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Abstract

This research investigates the educational effectiveness of a smart robot program integrated with Artificial Intelligence (Al) on
the sociality of preschool children, particularly focusing on the mediating roles of creative problem-solving and linguistic
expression. As the Fourth Industrial Revolution reshapes the educational landscape, Al-driven media have emerged as a ‘Social
catalyst’ that significantly accelerates early childhood development. This study employed a quantitative experimental design
involving a large-scale sample of 300 preschool children (150 boys and 150 girls) aged 5 to 6 years from various kindergartens
in Sejong City. The participants were divided into an experimental group (n=150) that engaged in a 12-week Al-based smart
robot program and a control group (n=150) that followed a traditional curriculum. Data were collected through the Social Skills
Rating System (SSRS), Torrance Tests of Creative Thinking (TTCT), and standardized linguistic assessments. The results
demonstrate that the Al voice-interactive robot program significantly augmented children's sociality scores across all sub-factors.
Notably, mediation analysis confirmed that linguistic expression acted as a more potent mediator (b =.45, p <.001) compared to
creative problem-solving (b =38, p <.01), identifying vocal interaction as the primary driver of social development. Statistical
analysis further revealed that these variables partially mediated the relationship between Al interaction and sociality.
Furthermore, while both genders showed significant improvement, girls demonstrated higher engagement in emotional rapport
via voice interaction, whereas boys exhibited greater gains in task-oriented problem-solving. This study concludes that
pedagogically sound Al voice-interactive tools are effective for fostering social development in young learners. These findings
provide practical implications for educators and media content developers to design immersive and interactive Al educational
environments.
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1. Introduction

The Fourth Industrial Revolution has ushered in an era of
unprecedented technological convergence, fundamentally re-
shaping educational paradigms. In this landscape, Artificial
Intelligence (Al) and robotics have transcended their roles as
mere auxiliary tools to emerge as proactive 'Social actors'
within the educational environment [1]. For young children in
the formative stages of cognitive and social development,
these technologies offer a distinctive interactive paradigm that
transcends the limitations of conventional screen-based peda-
gogical media [2]. Particularly, interactive media integrated
with Natural Language Processing (NLP) and advanced
speech synthesis generate a robust sense of 'Pseudo-social
presence,' which serves as a critical determinant in leading
children to perceive technology as an anthropomorphic and
immersive entity [3].

Despite the growing presence of Al in early childhood edu-
cation, empirical research that utilizes large-scale samples to
identify the specific pathways of social development and the
scholarly lacuna regarding its multilayered mediating varia-
bles remains significant. Most previous research has been lim-
ited to small-scale qualitative observations or case studies [4].
This study addresses this gap by conducting a rigorous exper-
imental analysis with 300 participants to examine the impact
of Al-driven smart robot programs on children's sociality. Fur-
thermore, this research rigorously validates the structural me-
diating roles of creative problem-solving and linguistic ex-
pression, grounded in the theory that communicative compe-
tence and cognitive flexibility are prerequisites for successful
social interaction [5]. By integrating media voice perspectives,
this study aims to validate the pedagogical efficacy of Al in
fostering the next generation’s media literacy and social com-
petence.

2. Theoretical Background

2.1. Previous Studies on Al in Early Childhood
Education

Specific scholarship concerning Al-integrated early child-
hood education has scrutinized diverse dimensions, ranging
from educators' pedagogical perceptions and Al implementa-
tion in classroom settings [6, 7] to the structural efficacy of
Al-based programs designed for young learners [8]. Prevail-
ing literature consistently identifies Al as a pivotal driver in
enhancing developmental outcomes [9]. For instance, Jeong
and Park (2018) substantiated the positive impact of un-
plugged computing-based Science, Technology, Engineering,
Arts, and Mathematics (STEAM) activities on children’s cre-
ative problem-solving faculties [10]. Similarly, Kang (2012)
confirmed that the deployment of educational robotics func-
tions as a scaffolding mechanism that significantly augments
learners’ divergent thinking abilities [11]. As Al increasingly
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gains recognition as a medium capable of manifesting human-
like social characteristics, its application in smart robot-based
instruction is projected to be highly efficacious. Synthesizing
these findings, it is evident that children navigate problem-
solving tasks through social collaboration while maintaining a
profound level of cognitive immersion in Al interfaces.

Regarding the sociality of young learners, Hagens (1997)
posited that the introduction of play materials fosters novel in-
teraction modalities such as physical contact, imitation, and
reciprocal exchange compared to environments devoid of
such stimuli [12]. Within the domestic context, Kim (2000)
argued that high frequencies of interaction during play corre-
late with superior evaluations of social skills; thus, successful
social integration is facilitated by proactive participation in
cooperative play and sophisticated verbal communication [13].

Furthermore, research on smart robot integration has under-
scored the synergistic roles of both teachers and children.
Hong and Lim (2020) demonstrated that smart robots, when
utilized in collaborative learning environments, can enhance
linguistic acquisition by assuming a "Surrogate social role" for
the instructor [14]. Smart robots equipped with conversational
interfaces further allow children to internalize information ef-
fortlessly, facilitating an organic transfer of learning [15].
Consequently, the pedagogical use of smart robots is antici-
pated to exert a positive influence on the socio-educational in-
teractions between children, teachers, and parents. Yoo (2013)
conceptualized educational robots as artifacts developed for
pedagogical objectives such as refining creative problem-
solving by enabling students to apply collaborative inquiry
skills to real-world scenarios through programming [16]. Ad-
ditionally, Kong (2015) noted that robot-based curricula assist
students in internalizing robotic principles while simultane-
ously bolstering social cooperation and autonomous creative
learning faculties [17].

Despite these robust findings, empirical evidence remains
insufficient regarding how smart robot programs modulate
children’s sociality through the dual mediating mechanisms of
creative problem-solving and linguistic expression. Thus, this
study seeks to investigate the impact of an Al-based smart ro-
bot program on the sociality (Cooperation, Peer interaction)
of 4-year-old children and empirically validate this multi-lay-
ered mediating structure.

2.2. The Role of AI and Smart Robots in Early
Childhood Education

Artificial Intelligence (Al) in early childhood pedagogy is
defined as technology that emulates human cognitive func-
tions, such as learning and heuristic problem-solving, via al-
gorithmic processes [18].

Smart robots, serving as the physical manifestation of Al,
act as "Social mediators" that deliver multi-sensory stimula-
tion to young learners [19].
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Unlike traditional passive media, Al-integrated robots uti-
lize Natural Language Processing (NLP) to engage in real-
time verbal exchanges, a feature paramount during children’s
critical linguistic formation period (Source: The Electronic
Times, 2026, https://www.etnews.com/20221024000093). Re-
search emphasizes that these robots can serve as intelligent
scaffolding tools, guiding children toward their Zone of Prox-
imal Development (ZPD) through personalized, adaptive
feedback [20].

2.3. Voice-based Al and the Media Equation
Theory

From a media voice perspective, the vocal output of an
Al robot is not merely a transmission of data but a sophis-
ticated social cue that elicits anthropomorphic responses
from children. According to Media Equation Theory, indi-
viduals process computers and interactive media as legiti-
mate social actors [21]. When a robot utilizes a high-fidel-
ity, anthropomorphic synthetic voice, children perceive it
as a social entity endowed with intentions and emotions.
This perceived "Pseudo-social presence" is exceptionally
effective in establishing emotional rapport, which serves as
a prerequisite for the holistic social and linguistic develop-
ment of the child.

2.4. Creative Problem-solving as a Cognitive
Asset

Creative problem-solving in the digital era necessitates
the capacity to approach challenges with cognitive flexibil-
ity and originality [22]. Al-based smart robots facilitate
this process by presenting interactive scenarios where chil-
dren must negotiate and formulate solutions through dia-
logue. As children engage in these task-oriented interac-
tions, they refine their divergent thinking skills. The Ko-
rean Comprehensive Creativity Test for Young Children
(K-CCTYC) framework suggests that such technological
stimuli can significantly enhance the fluency and flexibility
of a child’s cognitive architecture [23].

2.5. Linguistic Expression and Sociality
Development

Linguistic expression serves as the primary instrument for
social engagement. For children aged 4 to 5, the ability to ar-
ticulate thoughts with clarity is inextricably linked to social
competence, including cooperation and conflict resolution
[24]. Al robots provide a non-judgmental environment where
children can engage in a "Repetitive interaction loop," prac-
ticing verbalization without social anxiety. This process
strengthens sentence complexity and lexical diversity, which
subsequently fosters assertive communication within peer
groups [25].

133

2.6. Mediating Mechanisms in Al-driven
Learning

Theoretical models suggest that technological intervention
does not operate in a vacuum. Instead, its influence on social-
ity is channeled through mediating variables such as cognitive
creativity and communicative competence. By fostering an
environment where a child must "Think creatively" and "Ar-
ticulate effectively" to interact with an Al robot, the program
indirectly fortifies the child’s overall sociality [26]. This re-
search aims to empirically validate this intricate mediating
structure.

3. Research Questions and Hypotheses

Based on the theoretical background and preceding litera-
ture, this study establishes the following research questions
and hypotheses to empirically verify the educational effective-
ness of the Al-based smart robot program.

3.1. Research Question 1

What is the impact of the smart robot education program
utilizing Al technology on the creative problem-solving skills
of preschool children?

Hypothesis 1-1: The smart robot education program utiliz-
ing Al technology will significantly influence the creative
problem-solving skills of preschool children.

3.2. Research Question 2

What is the impact of the smart robot education program
utilizing Al technology on the linguistic expression of pre-
school children?

Hypothesis 2-1: The smart robot education program utiliz-
ing Al technology will significantly influence the linguistic
expression of preschool children.

3.3. Research Question 3

Do creative problem-solving skills and linguistic expres-
sion show mediating effects in the process by which the Al-
based smart robot education program affects the sociality (co-
operation, peer interaction) of preschool children?

Hypothesis 3-1: In the process by which the Al-based smart
robot education program affects children’s sociality, it will in-
fluence sociality (cooperation, peer interaction) through the
mediation of creative problem-solving skills.

Hypothesis 3-2: In the process by which the Al-based smart
robot education program affects children’s sociality, it will in-
fluence sociality (cooperation, peer interaction) through the
mediation of linguistic expression.
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3.4. Research Question 4

Does the effectiveness of the Al-based smart robot educa-
tion program differ significantly according to the gender of the
preschool children?

Hypothesis 4-1: There will be a significant gender differ-
ence in the degree of emotional rapport and linguistic expres-
sion improvement through Al-based smart robot interaction,
with girls showing higher engagement.

Hypothesis 4-2: There will be a significant gender differ-
ence in the improvement of task-oriented creative problem-
solving skills, with boys showing greater gains through the
Al-based smart robot program.

4. Materials and Methods

4.1. Participants and Experimental Design

A total of 300 four-year-old children (150 males, 150 fe-
males) from five kindergartens in Sejong City, South Korea,
participated in this study. To ensure internal validity, a Ran-
domized Controlled Trial (RCT) design was employed, as-
signing participants to either the experimental group (n=150)
or the control group (n=150) using a random number generator.
Ethical approval and informed consent were obtained from
both educational institutions and legal guardians prior to the
commencement of the study.

4.2. Procedure

The experimental intervention spanned 12 weeks, consist-

ing of two 40-minute sessions per week.

1) Experimental Group: Engaged in a smart robot program
featuring Al-driven voice interfaces. Participants inter-
acted verbally with the robot to complete collaborative
problem-solving tasks.

2) Control Group: Participated in standard early childhood
curriculum activities without robotic interaction for the
same duration.

4.3. Instruments and Reliability

To rigorously evaluate the variables, the following stand-
ardized measures were utilized, and their internal consistency
was verified through (Cronbach's a coefficients based on the
sample of 300 children:

1) Sociality: The Social Skills Rating System (SSRS), was
utilized due to its comprehensive ability to evaluate both
positive social behaviors and competitive problem be-
haviors in early childhood settings. This standardized
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scale has been widely validated for its high construct va-
lidity and internal consistency, making it an ideal instru-
ment for capturing the subtle shifts in cooperation and
peer interaction elicited by Al-driven robotic interven-
tions. The overall reliability for this scale in the current
study was a =.89, with sub-factors showing stable con-
sistency: cooperation (a =.85), self-control (a =.82), and
peer interaction (a =.86).

2) Creative Problem-Solving: The Korean Comprehensive
Creativity Test for Young Children (K-CCTYC) was se-
lected for its high reliability and proven sensitivity in cap-
turing the multifaceted nature of divergent thinking spe-
cifically fluency, flexibility, and originality within the
unique cultural and educational context of Korean pre-
school children [27]. This instrument demonstrated high
empirical reliability with an overall coefficient of a =.87.

3) Linguistic Expression: Vocabulary diversity and syntac-
tic complexity were assessed through standardized pic-
ture vocabulary and oral syntax tests. The reliability for
the linguistic assessments was calculated at a =.85.

All measurement instruments exceeded the widely accepted re-

liability threshold of .70, confirming that the data collection tools
provided consistent and stable results for the structural analysis.

4.4. Manipulation Check

To verify the internal validity of the experimental treatment,
a manipulation check was conducted on the experimental
group (n=150) across three dimensions using a 5-point Likert
scale:
1) Social Presence: Children perceived the robot as a real
social entity rather than a machine (M=4.65, SD=0.42).
2) Interactivity: Participants felt the robot under- stood and
responded to their voices effectively (M=4.70, SD=0.38).
3) Anthropomorphism. Based on the Media Equation the-
ory, children attributed human-like intentions to the ro-
bot (M=4.45, SD=0.58).
These scores significantly exceeded the neutral midpoint
(+=12.45, p <.001), confirming that the Al-driven intervention
was successfully perceived as a social interaction experience.

4.5. Statistical Analysis

Data were analyzed using Statistical Package for the Social
Sciences (SPSS) 26.0 and Analysis of Moment Structures
(AMOS) 24.0.

1) Independent samples t-tests were conducted to deter-

mine significant differences between the two groups.

2) The mediating roles of creative problem-solving and lin-
guistic expression were validated using Baron &
Kenny’s three-step mediation analysis and corroborated
with the Sobel Test [28, 29].
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5. Results

5.1. Correlation Analysis Among Study
Variables

Prior to the mediation analysis, Pearson correlation coeffi-
cients were calculated to examine the relationships between the
Al program, creative problem-solving, linguistic expression, and
sociality. As shown in the analysis, all variables exhibited signif-
icant positive correlations (p <.001). The Al program was signif-
icantly associated with linguistic expression (r =.51) and creative
problem-solving (r =.42). Furthermore, linguistic expression
showed a strong correlation with sociality (r =.54), satisfying the

statistical requirements for testing mediating effects. These high
correlations are interpreted as a result of the children’s strong per-
ception of the robot as a social entity, as evidenced by the manip-
ulation check results in Section 4.4.

5.2. Effectiveness on Creative Problem-solving
and Linguistic Expression

The independent t-test revealed significant differences be-
tween the two groups. As shown in Table 1, the experimental
group achieved substantially higher scores in both creative
problem-solving and linguistic expression after the 12-week
intervention.

Table 1. Results of Independence t-test for Creative Problem-Solving and Linguistic Expression.

Variable Group

Creative Problem-Solving Experimental
Control

Linguistic Expression Experimental
Control

wxxp <001,

This table demonstrates the direct effects of smart robot ed-
ucation on the enhancement of preschool children's cognitive
and linguistic competencies. Also the results of the independ-
ent t-test provided strong empirical support for the first two
hypotheses.

Hypothesis 1-1 (Accepted): The experimental group
(M=84.52, SD=10.21) scored significantly higher in creative
problem-solving than the control group (M=72.15, SD=11.45),

5.3. Mediating Effects on Sociality

M SD t-value p-value
84.52 10.21 4.23 .000***
72.15 11.45

42.18 5.34 5.87 .000%**
34.25 6.12

confirming that Al-based robot programs enhance cognitive
flexibility (=4.23, p <.001).

Hypothesis 2-1 (Accepted): Regarding linguistic expression,
the experimental group (M=42.18, SD=5.34) showed substantial
improvement compared to the control group (M=34.25,
SD=6.12), indicating that voice-based Al interaction serves as an
effective linguistic scaffolding (t=5.87, p <.001).

Table 2. Mediating Analysis & Sobel Test Effect.

Independent Var (IV) Mediator (MV) Dependent Var (DV) b t D Sobel Z
Path 1  Robot Program Creative PS Sociality 038  3.15 .002%* 3.24
Path2  Robot Program Path Sociality 0.45 4.02 .000%** 4.15

**p <.01, **p <.001. Beta (b) represents the standardized indirect effect coefficient.

To verify the mediating roles of creative problem-solving
and linguistic expression, Barron & Kenny’s mediation anal-
ysis and the Sobel test were performed. The results are sum-
marized in Table 2.

Sobel Test Results:

Robot Program (Path 1) — Creative Problem-Solving —
Sociality: Z=3.24, p <.01

Robot Program (Path 2) — Linguistic Expression — Soci-
ality: Z=4.15, p <.001
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The mediating roles of creative problem-solving and lin-
guistic expression were validated using Baron & Kenny’s
three-step procedure [28] and corroborated with the Sobel Test
[29]. As a result, the path from Robot Program — Creative
Problem-Solving — Sociality yielded a Z = 3.24 (p <.01),
while the path from Robot Program — Linguistic Expression
— Sociality showed a Z=4.15 (p <.001). The results indicate

that linguistic expression (b=.45) has a stronger mediating ef-
fect on sociality than creative problem-solving (6=.38). This
suggests that the verbal interaction provided by the Al's voice
is the primary driver for social competence. Mediation analy-
sis and the Sobel test confirmed the mediating roles of cogni-
tive and communicative variables.

Mediation Path Diagram: The Impact of Al Robot Education on Sociality

Creative
Problem-Solving
b=.38% (Mediator 1) \7&
Al-Based Smart Direct Path (Reduced) P
Robot Program So(%ility
(V)
b=.45 Linguistic /

Expression
(Mediator 2)

Figure 1. Parallel Mediation Model of the AI-Based Smart Robot Program on Children’s Sociality.

As shown in Figure 1, this path diagram illustrates the me-
diating roles of creative problem-solving and linguistic ex-
pression in the relationship between the Al-based smart robot
program (Independent Variable) and the sociality of preschool
children (Dependent Variable).

1) Path coefficients (b): Standardized regression coeffi-
cients representing the strength of the relationship be-
tween variables.

2) Sobel Test results (Z): Indicate the statistical significance
of the indirect effects.

The results highlight that while both paths are significant,
linguistic expression (Z = 4.15) serves as a more powerful me-
diator than creative problem-solving (Z = 3.24), underscoring
the importance of Al-driven vocal interaction. Also the results
of the mediation analysis and the Sobel test provided robust
empirical evidence supporting the remaining two hypotheses
regarding the indirect pathways.

Hypothesis 3-1 (Accepted): Creative problem-solving was
found to partially mediate the relationship between the robot
program and children's sociality (b=.38, p=.002; Sobel Z=3 .24,
p <01).

Hypothesis 3-2 (Accepted): Linguistic expression showed a
stronger mediating effect on sociality (b=.45, p=.000, Sobel
Z=4.15, p <.001), identifying it as the primary driver for social
competence in Al-driven environments.

5.4. Analysis of Gender-specific Differences in
Vocal Interaction and Cognitive

To further investigate the nuances of the Al intervention, a
differential analysis was conducted to examine how vocal in-
teraction and its outcomes vary by gender. The results are
summarized in Table 3.

Table 3. Gender-Specific Analysis of Interaction Patterns and Task Performance.

Variable Gender Mean (M) SD t-value p-value
Emotional Rapport Female 4.82 0.35 2.15 .032*
(Voice-Based) Male 4.48 0.48

Creative Problem-Solving Female 82.92 9.45 -2.08 .038*
(Task-Oriented) Male 86.12 10.12

Linguistic Expression Female 43.50 4.12 1.98 .048%*
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Variable Gender

Male

#%p <.05, *p <.01

A nuanced gender-specific analysis revealed that interaction
modalities are influenced by developmental traits. As shown in
Table 3, girls exhibited significantly higher scores in emotional
rapport (M=4.82, p <.05) and linguistic expression (M=43.50, p
<.05), suggesting a heightened sensitivity to the robot's vocal
cues and a preference for social-emotional interaction. Con-
versely, boys demonstrated superior gains in task-oriented cre-
ative problem-solving (M=86.12, p <.05), indicating a greater
focus on technical challenges and goal-directed activities.
These empirical findings underscore the necessity for gender-
responsive pedagogical frameworks that leverage these diver-
gent interactional strengths. Through these analytical results, it
was observed that girls exhibited superiority in emotional rap-
port, while boys showed greater proficiency in task-oriented
creative problem-solving. Consequently, both Hypothesis 4-1
and Hypothesis 4-2 were officially accepted.

6. Discussion

6.1. Empirical Validation of the Media Equation
Theory (Hypothesis 1-1, 2-1 Accepted)

The empirical evidence synthesized in this study provides ro-
bust support for the "Media Equation" theory, which asserts that
individuals and children in particular unconsciously attribute
social agency to interactive media [30]. The significant perfor-
mance gains observed in the experimental group, characterized
by mean scores (M) of 84.52 in creative problem-solving
(t=4.23, p <.001) and 42.18 in linguistic expression (t=5.87, p
<.001), decisively underscore that voice-based Al interaction
operates as a "Social catalyst." This suggests that the Al inter-
face does not merely provide cognitive stimulation but serves
as a social partner that facilitates developmental growth.

6.2. The Primacy of Linguistic Mediation
(Hypothesis 3-2 Accepted)

A pivotal contribution of this research is the empirical iden-
tification of linguistic expression (b=.45, Z=4.15) as a more
potent mediator of sociality compared to creative problem-
solving (b =.38, Z = 3.24). This finding significantly extends
the Media Voice perspective by suggesting that the anthropo-
morphic synthetic voice of Al robots functions not merely as
a technical interface, but as a primary social cue that effec-
tively lowers psychological barriers to verbalization [31].
Such Al-driven vocal interaction fosters a 'Repetitive interac-
tion loop,' enabling children to internalize complex linguistic

Mean (M)

40.86
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SD t-value p-value

5.25

structures that subsequently serve as a structural bridge to
fluid peer interactions.

From this theoretical standpoint, the anthropomorphic at-
tributes of the robot’s vocal interface cultivate a deep emo-
tional rapport, empowering children to navigate verbal self-
expression with enhanced autonomy. Consequently, this bol-
stered linguistic confidence acts as a catalyst for social en-
gagement, validating ‘Voice’ as the quintessential interface for
fostering social competence within the Al-integrated class-
room [32].

6.3. Intelligent Scaffolding and Socio-cognitive
Transfer (Hypothesis 3-1 Accepted)

The validation of Hypothesis 3-1 demonstrates that Al-
driven programs function as a sophisticated 'Intelligent Scaf-
folding' mechanism within the Zone of Proximal Develop-
ment (ZPD) [33]. This study substantiates that the cognitive
flexibility nurtured through interactive robot scenarios is suc-
cessfully transferred into tangible social assets. Unlike tradi-
tional educational media, Al robots provide personalized,
adaptive feedback that dynamically aligns with a child’s situ-
ational needs, thereby facilitating a 'Socio-cognitive transfer'
where individual problem-solving skills evolve into collabo-
rative social competence. Such results underscore that Al is
not merely a supplementary tool but a transformative agent
that bridges the gap between internal cognitive growth and ex-
ternal social integration [34].

6.4. Divergent Engagement Patterns and
Pedagogical Implications (Hypothesis 4-1,
4-2 Accepted)

The detected gender-specific nuances specifically, the
heightened sensitivity of girls to emotional vocal rapport ver-
sus the increased engagement of boys in task-oriented chal-
lenges emphasize the imperative for individualized pedagogi-
cal frameworks in technology-enhanced learning [35]. Future
Al-integrated curricula should prioritize the development of
high-fidelity verbal feedback and communicative prompts
that are meticulously tailored to diverse learning tempera-
ments and gender-specific interactional modalities.

7. Conclusions

In summation, this research substantiates that smart robot
programs leveraging Al voice technology are exceptionally
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effective in augmenting the sociality, creativity, and linguistic
proficiency of preschool children. By utilizing a rigorously
balanced sample of 300 participants, this study offers a gener-
alized empirical foundation for the systemic integration of Al
into early childhood education. Notably, the Al-driven pro-
gram, which initially acted as a ‘Social catalyst’ for enhancing
cognitive and linguistic skills, ultimately established the ro-
bot's role as a ‘Social playmate’ for preschool children.

This evolutionary process, however, manifests through dis-
tinct gender-specific interactional modalities: while girls ex-
hibit heightened sensitivity to emotional vocal rapport, boys
demonstrate increased engagement in task-oriented verbal
challenges. Despite these differing pathways, both trajectories
ultimately converge on the pivotal role of vocal interaction as
the overarching driver of sociality. For girls, the Al voice fa-
cilitates the emotional connectivity essential for social empa-
thy, whereas for boys, it provides the requisite linguistic feed-
back for collaborative problem-solving. Consequently, these
findings underscore that Al-mediated vocal interaction func-
tions as a versatile developmental bridge that accommodates
individual gender-based behavioral tendencies while consist-
ently fostering social competence. Therefore, these results ad-
vocate for a paradigm shift among practitioners. Al should be
conceptualized as an active, vocal collaborator rather than a
unidirectional, passive instructional tool.

Despite these significant empirical contributions, certain
limitations suggest specific directions for future research. First,
while the 12-week intervention provided meaningful insights,
a longitudinal approach is required to assess the long-term
sustainability of the social and linguistic advancements. Fu-
ture studies should track whether the 'social catalyst' effect
persists as children transition into primary education. Second,
as this research focused on a specific Al voice persona, future
inquiries should employ a comparative experimental design to
investigate how diverse vocal characteristics such as pitch,
gender, and emotional tone differentially impact varying
learner temperaments and gender-specific interaction patterns.
Specifically, exploring whether a 'gender-matched' or 'gender-
neutral' Al voice further enhances emotional rapport for girls
or task-oriented engagement for boys would provide critical
data for individualized Al pedagogy. Lastly, expanding the re-
search to include cross-cultural demographics and diverse so-
cio-economic backgrounds would further generalize the find-
ings regarding the role of Al in the global early childhood ed-
ucation landscape, ensuring that Al-driven linguistic scaffold-
ing is inclusive and effective for all young learners.

Abbreviations

Al Artificial Intelligence

AMOS Analysis of Moment Structures

DOl Digital Object Identifier

K-CCTYC Korean Comprehensive Creativity Test for
Young Children

NLP Natural Language Processing
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SSRS Social Skills Rating System

SPSS Statistical Package for the Social Sciences

STEAM Science, Technology, Engineering, Arts,
and Mathematics

TTCT Torrance Tests of Creative Thinking

ZPDI Zone of Proximal Development

RCT Randomized Controlled Trial
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