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The Interaction between User Interfaces in a Mobile Learning Environment
Incorporating an Intelligent Agent (Guided vs. Unguided) and the Cognitive
Style of Pre-Service Teachers (Ambiguity Tolerance vs. Ambiguity

Intolerance) and Its Impact on Academic Engagement and Mind-Wandering

Abstract:

The research aimed to examine the effect of the interaction between user
interfaces in the Mobile Learning Environment based on an Intelligent Agent
(Guided Al Agent - Unguided Al Agent) and the Cognitive Style of the pre-
service teacher (Tolerance for Ambiguity - Intolerance for Ambiguity) on both
Academic Engagement and Mind Wandering. The research was conducted on
a sample of 128 third-year students from the Faculty of Education for Early
Childhood, who were categorized into four experimental groups based on the
type of Mobile Learning Environment used (Guided Al Agent / Unguided Al
Agent) and their Cognitive Style (Tolerance for Ambiguity / Intolerance for
Ambiguity). The first group was exposed to a Mobile Learning Environment
incorporating a Guided Al Agent with students exhibiting Tolerance for
Ambiguity, whereas the second group received the same environment but
included students characterized by Intolerance for Ambiguity. The third group
utilized a Mobile Learning Environment with an Unguided Al Agent alongside
students displaying Tolerance for Ambiguity, while the fourth group engaged
with an Unguided Al Agent and comprised students exhibiting Intolerance for
Ambiguity. To classify the research sample based on their Cognitive Style, the
researcher used the Cognitive Style Scale (Tolerance for Ambiguity -
Intolerance for Ambiguity) developed by Faris (2009). Additionally, the
Academic Engagement Scale and the Mind Wandering Scale (developed by
the researcher) were used as measurement tools. The Mobile Learning
Environment incorporating either the Guided Al Agent or Unguided Al Agent

was employed as the experimental intervention.
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The results indicated statistically significant differences between the
four experimental groups in the pre- and post-measurements for both the
Academic Engagement Scale, favoring the post-measurement, and the Mind
Wandering Scale, favoring the pre-measurement. These findings suggest that
user interfaces in the Mobile Learning Environment, whether Guided or
Unguided, contributed to enhancing Academic Engagement and reducing
Mind Wandering among pre-service teachers, regardless of their Cognitive
Style (Tolerance for Ambiguity - Intolerance for Ambiguity). Furthermore, the
results highlighted the superiority of the second experimental group
(Intolerance for Ambiguity - Guided Al Agent) over the other experimental
groups, demonstrating higher Academic Engagement and lower Mind
Wandering levels. This suggests that the Guided Al Agent was particularly
beneficial for students characterized by Intolerance for Ambiguity, as it helped
them organize learning effectively and minimize cognitive overload. Based on
these findings, the research recommends designing Mobile Learning
Environments that adapt to the Cognitive Style of pre-service teachers, while
integrating Artificial Intelligence tools to enhance Academic Engagement and
minimize Mind Wandering. This approach contributes to improving the
efficiency of pre-service teachers in utilizing Mobile Learning Environments
based on Intelligent Agents in early childhood education.

Keywords:
User Interfaces - Mobile Learning Environment - Intelligent Agent - Cognitive

Style - Academic Engagement - Mind Wandering
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Research Summary

Introduction:

In recent decades, artificial intelligence (Al) technologies have
undergone significant advancements, leading to transformative changes in
mobile learning environments. Among the most prominent Al-driven
applications in mobile learning are intelligent agent models, which provide
enhanced interactive learning experiences that improve academic performance.
There are two primary types of intelligent agents: Guided Intelligent Agent —
provides clear and structured guidance, and Unguided Intelligent Agent —
allows learners to explore content independently and make their own decisions.
The mode of guidance in intelligent agents can have a significant impact on
learning outcomes, particularly when considering individual cognitive styles.
A key cognitive factor in learning is ambiguity tolerance. Students who tolerate
ambiguity can process uncertain information without anxiety, whereas students
with low ambiguity tolerance prefer clear and structured guidance to process
information efficiently.

This Research hypothesizes that the effectiveness of intelligent agents in
mobile learning environments is closely linked to the cognitive style of
learners. Unguided intelligent agents may be more effective for learners with
high ambiguity tolerance, as they encourage self-exploration and critical
thinking. Guided intelligent agents may be more suitable for learners with low
ambiguity tolerance, as they offer structured knowledge organization and clear
Instructions. Additionally, this interaction between intelligent agent types and
cognitive styles is expected to influence academic engagement and mind-
wandering tendencies among pre-service teachers.

Research Problem:

Prior studies have demonstrated that Al-driven mobile learning
environments improve learning quality by providing adaptive educational
content tailored to individual learner needs. Research also indicates that both
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guided and unguided intelligent agents influence academic performance,
depending on students' cognitive characteristics. However, there is clear
variability in how learners perceive and accept these environments,
highlighting the need to consider individual cognitive differences—
particularly in terms of ambiguity tolerance vs. intolerance. These differences
may impact academic engagement and cognitive distraction during the learning
process.

From direct observations of pre-service teachers at the Faculty of Early

Childhood Education, Cairo University, the researcher noted that many
students rely on Al models (e.g., ChatGPT, Gemini, and DeepSeek) to
complete academic tasks and enhance productivity. However, there were
variations in students’ ability to engage with different Al-based user interfaces.
Some students struggled with unguided intelligent agents due to the lack of
explicit instructions, while others adapted well to these tools and benefited
from their autonomous exploration features.
A survey of 72 pre-service teachers revealed significant differences in
acceptance levels of Al-driven user interfaces, which could be attributed to
differences in cognitive styles. Ambiguity-tolerant students were comfortable
using unguided intelligent agents, whereas ambiguity-intolerant students
preferred structured learning environments with explicit guidance.

Thus, this study aims to investigate the effect of the interaction between
user interface type in Al-based mobile learning environments (guided vs.
unguided), cognitive style (ambiguity tolerance vs. intolerance), and the impact
on academic engagement and mind-wandering among pre-service teachers.
Research Questions:

1. What are the design criteria for a mobile learning environment based on
guided intelligent agents for generating educational content for
preschool children?

2. What are the dimensions of academic engagement and mind-wandering

among pre-service teachers?
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3. What is the instructional design of a mobile learning environment based
on intelligent agents for producing educational content for preschool
children?

4. What is the effect of the interaction between guided intelligent agents
and ambiguity tolerance on academic engagement and mind-wandering
among pre-service teachers?

5. What is the effect of the interaction between guided intelligent agents
and ambiguity intolerance on academic engagement and mind-
wandering among pre-service teachers?

6. What is the effect of the interaction between unguided intelligent agents
and ambiguity tolerance on academic engagement and mind-wandering
among pre-service teachers?

7. What is the effect of the interaction between unguided intelligent agents
and ambiguity intolerance on academic engagement and mind-
wandering among pre-service teachers?

Research Objective:

This study aims to examine the impact of the interaction between user
interfaces in Al-based mobile learning environments (Guided vs. Unguided)
and cognitive style (Ambiguity Tolerance vs. Intolerance) on academic
engagement and mind-wandering among pre-service teachers.

Research Methodology:
The study employed an experimental design using a four-group experimental
setup with pretest and posttest measurements.
« Independent Variables:
o User Interface Type in Al-based mobile learning environments
(Guided vs. Unguided).
o Cognitive Style (Ambiguity Tolerance vs. Ambiguity

Intolerance).
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« Dependent Variables:
o Academic Engagement.
o Mind-Wandering.
This experimental design was chosen to assess the interactive effects between
user interface types and cognitive styles on academic engagement and
cognitive distraction.

Research Sample:
The study sample consisted of 128 pre-service teachers in their third year at the
Faculty of Early Childhood Education. Participants were classified into four
experimental groups based on:

1. Guided intelligent agent + Ambiguity Tolerant Learners.

2. Guided intelligent agent + Ambiguity Intolerant Learners.

3. Unguided intelligent agent + Ambiguity Tolerant Learners.

4. Unguided intelligent agent + Ambiguity Intolerant Learners.
Each group engaged in mobile learning environments tailored to their assigned
Al agent and cognitive style.

Research Tools:
The researcher employed the following tools:

1. Cognitive Style Scale (Ambiguity Tolerance vs. Intolerance)
(Developed by Fares, 2009) — to classify participants based on cognitive
processing preferences.

2. Academic Engagement Scale (prepared by the researcher).

3. Mind-Wandering Scale (prepared by the researcher).

4. Mobile Learning Environment with Guided vs. Unguided Intelligent

Agents — used as an experimental intervention.
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Research Results:

The results revealed statistically significant differences between the four
experimental groups in pretest and posttest measurements. Academic
engagement significantly increased after exposure to Al-based mobile learning
environments. Mind-wandering significantly decreased, indicating improved
cognitive focus. Regardless of cognitive style, both guided and unguided
intelligent agents contributed to enhanced academic engagement and reduced
mind-wandering.

However, the highest improvement was observed in Group 2 (Guided
Intelligent Agent + Ambiguity Intolerance), suggesting that structured learning
environments are more beneficial for ambiguity-intolerant learners. This group
outperformed other groups in academic engagement and showed the greatest
reduction in mind-wandering, confirming that ambiguity-intolerant learners

benefit more from guided environments with clear instructions.

Research Recommendations:

Based on the findings, the Research recommends designing mobile
learning environments that adapt to individual cognitive styles. It emphasizes
the importance of integrating Al tools in a way that enhances academic
engagement and reduces cognitive distraction. Additionally, the study suggests
providing structured guidance for ambiguity-intolerant learners while allowing
exploratory learning for ambiguity-tolerant learners. Finally, optimizing Al-
driven user interfaces is recommended to improve pre-service teacher training
in early childhood education.
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