectively, this 

stream of research demonstrates that EF are just one cognitive skill important to PS, with ToM 

also critically contributing to PS (Bosco et al., 2018; Carotenuto et al., 2018; Martin & 

McDonald, 2003).  

The current work indicated that EF contributes indirectly to PS scores when age is 

controlled for, moderated by language and ToM skills. These results provide evidence to the 

complex interplay of these cognitive capacities in supporting PS during preschool. Thus, it may 

be that a similar relationship between EF, PS, ToM exists during early childhood. It is important 

to note that the homogenous SES of the current sample. Because SES reliably correlates to 

language skills (Schwab & Lew-Williams, 2016), future works may benefit from examining the 

relationship between EF and PS in a more diverse sample. Likewise, it remains unclear whether 
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PS operate differentially during online social exchanges. Although online PS assessment 

batteries are emerging (Wilson & Bishop, 2022), additional research is needed to compare 

whether results differ when testing through in-person versus online paradigms. 

Overall, the results of the current work add to this body of literature by providing 

evidence highlighting additional cognitive skills supporting EF during preschool. Specifically, 

the current study demonstrates the potential for a similar model in children. Future studies may 

further examine the nature of this relationship, and the diverse role of EF in PS across 

development. 

 

Figure 21. Hyter-Sloane Model of Social (Pragmatic) Communication, Hyter & Sloane, 2013 

 

Do group membership, maxim, and EF influence identification of pragmatic violations? 

Of interest was whether children’s judgments of pragmatic violations differed by group 

membership, maxim, or EF level. Interpreting the meaning of a sentence in a conversation is a 

complex task. It may be that various dimensions of social context (e.g., age, social partner, 
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familiarity, social status) differentially interact with internalization processes to produce varying 

effects on EF development and performance. In the final set of analyses, there were significant 

interactions between maxim and group, and between maxim and EF, as well as main effects of 

maxim, group, and a marginal effect of EF.  

The maxim by EF interaction suggests different developmental timelines for each of the 

maxims. Overall, children with higher EF better identified pragmatic violations than children 

with lower EF, with one exception. Namely, children who correctly identified violations of the 

Second Maxim of Quantity had lower levels of EF than the children who correctly identified the 

same violations. In the current study, roughly half of participants identified violations of the 

Second Maxim of Quantity correctly. These findings are in line with previous studies 

documenting that preschoolers consistently respond to the Second Maxim of Quantity at levels 

which could have occurred by chance  and struggle more to comprehend this maxim compared to 

others (Eskritt et al., 2008; Skarakis-Doyle et al., 2014). It is important to note that responses to 

the Second Maxim of Quantity did not significantly differ from levels which could have occurred 

by chance. Corroborated with existing literature, the current work suggests that perhaps the 

ability to identify this maxim occurs later in development. Thus, it is likely that the ability to 

understand this maxim emerges later in development, past the age of the present study’s sample, 

which may account for the pattern observed in the data. Moreover, it may be that this 

understanding is, in part, catalyzed by further developments of EF in middle childhood. 

The Second Maxim of Quantity states that a speaker should not give more information 

than is necessary; in other words, that unnecessary details that are not relevant should not be 

shared. For instance, if asked, “How do I get from here to the library?” the expected response 

should include enough information to direct them to the library, with no additional information 
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past this explicit purpose. Responding, “keep walking straight until you reach the 4-way 

intersection, and then turn right” is a reasonable response. Conversely, consider the response, 

“Keep walking straight ahead. There will be some beautiful flowers to your right that they just 

planted—campus really is beautiful this time of year. Anyway, once you get to the intersection—

there’s always lots of cars, so be careful—then you need to turn to your right.” This response 

would contain too much information and therefore violate the Second Maxim of Quantity.  

It may be that because violations of the Second Maxim of Quantity require the listener to 

actively determine relevancy of incoming information, it places an increased demand on EF. In 

particular, it may require listeners to not only apply pragmatic rules to the scenario, but 

constantly update the contents of WM as relevant and irrelevant information is identified. In 

other words, because of the constancy of incoming information, listeners may have the additional 

task of not only identifying which information is relevant, but also updating the contents of WM 

as relevancy is determined to prevent WM capacity from being overloaded. The updating 

component of WM supports the review of information in WM based on contextual significance 

and constant elimination of extraneous information to be replaced with more relevant 

information. WM span could be important to retaining the information that comes early in the 

sentence while also attending to newer, incoming information. As such, the updating component 

of WM may be particularly important when faced with a violation of the Second Maxim of 

Quantity, where a longer than necessary response requires the listener to actively update the 

contents of WM while determining relevancy.  

Because of ongoing consideration over the factor structure of EF across development, 

there is debate over whether updating (e.g., ability to change temporarily stored information in 

accordance with incoming information) and WM capacity (e.g., the system that can store and 
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process information simultaneously) are overlapping or differentiated constructs. In adults, WM 

capacity and updating are regarded as correlated but distinct constructs (Himi et al., 2021; 

Miyake et al., 2000), however, weak correlations have also been reported (Jaeggi et al., 2008; 

Kane et al., 2007; Redick et al., 2013). Although in the developmental literature WM capacity 

and updating are often referred to synonymously (Diamond, 2013; Garon et al., 2008), 

substantial research indicates that in preschoolers, the updating component of WM is not yet 

developed (Baddeley, 1992; Baddeley & Hitch, 1994; Davidson et al., 2006). Instead, updating 

WM follows a more protracted developmental timeline, with significant accuracy differences 

even between adolescents and adults (Davidson et al., 2006; Xu et al., 2013). More recent work 

identifies high correlations between updating and WM capacity in preschool children (Morra et 

al., 2018; Panesi & Morra, 2016; Panesi & Morra, 2018; Panesi & Morra, 2020; Traverso et al., 

2019).  

Collectively, this work suggests that updating depends closely on WM capacity, but does 

not coincide with it. Therefore, it is plausible that children’s developing EF play a complex role 

in their ability to identify violations of the Second Maxim of Quantity, which places a high 

demand on an individual’s ability to regularly update WM and determine relevancy. This is 

supported by research demonstrating the importance of updating to comprehending other types 

of linguistic information. For example, when reading, updating WM supports the maintenance of 

new, relevant representations, and the inhibition of irrelevant representations (Iglesias-Sarmiento 

et al., 2015; Palladino et al., 2001). Here, violations of the Second Maxim of Quantity may 

overload limited updating capacity, such that preschool children may struggle to filter relevant 

from irrelevant information and thereby have increased difficulty identifying the pragmatic 

violation. Alternatively, children’s difficulty to identify violations of this type may not reflect 
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still-developing cognitive capacities supporting this skill, but rather the fact that this maxim is 

more challenging or difficult than the others. To assess this, additional research in older samples 

is needed. 

Separately, WM updating is important to the development of rule-guided behavior, which 

is relevant to PS more broadly (Amso et al., 2014). These rules often specify the relationship 

between a specific context and a behavior. Consider the rule, “When indoors, speak in a soft 

voice, but when outside, it is okay to shout.” Here, the context dictates speaking volume. An 

older child may learn to extend this rule to a higher level of abstraction. For example, an older 

child may discover that this rule only applies when an adult is present to enforce the behavior. In 

this way, an older child may learn that a rule can be more abstract such that it determines a 

simpler set of rules. Here, the context (e.g., whether an adult is present) does not dictate speaking 

volume, but rather which set of rules is currently appropriate. Abstract rules, such as these, 

require adaptive and flexible cognition, which requires WM updating. 

Rule-abstraction is most often studied in developmental literature through task-switching 

tasks such as the DCCS (see Munakata et al., 2012 Cognitive Complexity and Control Theory as 

an example). In this task, children are asked to sort cards based on rules, and switch flexibly 

between these rules. For example, a child may first be instructed to sort by a single rule, such as 

“Place the red cards here.” This may progress to pairs of rules (e.g., “Place the red cards here and 

the blue cards here.”), and ultimately to shifting between rule sets (e.g., “If we are sorting by 

color, place the red heart here, and the blue star here. If we are sorting by shape, then red star 

here, blue heart here.” Though younger children’s difficulty with these types of tasks may indeed 

reflect immature task-switching components of EF, their difficulty may likewise reflect 

immature updating WM. To respond correctly to these tasks, it is necessary to hold the right 
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information in WM (Amso et al., 2014). Failing to update or maintain WM contents would 

impede the ability to flexibly switch rule sets. Navigating this nuanced balance between updating 

and maintaining in service of cognitive control may be particularly difficult for a young EF 

system (Miller & Cohen, 2001). Models of WM that differentiate between updating and 

maintenance provide a framework to interpret age-related differences in rule-guided behavior 

(Amso et al., 2014).  

The results of the current study contribute to this body of literature by outlining 

additional evidence in favor of a separate WM updating component in childhood. In the present 

work, WM updating may support the active revision of WM contents to determine pragmatic 

relevancy. In the current study, violations of the Second Maxim of Quantity may overload 

limited updating capacity, such that preschool children may struggle to filter relevant from 

irrelevant information and thereby have increased difficulty identifying the pragmatic violation. 

More broadly, WM updating may support the internalization of higher-order pragmatic rule sets 

and the understanding of social norms at a more flexible, context-dependent level.  

Notably, the difference in EF separating children who correctly identified violations 

compared to those who did not differed across each maxim. This difference in EF was largest for 

the Maxims of Quality and Relation. For these maxims, children who correctly identified 

violations had significantly higher EF than children who failed to identify the maxim. The 

Maxim of Relation states that speakers should say only that which is relevant and avoid saying 

things which are not relevant. For example, if asked, “How do I get from here to the library?” 

one should not respond, “Yesterday I went to the grocery store.” Though not overly verbose, this 

response likewise poses an issue of relevancy. Thus, it may present a similar demand on WM 

updating though not to the degree as observed in the Maxim of Relation.  
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EF supports the selection of main tasks out of sets of irrelevant or less prioritized tasks. 

Recognizing higher-priority information is a complex, upper-level cognitive skill that requires 

multiple components of EF such as planning, WM capacity and updating, and self-monitoring 

(Grafman & Litvan, 1999). Because this ability develops most rapidly between the ages of 5 and 

8, continuing long into adulthood (Romine & Reynolds, 2005), it may be that to identify 

violations of the Maxim of Relation requires a higher level of EF that surpasses what is 

developmentally appropriate for the current sample. Here, the demand on WM updating may be 

lesser than when presented with violations of the Second Maxim of Quantity, as the prompt is 

brief and therefore not simultaneously burdensome to WM capacity. Nonetheless, the child is 

still required to filter through relevant and irrelevant information at a lower level. Therefore, the 

magnitude of difference between EF skills of children who successfully identified violations of 

the Maxim of Relation and those that did not may reflect emerging WM updating skills.  

 Similarly, it may be that the Maxims of Quality likewise require still-developing EF and 

socio-cognitive skills, thereby placing increased demand on EF. For example, the Maxim of 

Quality states that a speaker should not say what they believe to be false or that for which they 

lack sufficient evidence. Essentially, speakers should be truthful. Because the violations were not 

committed by the child themselves, to determine whether the speaker lacked evidence for their 

statement may require the child to accurately identify another person’s perspective, and more 

broadly, to recognize that others’ perspectives can differ from their own. Namely, this would 

require cognitive skills in addition to EF, such as ToM or social perspective-taking. Indeed, ToM 

is critical to the ability to understand someone’s mental state and their relationship to behavior 

(Bosco et al., 2009; Happé & Loth, 2002; Sperber & Wilson, 2002; Tirassa et al., 2006), and in 

above analyses were shown to moderate EF. As such, identifying violations of the Maxim of 
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Quality may be more cognitively demanding than identifying violations of the other maxims 

because it requires the child to determine whether, from the perspective of the speaker, the 

speaker is saying something that they lack sufficient evidence for. This increase in cognitive 

demand may partially explain the increased difficulty for children with lower levels of EF. 

 These findings are particularly interesting when considered in tandem with recent work 

debating whether PS and ToM are overlapping cognitive skills (Bosco et al., 2018). While many 

researchers agree that PS and ToM influence one another, whether these skills develop 

sequentially or concurrently, and their potential interconnectedness or separability remain topics 

of debate. For instance, the pragmatic theory of ToM asserts that PS and ToM cannot exist 

independently (Amodio & Frith, 2006; Frank et al., 2015; Frith & Frith, 2003). Instead, this 

theory argues points to overlapping neural circuits supporting ToM and PS as support for the 

interdependency of the two skills. Other studies argue for distinctions between PS and ToM 

skills, proposing that PS is a form of mind-reading, or a sub-module of ToM that has adapted 

overtime to support social connection and relationships (Sperber & Wilson, 2002). The results of 

this study provide preliminary support for the interconnectedness of ToM and PS in preschool. 

The present study’s data shows that identifying pragmatic violations was increasingly difficult 

when identification required the child to consider another individual’s perspective or knowledge. 

In this way, it may be that—at least early in development—ToM and PS are indeed 

interdependent. Of course, making this conclusion is beyond the scope of the current work, 

however, these results provide considerable evidence to support this claim and point to the need 

for additional work charting the developmental sequence of ToM and PS. 

 The above sections discuss how children’s identification of pragmatic violations differed 

based on the type of pragmatic violation committed. Additionally, children’s identification of 
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pragmatic violations was impacted not only by what type of pragmatic violation was committed 

but who committed it. In this way, the current work provides preliminary evidence that 

identification of pragmatic violations is a dynamic appraisal based on multiple factors. In the 

current work, there was a significant interaction between maxim and group that affected 

children’s identification of pragmatic violations, suggesting differences in leniency offered to 

each social group. These findings suggest that pragmatic judgments are not stable as the social 

context surrounding the violation becomes more complex. In the current work, varying the group 

membership of the individual committing the pragmatic violations added additional complexities 

to children’s judgments. These findings support the need for higher-order cognitive skills such as 

EF to mitigate these social judgments, while advancing understanding of PS in preschool. Below, 

these patterns are discussed through the separate effects of maxim and group. 

Children’s identification of pragmatic violations differed by virtue of who committed the 

violation. It may be that children exhibit a positivity bias towards members of favored groups, 

such that they show preference despite similar behavior. A large body of work shows that 

children do not merely identify group affiliations, but treat group members differently. For 

example, young children show preference to in-group members despite similar behaviors 

(Chapman et al., 2020; Hewstone et al., 2002; Inguglia & Musso, 2013; Schug et al., 2013) or 

trust in-group members more even when they give false information (Corriveau & Harris, 2009; 

Elashi & Mills, 2014). It is well documented that children associate positive acts as indicative of 

good people and negative acts as indicative of bad people (Arterberry et al., 2015). Likewise, 

recent work suggests that a positivity bias strengthens positive inferences about the people who 

perform positive, or even neutral, acts (Doebel & Koenig, 2013; Heyman & Dweck, 1998; Thorn 

et al., 2021). This positivity bias extends to recipients of positive acts such that children infer that 
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these recipients are likewise inherently good people (Thorn et al., 2021). In this way, an early 

tendency to view others positively (e.g., positivity bias, Boseovski, 201) may shelter certain 

groups from negative judgments.  

In the current work, this positivity bias extends to linguistic judgments in that the current 

study suggests that children judge favored groups (e.g., children/peers, in-group members, and 

the police) with less accuracy than out-group members. Here, children seem to hesitate to 

acknowledge that in-group members and the police committed an error. Instead, children may 

offer more leniency or even fail to identify a violation based solely on characteristics of the 

speaker. In sum, this positivity bias was so pervasive that it seems to make children hesitant, or 

blind, to pragmatic violations committed by group members. In the current study, each 

progression away from the child seems to represent a meaningful change in how willing children 

were to say that a pragmatic violation had occurred.  

Likewise, it may be that when members of these favored groups do commit a violation, it 

creates a cognitive dissonance that is most easily resolved by persisting in the belief that the 

violation did not occur. Cognitive dissonance is the state of holding conflicting attitudes, beliefs 

or behaviors that results in a state of mental tension or discomfort. The effects of cognitive 

dissonance on our actions are so pervasive that it has been used to explain why individuals 

perform a variety of actions that are not intrinsically motivating or enjoyable, or come at a 

personal cost, such as donating to charity, devaluing attractive choices, or even eating 

unconventional foods like grasshoppers (Harmon-Jones & Mills, 1999).  

It has been said that “the social group is a source of cognitive dissonance as well as a 

vehicle for reducing it” (Festinger, 1957). In other words, to disagree with group members 

creates cognitive dissonance, while agreeing with the group reduces this tension. Often the 
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source of dissonance or its resolution reside in social relationships. The majority of cognitive 

dissonance theories and frameworks specify that dissonance arises when personal behavior is 

compared to a standard of judgment, typically based on personal expectations and on social 

factors like societal norms or others’ expectations (Stone & Cooper, 2001; Stone & Cooper, 

2003). The inclusion of social factors as a catalyst of cognitive dissonance reiterates the 

importance of social groups and the influence of our perception of group members on our mental 

state.  

Children may be particularly vulnerable to cognitive dissonance incited by group factors. 

Children pay close attention to the behaviors of others around them, and it is well-known that 

they are quick to adjust their own behavior to model these observed behaviors (Bandura et al., 

1961; Vygotsky, 1978b). Moreover, children are more likely to attend to and imitate individuals 

they perceive as similar, such as the in-group (Wilks et al., 2018), or that they revere or expect to 

conform to social norms, such as the police (Oláh & Király, 2019). As they observe the improper 

actions of these groups, they may be especially inclined to quickly resolve cognitive dissonance. 

In the current study, this may have resulted in children stating that favored groups had not 

committed a pragmatic violation, even when they committed the same pragmatic violations 

children identified in other group members’ behaviors. 

Interestingly, participants struggled most with identifying violations committed by the 

police. The addition of the police was a novel component. Children are often encouraged to view 

the police as sources of assistance and protection (Powell et al., 2008). From an early age, 

children view the primary purpose of policemen as to apprehend bad people (Low & Durkin, 

2001) and have historically held police in high esteem (Clifford et al., 1995; Wright et al., 1995; 

Wroblewski & Huston, 1987). The results of the present study indicate that police are treated 
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similarly to the in-group, sometimes at an even more elevated status. While it is clear that police 

have a special status, additional work is needed in this area. Specifically, future studies should 

extend this and examine what drives children’s favor extended to the in-group (i.e., trust, 

commonalities with themselves, social norms) and whether the same factors drive their 

judgments of the police. Moreover, future studies may assess children’s responses to other 

community members in prominent roles such as the police, but different levels of authority, such 

as teachers, grandparents, doctors, etc., to determine whether they also receive in-group benefits 

(Fine, Adam et al., 2020; Fine, Adam D. et al., 2020; Fine, Adam D. et al., 2022; Trinkner et al., 

2016). 

In sum, the results of the current work demonstrate that children’s judgments of 

pragmatic violations derive not only from the action itself, but who committed the act. Work to 

date has primarily focused on pragmatic actions. Few studies have examined whether 

characteristics of the person committing the pragmatic violation affect judgments of the 

pragmatic actions.. As such, the current study represents an important expansion in research of 

pragmatic language development, and social cognition more broadly, during the preschool 

period. Specifically, the results of the current work indicate that children flexibly and reliably 

shift their adherence and enforcement of pragmatic language principles by virtue of the group 

membership of their conversational partner. Social group membership is unrelated to the salient 

characteristics of pragmatic actions. In-group and out-group membership has been shown to 

reliably affect children’s judgments of various cognitive and social behaviors. In the current 

work, group membership was shown to impact children’s judgments of pragmatic violations. As 

such, it may be that children judge pragmatic appropriateness not only on the violation itself, but 

also on the characteristics of the conversational partner. The current study suggests that it might 
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be possible for two people performing the same pragmatic violation to be judged differently due 

to contextual factors such as group membership. 

Children also reliably judged pragmatic violations differently based on the maxim that 

was violated. Children judged violations of the Maxim of Quality with the most accuracy, 

violations of the Maxims of Relation and Manner with moderate accuracy, and struggled most to 

identify violations of the Maxims of Quantity. Research to date on preschoolers’ understanding 

of Gricean maxims have yielded mixed results (Ackerman, 1981; Conti & Camras, 1984; Eskritt 

et al., 2008; Surian, 1996; Vázquez et al., 2013). Many researchers have suggested that the 

ambiguity derives, at least partially, from the variety of tasks used to assess Gricean maxim 

understanding. Examination of this body of work suggests a pattern in which preschoolers show 

awareness of Gricean maxims when tasks demands are low; for example, preschoolers struggle 

to identify maxim violations in complex, 3-character interactions (Ackerman, 1981), but not in 

brief, 2-character interactions (Eskritt et al., 2008; Gillis & Nilsen, 2013). The current work 

simplified this paradigm further, presenting children with a single character who responded to a 

single question to provide additional clarity in how Gricean maxim understanding develops.  

Collectively, the observed 2-way interaction between Maxim and EF, and the main effect 

of Maxim outline a progression of difficulty in identifying violations of each of the maxims. EF 

may support rule-abstraction capacity with each increasing level of difficulty. The observed main 

effect of EF adds to this, demonstrating that EF impacted overall performance on the pragmatic 

violations task, such that children who correctly identified pragmatic violations had significantly 

higher EF than children who failed to identify the violation. These finding suggests that 

pragmatic distinctions vary as the social context becomes more complex. In the present study, 

varying group membership of the conversational partner and the type of pragmatic violation 
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committed added complexity to children’s judgments. EF supported children’s pragmatic 

distinctions as the social context varied by pragmatic maxim, but not by group member. 

Collectively, these results inform how EF may assist children in everyday social interactions, and 

how the demand on EF differs by social context. 

Do group membership, maxim, and EF affect children’s judgments of the seriousness of 
pragmatic violations? 

Of interest was how children judge the seriousness of pragmatic violations, and how this 

varies by group membership of the violator, the maxim violated, and the child’s EF. Children 

judged violations of the Maxim of Quality to be the most serious. Violations of the Maxims of 

Relation, Manner, and First Maxim of Quantity were judged to be moderately serious. Violations 

of the Second Maxim of Quantity were judged to be the least serious. This ranking was nearly 

identical to the pattern observed in the identification judgments except for the Maxim of 

Quantity. Specifically, children identified violations of the First Maxim of Quantity with the 

least accuracy and were only slightly better at violations of the Second Maxim of Quantity. 

However, this ordering switched with respect to seriousness judgments. Instead, children judged 

violations of the Second Maxim of Quantity to be the least serious and ranked violations of the 

First Maxim of Quantity to be slightly less serious. All other rankings were identical.  

Of course, it is likely that children’s judgments of the seriousness of pragmatic violations 

are indeed influenced by their identification of whether a pragmatic violation occurred. After all, 

a violation cannot be serious if it was not a violation. Although this might seem unsurprising or 

perhaps even intuitive, children’s group identification and seriousness rankings did not follow 

the same pattern. Children judged violations committed by members of the in-group to be the 

most serious, and violations committed by the police and out-group members to be the least 
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serious. These seriousness judgments were largely the inverse of group identification judgments, 

with one exception: the police. Interestingly, violations committed by in-group members were 

judged to be more serious than out-group members. This pattern was the reverse of the 

identification judgments. 

Overall, it may be that because children favor their peers and their in-group, they expect 

them to adhere to the maxims and therefore judge a violation more harshly. This type of in-group 

policing, wherein children judge their in-group at a higher standard than other group members, is 

extensively documented  (Bernhard et al., 2006; Marques et al., 1998; Ting et al., 2019; Yudkin 

et al., 2020). Conversely, children may expect members of their out-group to behave poorly and 

therefore be less likely to judge a violation harshly—it is simply expected. In sum, a positivity 

bias towards favored groups, such as children, police, or members of the in-group, may lead to 

unmet expectations when the maxims are violated, resulting in a harsher judgment than groups 

that are expected to perform poorly, such as members of the out-group.  

Police, however, continued to be judged with leniency. Though children largely struggled 

to identify violations committed by the police, those that did identify police violations judged 

them to be less serious. This contradicts the pattern observed with in-group members, where 

children struggled to identify in-group violations, yet when identified, these violations were 

judged to be the most serious. These findings seem to suggest that the police are held at a special 

status in children’s evaluation of pragmatic violations. This elevated status may be due to the 

complex balance between their authority and detachment from the child’s social groups. Unclear 

is whether this special status is because children view the police as more respected, feared, or 

knowledgeable. Future works may explore this special status more directly to determine what is 

driving children’s responses. 
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A large body of research indicates that children respond to different authority figures in 

many ways, making decisions about who to obey on the basis of age, social position, and overall 

authority level (Laupa, 1991; Laupa & Turiel, 1993; Laupa, 1994). From a young age, children 

view police as authority figures whose primary role is to apprehend “bad” people  (Clifford et al., 

1995; Fine et al., 2020b; Fine et al., 2020a; Fine et al., 2022). At the same time, the police do not 

readily interact with children’s immediate social circles. On the other hand, children’s responses 

to the police may be primarily impacted by the centrality of the police in enforcing rule-

following behaviors. Police enforce laws and rules that are meant to protect people. Therefore—

in the mind of a child—it may be strange, or even unlikely, for a police officer to violate the 

norms that they enforce. The current study suggests that perhaps this expectation extends to even 

linguistic violations. Moral violations, or actions that lead to injustice or harm, are typically 

viewed as wrong regardless of authority (Smetana et al., 2014). Conversely, convention 

violations, like traffic violations, or even linguistic violations, are typically viewed as wrong only 

if authority say (Smetana, 1981; Smetana, 1985). It may be that pragmatic violations by the 

police are not serious because the authority—the police—must not think it is wrong, as it is the 

authority who is committing the violation. In other words, it may be that pragmatic violations 

committed by the police are not serious, because a child does not expect the police to do 

seriously bad things. 

Unlike the identification judgments, children’s seriousness judgments were not 

significantly impacted by EF. This distinction may simply reflect the design of the study. 

Namely, only participants who determined that a pragmatic violation had occurred were also 

asked to judge whether the violation was a little (scored a 1) or a lot serious (scored a 2). 

Conversely, children who determined that a pragmatic violation had not occurred were not asked 
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to judge the seriousness of the violation and received a 0 for their seriousness judgment. As 

demonstrated in the previous set of analyses, EF did significantly impact children’s judgments of 

whether a pragmatic violation occurred. It may be that this effect did not emerge in the 

seriousness judgments because these judgments were predominantly by children who 

successfully identified the pragmatic violation and thereby had higher levels of EF. As such, it 

may be that EF indeed does affect seriousness judgments, though it may be necessary to explore 

this either a larger sample, or a sample with older children with sufficient EF and language skills 

to reliably identify that a pragmatic violation had occurred.  

Conclusions 

 Overall, the results of this study provide insight to the role of EF in preschooler’s 

pragmatic judgments. First, the current work provides evidence of the role of EF in preschooler’s 

pragmatic competencies, evidencing that EF may support interpretation of increasingly complex 

social scenarios. Second, this study demonstrates how these pragmatic judgments differ by the 

pragmatic rule violated and the characteristics of the individual committing the violation. Finally, 

the results evidence how EF contributes to these varying judgments. 

 First, I found that EF contributes indirectly to PS in preschool, moderated by other socio-

cognitive skills such as language and ToM. Specifically, EF is moderated by ToM and language 

ability to interdependently affect pragmatic competency. It may be that because EF is a complex, 

higher-order cognitive skill that affects a variety of cognitive processes, it impacts PS through 

the lower-level processes that it regulates. Alternatively, it may be that because EF follows a 

protracted sequence of development that continues into adulthood, it is increasingly necessary to 

rely on other cognitive skills cooperatively with EF in service of a pragmatic goal. Perhaps, with 

development, there is a shift in cognitive resources to rely more heavily on EF and less on fully 
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developed skills such as language and ToM. Conversely, because EF is recruited more readily in 

novel situations, as pragmatic skills develop and become more routine, the need for EF may 

likewise diminish with age. Future work is needed to examine this progression using cross-

sequential or longitudinal models to chart a developmental profile of the EF-PS relationship in 

TD populations. 

 Still, the present sample demonstrated a robust impact of EF on children’s identification 

of pragmatic violations. The current work demonstrates a progression of difficulty in identifying 

violations of each of the maxims, and that EF may support rule-abstraction capacity with each 

increasing level of difficulty. The observed main effects support this, demonstrating that EF 

impacted overall performance on the pragmatic violations task, such that children who correctly 

identified pragmatic violations had significantly higher EF than children who failed to identify 

the violations. These findings suggest that pragmatic violations vary as the social context 

becomes more complex. Varying group membership of the conversational partner and the type of 

pragmatic violation committed added a layer of complexity to children’s judgments. EF 

supported children’s pragmatic distinctions as the social context varied by pragmatic maxim, but 

not by group member. Collectively, these results inform how EF may assist children in everyday 

social interactions, and how the demand on EF differs by social context. 

 Second, I also found that children judged pragmatic violations differently based on not 

just what type of pragmatic rule was violated, but who committed the violation—and these 

factors interacted with each other to produce a cumulative effect. In fact, this pattern persisted in 

both the identification and seriousness judgments. In this way, the current paper provides initial 

evidence that preschooler’s identification of pragmatic violations is a dynamic appraisal based on 

multiple factors. As the social context becomes more complex, children’s identification and 
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judgment of pragmatic violations differs substantially. Moreover, EF likely helps guide cognition 

across these dynamic factors. 

 Children also reliably judged members of various social groups differently. This pattern 

was seen in both the identification and seriousness judgments. However, there seemed to be an 

inverse relationship between the patterns observed in each of these judgments. Specifically, 

children judged the actions of out-group members with the most accuracy, but deemed their 

violations to be the least serious. Conversely, children judged the violations of in-group members 

with the least accuracy, but deemed their violations to be the most serious. Collectively, these 

patterns may point to the preconceived expectations children may hold for each group. It may be 

that because children favor their peers and their in-group, they expect them to adhere to the 

maxims and therefore judge a violation more harshly. Instead, they may expect members of 

groups that they are not affiliated with, such as the out-group, to behave poorly and therefore be 

less apt to judge a violation harshly—it is simply expected. In this way, a positivity bias towards 

favored groups may result in an overall hesitancy to state that a pragmatic violation occurred, 

and then to judge this violation as more serious.  

 In addition, children reliably judged each of the maxims differently. This pattern was 

observed in both the identification and seriousness judgments. Children judged violations of the 

Maxim of Quality with the most accuracy, violations of the Maxims of Relation and Manner 

with moderate accuracy, and struggled most to identify violations of the Maxim of Quantity. The 

increased difficulty to identify violations of the Maxim of Quantity may reflect the need for 

additional, still-developing cognitive skills such as the updating component of WM. 

Alternatively, it may be that identifying violations of these types is simply more difficult and 

surpasses the abilities of the current age group. Moreover, these patterns were replicated in the 
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seriousness judgments. Prior research to date on preschoolers’ understanding of Gricean maxims 

have yielded mixed results (Ackerman, 1981; Conti & Camras, 1984; Eskritt et al., 2008; Surian, 

1996; Vázquez et al., 2013). However, it has been suggested that this ambiguity is due at least in 

part to the complex tasks used in previous studies. The current work employed a simplified 

paradigm, presenting children with a single character who responded to a single question. As a 

results, the results yield reliable differences in how children judge violations of each maxim type. 

 In addition, the current study extends this body of work, suggesting that the differences in 

identification of each of the maxims may likewise derive from differences in EF. Here, EF 

distinguished children who correctly identified the maxims from those who did not. Moreover, 

the demand on EF differed across each maxim. Namely, children who correctly identified 

violations of the Maxims of Quality and Relation had significantly higher EF than those who 

failed to identify the violation. Namely, to identify these violations, it is necessary to have 

higher-order EF skills such as WM updating, as well as other socio-cognitive skills such as 

perspective-taking. Moreover, it is necessary to flexibly incorporate and monitor the use of 

multiple skills subserved by EF simultaneously to determine relevancy and knowledge held by 

others in order to then determine whether a pragmatic violation occurred. Collectively, these 

results provide considerable evidence of the differing points at development at which children 

begin to identify each of the maxims, and further, the importance of EF to progression of this 

skill. 

 In sum, this research demonstrates that EF plays a key role in PS during early childhood. 

Few studies to date have examined the role of EF in the PS of TD populations. As such, the 

current work has significant implications for cross-disciplinary work studying social cognition in 

early childhood. During the preschool years, children begin to regularly interact with others 
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outside of the home and have ample opportunity to develop and practice socio-cognitive skills 

outside of the home. Understanding the cognitive skills supporting this transition is important to 

ensure that early socialization experiences are successful and provide a solid foundation on 

which social cognition skills can be built. Towards this aim, the current study documents the 

importance of EF in supporting these social experiences and offers insight to how EF uniquely 

contributes to PS in a variety of social contexts. 
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APPENDIX B 
 

PRAGMATICS VIOLATIONS TASK PILOT 

 The present study developed a pragmatic violations task modeled after the CVT-R used 

in previous studies (Siegal et al., 2009; Siegal et al., 2010; Surian, 1996). However, the efficacy 

of this task in TD populations is less well-researched. Moreover, the CVT-R does not include the 

Maxims of Manner or Politeness, limiting its scope as a measure of children’s development of 

understanding of Gricean maxims.  

This pilot study examined the use of a pragmatic violations task modeled after the CVT-

R with 3 modifications. First, I developed new questions to assess recognition the Maxims of 

Manner or Politeness. Second, I modified existing questions to be suitable for a variety of 

cultural backgrounds. For example, “How do you like your tea?” (a question originally written 

for a U.K. sample) was modified to “How do you like your water?” All questions were first 

tested in an adult sample. Reliable and valid items were selected for the child task and then tested 

in a child sample.  

Third, I changed the presentation of child items. The CVT-R presents children with three 

puppets who simulate short conversations. One puppet asks questions of the two other puppets. 

One of the respondent puppets gives an answer that violates the maxim, while the other provides 

an appropriate answer. Children are asked to identify who said something silly. In the pilot study, 

videos of animated characters were created to simplify the task. Each trial would show a single 

animated character who responded to a question posed by an unseen narrator. Children were 
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asked whether the character said something silly, strange, weird, or wrong. Finally, in order to 

examine the potential effect of social-contextual factors on pragmatic judgment, I varied these 

characters among 5 different group memberships: 1) In-group adult; 2) out-group adult; 3) 

neutral adult; 4) child; and 5) police adult. 

The task was simplified to account for the inconsistent results of previous studies 

examining understanding of Gricean maxims in preschoolers. It has been suggested that these 

inconsistencies may be due in part to differences in tasks used. Studies using a similar, three-

character approach have been shown to be suitable for school-age children, but not preschoolers  

(Ackerman, 1981). However, preschoolers were able to identify some of the maxims in a two 

character task in which they were asked to seek help from a Gricean follower or a Gricean 

flouter (Eskritt et al., 2008; Gillis & Nilsen, 2013). The results of these studies suggest that using 

multiple characters may not be developmentally appropriate for preschool children. The present 

study uses one character to test whether a simplified task is more suitable for preschool samples. 

Participants 

 Participants included 28 adults (M = 43.68, SD = 17.25; 3 males) and 17 preschoolers (M 

=5.31, SD = 1.1). Two adults were excluded from the analysis because English was not their 

native language, resulting in a final adult sample of 26 individuals (M = 44.94, SD = 17.26; 2 

males). In addition, 3 preschoolers were excluded due to not meeting the age requirements for 

the study (n = 1) and incomplete responses (n = 2). This resulted in a final child sample of 15 

preschoolers: 6 four-year-old’s (M = 50.83 months, SD = 3.37, range = 48-56; 5 males), 4 five-

year-old’s (M = 65.5 months, SD = 3.7, range = 61-69; 2 males), and 5 six-year-olds (M = 80.2, 

SD = 1.64, range = 78-82; 1 male). 



 

182 

 

Item Selection 

 The CVT used in previous studies had between 20-25 items (5 questions for 5 maxims: 

the First and Second Maxims of Quantity, the First Maxim of Quality, and the Maxims of 

Relation and Politeness, with the First Maxim of Quantity sometimes excluded) (Siegal et al., 

2009; Siegal et al., 2010; Surian, 1996). Okanda and colleagues (2015) added the maxim of 

manner to their revised CVT. 

 In the validation process, 26 adults (M = 44.94, SD = 17.26; 2 males) completed an 

online questionnaire version of the task that required them to choose the answer that they 

considered silly. The questionnaire consisted of 40 items divided among 6 maxims: 1) First 

Maxim of Quantity; 2) Second Maxim of Quantity; 3) First Maxim of Quality; 4) Maxim of 

Relation; 5) Maxim of Manner; 6) Maxim of Politeness. Items were based on the CVT-R used by 

Okanda et al (2010) and revised for the age group. Additional items were created to expand the 

task to include all maxims.  

To determine whether adults were able to understand each maxim, one-sample t-tests 

were conducted to examine whether the means of correct PVT responses were at or above 

chance levels (i.e., a score of 2; see Table 17). All response scores for adults were above chance 

levels. 
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Table 17. CVT pilot mean numbers of adult correct responses and results of one-sample t-tests 

Maxim Mean Correct Response 
Scores (SD) Results of one sample t-test 

First Maxim of Quantity 3.36(1.28) t(27) = 5.60** 
Second Maxim of Quantity 3.25(1.51) t(27) = 4.39** 

First Maxim of Quality 3.29(1.49) t(27) = 4.58** 
Maxim of Relation 3.18(1.61) t(27) = 3.87** 
Maxim of Manner 3.25(1.51) t(27) = 4.39** 

Maxim of Politeness 3.25(1.51) t(27) = 4.39** 
*p < .05; **p < .001 

 

 Based on the preliminary test, items with lower scores were excluded and 24 items (4 

questions for each of the 6 maxims) were selected for the Pragmatics Violations task (see 

Appendix for the list of items). Animated videos were then created, similar in structure to those 

used in previous studies of the same age group (Chapman et al., 2020; Siegal et al., 2009; Siegal 

et al., 2010; Surian, 1996). Specifically, a character would stand on the screen while a narrator 

posed a question. The character would then answer the narrator. To prevent preferences or biases 

in responding, 6 of the 24 trials provided an appropriate response. Characters were divided 

among the 5 group memberships: 1) In-group; 2) Out-group; 3) Neutral Adult; 4) Child; and 5) 

Police. Characters were always gender- and race-matched to the participant. The red shirt was 

always reserved for the characters in the in-group condition, whereas the blue shirt was always 

reserved for the characters in the out-group conditions. In addition, the police characters always 

wore a police uniform and hat. These shirt colors and uniforms were never worn by any other 

characters. Hair and eye color were varied among characters. Apart from red and blue, shirt 

colors were varied. All conversations were recorded in a neutral tone of voice to eliminate clues 

other than those provided in the conversational scripts.  
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Children Pragmatic Task Procedure 

 Consented and assented children were sent a link to complete an online version of the 

pragmatics violation task. Children were told that they were going to play a game where they 

would see people talking and must decide if it was silly, weird, strange, or wrong. The task 

began with a brief video tutorial explaining how to use the online Qualtrics system and providing 

an overview of the task. 

Picture Test 

 Children completed 18 trials in which they were presented with two images and asked to 

select the picture that was silly, strange, weird, or wrong (e.g., “Which picture is silly? Click the 

silly picture.”). Trials were fully counterbalanced such that children were presented with 3 trials 

of each of the four conditions (silly, strange, weird, or wrong). Trials were presented in random 

order. The purpose of these trials was to provide an additional line of evidence supporting the 

most developmentally-appropriate phrasing to assess identification of pragmatic violations in 4- 

to 6-year-olds. 

Neutral Group Condition 

 The 5 trials in the neutral group condition were always the first trials to be completed, 

although they were fully randomized. For each neutral trial, a narrator posed a question (“How 

do you like your water?”) and the character provided a response (“In a cup”). Following the 

scene, children were asked to judge whether the character the character violated pragmatics (e.g., 

“Did she say something silly? Yes, or no?”). Then, children will be asked to judge the magnitude 

of the violation (e.g., “Was it a little silly, or a lot silly?”).  
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Group Affiliations 

 Following the trials in the neutral condition, children were told that they were joining the 

red team. To ensure that they understand this, children were shown a line-up of characters 

wearing different colored shirts. Group affiliations of characters wearing red (“These people are 

on the red team.”), blue (“These people are on the blue team.”), and no team-shirt (“These people 

are not on a team.”) were identified. Children were then asked: 1) “Who is on your team?” 2) 

“Who is not on a team at all?” 3) “Who is not on your team?” 

In-group, out-group, and authority conditions 

 Trials in the 4 remaining group conditions were fully counterbalanced. The structure of 

these trials in the remaining conditions paralleled the structure of those in the neutral condition, 

except with new characters. In the in-group condition, the character wore a red shirt to signify 

being a part of the red team. A narrator asked a question and the character responded. Children 

were subsequently asked to identify whether the character committed a pragmatic violation and 

provide a judgment of the magnitude of the violation. These questions were phrased identically 

to those described in the neutral condition.  

Results 

 The main independent variables in this study were the age of the participating child, the 

group membership of the respondent, and the conversational maxim. Children completed 24 total 

trials (4 per maxim) in which they judged whether a pragmatic violation had occurred and the 

seriousness of the violation. Each judgment was scored as 0 (not serious), 1 (a little serious), or 2 

(a lot serious).  
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Picture Test 

 In order to assess participant understanding of the terms “silly,” “strange,” “weird,” and 

“wrong” as indicating a violation of pragmatic language. Overall, participants showed high 

agreements on all terms (M = 94.45, SD = 2.87), with highest agreement on silly (97.78%) and 

lowest on weird (91.11%). See Table 18. 

 

Table 18. Percentage Agreement on Picture Test 
Term Percent Agreement 
Silly 97.78% 

Strange 95.56% 
Weird 91.11% 
Wrong 93.33% 

 

Group Affiliation 

 The pilot test suggests that participants were successful in identifying group affiliations 

using the virtual coin toss to establish membership. All participants (100%) correctly identified 

members of the in-group. Most participants correctly identified members who were not a part of 

the group (e.g., child, police, neutral adult) (n = 14; 93.33%). Participants struggled to identify 

out-group members (n = 11; 73.33%). From parent feedback, the phrasing of the question, “Who 

is not on your team, the blue team?” confused children. In the full version the question will be 

revised to ask, “Who is not on your team?” 

CVT Task 

 Overall, participants averaged 58% accuracy on the task. Participants performed best at 

identifying violations of the Maxim of Relation, with accuracy ranging from 87% to 100% on 

each question, except for one question which averaged 53% (M = 81.67%). Likewise, 

participants successfully identified violations of the Maxim of Quality (78.33%) and showed 
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age-related improvement (4-year-olds: M = 2.75, SD = .96; 5-year-olds: M = 2.5, SD = 1.26; and 

6-year-olds: M = 4.00, SD = 0). Participants were also relatively successful at identifying 

violations of the Maxim of Politeness (60%). The Maxims of Quantity and Manner proved to be 

the most difficult for participants, with 40% accuracy on Quantity 1, 50% accuracy on Quantity 

2, and 40% accuracy on Manner. See Table 19. 
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Table 19. Percentage agreement of correct responses to Pilot CVT 

Maxim Item Adult 
Agreement 

Child 
Agreement 

First Maxim of 
Quantity 

How would you like your water? 84.62% 46.7% 
What did you get for your birthday? 84.62% 53.3% 
What would you like to buy in this toy store? 80.77% 33.3% 
What did you eat for lunch? 80.77% 46.7% 

Second Maxim 
of Quantity 

What would you like for breakfast? 80.77% 46.7% 
Who is your best friend? 80.77% 73.3% 
What food do you like? 80.77% 53.3% 
What is your favorite color? 76.92% 26.7% 

First Maxim of 
Quality 

Where do you live? 80.77% 86.7% 
Have you seen my dog? 80.77% 66.7% 
Why don’t you play with me? 80.77% 80% 
What did you do at school today? 80.77% 80% 

Maxim of 
Relation 

Do you play any sports? 80.77% 86.7% 
What is your favorite TV show? 76.92% 53.3% 
What did you do on vacation? 76.92% 86.7% 
What do you like to eat? 76.92% 100% 

Maxim of 
Manner 

How did you do on the math test? 80.77% 73.3% 
Which do you like, cars or dolls? 80.77% 86.7% 
Which do you like, ice cream or cookies? 80.77% 80% 
Who did you eat lunch with today? 76.92% 53.3% 

Maxim of 
Politeness 

Would you like some of my cake? 80.77% 60% 
Do you want to play with me? 80.77% 60% 
Could you help me clean my room? 80.77% 60% 
Do you like my shirt? 76.92% 60% 

 

Do children judge pragmatic violations of each maxim differently? 

To determine whether children were able to understand each maxim, one-sample t-tests 

were conducted to examine whether the means of correct CVT responses were at or above 

chance levels (i.e., a score of 2). Overall, responses to the First (M = 1.60, SD = .91, p = .11) and 

Second Maxims of Quantity (M = 2.00, SD = .93, p = 1), and Maxim of Politeness (M = 2.40, SD 

= 1.12, p = .19) did not significantly differ from levels which could have occurred by chance. 

Responses to the Maxim of Manner (M = 1.60, SD = .63, p = .03). were at levels which could 
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have occurred by chance. Response scores to all other maxims were above chance levels. See 

Table 20. 

Table 20. CVT pilot mean child and adult correct responses and results of one-sample t-tests for 
children and adults by maxim 

Age 
Group Maxims Mean Correct Response 

Scores (SD) 
Results of one sample t-

tests 

Children 

First Maxim of 
Quantity 1.60(.91) t(14) = -1.70, p = .11 

Second Maxim of 
Quantity 2.00(.93) t(14) = 0, p = 1 

First Maxim of 
Quality 3.13(.99) t(14) = 4.43, p < .001** 

Maxim of Relation 3.27(.59) t(14) = 8.26, p < .001** 

Maxim of Manner 1.60(.63) t(14) = -2.45, p = .03* 

Maxim of Politeness 2.40(1.12) t(14) = 1.38, p = .19 

Adults 

First Maxim of 
Quantity 3.36(1.28) t(27) = 5.60, p < .001** 

Second Maxim of 
Quantity 3.25(1.51) t(27) = 4.39, p < .001** 

First Maxim of 
Quality 3.29(1.49) t(27) = 4.58, p < .001** 

Maxim of Relation 3.18(1.61) t(27) = 3.87, p < .001** 

Maxim of Manner 3.25(1.51) t(27) = 4.39, p < .001** 

Maxim of Politeness 3.25(1.51) t(27) = 4.39, p < .001** 

*p < .05; **p < .001 
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Do children judge pragmatic violations differently based on group membership? 

 To determine whether children judged pragmatic violations differently based on group 

membership, one-sample t-tests were conducted to examine whether the means of correct CVT 

responses were at or above chance levels (i.e., a score of 2). Judgments of out-group, neutral, and 

child group members were significantly above chance. Participants performed best at identifying 

violations committed by children (M = 3.27, SD = 1.03) and the out-group (M = 3.13, SD = .64) 

and struggled most with identifying violations committed by the in-group (M = 2.60, SD = 1.12) 

and the police (M = 2.07, SD = .88). See Table 21. 

 

Table 21. CVT pilot Mean child correct responses and results of one-sample t-tests by group 
membership 
Group Membership Mean Correct Response Scores (SD) Results of one sample t-tests 

In-group 2.60(1.12) t(14) = 2.07, p = .057 

Out-group 3.13(.64) t(14) = 6.86, p < .001** 

Neutral 2.93(.88) t(14) = 4.09, p = .001** 

Child 3.27(1.03) t(14) = 4.75, p < .001** 

Police 2.07(.88) t(14) = .29, p = .77 

*p < .05; **p < .001 

 

Does group membership and maxim influence children’s identification of pragmatic 
violations? 

Judgments of whether a pragmatic violation occurred were analyzed using generalized 

estimating equations assuming ordinal logistic responses. Group and maxim were within-

subjects factors and age was a between-subjects factor. The main effects of group, domain, and 

age were tested in a model that entered all the main effects simultaneously but did not include 

any interaction effects due to the limited sample. 
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For identification of pragmatic violations, there was a significant main effect of maxim: 

Wald ꭓ2(5) = 27.30, p < .001. There was not a significant main effect of group, Wald ꭓ2(4) = 

5.62, p = .23, or of age, Wald ꭓ2(1) = 2.33, p = .13. For the maxim effect, participants identified 

violations of the Maxims of Relation (M = 3.23, SD = .59) and Quality (M = 3.13, SD = .99) 

most accurately, followed by the Maxim of politeness (M = 2.40, SD = 1.12), Second Maxim of 

Quantity (M = 2.00, SD = .93). Participants were least accurate at judging violations of the First 

Maxim of Quantity (M = 1.60, SD = .91) and Manner (M = 1.60, SD = .63).  

Do group membership and maxim influence children’s judgments of the seriousness of 

pragmatic violations? 

Judgments of the seriousness of pragmatic violations were also analyzed using 

generalized estimating equations assuming ordinal logistic responses. Group and maxim were 

within-subjects factors and age was a between-subjects factor. The main effects of group, 

domain, and age were tested in a model that entered all the main effects simultaneously but did 

not include any interaction effects due to the limited sample. 

For judgments of the seriousness of pragmatic violations, there was a significant main 

effect of maxim, Wald ꭓ2(5) = 95.54, p < .001 and group, Wald ꭓ2(4) = 15.18, p = .004. There 

was not a significant main effect of age, Wald ꭓ2(1) = 2.88, p = .09. For the maxim effect, 

participants judged violation of the Maxims of Relation (M = 1.18, SD = .45) and Quality (M = 

1.13, SD = .46) to be the most serious. The Maxims of Politeness (M = .83, SD = .57) and 

Manner (M = .67, SD = .37) were judged to be moderately serious. Finally, the First (M = .53, 

SD = .45) and Second (M = .43, SD = .42) were granted the most leniency. See Table 22. 

Table 22. CVT Pilot Mean Magnitude Judgment by Maxim 
Maxim Mean SD 

Quantity 1 .53 .45 
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Quantity 2 .43 .42 
Quality 1.13 .46 
Relation 1.18 .45 

Politeness .83 .57 
Manner .67 .37 

 

For the group effect, participants judged pragmatic violations committed by children (M 

= 1.00, SD = .43) and police (M = .92, SD = .43) to be the most serious. Pragmatic violations 

committed by the in-group (M = .79, SD = .43) and neutral adult (M = .71, SD = .32) as 

moderately serious. Surprisingly, members of the out-group were granted as the least serious (M 

= .57, SD = .26). See Table 23. 

 

Table 23. CVT Pilot Mean Magnitude Judgment by Group Membership 
Group Mean SD 

In-Group .79 .43 
Out-Group .57 .26 

Neutral Adult .71 .32 
Child 1.00 .43 
Police .92 .43 

 

Discussion 

 The pilot study assessed the development of a pragmatic violations task modeled after the 

CVT-R used in previous studies (Siegal et al., 2009; Siegal et al., 2010; Surian, 1996). The CVT-

R has been consistently used with children with varying cognitive abilities and cultural 

backgrounds (Siegal et al., 2010; Surian & Siegal, 2001; Surian, 1996). However, it’s utility in 

TD populations is less certain and its questions are often specific to a particular cultural group. I 

developed a modified version of this task that differed from the CVT-R in several ways. First, 

following Okanda and colleagues (2015), I included the Maxim of Manner, which states that a 

respondent should avoid an ambiguous answer, and the Maxim of Politeness, which states that a 
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respondent should avoid rude replies. Second, I modified existing questions to be appropriate for 

a variety of cultural backgrounds. Third, I simplified the presentation of items to be more 

developmentally appropriate for preschoolers. Finally, I varied characters among 5 group 

dimensions (in-group adult, out-group adult, neutral adult, child, and police adult) to examine the 

effect of social-contextual factors on pragmatic judgments. 

These results suggest that the Maxim of Relation was easiest to understand. This is 

consistent with findings by Eskritt et al., (2008) and Okanda et al., (2014). Children succeeded at 

identifying violations of the maxim of quality, which is consistent with findings by Okanda et al., 

(2013) and partially consistent with findings of Vasquez et al., (2013). Children struggled most 

with the Maxims of Quantity and Manner. Okanda et al (2014) found that children showed 

sensitivity to violations of the Maxim of Manner at 5 years of age. Thus, it may be that a larger 

sample would replicate these results and demonstrate an ability to identify violation so the 

Maxim of Manner in the older age groups of the sample. These findings are in line with existing 

literature and therefore suggest that the task successfully measures children’s ability to identify 

violations of maxims. 

 Children also judged the seriousness of a pragmatic violation differently based on which 

maxim was violated. The Maxims of Relation and Quality were judged to be the most serious. 

Because children were most accurate at judging these maxims, it may be that the higher 

judgments of seriousness reflect a greater understanding of each maxim and an ability to 

understand the importance of adhering to the maxims. Interestingly, children judged violations of 

the Maxims of Politeness and Manner to be moderately serious, although children were least 

accurate at judging violations of the Maxim of Manner. Finally, children judged the Maxims of 

Quantity to be the least serious.  
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 In addition, the pilot test indicates that children may be sensitive to group membership 

when judging pragmatic violations differently. In the pilot study, children judged pragmatic 

violations committed by children to be the most serious, followed by police, in-group members, 

and neutral adults. Out-group members were granted the most leniency. Thus, the pilot supports 

the notion that children may consider group membership when judging pragmatic violations, 

however, this may not always be in the expected direction in which out-group members are 

judged most harshly and in-group members most leniently. It may be that because children favor 

their peers and their in-group, they expect them to adhere to the maxims and therefore judge a 

violation more harshly. Conversely, children may expect members of their out-group to behave 

poorly and therefore be less likely to judge a violation harshly—it is simply expected. In sum, a 

positivity bias towards favored groups, such as children, police, or members of the in-group, may 

lead to a shattering of expectations when the maxims are violated, resulting in a harsher 

judgment than groups that are expected to perform poorly, such as members of the out-group. 

The full study will explore the direction of this relationship more extensively.  

  Overall, the results of the pilot study indicate that 4- to 6-year-olds might be sensitive to 

group membership when judging pragmatic violations. Moreover, the instrument works for the 

target population and that it reveals some variation among participants. The modifications to the 

CVT-R were successful with the age group. The selection and presentation of items were 

appropriate for the age group, with results suggesting that participants understood the purpose of 

the task and the prompts. The inclusion of the Maxims of Politeness and Manner reveal that 4- to 

6-year-olds seem to judge violations of these maxims to be moderately serious, perhaps more 

seriously than the Maxims of Quantity. The general patterns of the results align with existing 



 

195 

 

literature, suggesting that the task reflects the ability to identify pragmatic violations in 4 to 6-

year-olds.  
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APPENDIX C 
 

EARLY YEARS TOOLBOX VOCAB! SCORING 

Table 24. EYT Vocab! Scoring 
Item Number Target Word Response N Score 

1 Flower Sunflower 1 0 
1 Flower Dandelion 2 0 
13 Bucket Water 1 0 
13 Bucket Pail 2 1 
16 Camp Tent 1 0 
17 Mountain Hill 1 0 
23 Snow Winter 1 0 
24 Spaghetti Saucy noodles 1 0 
24 Spaghetti Pasta 5 0 
24 Spaghetti Noodles 4 0 
25 Vegetables Veggies 1 1 
25 Vegetables Fruit 1 0 
26 Yawning Sleep 1 0 
27 Telescope Microscope 1 0 
29 Trumpet Horn 1 0 
32 River Water fountain 1 0 
32 River Water 2 0 
32 River Stream 4 1 
32 River Lake 2 0 
33 Diamond Jewek (jewel) 1 0 
33 Diamond Gem 7 0 
33 Diamond Crystal 1 0 
35 Screw Screwdriver 2 0 
35 Screw Nail 5 0 
35 Screw Bolt 1 0 
38 Parachute Hot air balloon 1 0 
39 Fountain Wishing well 1 0 
40 Hexagon Heptagon 1 1 
47 Peacock Ostrich 1 0 
49 Envelope Note 1 0 
49 Envelope Mail 18 0 
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49 Envelope Letter 3 0 
49 Envelope Card 1 0 
51 Tusk Toosk 1 1 
51 Tusk Horn 3 0 
53 Globe Earth 1 0 
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APPENDIX D 
 

DICHOTOMOUS RASCH ANALYSIS OF DIMENSIONAL CHANGE CARD SORT TASK 

The dichotomous Rasch model (Rasch, 1960) uses sum scores from ordinal responses to 

calculate interval-level estimates that represent person locations (i.e., person ability) and item 

locations (i.e., the difficulty to provide a correct or positive response) on a linear scale that 

represents the latent variable (the log-odds or logit scale). The results of the analysis will inform 

the appropriateness of the items for the participants through estimates of person fit, item 

difficulties, and overall thresholds of items. The analysis was conducted using the “TAM” 

package for R (Alexander Robitzsch & Oliver Lüdtke, 2020) using the dichotomous Rasch 

Model equation: 

𝑙𝑙𝑙𝑙 �
∅𝑛𝑛𝑥𝑥1
∅𝑛𝑛𝑥𝑥0

� = 𝜃𝜃𝑛𝑛 − 𝛿𝛿𝑥𝑥 

The dichotomous Rasch model was selected among potential latent trait models because 

the DCCS is scored dichotomously (0 = Incorrect, 1 = Correct). The dichotomous Rasch model 

analysis provides a summary of the results from the analysis of the DCCS and provide an overall 

score of EF latent ability for each task. Specifically, the calibration of test participants’ ability 

and item difficulty were summarized using average logit-scale calibrations, standard errors, and 

model-data fit statistics in order to determine where, on average, the participants’ abilities are 

located on the logit scale and assess the difficulty of items. Average values of model-data fit 

statistics indicate overall adequate fit of the model based on average Infit and Outfit mean square 

statistics.  
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For each task item, the proportion of correct responses, logit-scale calibration (δ), SE, and 

model-data fit statistics were examined to determine the most difficult and easiest items. Detailed 

responses of the first 10 participants were also examined. Specifically, the proportion of correct 

responses, their logit-scale measure (θ), SE, and model-data fit statistics were examined to assess 

participant ability. Finally, the calibrations of the participants and items on the logit scale that 

represents the latent variable, EF, were examined to determine the overall spread of participants 

across the measures. 

Table 25 presents a summary of the results from the analysis of trials 7-18 of the DCCS 

data using the dichotomous Rasch model (Rasch, 1960) . Because the first 6 trials of the DCCS 

serve primarily as a comprehension check, ensuring that the child understands the task and can 

identify colors and does not involve a switch, they were removed from the analysis. Specifically, 

the calibration of test participants’ ability (N = 95) and item difficulty (N = 12) are summarized 

using average logit-scale calibrations, standard errors, and model-data fit statistics. Examination 

of the results indicates that, on average, the participants abilities were located higher on the logit 

scale (M = -0.04, SD = 2.40), compared to items (M = -0.55, SD = 1.34). This finding suggests 

that the items were relatively easy for the sample of kids who participated in the present study.  

As expected, average values of the Standard Error (SE) are slightly higher 

for participants (M = 0.97) than items (M = 0.32), which may reflect potentially poor targeting 

for some participants. Average values of model-data fit statistics indicate overall moderate fit to 

the model. Specifically, although average Infit (M = 0.93, SD = 0.20) and Outfit (M = 1.11, SD = 

0.65) mean square statistics for items were around 1.00, average standardized Infit (M = -0.24, 

SD = 1.07) and Outfit (M = -0.53, SD = 2.55) statistics for item were slightly below the expected 

value of 0.00 when data fit the model. Likewise, average Infit (M = 0.71, SD = 0.39) and Outfit 
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(M = 0.64, SD = 0.63) mean square statistics for persons were slightly below 1.00, with average 

standardized Infit (M = -0.36, SD = 0.62) and Outfit (M = -0.02, SD = 0.58) statistics near 0.00 

when data fit the model, likely due to consistent responses. This finding of adequate fit to the 

model supports the interpretation of item and person calibrations on the logit scale as indicators 

of their locations on the latent variable measured by the DCCS.  

Table 26 includes detailed results for the 12 switch task items included in Levels 2 and 3 

of the DCCS. For each item, the proportion of correct responses is presented, followed by the 

logit-scale calibration (δ), SE, and model-data fit statistics. Examination of these results indicates 

that overall, Level 3 was the most difficult. Within this level, items 3.3 and 3.5 were the most 

difficult (Proportion Correct = 42.17%; δ = 0.97; SE =.27). The easiest item was Item 

2.6 (Proportion Correct = 78.95%; δ = -2.43; SE = 0.38).  

Figure 22 illustrates the calibrations of the Participants and Items on the logit scale that 

represents the latent variable. The calibrations shown in this figure correspond to the calibrations 

for items and persons. The rightmost column (Measure) shows the logit scale. Higher numbers 

correspond to higher levels of achievement (for participants) and higher levels of difficulty (for 

items), and lower numbers correspond to lower achievement and less difficulty, respectively, 

for participants and items. 

Next, participants on the latent variable are illustrated using the histogram. Examination 

of the histogram indicates a wide spread of achievement levels, with most students grouped near 

the right of the logit scale (θ > 0.00). Next, Task locations on the logit scale are plotted on the 

right side. See Figure 23. Examination of the Tasks plotting indicates a similar overall spread as 

the participants measures. However, the Tasks appear somewhat clustered at the lower half of the 

logit scale, without many items appearing above the average person location (θ > = 0.00). This 
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lack of moderate-difficulty items may have contributed to the somewhat large SE values for 

students with middle-range calibrations. See Figure 24. 

 

Table 25. DCCS Dichotomous Rasch Model Summary Statistics 
 
  Ability (θ) 

(N=95) 
Item (δ) 
(N = 12) 

Calibrations    
  
Measure (Logits)  

  

M  -0.44 -0.55 
SD  2.40 1.34 
Standard Error    
M  0.97 0.32 
SD  0.34 0.05 
Model-Data Fit    
  
Infit MSE  

  

M  0.71 0.93 
SD  0.39 0.20 
Std. Infit    
M  -0.36 -0.24 
SD  0.62 1.07 
Outfit MSE    
M  0.64 1.11 
SD  0.63 0.65 
Std. Outfit    
M  -0.02 -0.53 
SD  0.58 2.55 
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Table 26. DCCS Dichotomous Rasch Model Person Calibration 
Person 

ID 
Proportion 

Correct 
Person 

Location 
Person 

SE 
Outfit 
MSE 

Std. 
Outfit 

Infit 
MSE 

Std. 
Infit 

1 0.08 -3.24 0.98 0.55 0.13 0.9 0.04 
2 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
3 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
4 0.67 0.4 0.7 1.08 0.33 1 0.1 
5 0.83 1.42 0.81 0.44 -0.35 0.75 -0.56 
6 0.67 0.4 0.7 0.5 -0.88 0.66 -1.16 
7 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
8 0.67 0.4 0.7 1.17 0.47 1.01 0.14 
9 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
10 0.17 -2.54 0.82 0.55 -0.19 0.94 -0.03 
11 0.83 1.42 0.81 0.72 0.05 1.05 0.26 
12 0.33 -1.48 0.71 0.62 -0.6 0.83 -0.43 
13 0.33 -1.48 0.71 0.46 -1.03 0.61 -1.22 
14 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
15 0.67 0.4 0.7 0.51 -0.84 0.68 -1.08 
16 1 3.36 1.57 0.04 0.28 0.07 -0.84 
17 0.33 -1.48 0.71 0.62 -0.6 0.83 -0.43 
18 0.75 0.88 0.74 1.72 1.03 1.34 1.09 
19 0.92 2.11 0.97 0.44 0.02 0.79 -0.15 
20 0.25 -1.98 0.75 0.47 -0.66 0.71 -0.85 
21 0.92 2.11 0.97 0.37 -0.06 0.72 -0.29 
22 0.17 -2.54 0.82 0.55 -0.19 0.94 -0.03 
23 0.33 -1.48 0.71 0.71 -0.39 0.92 -0.12 
24 0.83 1.42 0.81 0.72 0.05 1.05 0.26 
25 0.83 1.42 0.81 0.47 -0.3 0.8 -0.43 
26 0.67 0.4 0.7 0.86 -0.07 1.1 0.41 
27 0.75 0.88 0.74 0.52 -0.51 0.78 -0.65 
28 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
29 0.92 2.11 0.97 0.39 -0.03 0.74 -0.24 
30 0.75 0.88 0.74 0.47 -0.62 0.71 -0.97 
31 0.67 0.4 0.7 1 0.2 1.29 0.98 
32 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
33 0.75 0.88 0.74 0.43 -0.7 0.65 -1.22 
34 0.67 0.4 0.7 0.47 -0.96 0.63 -1.31 
35 0.92 2.11 0.97 0.37 -0.06 0.72 -0.29 
36 1 3.36 1.57 0.04 0.28 0.07 -0.84 
37 0.92 2.11 0.97 0.37 -0.06 0.72 -0.29 
38 0.92 2.11 0.97 0.39 -0.03 0.74 -0.24 
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39 0.67 0.4 0.7 0.51 -0.84 0.68 -1.08 
40 0.75 0.88 0.74 1.63 0.95 1.36 1.16 
41 0.83 1.42 0.81 0.43 -0.37 0.73 -0.63 
42 0.75 0.88 0.74 0.43 -0.7 0.65 -1.22 
43 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
44 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
45 0.83 1.42 0.81 0.48 -0.28 0.82 -0.36 
46 1 3.36 1.57 0.04 0.28 0.07 -0.84 
47 1 3.36 1.57 0.04 0.28 0.07 -0.84 
48 0.67 0.4 0.7 0.51 -0.84 0.68 -1.08 
49 0.75 0.88 0.74 0.85 0.05 1.03 0.21 
50 0.75 0.88 0.74 0.66 -0.26 0.96 -0.03 
51 0.17 -2.54 0.82 0.39 -0.45 0.68 -0.76 
52 0.92 2.11 0.97 0.37 -0.06 0.72 -0.29 
53 0.83 1.42 0.81 0.44 -0.35 0.75 -0.56 
54 0.92 2.11 0.97 0.37 -0.06 0.72 -0.29 
55 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
56 0.67 0.4 0.7 0.83 -0.12 1.05 0.27 
57 0.83 1.42 0.81 2.09 1.15 1.2 0.6 
58 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
59 0.75 0.88 0.74 0.56 -0.43 0.84 -0.43 
60 0.75 0.88 0.74 0.46 -0.64 0.69 -1.05 
61 0.92 2.11 0.97 2.85 1.34 1.14 0.43 
62 0.67 0.4 0.7 1.55 1.01 1.27 0.93 
63 0.67 0.4 0.7 0.58 -0.67 0.77 -0.69 
64 0.67 0.4 0.7 0.86 -0.07 1.1 0.41 
65 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
66 0.75 0.88 0.74 0.52 -0.51 0.78 -0.65 
67 0.92 2.11 0.97 2.85 1.34 1.14 0.43 
68 0.83 1.42 0.81 1.1 0.44 1.17 0.53 
69 0.58 -0.07 0.69 0.57 -0.96 0.66 -1.03 
70 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
71 0.83 1.42 0.81 0.6 -0.11 0.96 0.04 
72 0.67 0.4 0.7 0.84 -0.09 1.07 0.33 
73 0.92 2.11 0.97 1.56 0.82 1.07 0.32 
74 1 3.36 1.57 0.04 0.28 0.07 -0.84 
75 0.92 2.11 0.97 0.59 0.18 0.89 0.03 
76 0.83 1.42 0.81 0.43 -0.37 0.73 -0.63 
77 0.67 0.4 0.7 0.57 -0.7 0.76 -0.76 
78 0.67 0.4 0.7 1.64 1.13 1.4 1.27 
79 1 3.36 1.57 0.04 0.28 0.07 -0.84 
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80 0.75 0.88 0.74 0.43 -0.7 0.65 -1.22 
81 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
82 0.33 -1.48 0.71 0.41 -1.18 0.55 -1.5 
83 0.75 0.88 0.74 0.54 -0.48 0.8 -0.58 
84 0.75 0.88 0.74 0.57 -0.41 0.86 -0.36 
85 0 -4.52 1.58 0.04 0.28 0.08 -0.81 
86 0.33 -1.48 0.71 0.57 -0.72 0.76 -0.65 
87 0.75 0.88 0.74 0.95 0.19 1.19 0.69 
88 0.17 -2.54 0.82 0.39 -0.45 0.68 -0.76 
89 0.83 1.42 0.81 2.91 1.58 1.19 0.6 
90 0.92 2.11 0.97 0.37 -0.06 0.72 -0.29 
91 0.75 0.88 0.74 0.66 -0.26 0.96 -0.03 
92 0.83 1.42 0.81 0.68 0 0.99 0.1 
93 0.92 2.11 0.97 2.85 1.34 1.13 0.41 
94 0.17 -2.54 0.82 0.52 -0.24 0.9 -0.12 
95 0.92 2.11 0.97 1.56 0.82 1.07 0.32 
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Table 27. DCCS Dichotomous Rasch Model Item Calibration 

Task ID Proportion 
Correct 

Item 
Location 

Item 
SE 

Outfit 
MSE 

Std. 
Outfit 

Infit 
MSE 

Std. 
Infit 

Level 3.3 0.42 0.97 0.27 0.8 -1.84 1.04 0.34 
Level 3.5 0.42 0.97 0.27 1.08 0.45 1.16 1.32 
Level 3.2 0.43 0.89 0.27 0.85 -1.44 1.06 0.46 
Level 3.6 0.45 0.75 0.27 0.85 -1.39 1.05 0.45 
Level 3.4 0.51 0.37 0.28 0.72 -2.44 0.94 -0.46 
Level 3.1 0.56 -0.02 0.29 0.73 -2.1 0.9 -0.66 
Level 2.1 0.64 -0.74 0.31 1.52 1.99 1.1 0.55 
Level 2.4 0.73 -1.62 0.35 1.89 2.68 1.04 0.24 
Level 2.2 0.74 -1.74 0.36 0.55 -2.45 0.67 -1.55 
Level 2.3 0.76 -2.01 0.37 1.64 1.25 0.64 -1.68 
Level 2.5 0.76 -2.01 0.37 2.5 3.82 1.04 0.24 
Level 2.6 0.79 -2.43 0.38 0.22 -4.88 0.55 -2.19 
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Figure 22. DCCS Dichotomous Rasch Model Participant and Item Calibration 
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Figure 23. Histogram of Person Achievement Estimates for the DCCS Data 
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Figure 24. Histogram of Item Difficulty Estimates for the DCCS Data 
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APPENDIX E 
 

PARTIAL CREDIT MODEL RASCH ANALYSIS OF MISSING SCAN TASK 

An analysis of the test trials of the MST (Buschke, 1963; Roman et al., 2014) was 

conducted using the partial credit model (Masters, 1982) to gather evidence related to the 

validity of the interpretation and use of scores from this measure. Specifically, the results of the 

analysis inform the appropriateness of the items for the participants through estimates of person 

fit, item difficulties, and overall thresholds specific to each item. The analysis was conducted 

using the “eRm” package of R Studio using the following equation:  

ln �
𝑃𝑃𝑛𝑛𝑖𝑖(𝑥𝑥𝑥𝑥 = 𝑘𝑘)

𝑃𝑃𝑛𝑛𝑖𝑖(𝑥𝑥𝑥𝑥=𝑘𝑘−1)
� = 𝜃𝜃𝑛𝑛 − 𝛿𝛿𝑥𝑥 − 𝜏𝜏𝑥𝑥𝑘𝑘 

The Rasch partial credit model was selected because the MST is scored using three 

ordered rating scale categories, and the model allows the rating scale structure to vary across 

tasks. The Rasch partial credit model provides a summary of the results from the analysis of the 

MST and provides an overall score of EF latent ability for each task. Similar to the dichotomous 

model, the calibration of test participants’ ability and item difficulty were summarized using 

average logit-scale calibrations, standard errors, and model-data fit statistics in order to 

determine where, on average, the participants’ abilities are located on the logit scale and assess 

the difficulty of items. Average values of model-data fit statistics indicate overall adequate fit of 

the model based on Average Infit and Outfit mean square statistics. 

For each item, the proportion of correct responses, logit-scale calibration (δ), SE, and 

model-data fit statistics were examined to determine the most difficult and easiest items. Detailed 
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responses of the participants were also examined. Specifically, the proportion of correct 

responses, their logit-scale measure (θ), SE, and model-data fit statistics were examined to assess 

participant ability. Finally, the calibrations of the participants and items on the logit scale that 

represents the latent variable, EF, were examined to determine the overall spread of participants 

across the measures. 

Table 28 presents a summary of the results from the analysis of levels 5-10 of the MST 

data using the Rasch partial credit model (Masters, 1982). Because levels 3 and 4 were basal 

level trials with near perfect scores across all participants, they were dropped from the analysis. 

Participants received a 0 if they did not pass a level (e.g., incorrect response to both trials of the 

level), a 1 if they passed the level on the second trial, and a 2 if they passed the level on the first 

trial. The calibration of Participants (N = 95) and items (N = 6) on the three ordered rating scale 

categories are summarized using average logit-scale calibrations, standard errors, model-data fit 

statistics, and reliability of separation statistics. Examination of the results indicates that, on 

average, the participants were located lower on the logit scale (M = -7.05, SD =9.89), compared 

to items (M = 0.30, SD = 4.94). However, because the MST continues until the child reaches 

ceiling, this does not necessarily indicate that participants had low levels of EF. Average values 

of model-data fit statistics indicate overall adequate fit to the model for participants (Infit MSE: 

M = 0.45, SD = 0.38; Outfit MSE: M = 0.70, SD = 1.60) and for items (Infit MSE: M = 0.68, SD 

= 0.36; Outfit MSE: M = 0.70, SD = 0.99). This finding of adequate fit to the model supports the 

interpretation of participant calibrations on the logit scale as indicators of their locations on the 

latent variable measured by the MST assessment.  

Table 29 includes detailed results for the items on the MST assessment. For each item, 

the average rating on the recoded raw score scale is presented, followed by their severity 
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estimate on the logit scale (δ), SE, and model-data fit statistics. Examination of these results 

indicates that the 5-Span level was the easiest (Average Score = 1.52; δ = -9.62; SE = 0.35). The 

most difficult item was the 10-Span level (Average Score = 0.14; δ = 3.09, SE = 0.20). Because 

the MST progresses until the child reaches ceiling (e.g., two incorrect trials in one level) and the 

current sample consists of young children, most participants did not reach the 10-Span trial.  

Examination of model-data fit statistics for the items indicates overall adequate fit to 

the Partial Credit model, with some departures from expectations for individual items. 

Specifically, the highest values of fit statistics, which suggest noisy rating patterns, were 

observed for the 5-Span level (Infit MSE = 1.38; Outfit MSE = 2.65;). The lowest values of fit 

statistics, which suggest muted rating patterns, were observed for the 8-Span level (Infit MSE = 

0.37; Outfit MSE = 0.13). As this was one of the last items, the muted rating patterns may reflect 

the developmental span of the current sample as most participants did not reach this level of the 

MST. 

In terms of model-data fit, values of the person fit statistics indicate overall adequate fit 

to the Partial Credit model, with some departures from expectations for individual students. 

Specifically, the highest values of fit statistics, which suggest noisy rating patterns 

associated with a particular item, were observed for Participants 11, 36, 43, and 

45 (Infit MSE = 1.40; Outfit MSE = 0.83). For 15 students, MSE fit statistics were close to 0.00. 

These values reflect constant or nearly constant response patterns, which were expected for some 

students given the nature of the assessment task. To further examine item fit, a detailed fit 

analysis of the model was conducted using the TAM package with Joint Maximum Likelihood 

Estimation. Examination of scatterplots of item residuals demonstrate that the responses to these 

items over-fit of the model, such that there was much less variability in responses than expected 
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given item and person location estimates. Figure 26 and Figure 27 present the standardized 

residuals for Items 1 (5-Span Trials) and Items 6 (10-Span Trials), respectively. All other items 

followed similar patterns (see Appendix). However, because the Rasch reliability estimates are 

adequate (Items = 1.00, Persons = 1.00), the overall fit of the model is adequate for the purposes 

of creating an EF latent variable for the primary analyses of the current study. 

Figure 32 illustrates the calibrations of the Persons and Items on the logit scale that 

represents the latent variable. The top panel of the map shows the distribution of the measured 

ability of the participants from least to most able. The histogram at the top of the figure 

represents the distribution of participants across the latent scale of EF. Participants at the left of 

the histogram exhibited lower levels of performance on the MST, while participants at the right 

side of the histogram exhibited higher levels of performance on the MST. The points in the 

middle of the figure represent the category ordering for each item. For each item, a solid circle 

shows the overall item difficulty location and open circle symbols show the location of each 

rating scale category threshold, with labels indicating the threshold number. The figure reveals 

disordering of scale categories such that scoring a 2 (e.g., correct on first trial) corresponds to a 

lower level of latent EF; however, this likely reflects the natural developmental progression of 

EF skills. As such, the model is appropriate for creating the latent EF variable. 
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Figure 25. MST Contrasts from Principal Component Analysis of Standardized Residual 

Correlations 
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Figure 26. Standardized Residuals for Item 1 (5-Span Trials) of MST 
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Figure 27. Standardized Residuals for Item 6 (10-Span Trials) of MST 
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Figure 28. Standardized Residuals for Item 2 (6-Span Trials) of MST 
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Figure 29. Standardized Residuals for Item 3 (7-Span Trials) of MST 
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Figure 30. Standardized Residuals for Item 4 (8-Span Trials) of MST 
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Figure 31. Standardized Residuals for Item 5 (9-Span Trials) of MST 
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Table 28. MST Summary Statistics (Partial Credit Model) 

  Persons (θ)  
(N=95)  

Items (δ)  
(N = 6)  

Calibrations      
  
Measure (Logits)  

    

M  -7.05  0.30 
SD  9.89 4.94 

Standard Error      
M  0.05  0.27  

SD  0.04  0.07  
Model-Data Fit      
  
Infit MSE  

    

M  0.45  0.68  
SD  0.38 0.36  

Std. Infit      
M  -0.22  -0.37  

SD  1.23 1.57  
Outfit MSE      

M  0.70  0.70  
SD  1.60  0.99  

Std. Outfit      
M  28.05  12.89  

SD  52.08 12.89 
  

      
Reliability of Separation  < .99  < .99 

 

 

  



 

221 

 

Table 29. MST Partial Credit Model Item Calibrations 

 Average SE Measure (δ) Chisq df p-value Outfit MSQ Infit MSQ Discrim 

5-Span 1.18 0.35 -9.62 180.15 68.00 2.65 1.38 1.57 0.35 

6-Span 0.59 0.34 0.69 58.01 68.00 0.85 0.74 3.77 0.34 

7-Span 0.31 0.27 2.13 16.57 68.00 0.24 0.48 7.56 0.27 

8-Span 0.24 0.26 2.46 8.81 68.00 0.13 0.37 16.18 0.26 

9-Span 0.17 0.19 3.05 14.49 68.00 0.21 0.59 11.33 0.19 

10-Span 0.14 0.20 3.09 8.62 68.00 0.13 0.53 36.94 0.20 

 

  



 

222 

 

Table 30. MST Person Calibrations 

Participant Average SE Measure (θ) Chisq df Outfit MSQ Infit MSQ 
2 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
3 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
5 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
8 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
9 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
10 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
11 0.50 0.09 0.50 4.96 6.00 0.83 1.40 
12 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
13 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
16 1.17 0.10 2.43 2.20 6.00 0.37 0.42 
17 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
19 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
20 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
21 1.67 0.05 3.49 2.57 6.00 0.43 0.49 
22 0.83 0.10 1.67 1.33 6.00 0.22 0.25 
23 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
24 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
25 1.50 0.09 3.10 12.12 6.00 2.02 1.15 
26 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
27 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
28 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
29 1.50 0.06 3.10 38.74 6.00 6.46 0.85 
30 1.00 0.11 2.08 3.11 6.00 0.52 0.70 
31 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
33 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
34 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
35 0.83 0.10 1.67 1.33 6.00 0.22 0.25 
36 0.50 0.09 0.50 4.96 6.00 0.83 1.40 
37 1.50 0.06 3.10 11.36 6.00 1.89 0.83 
38 0.33 0.05 -0.45 2.30 6.00 0.38 0.90 
39 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
40 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
41 0.67 0.11 1.16 1.69 6.00 0.28 0.43 
43 0.50 0.09 0.50 4.96 6.00 0.83 1.40 
44 1.33 0.08 2.76 29.88 6.00 4.98 1.08 
45 1.33 0.05 2.76 34.71 6.00 5.78 1.36 
47 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
48 0.50 0.09 0.50 0.73 6.00 0.12 0.11 
50 0.50 0.09 0.50 0.73 6.00 0.12 0.11 
51 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
52 0.67 0.11 1.16 1.69 6.00 0.28 0.43 
53 0.50 0.09 0.50 0.73 6.00 0.12 0.11 
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54 0.83 0.10 1.67 1.33 6.00 0.22 0.25 
55 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
56 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
57 0.50 0.09 0.50 0.73 6.00 0.12 0.11 
59 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
60 1.83 0.04 4.08 1.24 6.00 0.21 0.36 
61 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
63 0.50 0.09 0.50 0.73 6.00 0.12 0.11 
65 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
68 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
69 1.00 0.11 2.08 3.11 6.00 0.52 0.70 
70 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
72 0.33 0.08 -0.45 1.40 6.00 0.23 0.48 
73 0.67 0.11 1.16 1.69 6.00 0.28 0.43 
76 1.17 0.08 2.43 5.22 6.00 0.87 0.71 
79 1.33 0.08 2.76 7.47 6.00 1.25 0.72 
80 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
82 0.67 0.11 1.16 1.69 6.00 0.28 0.43 
85 0.67 0.11 1.16 1.69 6.00 0.28 0.43 
87 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
88 0.67 0.08 1.16 7.14 6.00 1.19 0.91 
89 1.83 0.04 4.08 1.24 6.00 0.21 0.36 
92 0.17 0.04 -9.78 0.00 6.00 0.00 0.00 
93 0.67 0.11 1.16 1.69 6.00 0.28 0.43 
94 1.67 0.05 3.49 55.77 6.00 9.30 0.73 
95 1.33 0.08 2.76 9.30 6.00 1.55 1.11 
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Figure 32. MST Person-Item Map 
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Figure 33. Expected Response Curve for 6-Span Trials of MST 



 

226 

 

 

Figure 34. Expected Response Curve for 7-Span Trials of MST 
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Figure 35. Expected Response Curve for 8-Span Trials of MST 



 

228 

 

 

Figure 36. Expected Response Curve for 9-Span Trials of MST 
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Figure 37. Expected Response Curve for 10-Span Trials of MST 
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APPENDIX F 
 

PARTIAL CREDIT MODEL RASCH ANALYSIS OF HEAD-TOES-KNEES-SHOULDERS 
TASK 

An analysis of the test trials of the HTKS task (Ponitz et al., 2009; Ponitz et al., 2008) 

was conducted using the partial credit model (Masters, 1982) in order to gather evidence related 

to the validity of the interpretation and use of scores from this measure. Specifically, the results 

of the analysis inform the appropriateness of the items for the participants through estimates of 

person fit, item difficulties, and overall thresholds specific to each item. The analysis was 

conducted using the “eRm” package of R Studio using the following equation:  

ln �
𝑃𝑃𝑛𝑛𝑖𝑖(𝑥𝑥𝑥𝑥 = 𝑘𝑘)

𝑃𝑃𝑛𝑛𝑖𝑖(𝑥𝑥𝑥𝑥=𝑘𝑘−1)
� = 𝜃𝜃𝑛𝑛 − 𝛿𝛿𝑥𝑥 − 𝜏𝜏𝑥𝑥𝑘𝑘 

The Rasch partial credit model was selected because the HTKS are scored using three 

ordered rating scale categories, and the model allows the rating scale structure to vary across 

tasks. The Rasch partial credit model provides a summary of the results from the analysis of the 

HTKS and provides an overall score of EF latent ability for each task. Similar to the 

dichotomous model, the calibration of test participants’ ability and item difficulty were 

summarized using average logit-scale calibrations, standard errors, and model-data fit statistics 

in order to determine where, on average, the participants’ abilities are located on the logit scale 

and assess the difficulty of items. Average values of model-data fit statistics indicate overall 

adequate fit of the model based on Average Infit and Outfit mean square statistics. 
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For each item, the proportion of correct responses, logit-scale calibration (δ), SE, and 

model-data fit statistics were examined to determine the most difficult and easiest items. Detailed 

responses of the participants were also examined. Specifically, the proportion of correct 

responses, their logit-scale measure (θ), SE, and model-data fit statistics were examined to assess 

participant ability. Finally, the calibrations of the participants and items on the logit scale that 

represents the latent variable, EF, were examined to determine the overall spread of participants 

across the measures. 

Table 31 presents a summary of the results from the analysis of the HTKS data 

Specifically, the calibration of Persons (N = 83) and items (N = 20) on three ordered rating scale 

categories (0 = Incorrect; 1 = Child Self-corrects; 2 = Correct) are summarized using average 

logit-scale calibrations, standard errors, model-data fit statistics, and reliability of separation 

statistics. Examination of the results indicates that, on average, the participants were 

located higher on the logit scale (M = 0.44, SD =1.35), compared to items (M = -0.20, SD 

= 0.80). This finding suggests that the participants had relatively moderate levels of IC and EF. 

Average values of model-data fit statistics indicate overall adequate fit to the model and average 

standardized Infit (Persons: M = -0.22, SD = 1.23; Item: M = -0.37, SD = 1.57) and Outfit 

(Persons: M = 0.04, SD = 1.06; Item: M = -0.11, SD = 1.40) statistics near the expected value of 

0.00 when data fit the model. This finding of adequate fit to the model supports the interpretation 

of participant calibrations on the logit scale as indicators of their locations on the latent variable 

measured by the HTKS assessment.  

Table 32 includes detailed results for the items on the HTKS assessment. For each item, 

the average rating on the recoded raw score scale is presented, followed by their location 

estimate on the logit scale (δ), SE, and model-data fit statistics. Examination of these results 
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indicates that Item 1.2 was the easiest (Average Score = 1.78; δ = -1.69; SE = 0.13). The most 

difficult item was Item 2.4 (Average Score = 0.83; δ = 0.87, SE = 0.19). Because the HTKS 

consists of 10 trials of identical items (e.g., Level 1) followed by a set of 10, more difficult, 

identical items (e.g., Level 2), these differences do not represent difficulty perse, but more likely 

cognitive load or fatigue. 

Examination of model-data fit statistics for the items indicates overall adequate fit to 

the Partial Credit model, with some departures from expectations for individual items. 

Specifically, the highest values of fit statistics, which suggest noisy rating patterns, were 

observed for Item 1.7 (Infit MSE = 1.49; Std. Infit = 3.20; Outfit MSE = 1.62; Std. Outfit = 3.34). 

The lowest values of fit statistics, which suggest muted rating patterns, were observed for 

Item 2.9 (Infit MSE = 0.58; Std. Infit = -3.23; Outfit MSE = 0.40; Std. Outfit = -1.85). As this 

was one of the last items, the muted rating patterns may reflect a familiarity with the task and 

overall pattern of performance. 

In terms of model-data fit, values of the person fit statistics indicate overall adequate fit 

to the Partial Credit model, with some departures from expectations for individual students. 

Specifically, the highest values of fit statistics, which suggest noisy rating patterns 

associated with a particular item, were observed for Person 53 (Infit MSE = 2.11; Std. Infit 

= 3.11; Outfit MSE = 4.37; Std. Outfit = 3.49). The lowest values of fit statistics, which suggest 

muted rating patterns associated with an item were observed for Person 4 (Infit MSE = 0.28; Std. 

Infit = -2.89; Outfit MSE = 0.22; Std. Outfit = -1.32). See Table 33.  

Figure 38 illustrates the calibrations of the Persons and Items on the logit scale that 

represents the latent variable. The top panel of the map shows the distribution of the measured 

ability of the participants from least to most able. The histogram at the top of the figure 
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represents participants distribution across the latent scale of EF. Participants at the left of the 

histogram exhibited lower levels of performance on the HTKS, while participants at the right 

side of the histogram exhibited higher levels of performance on the HTKS. The points in the 

middle of the figure represent the category ordering for each item. For each item, a solid circle 

shows the overall item difficulty location and open circle symbols show the location of each 

rating scale category threshold, with labels indicating the threshold number. The figure reveals 

disordering of scale categories; however, this likely reflects the natural developmental 

progression of EF skills. Namely, many participants scored in the middle category (1 = Child 

Self-corrects) on most of their trials, the developmental stage of EF in this age group. As such, 

the model is appropriate for creating the latent EF variable. 
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Table 31. HTKS Summary Statistics (Partial Credit Model) 

  Persons (θ)  
(N=95)  

Items (δ)  
(N = 20)  

Calibrations      
  
Measure (Logits)  

    

M  0.43  -0.20  
SD  1.35  0.80  

Standard Error      
M  0.07  0.18  

SD  0.03  0.02  
Model-Data Fit      
  
Infit MSE  

    

M  0.91  0.97  
SD  0.38 0.24  

Std. Infit      
M  -0.22  -0.37  

SD  1.23 1.57  
Outfit MSE      

M  1.05  1.05  
SD  1.05  0.43  

Std. Outfit      
M  0.04  -0.11  

SD  1.06 1.40 
  

      
Reliability of Separation  < .99  < .99 
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Table 32. HTKS Partial Credit Model Item Calibrations 

 Average SE Measure (δ) Chisq df p-
value Outfit MSQ Infit MSQ Outfit t Infit t 

1.1 1.60 0.16 -1.00 92.00 1.66 1.48 1.60 2.12 0.42 0.16 
1.2 1.78 0.13 -1.69 92.00 1.72 1.30 1.05 1.14 0.41 0.13 
1.3 1.05 0.17 0.34 92.00 1.09 1.05 0.67 0.44 0.52 0.17 
1.4 1.46 0.18 -0.53 92.00 0.97 1.13 0.03 0.77 0.60 0.18 
1.5 1.61 0.17 -0.93 92.00 1.72 0.92 1.37 -0.31 0.68 0.17 
1.6 1.67 0.15 -1.20 92.00 1.41 1.05 0.85 0.29 0.57 0.15 
1.7 1.24 0.17 -0.14 92.00 1.62 1.49 3.34 3.20 0.30 0.17 
1.8 1.66 0.16 -1.13 92.00 0.83 0.90 -0.13 -0.36 0.64 0.16 
1.9 1.66 0.17 -1.04 92.00 1.53 1.03 0.82 0.20 0.59 0.17 
1.10 1.65 0.16 -1.06 92.00 1.30 0.90 0.65 -0.36 0.62 0.16 
2.1 1.12 0.20 0.30 92.00 0.74 0.91 -1.16 -0.70 0.63 0.20 
2.2 1.31 0.20 -0.09 92.00 0.91 0.98 -0.21 -0.10 0.64 0.20 
2.3 1.06 0.20 0.39 92.00 0.92 0.98 -0.35 -0.09 0.60 0.20 
2.4 0.83 0.19 0.87 92.00 0.74 0.83 -1.42 -1.45 0.60 0.19 
2.5 0.91 0.20 0.71 92.00 0.80 0.96 -0.85 -0.32 0.57 0.20 
2.6 0.87 0.19 0.78 92.00 0.63 0.75 -1.93 -2.29 0.64 0.19 
2.7 0.99 0.21 0.56 92.00 0.68 0.80 -1.19 -1.68 0.65 0.21 
2.8 1.16 0.21 0.24 92.00 0.57 0.71 -1.76 -2.32 0.73 0.21 
2.9 1.24 0.21 0.11 92.00 0.40 0.58 -1.85 -3.23 0.79 0.21 
2.10 0.99 0.19 0.54 92.00 0.70 0.73 -1.66 -2.38 0.70 0.19 
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Table 33. HTKS Person Calibrations 
 Average SE Measure (θ) Chisq df p-value Outfit MSQ Infit MSQ Outfit t Infit t 

P1 0.15 0.05 -2.27 6.63 20.00 0.33 0.81 -0.61 -0.08 6.63 
P2 0.35 0.07 -1.55 6.89 20.00 0.34 0.55 -1.26 -1.48 6.89 
P3 1.1 0.10 -0.04 15.18 20.00 0.76 0.85 -0.63 -0.49 15.18 
P4 1.6 0.05 1.00 4.41 20.00 0.22 0.28 -1.32 -2.89 4.41 
P5 0.35 0.07 -1.55 22.90 20.00 1.15 1.04 0.43 0.22 22.90 
P6 1.3 0.09 0.33 22.83 20.00 1.14 1.37 0.45 1.36 22.83 
P7 1.65 0.06 1.14 13.51 20.00 0.68 0.93 -0.16 -0.06 13.51 
P8 1.6 0.05 1.00 25.73 20.00 1.29 0.71 0.60 -0.81 25.73 
P9 1.6 0.08 1.00 15.42 20.00 0.77 1.17 -0.08 0.58 15.42 
P10 0.05 0.02 -3.16 10.19 20.00 0.51 0.74 0.18 0.19 10.19 
P11 1.75 0.06 1.47 15.59 20.00 0.78 0.85 0.12 -0.17 15.59 
P12 0.3 0.08 -1.69 20.60 20.00 1.03 1.43 0.27 1.11 20.60 
P13 1 0.10 -0.23 14.37 20.00 0.72 0.75 -0.85 -0.88 14.37 
P14 0.5 0.09 -1.19 16.45 20.00 0.82 1.06 -0.24 0.30 16.45 
P15 0.3 0.08 -1.69 17.97 20.00 0.90 1.12 0.07 0.42 17.97 
P16 1.7 0.06 1.29 24.39 20.00 1.22 0.84 0.53 -0.25 24.39 
P17 1.35 0.09 0.43 11.54 20.00 0.58 0.75 -0.86 -0.95 11.54 
P18 1 0.11 -0.23 21.90 20.00 1.09 1.11 0.39 0.48 21.90 
P19 1.55 0.08 0.87 39.60 20.00 1.98 1.35 1.34 1.10 39.60 
P20 0.75 0.10 -0.69 21.57 20.00 1.08 1.14 0.34 0.57 21.57 
P21 0.9 0.10 -0.41 27.39 20.00 1.37 1.44 1.15 1.45 27.39 
P22 0.6 0.10 -0.98 16.19 20.00 0.81 0.99 -0.36 0.05 16.19 
P23 1.75 0.05 1.47 35.49 20.00 1.77 0.72 0.95 -0.49 35.49 
P24 1.65 0.07 1.14 91.63 20.00 4.58 1.77 2.66 1.78 91.63 
P25 1.8 0.04 1.68 24.98 20.00 1.25 0.86 0.59 -0.07 24.98 
P26 0.4 0.08 -1.42 26.91 20.00 1.35 1.54 0.74 1.59 26.91 
P27 1.4 0.08 0.53 21.42 20.00 1.07 1.11 0.31 0.48 21.42 
P28 1.85 0.04 1.95 12.79 20.00 0.64 0.72 0.17 -0.25 12.79 
P29 1.6 0.06 1.00 15.68 20.00 0.78 0.74 -0.06 -0.72 15.68 
P30 1.65 0.06 1.14 6.05 20.00 0.30 0.46 -0.90 -1.69 6.05 
P31 0.4 0.08 -1.42 19.39 20.00 0.97 1.35 0.13 1.13 19.39 
P32 0 0.00 -3.66 15.60 20.00 0.78 0.89 -0.37 -0.34 15.60 
P33 1.3 0.09 0.33 15.81 20.00 0.79 0.85 -0.57 -0.48 15.81 
P34 0.8 0.09 -0.60 8.79 20.00 0.44 0.51 -1.93 -2.12 8.79 
P35 1.1 0.09 -0.04 17.84 20.00 0.89 1.54 0.30 1.01 17.84 
P36 1.8 0.06 1.68 11.06 20.00 0.55 0.62 -0.46 -1.18 11.06 
P37 1.6 0.06 1.00 9.70 20.00 0.49 0.82 -0.27 -0.24 9.70 
P38 1.75 0.06 1.47 123.16 20.00 6.16 1.46 3.56 1.29 123.16 
P39 1.6 0.07 1.00 8.40 20.00 0.42 0.52 -0.37 -1.05 8.40 
P40 2 0.00 3.69 37.58 20.00 1.88 1.66 1.69 2.20 37.58 
P41 1.75 0.05 1.47 21.26 20.00 1.06 0.76 0.33 -0.63 21.26 
P42 1.3 0.10 0.33 23.01 20.00 1.15 1.12 0.44 0.45 23.01 
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P43 1.6 0.06 1.00 6.58 20.00 0.33 0.55 -0.38 -0.79 6.58 
P44 1.6 0.07 1.00 11.66 20.00 0.58 0.84 0.30 0.08 11.66 
P45 1.8 0.04 1.68 111.04 20.00 5.55 1.02 1.76 0.40 111.04 
P46 1.9 0.03 2.33 44.38 20.00 2.22 2.08 2.71 3.12 44.38 
P47 1.95 0.02 2.97 13.20 20.00 0.66 0.76 0.19 -0.17 13.20 
P48 1.1 0.10 -0.04 14.84 20.00 0.74 0.69 -0.36 -1.19 14.84 
P49 1.85 0.04 1.95 9.51 20.00 0.48 0.83 -0.63 -0.25 9.51 
P50 1.4 0.08 0.53 11.41 20.00 0.57 0.88 0.60 0.27 11.41 
P51 0.25 0.07 -1.85 87.46 20.00 4.37 2.11 3.49 3.11 87.46 
P52 1.95 0.02 2.97 13.58 20.00 0.68 0.62 0.09 -0.60 13.58 
P53 1.45 0.09 0.64 14.95 20.00 0.75 1.00 -0.40 0.10 14.95 
P54 1.8 0.04 1.68 11.42 20.00 0.57 0.64 -1.41 -1.41 11.42 
P55 1.35 0.09 0.43 25.90 20.00 1.29 0.61 0.61 -0.78 25.90 
P56 1.05 0.10 -0.14 7.48 20.00 0.37 0.57 -0.30 -0.74 7.48 
P57 0 0.00 -3.66 12.23 20.00 0.61 0.79 -0.35 -0.53 12.23 
P58 1.75 0.05 1.47 16.88 20.00 0.84 0.49 -0.17 -2.34 16.88 
P59 1.8 0.04 1.68 30.27 20.00 1.51 1.52 1.32 1.76 30.27 
P60 1.6 0.07 1.00 8.31 20.00 0.42 0.52 -0.88 -1.73 8.31 
P61 1.35 0.06 0.43 14.57 20.00 0.73 0.99 -0.53 0.07 14.57 
P62 1.15 0.10 0.05 12.63 20.00 0.63 0.78 -0.70 -0.81 12.63 
P63 1.55 0.06 0.87 7.72 20.00 0.39 0.41 -1.35 -2.76 7.72 
P64 0.55 0.09 -1.09 61.49 20.00 3.07 1.23 1.91 0.69 61.49 
P65 1.35 0.09 0.43 16.44 20.00 0.82 0.81 -0.05 -0.54 16.44 
P66 1.4 0.07 0.53 16.44 20.00 0.82 0.72 -0.05 -0.86 16.44 
P67 1.65 0.07 1.14 8.37 20.00 0.42 0.36 -0.99 -2.82 8.37 
P68 1.55 0.06 0.87 24.03 20.00 1.20 1.22 0.66 0.84 24.03 
P69 1.55 0.07 0.87 9.17 20.00 0.46 0.63 -0.88 -1.36 9.17 
P70 1.5 0.06 0.75 72.45 20.00 3.62 1.42 2.38 1.19 72.45 
P71 1.1 0.10 -0.04 31.33 20.00 1.57 1.36 1.03 1.24 31.33 
P72 1.5 0.08 0.75 8.04 20.00 0.40 0.64 -0.54 -0.83 8.04 
P73 1.6 0.07 1.00 6.53 20.00 0.33 0.37 -2.30 -3.08 6.53 
P74 1.45 0.08 0.64 20.45 20.00 1.02 1.40 0.23 1.36 20.45 
P75 1.7 0.06 1.29 13.13 20.00 0.66 0.66 -0.56 -1.34 13.13 
P76 0.65 0.08 -0.88 9.27 20.00 0.46 0.86 0.54 0.26 9.27 
P77 1.45 0.09 0.64 11.89 20.00 0.59 0.65 -1.31 -1.36 11.89 
P78 1.4 0.08 0.53 7.54 20.00 0.38 0.51 -1.11 -1.94 7.54 
P79 1.95 0.02 2.97 8.27 20.00 0.41 0.71 0.14 -0.11 8.27 
P80 1.05 0.10 -0.14 15.91 20.00 0.80 1.01 -0.33 0.14 15.91 
P81 1.5 0.07 0.75 11.66 20.00 0.58 0.76 -0.84 -0.89 11.66 
P82 1.9 0.03 2.33 15.71 20.00 0.79 0.88 -0.50 -0.38 15.71 
P83 1.3 0.09 0.33 20.64 20.00 1.03 1.43 0.32 1.13 20.64 
P84 1.35 0.08 0.43 8.31 20.00 0.42 0.45 -2.28 -2.35 8.31 
P85 1.15 0.10 0.05 21.04 20.00 1.05 0.87 0.27 -0.36 21.04 
P86 1.65 0.08 1.14 6.91 20.00 0.35 0.50 -0.35 -0.90 6.91 
P87 0.9 0.10 -0.41 15.58 20.00 0.78 0.85 -0.56 -0.48 15.58 
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P88 0.9 0.10 -0.41 9.63 20.00 0.48 0.74 -0.74 -0.61 9.63 
P89 1.8 0.04 1.68 7.93 20.00 0.40 0.59 -0.68 -1.15 7.93 
P90 1.1 0.10 -0.04 18.91 20.00 0.95 0.68 0.25 -0.69 18.91 
P91 0.3 0.07 -1.69 4.73 20.00 0.24 0.36 -0.75 -1.61 4.73 
P92 1.65 0.06 1.14 21.01 20.00 1.05 1.22 0.27 0.85 21.01 
P93 1.7 0.05 1.29 6.63 20.00 0.33 0.81 -0.61 -0.08 6.63 
P94 1.75 0.05 1.47 6.89 20.00 0.34 0.55 -1.26 -1.48 6.89 
P95 1.35 0.09 0.43 15.18 20.00 0.76 0.85 -0.63 -0.49 15.18 
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Figure 38. HTKS Wright Map & Expected Response Curves and Item Characteristic Curves 
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Figure 39. Expected Response Curve for Item 1.1 of HTKS 
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Figure 40. Expected Response Curve for Item 1.2 of HTKS 
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Figure 41. Expected Response Curve for Item 1.3 of HTKS 
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Figure 42. Expected Response Curve for Item 1.4 of HTKS 
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Figure 43. Expected Response Curve for Item 1.5 of HTKS 
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Figure 44. Expected Response Curve for Item 1.6 of HTKS 
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Figure 45. Expected Response Curve for Item 1.7 of HTKS 
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Figure 46. Expected Response Curve for Item 1.8 of HTKS 
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Figure 47. Expected Response Curve for Item 1.9 of HTKS 
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Figure 48. Expected Response Curve for Item 1.10 of HTKS 
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Figure 49. Expected Response Curve for Item 2.1 of HTKS 
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Figure 50. Expected Response Curve for Item 2.2 of HTKS 
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Figure 51. Expected Response Curve for Item 2.3 of HTKS 
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Figure 52. Expected Response Curve for Item 2.4 of HTKS 
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Figure 53. Expected Response Curve for Item 2.5 of HTKS 
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Figure 54. Expected Response Curve for Item 2.6 of HTKS 
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Figure 55. Expected Response Curve for Item 2.7 of HTKS 
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Figure 56. Expected Response Curve for Item 2.8 of HTKS 
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Figure 57. Expected Response Curve for Item 2.9 of HTKS 
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Figure 58. Expected Response Curve for Item 2.10 of HTKS 
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APPENDIX G 
PARTIAL CREDIT MODEL OF EXECUTIVE FUNCTIONS BATTERY 

 

 

Figure 59. Expected Response Curve for Item 2.1 of DCCS, EF Measures Full Model 
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Figure 60. Expected Response Curve for Item 2.2 of DCCS, EF Measures Full Model 



 

262 

 

 

Figure 61. Expected Response Curve for Item 2.3 of DCCS, EF Measures Full Model 
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Figure 62. Expected Response Curve for Item 2.4 of DCCS, EF Measures Full Model 
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Figure 63. Expected Response Curve for Item 2.5 of DCCS, EF Measures Full Model 
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Figure 64. Expected Response Curve for Item 2.6 of DCCS, EF Measures Full Model 
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Figure 65. Expected Response Curve for Item 3.1 of DCCS, EF Measures Full Model 
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Figure 66. Expected Response Curve for Item 3.2 of DCCS, EF Measures Full Model 
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Figure 67. Expected Response Curve for Item 3.3 of DCCS, EF Measures Full Model 
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Figure 68. Expected Response Curve for Item 3.4 of DCCS, EF Measures Full Model 
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Figure 69. Expected Response Curve for Item 3.5 of DCCS, EF Measures Full Model 
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Figure 70. Expected Response Curve for Item 3.6 of DCCS, EF Measures Full Model 
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Figure 71. Expected Response Curve for 5-Span Trial of MST, EF Measures Full Model 
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Figure 72. Expected Response Curve for 6-Span Trial of MST, EF Measures Full Model 
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Figure 73. Expected Response Curve for 7-Span Trial of MST, EF Measures Full Model 
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Figure 74. Expected Response Curve for 8-Span Trial of MST, EF Measures Full Model 
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Figure 75. Expected Response Curve for 9-Span Trial of MST, EF Measures Full Model 
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Figure 76. Expected Response Curve for 10-Span Trial of MST, EF Measures Full Model 
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Figure 77. Expected Response Curve for Item 1.1 of the HTKS, EF Measures Full Model 
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Figure 78. Expected Response Curve for Item 1.2 of the HTKS, EF Measures Full Model 
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Figure 79. Expected Response Curve for Item 1.3 of the HTKS, EF Measures Full Model 
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Figure 80. Expected Response Curve for Item 1.4 of the HTKS, EF Measures Full Model 
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Figure 81. Expected Response Curve for Item 1.5 of the HTKS, EF Measures Full Model 
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Figure 82. Expected Response Curve for Item 1.6 of the HTKS, EF Measures Full Model 
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Figure 83. Expected Response Curve for Item 1.7 of the HTKS, EF Measures Full Model 
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Figure 84. Expected Response Curve for Item 1.8 of the HTKS, EF Measures Full Model 
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Figure 85. Expected Response Curve for Item 1.9 of the HTKS, EF Measures Full Model 
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Figure 86. Expected Response Curve for Item 1.10 of the HTKS, EF Measures Full Model 
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Figure 87. Expected Response Curve for Item 2.1 of the HTKS, EF Measures Full Model 
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Figure 88. Expected Response Curve for Item 2.2 of the HTKS, EF Measures Full Model 
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Figure 89. Expected Response Curve for Item 2.3 of the HTKS, EF Measures Full Model 
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Figure 90. Expected Response Curve for Item 2.4 of the HTKS, EF Measures Full Model 
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Figure 91. Expected Response Curve for Item 2.5 of the HTKS, EF Measures Full Model 
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Figure 92. Expected Response Curve for Item 2.6 of the HTKS, EF Measures Full Model 
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Figure 93. Expected Response Curve for Item 2.7 of the HTKS, EF Measures Full Model 
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Figure 94. Expected Response Curve for Item 2.8 of the HTKS, EF Measures Full Model 
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Figure 95. Expected Response Curve for Item 2.9 of the HTKS, EF Measures Full Model 
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Figure 96. Expected Response Curve for Item 2.10 of the HTKS, EF Measures Full Model 
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APPENDIX H 
 

WHAT COGNITIVE SKILLS IMPACT THE RELATIONSHIP BETWEEN EXECUTIVE 
FUNCTIONS AND PRAGMATICS: INTERACTION TERM MODELS 

Age 

Age and EF 

A GLM multiple regression assuming linear scale responses using the identity link 

function and maximum likelihood estimation was performed to determine whether age could 

predict EF levels. The overall model was significant: ꭓ2(2) = 7.01, p = .03. The deviance 

indicated that the model adequately fit the data, d(1.01, 92) = 92.50. Finally, age was a 

significant predictor of EF, Waldꭓ2(2) = 7.28, p = .03, such that EF ability increased as age 

increased. See Table 34. 

 

Table 34. Mean EF Latent Ability by Age Group 

 Minimum Maximum Mean Standard 
Deviation 

4-year-olds -2.72 1.57 -.44 1.13 
5-year-olds -3.55 1.45 .14 1.05 
6-year-olds -1.45 2.15 .15 .76 

TOTAL -3.55 2.15 -.05 1.03 
  

Age and CVT 

A GLM multiple regression assuming ordinal logistic responses using the cumulative 

logit function and maximum likelihood estimation was performed to determine whether age 

could predict CVT scores. This model was not significant, ꭓ2(2) = 1.16, p = .56. 
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Age and ToM 

A GLM binary logistic regression using the logit function and fixed value scale 

parameter method was performed to determine whether age could predict ToM scores. The 

overall model was not significant, ꭓ2(2) = 5.04, p = .08. 

Age and PPVT 

A GLM multiple regression assuming ordinal logistic responses using the cumulative 

logit function and maximum likelihood estimation was performed to determine age could predict 

PPVT scores. The overall model was significant: ꭓ2(2) = 11.99, p = .002. The low deviance 

indicated that the model was a good fit to the data, d(1.24, 102) = 126.85. Finally, there was a 

significant main effect of age on PPVT scores: Wald ꭓ2(2) = 11.50, p = .003, such that PPVT 

scores decreased as age increased. Specifically, 4-year-olds scored highest on the PPVT (M = 

121.83, SD = 20.13), followed by 5-year-olds (M = 116.53, SD = 13.97), with 6-year-olds 

exhibiting the lowest performance (M = 103.10, SD = 18.14). 

Age and Vocab 

A GLM multiple regression assuming ordinal logistic responses using the cumulative 

logit function and maximum likelihood estimation was performed to determine whether age 

could predict PPVT scores. This model was significant: ꭓ2(2) = 26.44, p = < .001. The low 

deviance value indicates good fit of the model: d(1.12, 54) = 60.23. Additionally, there was a 

significant main effect of age on Vocab scores: Wald ꭓ2(2) = 24.46, p < .001, such that scores 

increased with age. 
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EF 

EF and ToM 

A GLM binary logistic regression using the logit function and fixed value scale 

parameter method was performed to determine whether EF scores could predict ToM scores. The 

overall model was not significant: ꭓ2(1) = 1.61, p = .20.  

EF and PPVT 

A GLM multiple regression assuming ordinal logistic responses using the cumulative 

logit function and maximum likelihood estimation was performed to determine whether EF 

scores could predict PPVT scores. This model was not significant: ꭓ2(1) = .39, p = .54.  

EF and Vocab 

A GLM multiple regression assuming ordinal logistic responses using the cumulative 

logit function and maximum likelihood estimation was performed to determine whether EF 

scores could predict Vocab scores. This model was not significant, ꭓ2(1) = .98, p = .32. 

CVT 

CVT and EF 

A GLM multiple regression assuming linear scale responses using the identity link 

function and maximum likelihood estimation was performed to determine whether scores on the 

CVT could predict EF levels. This model was not significant: ꭓ2(1) = 2.33, p = .13.  

CVT and ToM 

A GLM binary logistic regression using the logit function and fixed value scale 

parameter method was performed to determine whether scores on the CVT could predict ToM 

scores. The overall model was not significant: ꭓ2(1) = .01, p = .91.  
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CVT and PPVT 

A GLM multiple regression assuming ordinal logistic responses using the cumulative 

logit function and maximum likelihood estimation was performed to determine whether scores 

on the CVT could predict PPVT scores. This model was not significant: ꭓ2(1) = 1.09, p = .30.  

CVT and Vocab 

A GLM multiple regression assuming ordinal logistic responses using the cumulative 

logit function and maximum likelihood estimation was performed to determine whether scores 

on the CVT could predict Vocab scores. This model was not significant: ꭓ2(1) = .16, p = .69.  

ToM 

ToM and EF 

A GLM multiple regression assuming linear scale responses using the identity function 

and maximum likelihood estimation was performed to determine whether scores on the ToM 

could predict CVT scores. The overall model was not significant: ꭓ2(1) = .1.64, p = .20.  

ToM and CVT 

A GLM multiple regression assuming ordinal logistic responses using the cumulative 

logit function and maximum likelihood estimation was performed to determine whether scores 

on the ToM could predict CVT scores. This model was not significant: ꭓ2(1) = .00, p = .98.  

ToM and PPVT 

GLM multiple regression assuming ordinal logistic responses using the cumulative logit 

function and maximum likelihood estimation was performed to determine whether scores on the 

ToM could predict PPVT scores. The overall model was significant: ꭓ2(1) = 5.86, p = .02. The 

deviance statistic indicated that the model was an adequate fit of the data: d(1.29, 51) = 65.52. 



 

302 

 

Additionally, there was a significant main effect of ToM on PPVT scores, Wald ꭓ2(1) = 5.76, p = 

.02, such that PPVT scores decreased as ToM scores increased. See Table 35. 

 

Table 35. Mean PPVT Score by ToM 

 Minimum Maximum Mean Standard 
Deviation 

ToM = 0 80 160 120.81 17.33 
ToM = 1 74 144 110.70 18.76 

 

ToM and Vocab 

A GLM multiple regression assuming ordinal logistic responses using the cumulative 

logit function and maximum likelihood estimation was performed to determine whether scores 

on the ToM could predict Vocab scores. The overall model was not significant: ꭓ2(1) = 1.10, p = 

.30.  

PPVT 

PPVT and EF 

A GLM multiple regression assuming linear scale responses using the identity function 

and maximum likelihood estimation was performed to determine whether scores on the PPVT 

could predict EF scores. The overall model was not significant: ꭓ2(1) = .25, p = .62.  

PPVT and CVT 

A GLM ordinal linear regression using the cumulative logit function and maximum 

likelihood estimation was performed to determine whether scores on the PPVT could predict 

CVT scores. The overall model was not significant: ꭓ2(1) = .25, p = .62.  
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PPVT and ToM 

A GLM binary logistic regression using the logit function and fixed value scale 

parameter method was performed to determine whether scores on the PPVT could predict ToM 

scores. The overall model was significant: ꭓ2(1) = 6.44, p = .01. The slightly high deviance value 

indicates that the model is a moderate fit to the data: d(1.27, 51) = 64.95. There was a significant 

main effect of PPVT on ToM scores, Wald ꭓ2(1) = 5.80, p = .02, such that PPVT scores 

decreased as ToM scores increased.  

PPVT and Vocab 

A GLM ordinal linear regression using the cumulative logit function and maximum 

likelihood estimation was performed to determine whether scores on the PPVT could predict 

Vocab scores. The overall model was significant: ꭓ2(1) = 9.31, p = .002. The deviance statistic 

indicates adequate fit of the model: d(.31, 1455) = 452.10. There was a significant main effect of 

PPVT on Vocab scores, Wald ꭓ2(1) = 9.02, p = .003, such that as PPVT scores increased, Vocab 

scores decreased, r = -3.04, p = .003. 

Vocab 

Vocab and EF 

A GLM multiple regression assuming linear scale responses using the identity function 

and maximum likelihood estimation was performed to determine whether scores on the Vocab 

could predict EF scores. The overall model was not significant, ꭓ2(1) = .82, p = .37. 

Vocab and CVT 

A GLM ordinal linear regression using the cumulative logit function and maximum 

likelihood estimation was performed to determine whether scores on the Vocab could predict 

CVT scores. The overall model was not significant: ꭓ2(1) = .83, p = .36.  
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Vocab and ToM 

A GLM binary logistic regression using the logit function and fixed value scale 

parameter method was performed to determine whether scores on the Vocab task could predict 

ToM scores. The overall model was not significant: ꭓ2(1) = 1.04, p = .31.  

Vocab and PPVT 

A GLM ordinal linear regression using the cumulative logit function and maximum 

likelihood estimation was performed to determine whether scores on the Vocab could predict 

CVT scores. The overall model was significant: ꭓ2(1) = 9.52, p = .002. Additionally, there was a 

significant main effect of Vocab on PPVT scores, Wald ꭓ2(1) = 9.48, p = .002, such that as 

Vocab scores increased, PPVT scores decreased, r = -.30, p = .003 
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APPENDIX I 
 

WHAT COGNITIVE SKILLS IMPACT THE RELATIONSHIP BETWEEN EXECUTIVE 
FUNCTIONS AND PRAGMATICS: FULL FACTORIAL MODEL 

In the full factorial GLM model, Age (4 years, 5 years, or 6 years) was a between-

subjects factor, ToM (0 = Incorrect, 1 = Correct) was a within-subjects factor, and EF was a 

within-subjects linear scale covariate, and PPVT, and Vocab were within-subjects ordinal 

covariates. The overall model was significant, ꭓ2(45) = 80.26, p < .001. The low deviance 

indicates that the model fit the data well, d(.34, 989) = 332.39. All variables were entered into 

the model; however, the critical analyses were the 3-way interactions as these are most 

informative to how ToM, PPVT, and Vocab scores impact the relationship between EF and PS. 

As such, below I discuss the significant 3-way interactions. See Table 36. 
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Table 36. EF-CVT with ToM, Vocab, and PPVT Model 

Interaction 
Level Interaction Term Wald Chi-

Square df p-value 

Main Effects 

EF 19.20 1 < .001** 
Vocab 8.04 1 .01* 
ToM 4.80 1 .03* 
Age 8.31 2 .02* 
PPVT 8.67 1 .003* 

Two-Way 
Interactions 

ToM*Age 6.11 1 .02* 
ToM*EF 13.36 1 < .001** 
ToM*PPVT 4.60 1 .03* 
ToM*Vocab 4.64 1 .03* 
Age*EF 14.39 2 < .001** 
Age*PPVT 8.06 2 .02* 
Age*Vocab 8.25 2 .02* 
EF*PPVT 18.19 1 < .001** 
EF*Vocab 18.99 1 < .001** 
PPVT*Vocab 8.34 1 .004* 

Three-way 
Interactions 

ToM*Age*EF 7.75 1 .01* 
ToM*Age*PPVT 5.84 1 .02* 
ToM*Age*Vocab 6.61 1 .01* 
ToM*EF*PPVT 12.28 1 < .001** 
ToM*EF*Vocab 13.50 1 < .001** 
ToM*PPVT*Vocab 4.45 1 .04* 
Age*EF*PPVT 14.15 2 < .001** 
Age*EF*Vocab 13.24 2 .001** 
Age*PPVT*Vocab 8.01 2 .02* 
EF*PPVT*Vocab 18.23 1 < .001** 

Four-way 
Interactions 

ToM*Age*EF*PPVT 7.29 1 .01* 
ToM*Age*EF*Vocab 7.15 1 .01* 
ToM*Age*PPVT*Vocab 6.33 1 .01* 
ToM*EF*PPVT*Vocab 12.52 1 < .001** 
Age*EF*PPVT*Vocab 13.18 2 .001** 

Five-way 
Interactions ToM*Age*EF*PPVT*Vocab 6.77 1 .01* 

*p < .01; **p < .001 
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How do age, theory of mind, and receptive language affect the EF-PS relationship? 

In the final model, there was a significant 4-way interaction between ToM, Age, EF, and 

PPVT scores: ꭓ2(1) = 7.29, p = .01. As children got older, their PPVT scores decreased, while 

their ToM and EF scores increased. Overall, these performance differences were largest between 

4-year-olds and 5-year-olds. However, four-year-olds exhibited a much smaller difference in EF 

scores based on ToM score (Failed: M = -0.48, SD = 0.94; Passed: M = -0.40, SD = 1.31). 

Language scores were significantly different in children who failed versus passed the ToM task. 

The specifics of the observed patterns are discussed below. See Table 37. 

 

Table 37. Mean EF and PPVT Scores by Age and ToM 

Age ToM EF PPVT 
Mean SD Mean SD 

4-year-olds Failed -0.48 0.94 127.87 19.35 
Passed -0.40 1.31 113.38 21.34 

5-year-olds Failed -0.04 1.22 115.27 9.23 
Passed 0.21 0.98 117.08 15.75 

6-year-olds Failed 0.03 0.40 113.33 18.98 
Passed 0.19 0.84 101.5 16.97 

 

This interaction is best understood through the 3-way interaction contributing to this 

effect: 1) ToM, Age, EF (p = .01); 2) ToM, Age, PPVT (p = .02); 3) ToM, EF, PPVT (p < .001), 

and 4) Age, EF, and PPVT (p < .001). See Table 38. 
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Table 38. ToM x Age x EF x PPVT Interaction 

4-way 
Interaction 

Wald Chi-
Square df p-value 

3-way 
Interaction 

Term 

Wald Chi-
Square Df p-value 

ToM x Age x 
EF x PPVT 7.29 1 .01 

ToM x Age x 
EF 7.75 1 .01* 

ToM x Age x 
PPVT 

5.84 1 .02* 

ToM x EF x 
PPVT 12.28 1 < .001** 

Age x EF x 
PPVT 14.15 2 < .001** 

*p < .05; **p < .001 
 

How do age, theory of mind, and EF affect pragmatics? 

First, there was a significant 3-way interaction between ToM, Age, and EF: ꭓ2(1) = 7.75, 

p = .01. Overall, 4-year-olds had much lower EF abilities (M = -0.44, SD = 1.13) compared to 5- 

(M = 0.14, SD = 1.05) and 6-year-olds (M = 0.15, SD = 0.76), regardless of performance on the 

ToM task. However, the magnitude of difference in EF ability across children who passed and 

failed the ToM task differed in each age group. Five-year-olds exhibited the largest difference in 

scores (Failed: M = -0.04, SD = 1.22; Passed: M = 0.21, SD = 0.98), with 6-year-olds showing a 

similar pattern (Failed: M = 0.03, SD = 0.40; Passed: M = 0.19, SD = 0.84). Four-year-olds, 

however, exhibited a much smaller difference in EF scores based on ToM score (Failed: M = -

0.48, SD = 0.94; Passed: M = -0.40, SD = 1.31). Surprisingly, 5-year-olds who passed the ToM 

task had slightly higher EF (M = 0.21, SD = 0.20) than 6-year-olds who passed the ToM task (M 

= 0.19, SD = 0.18). See Figure 97. 
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Figure 97. Three-way Interaction between EF, Age, and ToM on CVT Scores 

 

How do age, theory of mind, and receptive language affect pragmatics? 

The significant 3-way interaction between ToM, Age, and PPVT also revealed significant 

differences in PPVT scores based on ToM performance: ꭓ2(1) = 5.84, p = .02. PPVT scores in 

participants who failed the ToM tasks steadily decreased with age. However, this pattern was not 

replicated in participants who passed the ToM task. Specifically, 5-year-olds who passed the 

ToM task had higher PPVT scores (M = 117.08, SD = 3.15) than 4-year-olds (M = 113.38, SD = 

5.34) and 6-year-olds who passed the task (M = 101.50, SD = 2.36). Moreover, children who 

failed the ToM task had higher PPVT scores than those who passed the ToM task in the 4-year-

old (Failed: M = 127.87, SD = 113.38; Passed: M = 113.38, SD = 5.34) and 6-year-old age 

groups (Failed: M = 113.33, SD = 7.75; Passed: 101.50, SD = 3.62). In contrast, 5-year-olds who 

passed the ToM task had higher PPVT scores (M = 117.08, SD = 3.15) than 5-year-olds who did 

not pass the task (M = 115.27, SD = 2.78). See Figure 98. 
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Figure 98. Three-way Interaction between PPVT, ToM, and Age on CVT Scores 

 

How do theory of mind, executive functions, and receptive language affect pragmatics?  

There was a significant interaction between ToM, EF, and PPVT: ꭓ2(1) = 12.28, p < .001. 

In participants who passed the ToM task, there was an overall positive relationship between EF 

and PPVT scores, such that as EF scores increased, PPVT scores increased (see Figure 100). 

Conversely, there was an overall negative relationship between EF and PPVT scores in 

participants who failed the ToM task (See Figure 91). Moreover, the difference in scores for 

participants who passed and failed the ToM task was much larger for EF (Failed: M = -0.23, SD 

= 0.98; Passed: M = 0.05, SD = 1.05) than for PPVT (Failed: M = 120.81, SD = 17.33; Passed: M 

= 110.70, SD = 18.76). See Table 39. 
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Table 39. Mean EF and PPVT Scores by ToM 

 Failed ToM Passed ToM 
 Mean SD Mean SD 

EF -0.23 0.98 0.05 1.05 
PPVT 120.81 17.33 110.70 18.76 

 

 

 

 
Figure 99. Scatterplot of PPVT by EF, ToM = 0 
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Figure 100. Scatterplot of PPVT by EF, ToM = 1 

 
How do age, executive functions, and receptive language affect pragmatics? 

There was also a significant 3-way interaction between Age, EF, and PPVT: ꭓ2(2) = 

14.15, p < .001. Although EF scores increased with age, there was little difference between 5-

year-olds (M = 0.14, SD = 1.05) and 6-year-olds (M = 0.15, SD = 0.76). Table 40. 

 

Table 40. Mean EF and PPVT Scores by Age 

Age 
EF PPVT 

Mean SD Mean SD 
4-year-olds -0.44 1.13 120.39 21.37 
5-year-olds 0.14 1.05 116.53 13.97 
6-year-olds 0.15 0.76 104.04 17.75 

TOTAL -0.05 1.03 114.11 18.83 
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How do age, theory of mind, and expressive language affect the EF-PS relationship? 

There was a significant 4-way interaction between ToM, Age, EF, and Vocab scores: 

ꭓ2(1) = 7.15, p = .01. Overall, 4-year-olds had significantly lower ToM scores than the other age 

groups. Because language and EF scores differed significantly between children who passed and 

failed the ToM task, the 4-year-old’s performance differed substantially from the other age 

groups. The specifics of the observed patterns are discussed below. See Table 41. 

 

Table 41. Mean EF and Vocab Scores by Age and ToM 

Age ToM EF Vocab 
Mean SD Mean SD 

4-year-olds Failed -0.48 0.94 38.47 5.68 
Passed -0.40 1.31 36.75 6.70 

5-year-olds Failed -0.04 1.22 43.36 3.01 
Passed 0.21 0.98 40.28 5.99 

6-year-olds Failed 0.03 0.40 37.83 11.86 
Passed 0.19 0.84 46.64 5.91 

 

 

This interaction is best understood through the 3-way interactions supporting it: 1) ToM, 

Age, EF (p = .01); 2) ToM, Age, and Vocab (p = .01); 3) ToM, EF, and Vocab (p < .001); 4) 

Age, EF, Vocab (p = .001). Of course, by virtue of interpreting the 4-way interactions through 

the 3-way interactions supporting it, there is substantial repetition. Below, I focus my 

interpretation on the novel 3-way interactions that are no discussed above, denoted with an 

asterisk. See Table 42. 
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Table 42. ToM x Age x EF x Vocab Interaction 

4-way 
Interaction 

Wald Chi-
Square df p-value 

3-way 
Interaction 

Term 

Wald Chi-
Square Df p-value 

ToM x Age x 
EF x Vocab 7.15 1 .01 

ToM x Age x 
EF 7.75 1 .01* 

*ToM x Age x 
Vocab 

6.61 1 .01* 

*ToM x EF x 
Vocab 13.50 1 < .001** 

*Age x EF x 
Vocab 13.24 2 .001** 

*p < .05; **p < .001 
 

How do age, theory of mind, and expressive vocabulary affect pragmatics? 

There was also a significant 3-way interaction between ToM, Age, and Vocab: ꭓ2(1) = 

6.61, p = .01. Vocab scores of children who passed the ToM task steadily increased with age. 

However, this pattern was not replicated in children who failed the ToM task. Specifically, 5-

year-olds who failed the ToM task had higher Vocab scores (M = 43.36, SD = 0.91) than 4-year-

olds (M = 38,47, SD = 1.47) and 6-year-olds who failed the ToM task (M = 37.83, SD = 4.84). In 

addition, the difference in Vocab scores of children who passed (M = 46.64, SD = 1.26) and 

failed (M = 37.83, SD = 4.84) the ToM task was significantly larger in the 6-year-olds compared 

to the other age groups. See Figure 101. 
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Figure 101. Three-way Interaction Effect between Vocab, ToM, and Age on CVT Scores 

How do theory of mind, expressive vocabulary, and EF affect pragmatics? 

There was also a significant 3-way interaction between ToM, EF, and Vocab: ꭓ2(1) = 

13.50, p < .001. In participants who passed the ToM task, there was an overall positive 

relationship between EF and Vocab scores, such that as EF scores increased, Vocab scores 

increased (see Figure 103). In children who did not pass the ToM task, Vocab scores still 

increased as EF scores increased, however, this increase was miniscule (see Figure 94). 

Moreover, the difference in scores for participants who passed and failed the ToM task was 

much larger for EF (Failed: M = -0.23, SD = 0.98; Passed: M = 0.05, SD = 1.05) than for Vocab 

(Failed: M = 40.03, SD = 6.80; Passed: M = 41.60, SD = 7.24). See Table 43. 

 

Table 43. Mean EF and Vocab Scores by ToM 

 Failed ToM Passed ToM 
 Mean SD Mean SD 

EF -0.23 0.98 0.05 1.05 
Vocab 40.03 6.80 41.60 7.24 
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Figure 102. Scatterplot of Vocab by EF, ToM = 0 
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Figure 103. Scatterplot of Vocab by EF, ToM = 1 

How do age, expressive vocabulary, and EF affect pragmatics? 

There was also a significant 3-way interaction between Age, EF, and Vocab: ꭓ2(2) = 

13.24, p < .001. Although EF scores increased with age, there was little difference between 5-

year-olds (M = 0.14, SD = 1.05) and 6-year-olds (M = 0.15, SD = 0.76). See Table 44. 

 

Table 44. EF and Vocab Scores by Age Group 

Age EF Vocab 
Mean SD Mean SD 

4-year-olds -0.48 0.94 38.47 5.68 
-0.40 1.31 36.75 6.70 

5-year-olds -0.04 1.22 43.36 3.01 
0.21 0.98 40.28 5.99 

6-year-olds 0.03 0.40 37.83 11.86 
0.19 0.84 46.64 5.91 
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How do age, theory of mind, and language affect the EF-PS relationship? 

Additionally, there was a significant 4-way interaction between ToM, Age, PPVT, and 

Vocab scores: ꭓ2(1) = 6.77, p = .01. Overall, 4-year-olds had significantly lower ToM scores than 

the other age groups. Because language and EF scores differed significantly between children 

who passed and failed the ToM task, the 4-year-old’s performance differed substantially from the 

other age groups. The specifics of the observed patterns are discussed below. See Figure 104. 

 

Figure 104. Mean PPVT and Vocab Scores by Age and ToM 

 

Interpretation is supported by the 3-way interactions involving these variables: 1) ToM, 

Age, and PPVT (p = .02; discussed above); 2) ToM x Age X Vocab (p = .01; discussed above); 

3) ToM x PPVT x Vocab (p = .04); and 4) Age, PPVT, and Vocab (p = .02). Below, we discuss 

the latter two effects. See Table 45. 
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Table 45. ToM x Age x PPVT x Vocab Interaction 

4-way 
Interaction 

Wald Chi-
Square df p-value 

3-way 
Interaction 

Term 

Wald Chi-
Square Df p-value 

ToM x Age x 
PPVT x 
Vocab 

6.33 1 .01 

ToM x Age x 
PPVT 5.84 1 .02* 

ToM x Age x 
Vocab 

6.61 1 .01* 

*ToM x PPVT 
x Vocab 4.45 1 .04* 

*Age x PPVT x 
Vocab 8.01 2 .02* 

*p < .05; **p < .001 
 

How do theory of mind and language skills affect pragmatics? 

There was a significant 3-way interaction between ToM, PPVT, and Vocab scores: ꭓ2(1) 

= 4.45, p < .04. Participants who passed the ToM task had higher Vocab scores (M = 41.60, SD = 

7.24) but lower PPVT scores (M = 110.70, SD = 18.76) than participants who did not pass the 

ToM task (Vocab: M = 40.04, SD = 6.80; PPVT: M = 120.81, SD = 17.33). See Figure 105. 
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Figure 105. Mean PPVT and Vocab Scores by ToM 

How do age and language skills affect pragmatics? 

There was also a significant 3-way interaction between Age, PPVT, and Vocab: ꭓ2(2) = 

14.15, p < .001. PPVT scores decreased and Vocab scores increased with age, such that the 

difference between scores steadily decreased with age. See Figure 106. 
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Figure 106. Mean PPVT and Vocab Scores by Age Group 

How do age, theory of mind, and language affect the EF-PS relationship? 

There was a significant 4-way interaction between ToM, EF, PPVT, and Vocab scores: 

ꭓ2(1) = 12.52, p < .001. Overall, 4-year-olds had significantly lower ToM scores than the other 

age groups. Because language and EF scores differed significantly between children who passed 

and failed the ToM task, the 4-year-old’s performance differed substantially from the other age 

groups. The specifics of the observed patterns are discussed below.  

Interpretation is supported by the 3-way interactions involving these variables: 1) ToM, 

Age, and PPVT (p = .02; discussed above); 2) ToM x Age X Vocab (p = .01; discussed above); 

3) ToM x PPVT x Vocab (p = .04); and 4) Age, PPVT, and Vocab (p = .02). Below, we discuss 

the latter two effects. This is best understood through the 3-way interactions contributing to the 
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effect: 1) ToM, EF, and PPVT (p < .001); 2) ToM, EF, and Vocab (p < .001); 3) ToM, PPVT, 

and Vocab, (p = .04); 4) EF, PPVT, and Vocab (p < .001). As the first 3 of these are discussed 

above, below we discuss the 4th term, the 3-way interaction between EF, PPVT, and Vocab. See 

Table 46. 

 

Table 46. ToM x EF x PPVT x Vocab Interaction 

4-way 
Interaction 

Wald Chi-
Square df p-value 

3-way 
Interaction 

Term 

Wald Chi-
Square Df p-value 

ToM x EF x 
PPVT x 
Vocab 

12.52 1 < .001** 

ToM x EF x 
PPVT 12.28 1 < .001** 

ToM x EF x 
Vocab 13.50 1 < .001** 

ToM x PPVT x 
Vocab 4.45 1 .04* 

*EF x PPVT x 
Vocab 18.23 1 < .001** 

*p < .05; **p < .001 
 

How do EF and language skills affect pragmatics? 

There was also a significant 3-way interaction between EF, PPVT, and Vocab: ꭓ2(1) = 

18.23, p < .001. PPVT and Vocab scores were negatively correlated such that as PPVT scores 

increased, Vocab scores decreased, and vice versa: r = -.30, p = .003, see Figure 107. There was 

not a significant correlation between EF and PPVT scores, r = -0.05, p = .62, see or Vocab 

scores, r = 0.09, p = .37, see Figure 109. 
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Figure 107. Scatterplot of Vocab by PPVT Scores 
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Figure 108. Scatterplot of PPVT by EF Scores 
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Figure 109. Scatterplot of Vocab by EF Scores 

 
 

How do age, EF, and language affect the EF-PS relationship? 

There was a significant 4-way interaction between Age, EF, PPVT, and Vocab scores: 

ꭓ2(2) = 13.18, p < .001. Interpretation is supported by the 3-way interactions involving these 

variables: 1) Age, EF, and PPVT (p < .001); 2) Age, EF, and Vocab (p = .001); 3) Age, PPVT, 

and Vocab (p = .02); and 4) EF, PPVT, and Vocab (p < .001). As each of these 3-way 

interactions are discussed above, below I present a summary in Table 47. 
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Table 47. Age x EF x PPVT x Vocab Interaction 

4-way 
Interaction 

Wald Chi-
Square df p-value 

3-way 
Interaction 

Term 

Wald Chi-
Square Df p-value 

Age x EF x 
PPVT x 
Vocab 

13.18 2 .001** 

Age x EF x 
PPVT 14.15 2 < .001** 

Age x EF x 
Vocab 

13.24 2 .001** 

Age x PPVT x 
Vocab 8.01 2 .02* 

EF x PPVT x 
Vocab 18.23 1 < .001** 

*p < .05; **p < .001 
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APPENDIX J 
 

DO GROUP MEMBERSHIP, MAXIM, AND EF INFLUENCE CHILDREN’S 
IDENTIFICATION OF PRAGMATIC VIOLATIONS? 

 

Table 48. Summary of Model Fitting for Maxim, Group, EF and CVT Identification Judgment 

Model Interaction Level Interaction Term Wald Chi-Square df p-value 

1 

Main Effects 
Maxim 117.32 4 < .001** 
Group 42.07 4 < .001** 
EF 3.25 1 .07 

Two-way 
Maxim*Group 38.35 6 < .001** 
Maxim*EF 13.62 4 .01* 
Group*EF 2.63 4 .62 

Three-way Maxim*Group*EF 8.05 6 .24 
 

2 

Main Effects 
Maxim 118.22 4 < .001** 
Group 41.04 4 < .001** 
EF 3.42 1 < .001** 

Two-way 
Maxim*Group 38.96 6 < .001** 
Maxim*EF 12.72 4 .01* 
Group*EF 3.75 4 .44 

 

3 
Main Effects 

Maxim 116.68 4 < .001** 
Group 41.14 4 .001** 
EF 3.64 1 .06 

Two-way 
Maxim*Group 39.28 6 < .001** 
Maxim*EF 11.09 4 .03* 

*p < .05; ** p < .001 
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APPENDIX K 
 

DO GROUP MEMBERSHIP, MAXIM, AND EF INFLUENCE CHILDREN’S JUDGMENTS 
OF THE SERIOUSNESS OF PRAGMATIC VIOLATIONS? 

 

Table 49. Summary of Model Fitting for Maxim, Group, EF and CVT Pragmatic Violation 
Seriousness Judgment 

Model Interaction Level Interaction Term Wald Chi-Square df p-value 

1 

Main Effects 
Maxim 178.69 4 < .001** 
Group 28.81 4 < .001** 
EF .15 1 .70 

Two-way 
Maxim*Group 59.60 6 < .001** 
Maxim*EF 6.84 4 .15 
Group*EF 4.30 4 .37 

Three-way Maxim*Group*EF 3.99 6 .68 
 

2 

Main Effects 
Maxim 179.23 4 < .001** 
Group 28.93 4 < .001** 
EF .13 1 .72 

Two-way 
Maxim*Group 59.14 6 < .001** 
Maxim*EF 6.55 4 .16 
Group*EF 4.08 4 .40 

 

3 
Main Effects 

Maxim 176.32 4 < .001** 
Group 26.57 4 < .001** 
EF .11 1 .74 

Two-way 
Maxim*Group 59.24 6 < .001** 
Maxim*EF 6.55 4 .16 

4 
Main Effects 

Maxim 171.16 4 < .001** 
Group 26.43 4 < .001** 
EF .16 1 .69 

Two-way Maxim*Group 59.21 6 < .001** 
*p < .05; ** p < .001 
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