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This single-case research study examined whether interactive touch screen apps
enriched with Theory of Mind (ToM)—enhancing language would promote ToM skills
in preschoolers. Six typically developing girls between the ages of 46- and 52-
months participated in multiple sessions across the three phases of the study: In
baseline, participants played games without voice-overs; in the original treatment phase,
participants played games with embedded voice-overs; finally, in the modified treatment
phase, participants first played games with embedded voice-overs, then engaged in
the researcher-led conversation. All sessions across the three phases concluded with
ToM assessments: two measures based on a continuous scale. The first measure
included three tasks targeting earlier-developing ToM skills (diverse desires, diverse
beliefs, and knowledge access), and the other measure had two tasks that assessed
a later-developing ToM competency, false belief understanding. Results showed that
apps with ToM-embedded language improved children’s earlier-developing ToM skills
(i.e., understanding that people can have different desires, beliefs, and knowledge
access) in the phase where an adult-led conversation also followed voice-over-enriched
app play. Apps with ToM-embedded language without a follow-up discussion were
only marginally effective in promoting the earlier-emerging ToM skills. Across the
conditions, apps were not effective in promoting children’s later-developing ToM skills—
false belief understanding. Our findings indicate that incorporating ToM conducive
language in mobile apps can promote ToM development in preschoolers, especially
when supplemented by an adult-led conversation.

Keywords: theory of mind, preschoolers, educational mobile apps, intervention, single-case design, joint media
engagement, digital adult, language

INTRODUCTION

Theory of Mind (ToM) is an essential area of social-emotional development that enables children
to recognize, understand, and predict feelings, intentions, beliefs, and desires of the self and others
(Astington, 2003; Keenan, 2003). The level of ToM development across different ages has been
found to predict children’s positive and negative behaviors. Advanced mastery of ToM skills helps
to make and keep friends (e.g., Slaughter et al., 2015), promotes persuasion and leadership skills
(e.g., Peterson et al., 2018), contributes to the development of prosocial behaviors (e.g., Imuta et al.,
2016), correlates with being liked by teachers (e.g., Slaughter et al., 2002) and being popular among
peers (e.g., Fink et al., 2014; Slaughter et al., 2015), and promotes academic achievement (e.g., Lecce
et al., 2014; Dore et al., 2018; Florit et al., 2020).
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Conversely, delays and poor ToM development are associated
with difficulties across developmental stages, e.g., problems in
social-emotional functioning in preschool (e.g., Vissers and
Koolen, 2016), aggressive behaviors in kindergarten (e.g., Renouf
et al, 2010), bullying during middle childhood and teenage
years (e.g., Shakoor et al, 2012), and feelings of loneliness in
adolescence (e.g., Bosacki et al., 2020).

During ToM development, when learning about mental states
of others, most Typically Developing (TD) children across the
world follow a standard sequence of skills acquisition, with
early abilities serving as precursors for later skills (Wellman and
Liu, 2004; Shahaeian et al., 2011), including an understanding
of false beliefs (i.e., being able to infer the incorrect belief
of another person). Although most TD children demonstrate
roughly the same level of false belief understanding by the end
of preschool (Wellman and Peterson, 2013), the timing and
rate of development, conceptual elaboration, and the degree to
which children apply the skills in social situations vary among
individual children (Cutting and Dunn, 1999; Wellman et al,
2001; Keenan, 2003; Charness et al.,, 2019). The variability in
ToM skills continues to exist into adolescence (e.g., Caputi et al.,
2012; Fink et al., 2015; Hughes and Devine, 2015), differentially
contributing to the success of children’s social and academic
experiences across the life span (e.g., Devine et al., 2016; Dore
et al., 2018; Peterson et al., 2018).

Given that this variation in ToM skills acquisition has an
important impact on well-being (Hughes and Devine, 2015;
Weimer et al., 2021) and the overall effectiveness of intervention
programs (Hofmann et al., 2016; Roheger et al., 2022), some
researchers suggest that ToM-enhancing programs should be
provided not only to remedy ToM delays but also to prevent them
(e.g., Hofmann et al., 2016). Supplemental early ToM learning
may be especially significant for populations of children who are
known to lag behind their peers in ToM development (Holmes
et al., 1996; Tarullo et al., 2007; Dessen and de Hollanda Souza,
2014; Devine and Hughes, 2018; Charness et al., 2019).

Currently, most of the existing ToM interventions are
provided through face-to-face interactions, with none, to our
knowledge, being implemented beyond research, clinical, or
school-based settings (see Mori and Cigala, 2015; Hofmann
et al., 2016 for a review of the training programs). Furthermore,
children who demonstrate deficits in ToM development, such as
those from disadvantaged backgrounds (Charness et al., 2019;
Ebert et al, 2020), are those who could potentially benefit
from intervention programs, but also lack access to these
interventions and educational opportunities (Hodgkinson et al.,
2017; Griffith et al., 2019).

In 2011 the Global Child Development Steering Group named
educational media a promising method for promoting early
child development and addressing at-risk child populations
(Engle et al., 2011). School districts across the country have
invested millions of dollars into new technologies for education
(Blackwell et al., 2013). A decade later, the presence of mobile
devices became almost universal in the homes of children of
all socioeconomic backgrounds as the popularity of educational
gaming also increased (Griffith and Arnold, 2019; Rideout and
Robb, 2020). This resulted in the production of hundreds of

thousands of apps claiming educational benefits (Apple, 2021).
The educational apps’ prevalence and accessibility makes them
a promising scalable method for delivering ToM educational
content to various populations of children in need of ToM
development support.

In this paper, we sought to examine whether the ToM-
stimulating language in educational games for preschoolers can
improve children’s ToM performance with the support of the
game’s interactivity and parental engagement. There is evidence
that interactivity and parental engagement are beneficial for
children’s learning of various skills, including coding, math,
literacy, and some social-emotional, from digital games, yet
whether they impact the ToM skills is unclear due to the lack
of research on the topic. The preschool age of the participants
was selected because ToM gains are most rapid between 3 and 5
years (e.g., Tompkins et al., 2019), and by four years of age, most
children are capable of playing digital games independently but
still benefit from adult support (Pempek and Lauricella, 2017 as
cited in Bindman et al., 2021). Furthermore, given the potential of
digital games to serve as a scalable platform for delivering ToM
interventions, we proposed ToM-focused design suggestions to
be used by edutainment game developers.

Background and Related Work

The review goes over the existing face-to-face language-based
interventions designed to improve preschoolers’ ToM skills and
discusses scientific literature on children’s learning from digital
games. Intending to create effective ToM-educational content for
mobile games, we focus on the language elements in face-to-
face interventions that influence ToM development and various
design and contextual factors of digital games that promote
children’s learning.

Language-Based ToM Interventions

A large body of literature highlights the critical role of language
in developing ToM (e.g., see Tompkins et al., 2019 for a review),
specifically the socio-linguistic environment and a child’s abilities
(De Villiers and De Villiers, 2000; Astington and Baird, 2005;
Taumoepeau and Reese, 2013; Lillard and Kavanaugh, 2014).
The concept of a socio-linguistic environment is based on
the notion that language needed for ToM is facilitated by a
child’s social experiences, such as the content of conversations
between parents and children, home literacy environment, and
the frequency and content of conversations overheard by children
(Astington and Baird, 2005; Slaughter et al., 2007; Ruffman, 2014;
Tompkins et al., 2018; Lecce et al., 2021). The socio-linguistic
environment and children’s language are closely related and
contribute both jointly and independently to ToM development
(Astington and Baird, 2005). For example, studies have shown
that the ToM of children from disadvantaged backgrounds, such
as low SES or institutionalized settings, develops slower than
children from more advantaged ones (e.g., Tarullo et al., 2007;
Charness et al., 2019). Further, Ebert et al. (2020) demonstrated
how various SES-related aspects of the home language and
literacy environment contribute to children’s ToM and language
development.
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The natural pace of ToM development is slow; children’s
false belief performance without intervention typically improves
only slightly between the ages of 3.5 and 4 (Amsterlaw and
Wellman, 2006). However, experimental intervention studies
have accelerated children’s ToM acquisition in as short a time
frame as two weeks (e.g., Slaughter and Gopnik, 1996; Hale and
Tager-Flusberg, 2003; Wellman, 2018), demonstrating that it is
possible for the interventions to help children who are behind on
ToM development to catch up with their more advanced peers.

Various methods have been used to deliver training content
in face-to-face language-based ToM interventions (see Mori and
Cigala, 2015; Hofmann et al, 2016 for review): some teach
caregivers to reminisce about past events, pose questions in
a specific way, and incorporate words for feelings, desires,
and beliefs to promote children’s expressive vocabulary (e.g.,
Taumoepeau and Reese, 2013; Spruijt et al., 2020). Others have
teachers and researchers read storybooks enriched with mental-
state language, show videos, or demonstrate puppet shows with
the mental-state-verb-laden script (e.g., Esteban et al., 2010; Gola,
2012; Tompkins, 2015; San Juan and Astington, 2017). Finally,
some have children complete false-belief tasks and then follow the
task with evidence-based or corrective feedback and explanations
(e.g., Slaughter and Gopnik, 1996; Clements et al., 2000).

Many studies have found that using ToM-promoting language
alone is not enough to accelerate ToM (e.g., Peskin and
Astington, 2004; Amsterlaw and Wellman, 2006; Ornaghi et al.,
2011). The interactivity seems to be crucial for ToM mastery;
in conversations, children observe how their own and other
people’s perspectives become clear as well as inconsistencies
between their own and others’ mental states and realities (De
Villiers and De Villiers, 2014). Several studies have tried to make
the children active participants rather than passive observers
by engaging them in language-based activities and discussions
containing mentalistic language (Lohmann and Tomasello, 2003;
Ornaghi et al.,, 2011). For example, language that encompasses
references to emotional states (e.g., happy, sad, excited), mental
processes (e.g., know, think, remember, understand, feel), desires
(e.g., want, wish, hope), and modulations of assertion (e.g., guess,
maybe, perhaps) (Ruffman et al., 2002). Others use storybook
readings followed by adult-led discussions and reflections about
the mental states and behaviors of characters in the stories
(e.g., Guajardo and Watson, 2002; Tompkins, 2015). Despite the
common presence of mobile devices in the house of preschoolers
and their potential in delivering educational content (e.g., Griffith
et al.,, 2019), no studies, to our knowledge, have leveraged the
interactive affordances of digital games to grant the users agency
in decision-making and provide them with contingent feedback
to teach ToM skills.

Educational Games and Learning

Despite the recognition by the educational and scientific
communities of ToM as an essential set of social-emotional skills,
it is largely overlooked by designers of educational games for
young children (Nikolayev et al., 2015) and, along with other
social skills, relatively understudied by digital media researchers
(Flynn et al.,, 2019). The few existing studies of preschoolers
and ToM focus on relations between ToM abilities and video

content (Reifs et al., 2019; Cingel et al., 2020), but not the
interactive platforms. Only one recent study, that we are aware
of, has examined ToM in relation to interactive gameplay in
preschoolers, not as a dependent variable, but rather as a
moderator between gameplay and prosocial behaviors (Shoshani
et al, 2022). Although many educational apps marketed for
preschoolers do not use optimal pedagogical approaches and
are not rooted in developmental science (Callaghan and Reich,
2018; Meyer et al., 2021; Nikolayev et al, 2021), a growing
body of literature demonstrates that digital apps that employ
developmentally appropriate content and design elements have
the potential to teach preschool children (ages 3-5) a wide
variety of skills (Hirsh-Pasek et al, 2015; Herodotou, 2018;
Flynn et al, 2019; Griffith et al, 2020; Kim et al., 2021;
Papadakis, 2021b; Callaghan and Reich, 2022) including language
(Teepe et al., 2017; Neumann, 2018; Dore et al., 2019; Kirsch,
2021), computational thinking (Papadakis, 2022), and executive
function skills (Huber et al., 2018).

Beyond the content and design elements, children’s learning
from digital games is mediated by contextual factors of play
(Guernsey, 2007; Takeuchi and Levine, 2014), such as joint media
engagement (Takeuchi and Stevens, 2011). Meaningful adult-
child co-play supports and enhances young children’s learning
from educational apps (Neumann and Neumann, 2014; Radesky
et al., 2015; Sweeney, 2017; Neumann, 2018; Rasmussen et al.,
2019; Toh and Lim, 2021). In the process of digital co-play,
adults scaffold children’s learning by engaging them in dialogs
and explaining complex concepts (Yelland and Masters, 2007;
Bindman et al., 2021), directing children’s attention to the specific
content and highlighting important information (Sobel et al.,
2019), providing affection and encouragement (Yelland and
Masters, 2007; Wood et al., 2016), and helping with technical
and physical tasks, such as logging in, typing, and touching
the screen (Reich et al., 2012; Wood et al., 2016). However,
studies have found that joint media engagement does not require
adults to be co-playing the game for it to be beneficial for
learning (Eisen and Lillard, 2020; Musick et al., 2021). For
example, Reich et al. (2012) observed children narrating digital
gameplay and explaining their choices to playmates who were
not actively gaming, and Bers (2020) as cited in Papadakis
(2021a) demonstrates how collaboration when learning coding
promotes not only computational thinking, but language and
social-emotional skills.

Digital Games as Social Partners

Although digital co-play is believed to be instrumental for
preschoolers and recommended by experts like the American
Academy of Pediatrics (AAP Council on Communications and
Media, 2016), children often engage in touchscreen media
independently (see Ewin et al, 2021 for review). Promisingly,
researchers are increasingly finding that digital games can
function as social partners or “more knowledgeable others”
to young players (e.g., Richert et al., 2011; Xu et al., 2021).
Similarly, Xu et al. (2021) and Russo-Johnson et al. (2017) have
demonstrated the ways in which interactivity via an app or
conversational agent can support vocabulary learning and story
comprehension, suggesting that interactive technology could
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also facilitate ToM abilities. Recent work finds that artificial-
intelligent (AI) agents (e.g., Alexa) supports preschoolers’ deeper
thinking and understanding (Xu et al, 2021). Xu et al
(2021) applied a sociocultural approach to create Al-mediated
experiences to support children’s language development through
dialogic reading. They found that AI-powered conversational
agents can indeed function as “more knowledgeable others” and
provide the same benefits as dialogic reading with adult human
partners.

Flynn et al. (2019), applied play framework by Zosh et al.
(2018) to digital spaces and theorized that when design affords
a specific type of interactivity, a game can assume the role
of a “digital adult” and, in turn, may provide the benefits
of adult-child co-engagement. One such type is contingent
interactivity, also known as full interactivity in some studies
(Peebles et al., 2018), which involves meaningful reciprocal
exchanges between the player and the system and includes turn-
taking, responsive contingent feedback, and device control. In
contingent interactivity, the game assumes the role of a “digital
adult” and initiates some activities within the game or directs the
play.

A digital home literacy environment, i.., shared and
independent literacy activities using a digital device is a large
part of children’s everyday life (Segers and Kleemans, 2020).
Preschoolers across different social-economic backgrounds
benefit from educational app use (Arnold et al., 2021; Rowe
et al., 2021) and spend, on average, at least 40 min daily on
mobile devices (Rideout and Robb, 2020). From content access
to co-engaging in digital use (see Papadakis et al., 2021 for a
review), caregivers shape children’s interactions with technology
and differentially influence learning from educational media.
In recent years, studies have examined scaffolding of children’s
digital learning by adults and the possibility of scaffolding by
“digital adults” in the form of contingent interactivity. In this
paper, we built on this premise. We designed language for apps to
create a socio-linguistic environment to help promote children’s
ToM development with the support of games contingent
interactivity and real-life adult conversation.

PRESENT STUDY

Drawing on the promise that interactive technology can serve
as a social partner, the present study examines whether an
interactive, touch screen app that utilizes language known
to promote children’s ToM skills through face-to-face
interventions and real-life interactions could be effective in
boosting preschoolers’ ToM skills.

Specific research questions were the following:

RQ1: Is there a functional relation between the use of
digital apps with ToM -promoting language and children’s
understanding that people have different desires, beliefs,
and knowledge sources?

RQla: Does children’s understanding that people have
different desires, beliefs, and knowledge sources increase
when the use of games enriched with ToM-promoting

language is followed by an adult-led discussion about the
games?

RQ2: Is there a functional relation between the use of
digital apps with ToM-promoting language and children’s
understanding of false belief and knowledge sources?

RQ2a: Does children’s false belief understanding increase
when the use of games enriched with ToM-promoting
language is followed by an adult-led discussion about the
games?

MATERIALS AND METHODS

Single-case methods have been commonly employed in special
education settings for many years and have been recognized
as especially appropriate and valuable for identifying evidence-
based practices in education research (Odom and Strain, 2002;
Horner et al, 2005; Kratochwill et al., 2021). One of the
benefits of a single-case research method is that it allows
researchers to respond to individual differences and implement
intervention modifications if needed (Ledford and Gast, 2018),
making it especially valuable in researching technology-delivered
personalized education. A multiple-baseline single-case design
was used in this study for several reasons:

1. ToM skills are irreversible thus, withdrawal is not possible.

2. The design makes it possible to measure target responses to
multiple assessments.

3. The design allows for control due to developmental
maturation, which is important given that children’s ToM
skills improve with age.

There were three phases (conditions) in this study in the
sequence of A—B—B+C, where A was the Baseline phase, B
was the Voice-overs treatment phase, and B+C was Voice-overs
combined with Discussion (VAD) modified treatment phase.
Following the multiple-baseline across participants research
logic, children were introduced to treatment in a staggered
fashion to ensure that changes in the data patterns were
due to the introduction of the treatment and did not have
alternative explanations such as the multiple exposures to the
assessment procedures or maturation (Ledford and Gast, 2018).
In a multiple-baseline study, the experimental control and the
functional relation between dependent and independent variables
are established when participants’ performance (e.g., level, trend,
variability of data) changes only after they are introduced to
treatment, while the performance of participants in baseline
remains unchanged. The present study met the single-case design
standards outlined by Kratochwill et al. (2021).

Participants

The participants for this study were selected from a preschool
that serves low-income families in a Mid-Atlantic metropolitan
area in the United States. Each participant was assigned a
unique pseudonym, and all student identifying information was
removed to maintain the confidentiality of the participants.
Potentially identifying information about the preschool in which
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the study was conducted was purposefully eliminated from the
description. This research study was reviewed and approved
by the Institutional Review Board (IRB) at George Mason
University (GMU) to ensure the rights and welfare of the study
participants. Parental consent/student assent was obtained prior
to the beginning of the study. Permission was also obtained from
the principal of the preschool.

For the preliminary selection, preschool director and
classroom teachers were asked to identify typically developing
children who were between 3 and 5 years of age and fluent
in English from the pool of the children whose parents had
consented to their child’s participation in the research study.
Fourteen children (eight girls, 6 boys) were recommended by the
teachers for the stud. The first screening involved playing one of
the five games without voice-overs and undergoing the Theory
of Mind (ToM) assessment. Nine children who failed three or
more of the five tasks in the ToM assessment were selected
to participate in the intervention study. The data collection
happened over the summer, and three children dropped out
during the study for attendance reasons: two went on vacation
during baseline and one of the phases of the testing, and one was
sick for an extended period of time. The final sample included six
girls between 42 and 54 months of age (see Table 1).

Mia was an only child. Social workers and teachers described
Mia as social and talkative, able to explain her feelings,
although with some challenges in interpersonal communications.
Specifically, Mia seemed to be led by a friend who would not
let her play with other children. Isabella came from a large
Spanish-speaking, multigenerational family where she was “the
baby” of the family. Teachers reported that Isabella appeared
to be skilled in having relationships with adults but had
trouble making and sustaining friendships with peers. Sienna
was a very energetic, happy, and assertive girl. She was an
only child of a single mother. Sienna and her mother spoke
Spanish exclusively when together. Paula had an older sister,
and her family spoke English and Spanish. Teachers described
Paula as a well-liked girl who was very calm and patient but
was constantly tired. Camilla came from a Spanish-speaking
family and had an older brother. She was a friendly child who
played well with others and made friends quickly. She could
often be observed engaged in group play. Teachers described

TABLE 1 | Description of participants.

Name Gender  Ethnicity Age (in months) Second
language

Mia Female African American 49.5 Shona

Isabella  Female Caucasian 51.5 Spanish
Sienna Female Hispanic 46 Spanish
Paula Female Hispanic 48.5 Spanish
Camilla Female Hispanic 46 Spanish
Emily Female Asian 48 Korean

In this study, a second language refers to any language other than English
that children are exposed to on an everyday basis.Some participants exclusively
spoke another language at home, whereas others only occasionally heard parents
speaking another language.

Emily as quiet and reserved but friendly. Emily usually played
with one friend, a quiet girl, who was beginning to learn
English. Emily was the youngest of five children and the only
girl in her family.

Data Collection Procedures

Children were visited three to five times a week for five weeks,
for a total of 19-20 sessions. All children were trained and
tested individually in a private room at the preschool. Only one
researcher (the first author) collected the data. The researcher
brought each child to the testing room (preschool library) and
briefly went over the procedures and solicited verbal assent. All
sessions were video recorded. Once the child was done with
the session, the researcher brought them back to their class.
Due to the single-case method, each child went through the
three phases of testing in the same order (Baseline, Voice-over,
VAD), but started treatment phases in a staggering fashion,
e.g., participants 1 and 2 started treatment on the seventh visit,
whereas participants 3 and 4 started on the eighth. According to
the single case design standards, each phase for each participant
should have at least five data points; and it's appropriate to
change to the next phase of the intervention when data show
stable patterns (Kratochwill et al., 2021). Each session, including
Baseline condition and both types of treatment conditions
(original and modified VAD), started with the child playing a
game on an iPad and concluded with face-to-face assessment
procedures. The sessions were numbered, and a specific game was
assigned to each session.

Baseline Procedures (Phase |)

Baseline procedures began with participants playing one of
the five LEGO® DUPLO® game apps on the iPad while
wearing headphones connected to the researcher’s computer. The
computer volume was muted, and no sounds other than those
from the iPad were played to the participants. The researcher sat
across from the child at an angle that allowed her to see the child’s
screen and be available to help with the procedures and technical
aspects of the play, but she did not initiate or support discussions
about the game plot.

Voice-Over Training Procedures (Phase )

During the voice-over training procedures, the participant and
researcher sat at an angle to each other, each with their
own device. The researcher could see the participants iPad’s
screen, but the children could not see the researchers laptop
screen. Both the researcher and the participant wore headphones
connected to the researcher’s computer to hear the verbal
component of the game. At the beginning of the first session
in the original treatment phase, the researcher explained to the
participants that she had forgotten to turn on the “sound” in
the games before and that from now on, children would play
with the turned-on sound. None of the participants expressed
any concern or suspicion that the sound came from the
researcher’s computer and not the games. The sound in the
games did not seem to change children’s enjoyment of the
game. The child played the game, and the researcher followed
the gameplay and started the voice-overs from her laptop at
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specific times. The game’s original music and sounds were not
muted on the iPad so that the gameplay would feel more
natural. If a child missed a step, the researcher skipped the
accompanying voice-over and introduced the next one at the
appropriate time.

Voice-Overs and Discussion (VAD) Training
Procedures (Phase lll)

The VAD training procedures were identical to the voice-
over treatment procedures, with one exception; right after the
gameplay and before the assessment activities, the researcher
engaged the child in a semi-structured conversation about the
game. Depending on the child, each discussion lasted between 3
and 7 min. Children enjoyed the conversations and were eager to
participate. After the discussion was over, the researcher started
the ToM assessment procedures.

Independent Variable and Materials

Games

Five LEGO® DUPLO® game apps were used: LEGO® DUPLO®
Circus, LEGO® DUPLO® Ice Cream, LEGO® DUPLO® ZOO,
LEGO® DUPLO® FOREST, LEGO® DUPLO® FOOD®. LEGO®
DUPLO® apps are distributed internationally, and as such, use
sound effects and background music, rather than words, to be
accessible to children who speak different languages. The games
have a storyline and a goal for completion (e.g., help deliver a
package), and require children to complete several mini games
focusing on prosocial behaviors, social interactions, and decision-
making.

Independent Variable: Voice-Overs

The voice-overs were designed based on research from the
extant literature on verbal interactions that promote ToM.
They included: (a) explanatory, causal, and contrastive talk
about mental states (e.g., Everyone in the audience thinks the
acrobat may fall from the swing, but she knows she won't.);
(b) an abundance of mental verbs, specifically verbs referring
to mental processes (e.g., think, know, and remember) that
scaffold preschoolers’ transition to belief-based thinking, and
verbs of desire (e.g., like, want) to accommodate younger children
who are still transitioning from desire-based to belief-based
explanations of behaviors; (c) mental state verbs along with
embedded sentential complements structures (e.g., Bunny and
Teddy think there is a green rock, but click on it [wait for
the child to click]—it is really a turtle!); (d) explanations of
mental states underlying characters’ behaviors (e.g., The driver
did not stop to help because he thinks you can put the food
away all by yourself); (e) references to events that occurred
earlier in the game (e.g., Guess what, Giraffe. Remember the
Lion didn’t see you getting the package? It means he does not
know that you have it); and (f) mental-state verbs directed at
players were incorporated into statements, whereas utterances
directed at other characters in the video were incorporated
into questions (e.g., Remember how the squirrel thought the
box is full of candy and nuts? It turns out there was a DRUM
inside. vs Giraffe, do you know what everyone likes?). The
voice-overs were embedded in narration: the narrator made

explicit positive assumptions about children’s thought process
regarding false belief situations presented in the games and
commented on children’s and characters’ performance (e.g., “You
thought these were regular stars, but they are actually musical
stars”). Additionally, voice-overs were included in contingent
feedback (e.g., We think you are such a great builder; you
made an awesome forest door!) and the dialog between the
characters (e.g.,—Girafte, do you think everyone saw the horse
jumping through the fire?—Of course, Bunny, everyone thinks the
trick was awesome).

Voice-overs were recorded using the audio editor Audacity
(Audacity Team, https://www.audacityteam.org) and embedded
into a presentation slideshow as audio files with captions.
Each slide corresponded to a different screen in the game and
contained voice-overs for all the possible game scenarios so
that the researcher could observe children playing and provide
contingent feedback.

Modified Independent Variable: Voice-Overs With
Discussion (VAD)

Following the first treatment phase using voice-overs, an
additional treatment of voice-overs with follow-up discussions
was introduced. Although conversations were structured around
the game narrative, the interaction between participant and
researcher (the first author) resembled a naturally occurring
conversation and were different for each child. The researcher
asked questions to help the child reconstruct narrative plots from
the games, highlighted and repeated episodes that contained
mental-state references and exchanges between characters, and
engaged the child in discussing instances of deception and
false beliefs. For example, in one session after the child
played the LEGO DUPLO Circus game, the researcher began
with the initial question, asking the child to recall that the
circus came to town in the game, then asked about the
characters’ expectations about the show and performers and
whether these expectations were met. Next, the researcher
asked the child about the mental states underlying the
characters’ behaviors (e.g., Why did the clown run away?
What did he think about the tiger?), and finally prompted
the child to describe the circus audience’s thoughts. When
children injected their experiences into the conversation, the
researcher supported them and then returned to discussing
the events in the game. The researcher did not correct the
participants if they made mistakes in attributing the false belief
or misremembering details. Instead, the researcher prompted
children to talk more about the scenario to help them think
through the conflicting perspectives between the characters’
expectations and reality.

ToM Dependent Variables

ToM was assessed using variations of tasks from the five-item
developmental scale created by Wellman and Liu (2004) and the
Location Change task developed by Wimmer and Perner (1983).
Given that children’s performance on False Belief tasks remains
consistent across different task presentation formats and different
types of tasks (e.g., Wellman et al., 2001; Hasni et al., 2017),
to keep participants engaged, half of the tasks were presented
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in a digital storybook format (created with iPad drawing apps),
and the other half acted out with props. Presentation order was
counterbalanced across sessions for task type and format.

Following the Gola’s (2012) study, tasks were grouped into two
categories. In the first category, three tasks assessed children’s
understanding that people can have diverse desires, beliefs, and
knowledge about the same thing; and in the second category, two
tasks assessed False Belief understanding. All tasks corresponded
to a progression of milestones in children’s development of ToM
(the two False Belief Tasks are of similar difficulty), thus, the first
category contained conceptually easier tasks than the second one.
In the study these categories were used as two separate measures.

Measure 1: Desires, Beliefs, Knowledge. Three tasks assessed
children’s understanding that people can have different desires,
beliefs, and knowledge access. These three skills were judged as
either correct or not (1 = correct, 0 = incorrect). The scores
were then added together for the Desires, Beliefs, Knowledge
score, with the total score ranging from 0 to 3. The Desires,
Beliefs, and Knowledge scenarios were presented randomly
to prevent children from expecting the same order of items
across the sessions.

e In the Diverse Desires task, a child must demonstrate an
understanding that someone might have a different desire
about the same object. The child is presented with a doll
and pictures of two different snacks. The researcher asks
for the child’s preference of snack and subsequently states
that the doll wants a different snack than the one selected
by the child. The child is then asked which snack the doll
would choose; the child must provide an answer to the
target question that is different than what they desire.

e In the Diverse Beliefs tasks, a child must demonstrate an
understanding that someone might hold a different belief
about the same thing. The child is shown a doll and pictures
of a garage and bushes. The child is told that Linda is
looking for her cat; the researcher then asks the child where
they think the cat is, in the bushes or in the garage. The
researcher then says that Linda believes her cat is in a
different location than indicated by the child and asks the
child where Linda would look for her cat. The child must
say the opposite of their belief.

e In the Knowledge Access (Seeing-Knowing) task, a child
must correctly judge the knowledge of another person who
does not have access to the information available to the
child. The child is presented with a small box and asked
what they think is in the box. After the child guesses or says
that they do not know, the researcher lets the child open the
box to see the contents (a Lego piece). The researcher then
introduces a doll and says a doll has never seen inside the
box and asks whether the doll knows what’s inside the box.
The child must say “No” to be correct.

Measure 2: False Belief Three tasks, Unexpected Contents
False Belief and Explicit False Belief (Wellman and Liu, 2004), and
Location Change task (Wimmer and Perner, 1983) were used to
measure children’s false belief understanding, with two different
tasks used per session.

e In the Contents False Belief task, a child must reason how
another person might misjudge the contents of a container.
The child is provided with a familiar, easily identifiable
container (e.g., a box of crayons) and is asked to guess
what the contents are. After the child answers, “crayons,
the box is opened, and a small wooden hippopotamus is
revealed. The researcher then puts the toy back into the box
and closes the lid. A doll appears, and the researcher states
that the doll has not seen inside the box and asks the child
what a doll thinks is in the box. The correct response to the
question is “crayons.”

e In the Explicit False Belief task, the child must decide where
one would look for an object given the one’s incorrect belief.
The child is presented with a doll and two pictures, one
of a backpack and another of a closet. The researcher then
explains that a doll is looking for his mittens that are really
in his backpack, but he thinks they are in his closet. The
researcher then asks where a doll is going to look for his
mittens. The correct response is in the “closet.”

e In the Location Change Task children must decide where
someone will be looking for an object given agents
information about the location. The task is based on a
story of character A, who places an object (e.g., a book)
in a specific location (e.g., a cabinet) and then leaves.
Meanwhile, unbeknownst to character A, character B
moves the object to a different location (e.g., a bookshelf),
and character A then reappears. The childs task is to
identify where character A will look for the object first. To
be correct, the child must answer that character A will look
in the original location (before the move).

To prevent children from getting used to solving the same type
of scenario, each session contained either an Explicit False Belief
or the Location Change Task. The tasks were randomly assigned
to each session. All together there were two False Belief tasks per
session and children received 1 point for each correct answer and
could receive 0-2 points overall.

Reliability and Scoring

Procedural Reliability

An independent observer, trained in the procedures before the
data collection, monitored session activities and compared them
against a preplanned checklist of expected activities. Procedural
reliability data were collected for 30% of the data for all
participants across all three conditions (Baseline, Voice-overs,
VAD). The number of correct actions was then divided by the
number of planned actions and multiplied by 100%, yielding
procedural reliability of 100%.

Interrater Agreement on ToM Outcomes

To ensure scoring reliability, an independent observer scored
30% of the assessment sessions. The independent observer was
a child development professional with an extensive experience
in experimental research. Inter-observer agreement was assessed
for 33-35% of the observations of Desires, Beliefs, Knowledge
(desires, beliefs, knowledge) scores and False Belief (False Belief)
scores in the Baseline, Voice-overs, and VAD phases. The Total
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Agreement formula was used to calculate interrater agreement; a
smaller total of correct answers recorded by each observer was
divided by the larger total and multiplied by 100% (Kennedy,
2005). The mean interobserver coefficient of agreement for
Desires, Beliefs, Knowledge (desires, beliefs, knowledge) was 92%
(range: 87-100%) for all participants. The average agreement for
False Belief was 96% (range: 75-100%) for all participants. Thus,
in most individual instances as well as in the group averages, the
design standard for inter-rater agreement was met (Kratochwill
etal., 2021).

Analytic Plan

Visual analysis of graphed data was used to examine the
functional relation between voice-overs in the games,
combination of VAD, and changes in participants’ performance
on Desires, Beliefs, Knowledge and False Belief (the latter two
values are the scores per session). Specifically, we used the
following procedure outlined by Kratochwill et al. (2013) to
visually examine within and across phases changes in a) level
(mean of all data points within the phase), b) trend (direction
of the data slope), ¢) data variability (instability of data), d)
immediacy of effect (degree of change from the last data point
in one phase and the first data point in the next phase), and
e) an index of data overlap between phases — Non-overlap of
All Pairs (NAP) (Parker and Vannest, 2009; Manolov et al.,
2016)—for each participant’s Desires, Beliefs, Knowledge and
False Belief data. The visual analysis allows for determination
of (a) evidence of a functional relation between dependent and
independent variables; as well as (b) the magnitude of that
relation (Kratochwill et al., 2021). The decision is based on the
changes within- and between-phases on six components of the
visual analysis. NAP was also used to calculate the percentage
of data that improved across participants for each measure.
According to Kratochwill et al. (2021), there is strong evidence
of a functional relation if at least three demonstrations of an
effect are present at different time points; moderate evidence of
a functional relation if at least three demonstrations of an effect
are present with at least one demonstration of a non-effect; and
no evidence of a functional relation if there are not at least three
demonstrations of an effect.

Non-overlap of All Pairs

Though different indices of overlap exist, several studies
(Manolov et al., 2011; Parker et al., 2011) demonstrate an
advantage of a NAP index. It is derived from a non-parametric
assessment procedure that involves individual comparison of
all A to B data points and provides a percentage of all non-
overlapping data points. NAP is appropriate for many different
data types and distributions and is less susceptible to outliers
than some other indices of data overlap (Parker and Vannest,
2009). The NAP is equivalent to the Mann-Whitney U statistic
and ranges from 0 to 1, with 0.50 indicating a null effect
of the treatment or a complete overlap between the baseline
and intervention phases (Mann and Whitney, 1947; Parker and
Vannest, 2009; Michiels et al., 2018). Values above or below 0.50
indicate improvement or regress in performance in the treatment
phase in comparison to the baseline, with increasing degrees of

non-overlap (Parker et al., 2011; Berrett and Carter, 2018). We
calculated nap with an online calculator available at http://www.
singlecaseresearch.org/calculators/nap (Vannest et al., 2011).

RESULTS

Diverse Desires, Diverse Beliefs,

Knowledge Access Skills

Based on the changes in such components of the visual analysis
(level, trend, variability, overlap, and consistency), two of the six
participants increased their Desires, Beliefs, Knowledge scores
during the Voice-over phase as compared to the Baseline, and
all participants increased their scores during the VAD phase
as compared to Baseline (see Figure 1). The visual analysis
of Desires, Beliefs, Knowledge data demonstrated no evidence
of the functional relation between Voice-overs training and
improvements in Desires, Beliefs, Knowledge skills (Kratochwill
et al,, 2021) and moderate evidence of the functional relation
between VAD treatment and improvements in Desires, Beliefs,
Knowledge skills development. Mean Non-overlap of All Pairs
(NAP) across participants was calculated to be 0.66 for Voice-
overs phase and 0.87 for VAD phase. Individual Desires,
Beliefs, Knowledge results for both treatments are described
subsequently.

Mia

In all six Baseline sessions, Mias data demonstrated a low level
(M =1.50, SD = 0.54), accelerating trend, and moderate levels of
variability (see Figure 1). Upon introduction of the Voice-overs
training, Mia showed a small increase in level (from Baseline
M =1.50, SD = 0.54 to Voice-overs Training M = 1.8, SD = 0.84),
no immediacy of effect, a flat trend, and high variability of data
(Figure 1). NAP for Mias Desires, Beliefs, Knowledge data was
calculated to be 0.60 from Baseline to Voice-overs phase. In
response to the VAD phase, Mia’s scores increased from Baseline
(M =1.50, SD = 0.55) to VAD (M = 2.33, SD = 0.71), with almost
half of the answers at the ceiling level (Figure 1). Desires, Beliefs,
Knowledge data in the VAD phase had an upward trend, high
variability, and no immediacy of effect. There was also an increase
in level and change in trend: from the Voice-overs phase level
(M = 1.8, SD = 0.83) to VAD phase level (M = 2.33, SD = 0.70),
and from the flat trend in Voice-overs to an upward trend in the
VAD. NAP for Mia was calculated to be 0.81 from Baseline to
VAD phase.

Isabella
Across the six Baseline sessions, Isabella had mid-range scores
(M =1.83, SD = 0.4), with a flat trend and low variability of data.
With the implementation of the Voice-overs training, Isabella’s
Desires, Beliefs, Knowledge data showed a small change in level
from Baseline (M = 1.83, SD = 0.41) to Voice-overs phase (M = 2,
SD = 0), no immediacy of effect, flat trend, and absence of
variability (Figure 2). A NAP of 0.58 was calculated from the
Baseline to Voice-overs treatment phase.

In the VAD phase, Isabella showed above-baseline
performance with level increase from Baseline (M = 1.83,
SD = 0.4) to VAD (M = 2.22, SD = 0.66), an accelerating trend,
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FIGURE 1 | Accuracy of responses to the three tasks in Desires, Beliefs, Knowledge measure by participants across the research phases.

and moderate variability of data (Figure 2). Isabella’s level
increased only slightly from the Voice-overs phase (from Voice-
overs phase M = 2.00, SD = 0 to VAD phase M = 2.33, SD = 0.66)
and showed no immediacy of effect. The greatest amount of
change was observed in the trend direction that improved from
being flat in the Voice-overs phase to accelerating in the VAD
phase. A NAP of 0.67 from the Baseline to the VAD treatment
phase was calculated for Isabella.

Paula

In seven Baseline sessions, Paula consistently solved two, Diverse
Desires and Diverse Beliefs, of the three Desires, Beliefs,
Knowledge questions correctly (see Figure 1), but not the

Knowledge Access questions. Her data showed medium level
(M = 2.00, SD = 0), no variability, and flat trend. There was no
change in Paula’s response to the implementation of the Voice-
overs phase: level remained the same (M = 2.00, SD = 0), no
immediacy of effect was observed, there was the absence of
variability and a flat trend also remained. A Desires, Beliefs,
Knowledge NAP of 0.50 from Baseline to Voice-overs treatment
phase was calculated.

Upon the implementation of VAD training, Paula
demonstrated a rise in level from Baseline (M = 2.00, SD = 0) to
VAD (M = 3.00, SD = 0), immediacy of effect, flat trend, and no
variability of data. In other words, Paula immediately reached the
ceiling in her responses and remained there for all seven VAD

Frontiers in Education | www.frontiersin.org 9

July 2022 | Volume 7 | Article 872888


https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles

Nikolayev et al.

Teaching ToM With Mobile Games

Baseline Voice-overs VAD
2 - | \
[ \
5 | |
[ | Mia
0 -
[ \
2 -
[ \
\ \
11 l \
« [ \ Isabella
(/)] 0 A T T [ T T v ! A al T T T T T T T T 1
g \ \
Q@ | |
> 2 - \ |
o | |
() \ |
2 19 \ |
©
L \ | Paula
5 o
» 2 - | |
8 | |
c | |
o 14 | |
@ | | -
o Sienna
(14
e
3]
)
.
(.
[}
(&)

Camilla
0_
| \
27 | |
| \
14 | \
| | Emily
0_
012345678'910111213‘141516171819202122
Sessions
—%— Baseline —&— Voise-overs —A— VAD

FIGURE 2 | Accuracy of responses to the two tasks in False Belief measure by participants across the research phases.

training sessions. A NAP of 1.00 from Baseline to VAD phase
was calculated for Paula’s Desires, Beliefs, Knowledge data.

Sienna

During seven Baseline sessions, Sienna consistently answered
two questions correctly, Diverse Desires and Diverse Beliefs (see
Figure 1) showing mid-level scores (M = 2.00, SD = 0), flat trend,
and no variability. Sienna did not answer the Knowledge Access
questions correctly, and her Desires, Beliefs, Knowledge showed
no change in response during implementation of the Voice-overs
phase; level remained the same (M = 2, SD = 0), as did the absence
of variability and a flat trend. A NAP of 0.50 from the Baseline to

Voice-overs treatment phase was calculated for Desires, Beliefs,
Knowledge data.

In the VAD treatment phase, Sienna’s data (Figure 1) had a
increase in level from Baseline (M = 2, SD = 0) to VAD (M = 2.63,
SD = 0.51), no immediacy of effect, a steep accelerating trend,
and a moderate variability of data. Since Sienna’s performance
on the Desires, Beliefs, Knowledge measure was identical during
the Baseline and Voice-overs phases, the same changes in level,
trend, and data variability were observed from Baseline to VAD
phases and from Voice-overs to VAD phases. A NAP 0.81 from
Baseline to VAD phase was calculated on Sienna’s Desires, Beliefs,
Knowledge measure.
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Camilla

Throughout eight Baseline sessions, Camilla had low scores
(M = 0.88, SD = 0.64), with data showing a downward trend
and moderate variability. Upon the introduction of the Voice-
overs phase, Camilla’s data (Figure 1) demonstrated an increase
in level: from Baseline (M = 0.88, SD = 0.64) to Voice-overs
Training (M = 2.60, SD = 0.55), immediacy of effect, downward
trend, and moderate variability. NAP was 0.98 for Desires, Beliefs,
Knowledge data from Baseline phase to Voice-overs treatment
phase.

In response to the VAD training, Camilla performed at above-
baseline levels [level changed from Baseline (M = 0.88, SD = 0.64)
to VAD phase (M = 2.67, SD = 0.52)], showing an upward
trend and moderate variability (Figure 1). In most of the VAD
phase sessions, Camilla performed at ceiling levels on the Desires,
Beliefs, Knowledge measure. Only minor changes in Camilla’s
VAD data were observed in comparison to the Voice-overs phase.
There was almost no increase in level (from Voice-overs phase
M = 2.6, SD = 0.54 to VAD phase M = 2.67, SD = 0.52), no
immediacy of effect, a change in the trend from downward to
upward, and less data variability. NAP from Baseline to VAD
phase was 0.98.

Emily

During eight Baseline sessions, Emily’s Desires, Beliefs,
Knowledge data (Figure 1) were consistently mid-level
(M = 1.88, SD = 0.35), demonstrating low variability and a
slight upward trend. Specifically, Emily consistently responded
correctly to two questions on Diverse Desires and Diverse
Beliefs, but not the Knowledge Access task. Upon introduction
of Voice-overs phase, Emily’s Desires, Beliefs, Knowledge
data (Figure 1) demonstrated increase in level: from Baseline
(M = 1.87, SD = 0.35) to Voice-overs Training (M = 2.60,
SD = 0.55), no immediacy of effect, steep accelerating trend,
and moderate variability of data. NAP of 0.83 was calculated
on Desires, Beliefs, Knowledge measure from Baseline to
Voice-overs Training.

During the VAD phase, Emily’s Desires, Beliefs, Knowledge
data (Figure 1) demonstrated a rise in level from Baseline
(M = 1.87, SD = 0.35) to VAD (M = 2.87, SD = 0.35), no
immediacy of effect, a slightly downward trend driven by an
outlier, and low variability. Emily almost always responded
correctly to all three questions, except for one session. There
was an increase in level from the Voice-over phase (M = 2.60,
SD = 0.54) to the VAD phase (M = 2.87, SD = 0.35), less variability
of data in the VAD phase, and change in the trend from steep
upward to slightly downward. NAP of 0.95 was calculated on
Desires, Beliefs, Knowledge measure from Baseline to VAD.

False Belief

False belief was assessed by two false belief tasks per session
from a False Belief measure; each scored as either correct
(1) or not (0). None of the six participants demonstrated
improvement in false belief understanding in the Voice-overs
phase. Visual analysis of False Belief data found no evidence of the
functional relation between voice-overs training and children’s
false belief skills, and the mean NAP across participants was

0.63 for the Voice-overs phase. Only two participants showed
improvement in the VAD phase and the mean NAP across
participants was 0.59 for the VAD phase. Since fewer than
three demonstrations of an effect were found by the visual
analysis, per Kratochwill et al. (2021), we concluded no evidence
of the functional relation between VAD treatment and early
ToM skills development. Individual False Belief results for both
treatment phases are presented in Figure 2 and described
below.

Mia

Mia scored 0 on all False Beliefs tasks in Baseline (Figure 2).
Upon introduction of the Voice-overs treatment, Mias data
demonstrated some increase in level from M = 0, SD = 0 to
M =0.40, SD = 0.55, emergence of steep upward trend, moderate
variability of data, and no immediacy of effect. NAP of 0.70 was
calculated for Mia’s False Belief data from Baseline to Voice-overs
Phase.

Visual analysis did not indicate a considerable change in Mia’s
False Belief performance in the VAD phase (Figure 2) from the
Baseline performance. There was a small increase in level as
compared to Baseline phase (M = 0, SD = 0) to VAD (M = 0.33
SD = 0.50); there was no immediacy of effect, no obvious trend
emerged in the VAD phase, and data showed moderate variability.
In comparison to the Voice-overs phase, there was a small drop in
level (from Voice-overs phase M = 0.40, SD = 0.55 to VAD phase
M = 0.33 SD = 0.50), a change in the trend from upward to flat.
Mia’s NAP for False Belief was 0.67.

Isabella
Isabella’s False Belief data (Figure 2) was at a low level with a
Mean of 0.33 (SD = 0.52), showed no distinct trend, and had
moderate variability. During the Voice-overs phase, Isabella’s
False Belief performance data remained at the low level (M = 0.40,
SD = 0.55), showed no immediacy of effect, had no pronounced
trend, and showed moderate variability of data. An NAP of 0.53
was calculated for Isabella’s False Belief data from Baseline to
Voice-overs treatment phase.

In the VAD phase, Isabella’s False Belief data (Figure 2) showed
a rise in level from Baseline (M = 0.33, SD = 0.52) to VAD
(M =1.22, SD = 0.83), no immediacy of effect, steep accelerating
trend, and high variability. In a similar fashion, Isabella’s False
Belief data showed a rise in level from the Voice-overs phase
(M = 0.4, SD = 0.54) to VAD (M = 1.22, SD = 0.83) and an
emergence of upward trend. A False Belief NAP of 0.80 from
Baseline to VAD phase was calculated for Isabella’s False Belief
data.

Paula

During the Baseline, Paula’s False Belief data (Figure 2) was at a
low level (M = 0.29, SD = 0.49) across seven sessions, and had
no distinct trend, as most of Paula’s False Belief scores were 0
with two spikes, when she correctly answered to one of the two
False Belief tasks. In the Voice-overs treatment phase, Paulas
False Belief data remained at low levels (M = 0.20, SD = 0.45),
showed no immediacy of effect, exhibited a downward trend,
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and had low variability. A NAP of 0.46 from Baseline to Voice-
overs treatment phase was calculated for Paula’s False Belief
data.

Upon introduction of VAD training, Paula’s False Belief data
(Figure 2) showed no considerable change in comparison to
Baseline or Voice-overs treatment phases. The data remained
at low levels (M = 0.17, SD = 0.41), had no distinct trend, and
variability stayed low. A NAP of 0.44 from Baseline to VAD phase
was calculated for Paula’s False Belief data.

Sienna

Sienna’s False Belief Baseline data (Figure 2) showed a low
level (M = 0.14, SD = 0.38), a slightly upward trend, and
low variability of data across the seven sessions. Like Baseline
condition, Sienna’s False Belief data in the Voice-overs condition
was at a low level (M = 0.20, SD = 0.45), showed no immediacy
of effect, demonstrated a slightly downward trend, and exhibited
low variability. An NAP of 0.53 from Baseline to Voice-overs
treatment phase was calculated.

Upon the introduction of VAD training, Sienna’s False Belief
data (Figure 2) showed an increase in level when comparing
Baseline (M = 0.14, SD = 0.37) to VAD (M = 0.62, SD = 0.74),
no immediacy of effect, steep accelerating trend, and moderate
variability of data. In comparison to the Voice-overs phase,
Sienna’s False Belief data also increased in level from Baseline
(M = 0.2, SD = 0.44) to VAD (M = 0.62, SD = 0.74), and trend
direction changed from downward to upward. An NAP of 0.66
from Baseline to VAD phase was calculated for Sienna’s False
Belief data.

Camilla

Camilla scored 0 on all tasks in eight sessions of the Baseline
phase (Figure 2). During the Voice-overs phase Camilla’s data
slightly increased in level from Baseline (M = 0, SD = 0) to Voice-
overs Training (M = 0.20, SD = 0.45), showed no immediacy
of effect, had an upward trend due to one correct answer in
the last session, and demonstrated low variability. NAP of 0.60
was calculated for Camilla’s False Belief data from Baseline to
Voice-overs Training.

Camillas False Belief data (Figure 2) showed only minor
changes during the VAD phase; observed were a slight increase in
level from Baseline (M = 0, SD = 0) to VAD (M =0.17, SD = 0.41),
no immediacy of effect, and a downward trend that was due to
one correct answer in the first session of the phase and incorrect
answers in all other sessions. NAP of 0.58 from Baseline to VAD
phase was calculated for Camilla’s performance on False Belief.

Emily
Emily scored 0 on all False Beliefs tasks in all eight sessions of
Baseline (Figure 2). During the Voice-overs phase Emily showed
a slight increase in level from Baseline (M = 0, SD = 0) to Voice-
overs Training (M = 0.40, SD = 0.55), no immediacy of effect, no
distinct trend, and moderate variability of data (Figure 2). NAP
of 0.70 was calculated for Emily from Baseline to Voice-overs
Training.

Once VAD was introduced, Emily’s False Belief data (Figure 2)
showed a slight increase in level from Baseline (M = 0, SD = 0)

to VAD (M = 0.25, SD = 0.46), no immediacy of effect, and no
distinct trend. In comparison to Voice-overs phase, Emily’s data
showed some drop in level; from Voice-overs Training (M = 0.40,
SD = 0.55) to VAD (M = 0.25, SD = 0.46) the trend changed from
upward to downward. NAP of 0.63 from Baseline to VAD phase
was calculated for Emily’s False Belief data.

DISCUSSION

The purpose of this study was to investigate whether apps for
preschoolers, enhanced with ToM-promoting language, could
help accelerate the development of children’s ToM skills when
played on their own or when paired with a with a follow-
up adult-led conversation. Visual analysis showed that apps
with voice-over-enhancements promoted the development of
children’s earlier-emerging ToM skills when the voice-over play
was also followed by a discussion (VAD condition). Voice-overs
without discussion were not effective in accelerating the earlier-
emerging ToM skills. The study was not effective in promoting
children’s false belief understanding.

All six children improved on the three earlier-developing
skills (diverse desires, diverse beliefs, and knowledge access
(Desires, Beliefs, Knowledge) in VAD conditions indicating a
positive conceptual change in social-cognitive understanding.
During the baseline phase, no participant showed a conceptual
understanding of knowledge access. From this, we can conclude
that participants’ improvements appear to be due to the
conceptual insights gained from our training rather than
participant maturation for two reasons. First, a multiple-
baseline design allowed for the control of maturation with
children starting the intervention at different points in a
staggered fashion, and no improvements in ToM understanding
were observed prior to the training implementation (during
baseline phase) for any child. Second, in the natural course
of development, typically developing (ITD) children tend to
master knowledge access tasks at 53.4 months of age (Wellman
et al., 2011), taking on average 3-6 months to progress from
understanding diverse beliefs to understanding knowledge access
tasks (Rhodes and Wellman, 2013). By comparison, at the
end of the study, all children were younger than 53.4 months
(M = 48.25, ranging from 47 to 52.5 months of age), and
all had advanced to knowledge access mastery in just 2-
3 weeks. Thus, it is reasonable to assume that the VAD
condition helped children improve earlier-developing ToM
skills.

No children showed improvement in false belief higher-
order ToM tasks during any phase. These findings are not
surprising: ToM development is a sequential progression of
conceptual achievements and requires children to master less
sophisticated concepts first to achieve more complex social
cognitive understanding later (Wellman and Liu, 2004; Rhodes
and Wellman, 2013). Our findings align with previous studies
that found pre-test performance on knowledge access tasks to
correlate with children’s improvement on false belief training
(Benson et al., 2013; Rhodes and Wellman, 2013). Gola (2012),
whose ToM video training was effective at enhancing false belief
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tasks, but not tasks related to earlier-emerging diverse desires,
beliefs, and knowledge (Desires, Beliefs, Knowledge), reasoned
that because the participants performed near mastery levels on
the Desires, Beliefs, Knowledge baseline assessment; they already
had the necessary foundation and built upon it to achieve false
belief understanding. In contrast, our participants scored low
during the baseline testing and thus showed improvement on
diverse desires, beliefs, and knowledge access that precede false
belief skills.

Although all children benefited from the combination of
Voice-overs in the games and follow-up discussions for Desires,
Beliefs, Knowledge, only two showed improvements under
Voice-overs only condition. Several explanations for these
findings are possible. Children may have individual needs in
terms of language development required for ToM progress: some
may have required minimal support for ToM skills (Desires,
Beliefs, Knowledge only) development and thus demonstrated
improved performance after being exposed to mental-state
vocabulary in games. In contrast, others may need more support
to achieve the same results and thus benefitted from game-
based discussions. Possibly, children who improved in the VAD
condition built their understanding over time, benefiting from
both being exposed to voice-overs and then to VAD. Finally, VAD
effectiveness in comparison findings underscores the benefit of
a conversational partner in cultivating these skills, and the high
need for interactivity.

Interactive language-based traditional apps in our study were
not successful in promoting ToM skills without a follow-up
discussion. It could be that the interactivity in the games was
insufficient for the ToM development. More research is needed
on the types and levels of interactivity that could act as “digital
adult” in supporting ToM development. It is also possible that
contingent interactivity may be sufficient to promote other
social-emotional skills, such as emotion recognition and social
skill literacy (Craig et al., 2016; Peebles et al., 2018), emotion
regulation (Craig et al., 2016; Rasmussen et al., 2019), prosocial
behaviors (Shoshani et al., 2022) and social self-efficacy (Craig
et al., 2016), but not ToM, given the importance of active use
of the mental state language for ToM development found in
some studies (Grazzani and Ornaghi, 2011; Ornaghi et al., 2011;
Guajardo et al.,, 2013).

Extant research on preschool learning from digital devices
frequently finds a greater benefit when adults support digital
use than use alone by children (Reich et al., 2016; Neumann,
2020). For instance, studies of eBook reading find greater
learning from these devices when facilitated by an adult
(e.g., Neumann and Neumann, 2014). Further, joint media
engagement, involving adults and young children, tends to
increase learning (Dore and Zimmermann, 2020). Similarly,
we found that voice-over app play was effective in supporting
early ToM development when it was coupled with adult
conversation.

Designing for Parent-Child

Co-engagement
The results of this study add to the mounting evidence of
the benefits of joint media engagement with digital games

for children’s learning, specifically, the conversations that
happen during and after the gameplay (e.g., Sobel et al,
2019; Eisen and Lillard, 2020; Musick et al., 2021). Given
that conversations during gameplay are not always possible,
some researchers propose that rather than expecting parents
to join in digital play, it may be more practical to design
games that would encourage parents to initiate post-play
discussion and foster discussion of the experience during
game play (Farber, 2021; Musick et al., 2021). Among the
ideas to promote and improve the quality of the conversations
are including conversational prompts about the games as
often done in children’s TV shows, providing conversation-
starter guides, and designing games to support parents to
act as the cheerleaders and spectators (Musick et al.,, 2021).
Further, in mystery-solving games or treasure hunts, children
can find clues by figuring out and explaining characters’
false Dbeliefs to their adult partners. Apps with “social”
settings or adventure games like LEGO® DUPLO® used
in this study could allow players to record and modify
voice-overs to narrate the story or role-play the characters
using mental state verbs and ToM-enhancing sentence
structures.

A growing number of designers and researchers are
building technology to enable parental support of children’s
learning. For example, the work by Stuckelman et al
(2021) demonstrates how an interactive app can model and
encourage parents dialogic reading and discussions. A team
of Harvard researchers, in collaboration with a public media
producer and educational media developer, have created
a series of early literacy apps to encourage child-parent
conversations and interactions and, as a result, promote
children’s vocabulary development and literacy skills (Rowe
et al, 2021; Harvard Graduate School of Education, 2022).
Lastly, newly emerging platforms, such as Amazon Glow, are
being built specifically with co-engagement in mind (Amazon,
2021).

Multiple-device games could be designed for adult-
child strategy building that requires mental state verbs
and post-game online celebration of the wins to reminisce
about the experience. Further, ToM-enhancing language
embedded in game content could allow the parents to
draw on and learn from specific language. This could also
include discussion prompts to help children transfer and
further improve ToM skills beyond the gameplay context.
Finally, in addition to promoting child-parent media co-
engagement, future studies should continue focusing on digital
“knowledgeable others” to combat SES-related disparities in
child language skills and ToM understanding. This might
take the form of Al-conversation partners, such as in the
study by Xu et al. (2021) on “dialogic reading” but be
programmed to promote the use of mentalistic language
present a promising avenue for future research. As the
development and accessibility of AI, interactive digital
platforms, intelligent agents, and multiplayer devices grow,
so do the opportunities to use them in helping to shape
children’s social-linguistic environments and influencing ToM
skills.
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Limitations

Although the functional relation between children’s
understanding that people have different desires, beliefs, and
knowledge sources and the use of games enriched with ToM-
promoting language is followed by an adult-led conversation
about the games was established, these results cannot be
generalized to larger populations due to the nature of single-
case research (Ledford and Gast, 2018). Additionally, the current
study’s design did not allow for detecting and quantifying
unique contributions of different linguistic elements in the
voice-overs, and individual contributions of different interactive
components. Finally, whereas single-case design does not
require a control group because of a baseline condition
for each participant, the study could have benefited from
participants who did not undergo any training or did the
Voice-over or VAD phase only. Doing so would further
demonstrate the absence of the maturation effect in children’s
performance. More research is warranted, as some of these
questions would best be examined in the context of a group
study.

Additional limitations concern the sample of the study. First,
our sample consisted only of girls, which could be a limitation
as there is evidence that girls develop Theory of Mind skills
(Blijd-Hoogewys and van Geert, 2017) and some language skills
(Bornstein et al., 2004) earlier than boys do. Second, all the
participants in the study were exposed to a language other than
English at home. Previous research suggests a positive effect of
bilingualism on the rate of ToM development (see Schroeder,
2018 for a review). This study did not control for participants’
mastery of a second language, and we can’t say whether it had
contributed to the outcome.

Further, time constraints did not allow for the implementation
of the maintenance phase, which is limiting because the
maintenance of participant’s knowledge gains remains unknown.
Moreover, even though each phase of the study met the single-
subject evidence standards (Kratochwill et al,, 2021), a more
extended data collection period would have allowed for more
sessions that could potentially allow children to improve ToM
skills through repeated exposure to voice-over enriched games
or VAD. A longer data collection period could have also allowed
children to have more control of the procedures, such as choosing
which games to play or how many to play per session. Letting
children control some procedures would more closely resemble
real-life gameplay.

Lastly, this study did not directly compare Voice-over
and VAD methods with other strategies for facilitating ToM
development, which limits our ability to conclude whether
there are advantages of using games to promote ToM
skills. Instead, it can be established that VAD could be
an effective option available for parents and teachers to
promote mental state understanding in children or content
designers developing educational games to teach ToM skills. The
ability to generalize the effectiveness of these results requires
further investigation.

CONCLUSION

This study is the first to our knowledge to explore
how educational digital apps can support children’s ToM
development—skills that underlie, among others, perspective
taking, prosocial behaviors, and academic achievement. Our
findings indicate that ToM-promoting language that is effective
in face-to-face settings can be successfully implemented in
digital games, especially if an adult-led conversation follows.
Gameplay coupled with an adult-led conversation resulted
in ToM learning, unlike gameplay alone. Although all
typically developing children master ToM skills with time,
there are advantages to achieving conceptual understanding
sooner than later. Our findings suggest that embedding ToM
language within a digital game is associated with quicker
development of early ToM skills. Such results are promising,
as digital games, including well-designed games are popular
and may meaningfully improve children’s Theory of Mind
skills. To help translate the study results into practice, we
have provided suggestions on how to leverage mobile apps
for preschoolers to create socio-linguistic environments that
promote ToM development.
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