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Breaking the Boundaries of Traditional Vocabulary Learning: The Impact of
Intelligent Interactive Companion based Bocabulary Learning Methods on
Learning Outcomes, Motivation, and Flow Experience in CAVL Environment

Haoming Wang!, Yuxi Zhang?, Chunjia Bao®, Chengliang Wang!
"Department of Education Information Technology, Faculty of Education, East China Normal
University, Shanghai, China

*Faculty of Artificial Intelligence in Education, Central China Normal University, Wuhan, China
3Institute of Systems Science, National University of Singapore, Singapore, Singapore

Abstract: Vocabulary acquisition is the foundation of language learning, and Computer Assisted
Vocabulary Learning (CAVL) environments provide new possibilities for improving learning
efficiency. However, while traditional CAVL methods offer learners convenient learning channels, they
still have obvious limitations in personalized interaction, contextualized learning, and multimodal
presentation (Jeon et al., 2021; Yang et al., 2022). These limitations not only affect learning efficiency
but also easily lead to insufficient learning motivation and poor memory retention. To address the
above issues, this study proposes an Intelligent Interactive Companion for Vocabulary Learning (IIC-
VL) method. This method integrates multi-agent systems, multimodal interactive interfaces, and
contextualized learning strategies, capable of dynamically adjusting learning content based on learners'
proficiency levels, learning styles, and emotional states, and constructs a comprehensive vocabulary
learning ecosystem covering pre-class, in-class, and post-class phases. In the pre-class phase, the I1C-
VL system evaluates vocabulary already mastered by learners, generates contextual examples
matching learners' vocabulary levels, and establishes personalized vocabulary learning profiles. In the
in-class phase, the system automatically generates teaching suggestions and instructional materials
based on teachers' pedagogical objectives, and creates matching learning paths for each learner,
guiding them to complete learning tasks gradually according to cognitive gradients. In the post-class
phase, the system customizes personalized vocabulary review plans for each learner to consolidate
long-term memory. Meanwhile, the IIC-VL system conducts multidimensional correlation analysis of
classroom performance data with pre-class and post-class data, generating visualized results such as
learners' vocabulary ability growth curves and learning strategy assessment reports. To validate the
effectiveness of the IIC-VL method, this study adopted a quasi-experimental design, recruiting 100
students from a high school and randomly assigning them to an experimental group (n=49) and a
control group (n=51). The experimental group used the [IC-VL method for vocabulary learning, while
the control group used traditional CAVL environments. Both groups had identical learning content and
were taught by the same teacher with over ten years of English teaching experience to ensure
consistency in teaching factors. The intervention lasted 12 weeks, with two learning sessions per week,
each lasting 45 minutes. Learners took vocabulary baseline tests in the first week, familiarized
themselves with their respective learning environments in the second week, conducted vocabulary
learning for the subsequent 8 weeks, and spent the final two weeks on performance evaluation,
questionnaire completion, and semi-structured interviews. This study employed one-way analysis of
covariance (ANCOVA) to evaluate differences in academic performance and learning motivation
between the two groups of students, and used independent samples t-tests to analyze flow experience
scores between the two groups. Results showed that, benefiting from the targeted support of the I1C-
VL method, compared to the control group, the experimental group demonstrated significant
improvements in vocabulary tests (both receptive and productive), learning motivation, and flow
experience. Subsequent semi-structured interviews further revealed students’ positive evaluations of
the IIC-VL method in terms of knowledge retention, technological advantages, learning path
optimization, and learning experience enhancement. These findings not only provide empirical support

s SCE(GHED | 18



FEEEREEE STEAM B(5RE | ALEFUTEY STEAM 5

for the application of multi-agent technology in CAVL environments but also offer new practical
directions for personalized learning path design in foreign language vocabulary instruction. This study
expands the boundaries of traditional CAVL theory while providing important theoretical perspectives
for understanding how emerging technologies reshape language learning experiences.

Keywords: Computer-assisted vocabulary learning, Forgetting curve, Multi-agent system, Flow
experience, Personalized learning
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The study of incorporation of Spin Photo Object as an instruction tool on Student
Learning Outcomes and Learning Motivation in hands-on activity of Maker
Education in Secondary 2 from Hong Kong

Ki-Cho CHOI'! » Ka-Chun LAM?
! Faculty of Education, The University of Hong Kong
2Yuen Long Public Middle School Alumni Association Tang Siu Tong Secondary School

Abstract: Teachers often prefer to retain students’ creativity by choosing not to provide detailed
instructional guidance when conducting Maker activities. Different learning materials are selected for
students to facilitate self-learning which aims to encourage them to unleash their creativity and produce
unique and innovative works. However, a common issue arises when the self-learning materials are
insufficient to assist students in completing the required tasks. This may happen when the materials do
not align well with the learning objectives or fail to clearly present the necessary information.

The researcher integrated Spin Photo Object, a user-controlled spinnable photo technology
commonly used in online shopping to display product details, into a Secondary Two Maker Education
course in Hong Kong as part of self-learning materials. This study will compare the learning outcomes
of two groups of students: one group using Spin Photo Object with instructional videos, and the other
group using still photos with instructional videos. The teacher evaluation form design is categorized
into four distinct components: Design, Craftsmanship, Functionality, and Creativity (Lundberg &
Rasmussen, 2018; Marshall & Harron, 2018; Huang & Jong, 2020).

Additionally, based on Keller (2010) motivation theory, this study will compare the two groups
to examine differences in learning motivation. It primarily includes four motivational elements:
Attention, Relevance, Confidence, and Satisfaction (ARCS). The ARCS questionnaire is a 5 point scale,
with its design adapted from research on students’ motivation for different fieldwork study contexts
(Jong, 2020).

To obtain an in-depth understanding of students’ learning experiences, the researcher randomly
selected four students from each of the experimental and control groups for interviews. The interviews
focus on the students' views of the self-learning resources and the challenges they encountered.
Furthermore, researchers visited the school on four different occasions to observe the class to observe
how students solved problems encountered during the maker activity and how students utilized Spin
Photo Object and traditional photographs to find the appropriate solutions.

A total of 56 students (n=56) were successfully participating in this research. These 56 students
were separated into two groups. Half of them belonged to the experimental group (n=28) and the
remaining half belonged to the control group (n=28). The participants were also manipulated in the
mix with lower and higher abilities students which according to their last year's final examination
results.

The research findings indicate that utilizing Spin Photo Object as self-learning material may have
a positive impact on the “functionality” ratings from teacher evaluation. The mean score of
functionality is 2.625 and 1.875 in the experimental group and control group respectively. However,
there is a very slight difference (0.125) in the total mean score between the experimental group
(M=12.520) and the control group (M=12.125). Even when comparing high-ability and low-ability
students separately, similar results can be observed.

An independent sample t-test was used to compare the average score for the 4 elements of ARCS
separately. Regarding the elements of attention and confidence, the results demonstrate more
pronounced positive outcomes. The mean difference is 0.829 with Cohen’s d is 1.534 and 0.621 with
Cohen’s d is 0.812 of attention and confidence respectively.
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The researcher also observed that the students from experimental groups always utilize the Spin
Photo Object to find solutions to various problems successfully. On the other hand, the students in the
control group seldom observed the ordinary still photos to find the details and primarily relied on
repeatedly watching the instruction videos.

Finally, the researcher’s experiences, challenges, and suggestions regarding the use of Spin Photo
Object as a teaching material are discussed to inform future educational practice.

Keywords: Spin Photo Object, Instruction tool, Motivation, Maker Education, STEAM
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Supporting Students to Create Virtual Reality Content: Evidence from Primary
Classrooms
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Abstract: Background: Maker education has increasingly gained attention in recent years, and with
it, the need to involve youth in the responsible use of technology (Hwang, 2023). The use of VR content
creation as learning assistants is receiving increasing attention in maker education and collaborative
learning, as they are able to collaborate with students using their prior knowledge. McGivney (2025)
and previous reviews mainly focused on only one or two narrow aspects of VR use in maker education.
This study goes beyond merely reporting the specific types of maker education employed in previous
studies and examines how VR content creation supports learning in education. This paper reports on a
pilot study where primary school students created 360° VR learning resources.

Aims: The purpose of this study is to discover the possible technological, pedagogical, and social
affordances enabled by VR content creation in primary education.

This research has two objectives: 1) to examine the contributions of primary school students’
motivation and perceived teachers’ support about maker education, especially in VR content
creation, and 2) to examine the attitudes and difficulties that students encounter in implementing VR
content creation in primary education.

RQ1: How can VR content creation be implemented in primary education?

RQ2: What attitudes and difficulties did the students encounter in implementing VR content creation
in primary education?

Materials & Methods:

In this study, our research team leverages a low-tech VR content creation platform to teach primary
school students how to create VR stories as part of an environmental conservation project. The
participants were primary four to primary six students, who used tablets and an online VR creation
platform to create VR stories about the ecosystem. A total of 91 students from 12 schools took part in
the study, and valid survey responses were collected from 85 of them.

This research adopted a quantitatively-driven mixed-methods research design, which involved pre-
and post-tests, observation of participants, and in-depth semi-structured interviews to collect the data
for this study. While technical set-up and time constraints affected the research, primary school
students generally enjoyed the experience, with the facilitators observing good levels of engagement.
It will illuminate the frameworks created for student participation at the primary school level, i.e.,
field trip, campus workshop, and VR content creation workshop, and how students’ view of the
collaborative learning, digital literacy, and understanding of VR.

Results: This study outlines the findings and examines primary school students’ perceptions in
creating VR content. The findings of this empirical and theoretically grounded study are expected to
critically engage with the discussions of students’ participation as the positioning of learners’ needs
in frameworks like the human relations approach in primary education. Our findings revealed three
technological affordances: timeliness, ease of use, and personalization. Maker education appeared to
encourage students’ social presence through affective, open, and coherent communication. Several
challenges in using VR content creation were identified: technological limitations, the novelty effect,
and cognitive load. The results also indicate that the maker activities should be carefully designed so
that students can realise the meaning of the activities.
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Discussion and Conclusion: This study shows the importance of empowerment in developing
primary students’ attitudes and skills in maker activities. In fact, there was no increase in the content
knowledge of primary school students after viewing the VR learning resource, but most reported
good system usability. The pilot study indicated that having students create learning content for an
authentic audience, such as their schoolmates, is feasible with the potential to generate positive
learning outcomes if organizational and time constraints can be addressed.

This context has led to a rise in teaching innovation and the adoption of technology-enhanced
learning in education. This shift involves creating personalized, technology-enriched learning
experiences to equip students with the necessary knowledge, skills, and competencies to succeed in
the 21st century (Petersen et al., 2023). Therefore, there is a growing call for students to re-
conceptualize their role as creators and create effective learning experiences and learning
environments.

The intention of this study is to understand students’ perceptions towards maker education, which is
significant for discussing the development of digital literacies for future readiness. Findings of this
study provide insights into primary students’ perception of maker education and its effectiveness in
developing collaborative skills for academic purposes. The findings may assist education
practitioners to consider a more effective task that could meet the needs of primary students in this
digital age, enabling primary school students to engage with and become part of the digital
community.

Keywords: Virtual Reality Content Creation, Primary Education, Maker Education, STEAM
Education, human-computer interaction
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Experiential learning with assembly robots: Supporting student self-efficacy,
collective efficacy, and collaborative problem-solving
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Abstract: In the context of STEAM education, students are increasingly expected to demonstrate
interdisciplinary knowledge, as well as collaboration and problem-solving skills. These demands
could be challenging, especially for those with low confidence in understanding and applying
technical concepts. Moreover, teamwork and efficacy are critical to success in the high-tech
workplace of the 21st century (Leavy et al., 2023). To address these needs, the present study
examined the effects of experiential learning with assembly robots on students’ self-efficacy,
collective efficacy, and collaborative problem-solving (CPS) skills.

A four-week intervention was conducted in April 2025 with 30 graduate students from diverse
backgrounds (e.g., Architecture, Engineering, Mathematics, and Management) at a public university
in Hong Kong. Students were divided into six groups, each of which had at least one member with
previous experience in assembly robotics. The intervention included weekly group discussions and
two hands-on tasks involving the programming and operation of robotic arms.

This study aimed to (1) examine the impact of working with robotic arms on students’ self-
efficacy, collective efficacy, and academic achievement, (2) identify students’ use of CPS strategies,
and (3) explore students’ perceived benefits and challenges of robot-integrated STEAM learning.

A mixed-methods case study design was employed. Quantitative data included pre- and post-
surveys on self-efficacy (adapted from Pintrich et al., 1993) and collective efficacy (adapted from
Wang & Lin, 2007), knowledge tests, and two hands-on tasks. Qualitative data included group
discussions, student-robot interactions, open-ended surveys, and semi-structured interviews.

In terms of efficacy outcomes, Wilcoxon signed-rank tests showed no significant pre-post
changes in self-efficacy (p = .543) or collective efficacy (p = .448) at the class level (N = 30), nor at
the group level, although two groups showed an upward trend and one declined. Midpoint
comparisons (against the scale midpoint of 4) revealed post-survey collective efficacy was
significantly above midpoint (p <.001), but self-efficacy was not (p = .053). At the group level, one
group showed a significant increase in self-efficacy (p = .011) and four groups showed an increase in
collective efficacy (p < .05). These results indicate an overall enhanced efficacy, with variability
among groups and collective confidence being stronger than individual confidence. In the pre-test,
none of the students’ self-efficacy ratings were significantly above the midpoint, which could
indicate a neutral baseline that improved after experiential learning with the assembly robots in the
group.

Observations of group discussions and student-robot interactions during hands-on activities
revealed students’ CPS strategies, including task division, peer feedback, and process monitoring.
These behaviors indicate their active coordination, communication, and shared cognitive regulation.
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Open-ended surveys and interviews further supported these findings, with students emphasizing the
benefits of integrating interdisciplinary knowledge with hands-on application, enhanced
collaborative learning through group problem solving, and increased motivation for STEAM careers.
They also highlighted challenges, particularly the need for multiple learning supports (e.g., virtual
simulations) and onboarding resources. These suggestions point to the importance of individualized
scaffolding in collaborative learning.

Ongoing analyses of student performance on knowledge tests and hands-on tasks will be
presented at the conference. Strategies for instructional design will be shared with educators and
researchers, focusing on the reflective integration of assembly robots into experiential learning and
the design of personalized scaffolds for interdisciplinary tasks.

Keywords: Assembly robot; human-robot interaction; collaborative problem-solving; experiential
learning
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The Integration of VR into Junior High School History Education
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Abstract: With the rapid development of digital education, virtual reality (VR) technology,
characterized by its immersive and interactive features, has brought revolutionary opportunities to
traditional teaching models. Junior high school history education has long relied on static teaching
methods such as texts and images, leading to insufficient intuitiveness, low student engagement, and
challenges in contextualizing historical events. Guided by cognitive load theory and multimedia
learning theory, this study explores the integration of VR technology into junior high school history
curricula. Through experimental comparisons between an experimental group and a control group,
combined with pre-tests, post-tests and survey questionnaires, the study evaluates the impact of VR
technology on students’ interest and comprehension skills.

First, this study analyzes the research status of virtual reality (VR) technology in education both
domestically and internationally, and systematically summarizes the theoretical foundations for
applying VR technology to junior high school history teaching. Second, it designs the curriculum "The
Old Summer Palace — A History from Glory to Destruction" and its virtual learning scenarios,
implementing them in teaching experiments with junior high school students recruited from several
middle schools in Jiangsu Province. Through a comparative teaching design involving an experimental
group and a control group, combined with questionnaire surveys and quasi-experimental research
methods, the study evaluates the impact of VR technology on students' learning interest and
comprehension abilities.

Based on the empirical analysis, this study concludes the following: at the level of students'
interest in history learning, the interactivity and immersiveness of VR technology effectively reduces
the cognitive load, breaks the abstractness of historical knowledge, and stimulates students' intrinsic
curiosity and exploratory power in history. At the level of visualization of historical events and
concepts, VR technology is especially helpful in explaining concepts that are difficult to be visualized
in the traditional classroom, so that the teaching content can be more easily absorbed and internalized
by students. In terms of the depth of historical understanding, VR technology promotes students' deep
understanding of historical events through contextualized learning paths. This study provides a
practical example of the application of VR technology in the humanities, as well as theoretical support
and methodological reference for the innovation of junior high school history education and the
promotion of educational equity.

Keywords: Virtual Reality (VR); Junior High School History Education; Cognitive Load Theory;
Immersive Learning; Teaching Model Innovation
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Group Mind-Mapping Mnemonics (GMMM): Al-Powered Tools to Extend
Interactive Learning Beyond the Classroom

ZHENG Caigian!, CHEN Gaowei'
Faculty of Education, The University of Hong Kong, Hong Kong, China

Abstract: After formal lesson time, many students revert to passive rote review strategies,
significantly weakening the impact of interactive pedagogies used during class hours (Chi & Wylie,
2014). This disconnect between in-class and after-class learning approaches creates a critical barrier
to educational effectiveness, particularly in East Asian contexts where examination preparation heavily
influences study habits (Peters, 2017). To counter this tendency, the present project will develop two
complementary Al-powered tools that support Group Mind-Mapping Mnemonics (GMMM): (1) a
mind map analysis system that provides personalized recommendations for improving knowledge
organization and visual structure, and (2) a mnemonic suggestion engine that generates customized
memory aids based on uploaded mind map content. Unlike existing mind-mapping software that offers
only static templates or basic formatting tools, our system employs natural language processing and
knowledge graph analysis to evaluate conceptual relationships and suggest domain-specific
improvements (Davies, 2011; Holstein et al., 2019). Similarly, while current mnemonic applications
provide generic memory techniques, our engine generates context-aware suggestions by analyzing the
semantic content and hierarchical structure of student-created mind maps, adapting to individual
learning patterns through machine learning algorithms (Putnam, 2015).

Drawing on the Interactive, Constructive, Active, Passive (ICAP) framework (Chi & Wylie, 2014),
these Al systems will analyze student-created mind maps and offer tailored suggestions that promote
higher-order thinking. The mind map analysis tool will evaluate structural elements such as
hierarchical organization, connecting relationships, and conceptual completeness, then provide
specific improvement recommendations based on domain-expert principles. The mnemonic suggestion
engine will identify challenging concepts within the mind maps and generate multiple memory aid
options (acronyms, keyword associations, visual imagery suggestions) that students can select from,
modify, or use as inspiration for their own creations (Bellezza, 1981). Both tools will support
collaborative features where student groups can share, comment on, and collectively refine both mind
maps and mnemonic devices.

The research methodology will proceed through three stages with integrated ethical safeguards:
First, development of the Al algorithms through collaboration with subject matter experts and
cognitive scientists, incorporating differential privacy techniques to protect student data and
establishing transparent algorithmic decision-making processes (Holmes et al., 2022). Second,
iterative usability testing with small student groups after obtaining informed consent from participants
and institutional review board approval, ensuring voluntary participation and the right to withdraw.
Third, a classroom-based implementation study examining how these tools influence after-class study
behaviors, with continuous monitoring for algorithmic bias and regular audits to ensure equitable
recommendations across diverse student populations (Baker & Hawn, 2022). Data collection will
include analysis of mind map quality before and after Al recommendations, student modification
patterns of Al-suggested mnemonics, collaborative discussion logs, and comparative assessment of
study approaches before and after tool adoption. All data will be anonymized and encrypted, with clear
data retention policies communicated to participants.

Particular attention will be paid to how these Al tools might benefit students with different
learning preferences and participation styles, while maintaining student autonomy and preventing
over-reliance on Al suggestions (Luckin et al., 2016). The project will investigate how varying levels
of Al intervention affect student agency and learning ownership, ensuring that Al recommendations
serve as scaffolding rather than replacement for critical thinking.
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The study aims to demonstrate how Al-powered cognitive tools can provide scaffolded support
for extending classroom dialogue into home study environments without requiring constant teacher
presence. Expected outcomes include: (1) validated algorithms for mind map analysis that incorporate
domain-specific knowledge structures while respecting student creativity, (2) design principles for
culturally responsive mnemonic suggestion systems that respect linguistic and conceptual features of
East Asian educational contexts, and (3) empirical evidence regarding how Al-mediated feedback
influences the quality of student thinking during independent study. By providing intelligent cognitive
support that responds to individual student needs while maintaining ethical standards, these tools aim
to bridge the gap between classroom dialogue and after-hours learning, creating a more coherent
educational experience.

Keywords: artificial intelligence in education; mind mapping; mnemonic techniques; ICAP
framework; personalized learning
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Developing an ICAP-Based Framework for Evaluating Student Engagement in
Dialogic Classrooms

ZHENG Caigian!, CHEN Gaowei'
Faculty of Education, The University of Hong Kong, Hong Kong, China

Abstract: This paper presents a comprehensive theoretical framework for analyzing student
engagement in dialogic teaching environments, addressing the limitations of traditional assessment
methods that rely on simplistic metrics like contribution frequency or test scores. Grounded in the
Interactive, Constructive, Active, Passive (ICAP) theory (Chi & Wylie, 2014), the framework
integrates behavioral indicators with cognitive processing markers to evaluate engagement patterns
across classroom and after-class learning activities.

The framework addresses three critical challenges in engagement evaluation: distinguishing
superficial participation from genuine cognitive engagement, capturing contribution quality beyond
quantity, and tracking engagement transfer between formal classroom settings and independent study.
Our coding system classifies student behaviors according to ICAP categories through specific
observable indicators: verbatim note-taking indicates Active engagement, self-explanation behaviors
demonstrate Constructive engagement, and collaborative reasoning sequences reflect Interactive
engagement (Chi et al., 2018).

The evaluation framework examines three dimensions: cognitive engagement levels defined by
ICAP, dialogic participation quality aligned with Academically Productive Talk criteria (Michaels et
al., 2008), and engagement pattern transfer between learning contexts. For each dimension, we propose
data collection methods and analysis approaches including discourse analysis protocols for identifying
reasoning chains, structural complexity assessment of mind maps, and knowledge elaboration
measurement in group discussions. The framework introduces "engagement profiles" to account for
how cultural factors and prior educational experiences influence participation patterns, recognizing
that students from diverse backgrounds may demonstrate engagement differently (Alexander, 2020).

Key contributions of this framework include: (1) operational definitions for distinguishing passive
compliance from constructive thinking in dialogic contexts, (2) systematic observation protocols and
rubrics that balance comprehensive assessment with practical classroom implementation, (3) culturally
sensitive indicators that acknowledge diverse engagement expressions in East Asian educational
contexts (Howe & Abedin, 2013), and (4) a theoretical foundation for understanding how dialogue-
based teaching approaches interact with student engagement patterns during pedagogical transitions.

The proposed framework enables researchers and educators to move beyond surface-level
participation metrics toward understanding the cognitive depth of student engagement (Fredricks et al.,
2004). By providing specific indicators and measurement approaches for each ICAP level within
dialogic contexts, the framework supports evidence-based instructional design and assessment
practices. This is particularly relevant for educational systems transitioning from traditional instruction
to more interactive models, where understanding authentic engagement becomes essential for effective
implementation.

This work contributes methodologically by establishing a theoretical foundation for measuring
engagement quality in dialogic teaching contexts. The framework provides practical tools for educators
to assess whether dialogic approaches achieve their intended cognitive outcomes, supporting more
effective implementation of interactive pedagogies in technology-enhanced learning environments
(Mercer & Dawes, 2014). Future applications could incorporate natural language processing
algorithms to scale the analysis while maintaining the framework's emphasis on cognitive depth over
superficial participation.
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A Novel Bayesian Knowledge Tracing Model for College Students in Language
Learning

Jing Chen!, Qin Ni!, Huilin Chen', Lu Liu'

!Shanghai International Studies University
Abstract: English reading skills are a cornerstone of academic communication, professional
knowledge acquirement and career development in higher education (Gopferich & Neumann, 2016).
With the growing need for personalized learning in language education, accurately monitoring
students' knowledge acquisition has become crucial. Previous study have used linear mixed-effects
model (Raudszus et al., 2021) and cognitive diagnosis models (Chen et al., 2025) to examine the
reading comprehension growth in first language and second language readers. However, research on
tracking the mastery of college students' reading subskills remains limited. To address this gap, this
study proposes a Bayesian Knowledge Tracing (BKT) model specifically designed to monitor English
reading skill development among college students. BKT, originally created to trace procedural
knowledge mastery, updates the probability that a student has mastered a particular skill based on their
learning performance over time. Although BKT has been widely used in STEM fields such as
mathematics (Fisch et al., 2011) and programming education (Kantharaju et al., 2022), its application
to language learning is relatively rare.

The dataset utilized in this study consists of response data collected from 303 undergraduate
students at a university in Shanghai. The assessment consisted of sixty multiple-choice items. Each
item was tagged with one reading subskill, including analyzing details, comprehending stated
information, making inferences, interpreting information, understanding authors’ attitudes, inferring
vocabulary meanings, and summarizing main ideas. Area Under the Curve (AUC) metric was used to
evaluate the performance of model.

The results demonstrate a reasonable ability to distinguish between students who mastered
English reading skills and those who did not, with an AUC score of 0.692. Further analysis revealed a
skewed distribution in the predicted mastery probabilities: while a significant proportion of students
were predicted to have fully mastered certain skills (with probabilities clustered around 1.0), another
subset showed only moderate mastery levels (with probabilities ranging between 0 and 0.4) across
various skills. This research extends the application of BKT into the domain of language education,
particularly in English reading comprehension, and highlights its potential to support data-driven
educational technologies.

Keywords: Bayesian Knowledge Tracing, college student, English reading skills, language learning.
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Influencing Factors of Artificial Intelligence Literacy among University Students:
Based on an Extended UTAUT Model

Xin Tang!, Morris Siu-Yung Jong!
ICentre for Learning Sciences and Technologies, The Chinese University of Hong Kong,
Hong Kong SAR, China

Abstract: In the era of Artificial Intelligence (Al), there is a huge shift in STEAM education for
university students. Moreover, it is essential to enhance their digital resilience and Al literacy (Cerny,
2024; Gomes et al., 2025). However, there is still a lack of research on the improvement of digital
resilience and Al literacy for university students in the field of STEAM education. This study aims to
unveil influential factors of development of Al literacy, to explore how digital resilience influences Al
literacy based on the UTAUT model, and to provide implications of enhancement of Al literacy. In this
study, the PLS-SEM method was used to reveal the factors influencing the use of Generative artificial
intelligence (GenAl) in university students' Al literacy based on the UTAUT model and their
interrelationship with the mediating variable digital resilience. A total of 369 valid data were collected
and analyzed using SmartPLS 4 software. The study found that performance expectancy (PE), social
influence (SI), and facilitating conditions (FC) all directly influence behavioral intention (BI) and Al
literacy (AL), and they also indirectly affect behavioral intention (BI) through digital resilience (DR)
and indirectly affect Al literacy (AL) through behavioral intention (BI). However, expectancy effort
(EE) has no significant influence on digital resilience (DR), behavioral intention (BI), and Al literacy
(AL). In summary, all factors can explain 72.1% of Al literacy. It is suggested that teachers cultivate
students' habit of learning based on Al. Through data analysis tools and technologies, students can
have real-time access to key learning resources, thereby better assessing their own learning
performance and promptly adjusting strategies to meet performance expectations. Create an
atmosphere within the school where Al is used for learning. Students can form study groups to use Al
for learning together. At the school level, large-scale training sessions or activities can be held to build
an environment that encourages the use of Al for learning. Schools should ideally provide convenient
tools and platforms for learning with Al. For example, they can directly offer students specific Al
recommendations for learning particular courses.

Keywords: Generative Al; Digital resilience; Al literacy; UTAUT; PLS-SEM
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Integrating STEAM and Maker Education through Design and Technology in
Hong Kong Secondary Schools

CHAN Lok Hang1
I'TWGHSs Kap Yan Directors’ College, Hong Kong, China

Abstract: In recent years, the rise of STEAM education has revitalized interest in Design and
Technology (D&T) within Hong Kong’s secondary education landscape. D&T is now evolving into
a multidisciplinary platform that fosters creativity, problem-solving, and technological literacy. This
transformation aligns with broader educational reforms and the global emphasis on 21st-century
skills. D&T, as a subject rooted in making and problem-solving, serves as a natural medium for
STEAM integration. Echoing Dieter Rams’ notion that “good design is made for people,” the
reimagined curriculum emphasizes empathy, human-centric design, and the development of solutions
through iterative prototyping and testing. This emphasizes the principles of the engineering design
process, which requires students to define problems, generate ideas, build prototypes, and evaluate
outcomes (National Research Council, 2012). The design process encourages critical thinking and
promotes resilience through trial and error, making it an ideal foundation for STEAM learning.
STEAM education promotes an integrative and cross-curricular approach to teaching and learning. It
encourages educators to embed knowledge and skills from multiple disciplines into cohesive
projects. For instance, students apply scientific principles and mathematical reasoning to solve real-
world problems through technological tools, while art fosters aesthetic judgment, cultural awareness,
and creativity (Bequette & Bequette, 2012).

Two classroom-based projects carried out at my school for Secondary students illustrate the
effectiveness of integrating iterative STEAM and maker education in the classroom. The first
involves using programmable drones to simulate coral reef monitoring. In this activity, the classroom
represents the ocean floor, with coral reef checkpoints placed around the space. Students are tasked
with developing drone flight programs to visit each checkpoint efficiently. This process involves
interdisciplinary skills: scientific understanding of ecosystems, programming logic and algorithms,
engineering navigation systems, spatial mapping using mathematics, and collaborative planning. The
project also highlights how simulated environments can develop students’ environmental awareness
and design thinking (Martinez & Stager, 2013). Practically, 2 to 4 students in a group were allowed
to perform the drone test within 10 minutes. The drones are not powerful in terms of sensor and
sometimes inaccurate in terms of distance travelled. Sometimes the drone failed to perform the
programme block, for example, hovering on top of the checkpoint without moving to next
checkpoint, they may stop the programme, measure the error, retrieve the drone, and edit the
programme. Students were required to adjust the programme considering the practical scenario. For
instance, adding a programme block to descend the drone to “see” more clearly instead of relocating
the checkpoint as it represent coral reef in reality was observed in students’ work.

The second project emphasizes technological capability, aesthetics, and entrepreneurship through the
creation of a file of 3D wooden animal puzzles for prolonged usage. Reason of using laser cutting
technology is discussed with students. Students begin by studying animal anatomy and behaviour,
then design their own puzzle using a CAD software, Onshape, incorporating mathematical concepts
such as symmetry and variables. Variables were well used in setting thickness of materials and joints
of parts as thickness of material is subject to change. The process includes understanding material
properties, digital fabrication, and iterative design. They further photograph their final product using
compositional techniques (e.g., rule of thirds, perspective, depth of field), integrating visual literacy
and promoting entrepreneurial thinking. This project not only enhances students’ making skills but
also demonstrates the potential for interdisciplinary application in both digital and artistic domains.
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These examples reflect the core philosophy of maker education, which emphasizes learning through
doing, creativity, and collaboration (Halverson & Sheridan, 2014). Maker education encourages
student autonomy, they take ownership of their learning, engage with materials in meaningful ways,
and connect abstract concepts to tangible outcomes. When integrated with the STEAM framework,
maker education fosters an environment where students are empowered to explore, create, and
innovate.

In conclusion, the transformation of Design and Technology in Hong Kong illustrates the potential of
STEAM and maker education to enrich student learning. By integrating science, technology,
engineering, art, and mathematics into cohesive, hands-on experiences, students develop not only
technical competencies but also critical thinking, creativity, and empathy. These interdisciplinary
approaches are crucial in nurturing future-ready learners equipped to solve complex problems in an
ever-changing world.

Keywords: Technology education, Design and Technology, interdisciplinary learning, drone

programming, Onshape
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Enhancing Academic Performance through the Integration of AloT Education in
Computer Literacy

Li Chiu Fai!
ICognitio College (Kowloon), Hong Kong, China

Abstract: The integration of Artificial Intelligence (Al) and the Internet of Things (IoT)—collectively
termed AloT—significantly reshapes educational methodologies, particularly in Computer Literacy. A
leading expert in the application of Al in education proposed a framework for understanding the
complexity of human intelligence by identifying the comparative limitation of AI when analysed using
the same framework and offers clear-sighted recommendations for how educators can draw on what
Al does best to nurture and expand our human capabilities (Luckin, 2017). While integrating artificial
intelligence (Al) into education brings benefits to the education landscape, there are also significant
risks. To fully utilize Al's technological innovation for educational purposes, ethical considerations
must be taken into account (Micheni et al, 2024). The effectiveness of Al-driven educational tools and
assess their implications for students, educators, and institutions have been analysed (Degni, 2024).
However, the research did not mention the effect on students’ academic performance of using AloT
education in the school curriculum. So, this study evaluated the effectiveness of AloT education in the
curriculum in terms of students’ academic performance. It examined how AloT enhances academic
performance through personalized learning experiences, improved engagement, real-time feedback,
and collaborative environments. By exploring theoretical frameworks, benefits, challenges, practical
applications, and case studies, the research highlights the transformative potential of AloT in education.
As technology evolves, educational practices increasingly adapt to diverse learning styles and paces.
AloT integrates Al technologies with IoT devices, enabling the collection, analysis, and action of real-
time data. This interconnectedness optimizes classroom management and fosters collaboration among
students and educators.

Despite the documented advantages of Al in education, the specific impact of AloT on academic
performance remains underexplored. This study aims to bridge that gap by evaluating the effectiveness
of AloT education in enhancing students' proficiency in Computer Literacy. From January to May
2024, a tailored curriculum for S3 students, integrating hands-on activities and theoretical concepts,
was implemented in collaboration with Alphotonics Limited. The effectiveness of this approach was
evaluated through a data-driven analysis of academic performance improvements linked to AloT
education.

The S3 AloT curriculum encompasses core topics, including AloT concepts, basic electronics,
assembly of a robotic arm kit, Arduino programming, and circuit design. Teachers utilized resources
from Alphotonics Limited to facilitate learning, ensuring students acquire practical skills alongside
theoretical knowledge. The curriculum is structured into three stages: introduction to theoretical
concepts, instruction in text-based programming using Arduino, and practical applications where
students design solutions to real-world problems using AloT principles.

Top-performing students were selected for enhancement classes to apply their knowledge in
competitive environments. These students have gained recognition in interschool competitions,
showcasing innovative applications of AloT education. A three-day training session prepared teachers
to guide students through the curriculum, covering AloT concepts and basic sensor functionalities.
The study involving five teachers and 112 S3 students employed engaging teaching strategies to
compare academic performance between those receiving AloT education and a control group (without
AloT education), revealing significant improvements in performance among AloT students, with
statistical tests confirming a positive correlation between AloT education and enhanced performance
metrics.
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The significant differences in the lowest mark, first quartile, second quartile, and third quartile between
S3 Computer Literacy marks of students with and without AloT education further support the mean
improvement in academic performance. The formal test for distributional differences is by using the
Pearson correlation coefficient. The methodological details were the statistical method used. One way
to quantify the relationship between two variables is to use the Pearson correlation coefficient, which
is a measure of the linear association between two variables (Zach, 2020).

Students with AloT education achieved significantly better academic performance and greater
engagement in learning activities than their peers without it, demonstrating the positive impact of
integrating AloT into the Computer Literacy curriculum.

In conclusion, this study demonstrates the effectiveness of integrating AloT education into the
Computer Literacy curriculum, resulting in enhanced academic performance. The findings highlight
the necessity for ongoing exploration of AloT's role in education to enhance engagement and create a
more practical learning experience.

Keywords: Artificial Intelligence, Internet of Things, AloT education, Arduino, academic
performance
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Advancing Virtual Reality Creation in Maker Education with Learning Analytics
and Generative Artificial Intelligence

Zuo Wang!, Jeremy Tzi Dong Ng!, Eugenia Yue Ching Lo!, Xiao Hu!
IThe University of Hong Kong, Hong Kong, China

Abstract: Virtual Reality (VR) has emerged as a transformative tool in education, offering immersive
environments that simulate real-world scenarios and create entirely new worlds to enhance student
engagement. However, in previous applications of VR in maker education, students often acted as
consumers of VR contents rather than creators. To realize the potential of VR-based maker education,
we developed a low tech-barrier pedagogy of VR content creation (Hu & Ng, in press). Built on this
pedagogy, a web-based VR content creation platform was developed integrating learning analytics and
Generative Al support (Wang et al., 2022). Over the past four years, more than 1,200 VR stories were
created by over 1,000 students on the platform. Participants ranged from university students in general
education courses to K—12 students in workshops, working on themes such as cultural heritage and
environmental protection. By lowering the technical and financial barriers to VR creation, we
empowered students of diverse backgrounds to participate in VR creation. Learning analytics (LA)
enhances teaching and learning by automatically collecting, analyzing, and visualizing data about
learners and their environments. Leveraging our in-house developed platform, which provides full
access to student interaction data, comprehensive analyses of both system logs and student-generated
artifacts can be conducted through LA methods. In response to student needs for personalized feedback,
LA dashboards are developed and integrated directly into the platform, offering real-time insights into
student progress and engagement. For K-12 students specifically, the platform is further enhanced by
adding collaborative VR creation features, which enables the implementation of collaborative learning
analytics to assess the quality of collaboration during students’ maker activities (Wang et al., 2024).
Through collaborative learning analytics, teachers and researchers can better understand and scaffold
team dynamics and support collaborative skill development. The VR stories created by students are
multimedia artifacts composed of images, text, background music, and audio narration. To analyze
these creations, we adopted Multimodal Learning Analytics (MMLA), which integrates data from
multiple sources and modalities. Machine learning techniques, such as Music Information Retrieval
(MIR), have been employed to gain a comprehensive understanding of students’ creative processes
and learning outcomes. Our findings highlight that LA serves not only as an evaluation tool but also
as a formative mechanism that can dynamically shape the learning environment in real time. Operating
within multiple iterations of design-based research studies, insights derived from LA are instrumental
in the iterative improvement of both the pedagogy and platform features. LA informs the refinement
of pedagogical strategies, leading to better scaffolding of student reflection and self-regulatory
processes. By integrating LA with VR creation, we are able to foster a more adaptive, personalized,
and impactful learning experience, empowering students to take greater ownership of their learning
journeys. Findings also demonstrate that integrating LA significantly improves students’ achievement
of learning outcomes arising from VR creation, for example, deeper understanding of content
knowledge, information, and digital literacy skills, and effectively creating public-facing artefacts with
real-world applications. With the emergence of Generative Al, Al tools have also been integrated into
the platform to assist students in generating content. A range of Al-driven features have been
incorporated on the VR creation platform to further support students’ creative processes including
customized chatbots, image and music generation tools. These tools not only provide students with
powerful new creative resources but also foster deeper engagement with the technology itself. Looking
ahead, we aim to explore the future convergence of learning analytics, artificial intelligence, and maker
education to further enrich student learning process and outcomes in VR creation.

Keywords: Virtual reality, Maker education, Learning analytic
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Development and Exemplification of A Hierarchical STEM Instructional Design
Framework for Students with Intellectual Disabilities: The ACCESSM Model

Yi-Shan Xie'!, Tsz-Him Kwok', Wai-Hin Lau', Ka-Hin Warren Cheung', Lugman Hamza',
Tsz-Keung Wong'
'Department of Mathematics and Information Technology, The Education University of Hong Kong

Abstract: STEM education has emerged as a novel educational approach, with early exposure to
STEM concepts demonstrating significant correlation with students' subsequent pursuit of STEM
careers (Tran, 2018). The acquisition of higher-order cognitive skills through STEM education—
including critical thinking, problem-solving, and creativity—enables students to address complex
societal challenges. Research also indicates that STEM education yields particular benefits for students
with special educational needs (SEN), including reduced attrition rates, enhanced mathematical
performance, and increased post-secondary enrollment (Plasman & Gottfried, 2016). Moreover, the
Education Bureau's policy framework (2023) emphasizes vocational training in the development of
SEN students in Hong Kong, which aligns strategically with the career-oriented outcomes of STEM
education. Consequently, STEM education presents both a suitable and viable educational approach
within Hong Kong's SEN educational context.

Nevertheless, implementation challenges persist. Studies indicate that mainstream educators in
Hong Kong face difficulties in STEM implementation (Ko & Lai, 2020; Chiu et al., 2021), with these
challenges being more pronounced in SEN schools. Primary obstacles include insufficient educational
resources (Pujaningsih & Praptiningrum, 2021), staffing constraints (Angelides et al., 2006), and
heterogeneous learning needs.

To address these barriers, particularly for students with Intellectual Disabilities (ID), this research

developed the ACCESSM model, a hierarchical STEM Instructional Design Paradigm (Figure 1).
The model's theoretical foundation draws from Self-Determination Theory (Ryan & Deci, 2017) and
references established STEM frameworks from both mainstream and special education settings (Li &
Li, 2019; So et al., 2022; Wood & Courtade, 2024).

The ACCESSM model comprises four foundational components: Adaptive Learning, Cognitive
Scaffolding, Collaborative Inquiry, and Engineering Mindset. Grounded in the assessment of learners’
prior knowledge, Adaptive Learning entails the tailored development of instructional materials, the
construction of authentic, problem-based scenarios, and the promotion of problem-solving mindset for
specific ID students. Cognitive Scaffolding involves deconstructing intended solutions and
establishing knowledge foundations through visual aids and concrete exemplars. Collaborative Inquiry
facilitates structured scientific investigation through complementary role assignment and enhanced
teacher-student and peer interactions. Engineering Mindset focuses on developing persistence and
systematic thinking skills. These core elements collectively form the foundational thread of an
inclusive STEM curriculum for students with ID. Their implementation should follow a progressive
and systematic approach and be supported by three strategic components: Systematic Instruction, Self-
Determination, and Multiple Evaluation.
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Systematic
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Adaptive Learning

Cognitive Scaffolding
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Determination

Multiple
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Collaborative Inquiry

Engineering Mindset

Figure 1 The ACCESSM Model

To respond to the heterogeneity among students with ID, the ACCESSM model incorporates three
hierarchical competency levels—high, medium, and low. These levels correspond respectively to
senior secondary students (Forms 4—6) with mild ID, junior secondary students (Forms 1-3) with mild
ID, and senior secondary students with moderate ID. In alignment with this framework, the present
research developed three sets of hierarchical STEM curriculum samples, each accompanied by
comprehensive teaching packages, to demonstrate the practical application of the ACCESSM model.
The selected topics—electronic vehicles, 3D modeling, and robotic grippers—can be naturally
integrated into existing subjects such as General Studies, Science, Technology Education, Design and
Applied Technology, or Information and Communication Technology within special education settings.
Furthermore, these topics are designed to serve as a bridge to vocational education, thereby expanding
future pathways for students with ID.

Overall, this research aims not only to enhance the inclusiveness of STEM education by fostering
meaningful participation and future opportunities for students with ID, but also to empower both in-
service and pre-service teachers. Through the ACCESSM model, educators are equipped to
independently design effective STEM curricula, organize engaging learning activities, and tailor
instruction to accommodate diverse learner needs.

Keywords: STEM Education, Adaptive Instruction, Special Educational Needs (SEN), Intellectual

Disabilities, Self-Determination Theory
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