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Designing a GenAl Chatbot-Enhanced Blended Synchronous Learning Environment to Improve

Online Learners' Emotional Engagement

Zhao Hantong!”*, Wang Qiyun'
'Nanyang Technological University
*nie25.zh@e.ntu.edu.sg

Abstract: Blended synchronous learning (BSL) combines in-person and online instruction in real-time, enabling remote
learners to join classroom activities. While BSL offers flexibility and merges the benefits of both modalities, online learners
often lack emotional engagement due to limited social interaction and personalized support. To address this, this study
proposes designing a GenAlI chatbot using ChatGPT to enhance online learners' emotional engagement by providing social
interaction and personalized support. This proposed research will follow the educational design research approach, and
progress through 3-4 iterative rounds of design, implementation, and formative evaluation to gradually optimize the design
of the chatbot. This study aims to fill gaps in research on generative Al for emotional engagement in BSL.

Keywords: Blended Synchronous Learning, Engagement, Interaction, GenAl Chatbot

1. Introduction

Blended synchronous learning (BSL) is an instructional approach that integrates classroom instruction and online learning
in real time, allowing remote learners to join classes via interactive technologies like video conferencing (Garrison & Vaughan,
2007). BSL offers flexible, accessible, and simultaneous learning opportunities, especially for adult learners balancing work
and study (Wang & Quek, 2016). Therefore, BSL is a highly practical approach for learners, especially adult learners.

However, BSL still faces some issues, particularly low engagement among online learners, which impacts academic
performance, satisfaction, and dropout rates (Fredricks et al., 2004; Wang et al., 2017). Emotional engagement, a critical
factor relatively overlooked in existing research, is often hindered by isolation, lack of social interaction, and insufficient
personalized support (Wang & Huang, 2023). Nevertheless, emotional engagement is less studied and remains an area needing
further exploration.

This study proposes to design a GenAl-powered chatbot to enhance emotional engagement in BSL by offering real-time
interaction and personalized support. Specifically, the study seeks to answer three research questions:

1)  What characteristics should an interactive GenAl chatbot have for the purpose of emotionally engaging online students
in the BSL environment?

2) To what extent does this GenAl chatbot enhance the emotional engagement of online learners?

3) Whatare learners’ perceptions of the use of GenAl chatbot to emotionally engage their learning in the BSL environment?

2. Conceptual Framework

Figure 1 shows the conceptual framework that guides the design of the study. In this section, the key concepts involved
in the framework and relevant research studies are reviewed.

Engagement

| .

I Leumerl‘onlem ‘

Learner-Instructor GenAl Chatbot
Learner-Learner
Learner-Interface ’ . H
instructional "/~ emotional
‘ Learner-Chatbot support support

*Note.* BE= behavioral engagement CE= cognitive engagement EE= emotional engagement

Figure 1. The conceptual framework
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2.1. Engagement and Emotional Engagement

Engagement is a multifaceted construct described as “the holy grail of learning” (Sinatra et al., 2015), as it is closely
related to academic achievement and satisfaction. In online learning, engagement is often defined as cognitive, affective, and
behavioral energy learners exert when interacting with others, learning materials, and activities (Martin & Borup, 2022).
Although online learning offers flexibility, it often lacks the immediacy of in-person interactions, leading to high isolation
and dropout risks. Engagement is commonly categorized into three dimensions: behavioral, cognitive, and emotional
(Fredricks et al., 2004). Behavioral engagement includes the learner’s attention, concentration, and curiosity to a learning task
and other observable actions, and cognitive engagement emphasizes learners’ mental endeavor in learning (Fredricks et al.,
2004). Emotional engagement, which this study emphasizes, refers to learners’ affective states during learning (Skinner &
Belmont, 1993). The relationship among these dimensions is dynamic, overlapping, and interdependent. For instance,
behavioral engagement is often seen as the physical representation of cognitive and affective engagement, while cognitive
engagement predicts behavioral and emotional engagement (Martin and Borup, 2022).

Measuring emotional engagement requires monitoring learners' learning-related emotions and their dynamic changes.
Traditional methods, such as self-reports, surveys, and interviews, could effectively capture emotional engagement but are
retrospective and subjective, often failing to track real-time emotional changes (Schall, 2014). This study explores facial
expression analysis as a non-intrusive, objective method to supplement traditional tools, enabling the real-time monitoring of
emotional engagement (Schall, 2014).

Emotional engagement is categorized into two dimensions: positive (POS) and negative (NEG) (Wang et al., 2015). POS,
which involves positive emotions like joy and confidence, has a positive correlation with academic performance. In contrast,
NEG involves emotions like boredom, frustration, and anxiety, which are common in technology-mediated learning and often
hinder learning outcomes. Providing social support and interaction often helps in decreasing the NEG and fostering the POS.
Therefore, this study will design and implement a GenAl chatbot to provide real-time instructional and emotional support for
online learners in a BSLE, aiming to enhance learners' POS.

2.2. Interaction

Moore (1989) identifies three forms of interaction in distance learning: learner-content, learner-instructor, and learner-
learner. Hillman et al. (1994) expand Moore’s framework by adding learner-interface interaction, which addresses how
learners interact with technology during the learning process. More recently, the emergence of Al technology has introduced
an additional form: learner-chatbot interaction. Empirical studies have demonstrated the potential of educational chatbots to
enhance learning accessibility and engagement (Okonkwo & Ade-Ibijola, 2021). Kuhail (2022) conducted a systematic review
highlighting chatbots' ability to improve learner engagement, analyzing their roles and interaction styles. However, the
potential of generative Al (GenAl)-based chatbots, like ChatGPT, remains unexplored in online or blended learning
environments (Kuhail, 2022). This study seeks to fill the gap by designing a GenAl chatbot to enhance existing interaction
types in a blended synchronous learning (BSL) setting, providing online learners with timely responses and emotional support
to improve learner emotional engagement.

2.3. GenAlI in BSL and Engagement Studies

GenAl can generate meaningful content such as text, images, and audio based on training data (Feuerriegel et al., 2024).
ChatGPT, a representative GenAl chatbot, was launched by OpenAl in November 2022 (Rahman & Watanobe, 2023). Unlike
non-GenAl chatbots, ChatGPT recalls previous conversation parts, enabling coherent dialogue. A key feature of ChatGPT is
its ability to process natural language queries, enabling learners to interact with it as they would with instructors (Rahman &
Watanobe, 2023). Educational chatbots are designed specifically for teaching and learning. Advances in Large Language
Models (LLMs) have enabled intelligent chatbots to offer personalized, interactive, and affordable guidance, and these tools
could answer students' questions, provide feedback, and facilitate collaboration between learners and the instructors. In
blended learning studies, Alshahrani (2023) identifies their ability of GenAl chatbots to provide personalized feedback and
enhance sustainable blended learning environments, while also calling for empirical research on their impact on motivation
and engagement. Furthermore, in a systematic review, Lo et al. (2024) analyze 72 studies on ChatGPT’s impact, noting that
emotional engagement remains underexplored. In this proposed study, the chatbot will play the teaching agent and
motivational agent (Kuhail,2022). There are two interaction mechanisms between the chatbot and the learner:1) The learner
actively initiates a conversation by asking the chatbot instructional questions related to the lecture. The chatbot responds with
relevant explanations and provides emotional support; 2) When the system detects that the learner is experiencing a low level
of emotional engagement, it proactively activates the chatbot. The chatbot then initiates a simple inquiry to prompt the learner
to ask questions or offers emotional encouragement.

3. Research Design

3.1. Context and Participants
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This study will be conducted with adult learners, who are taking higher degree courses at a Singaporean university. In
each course, the number of participants is around 20. There will be 13 weeks of teaching sessions per semester, and each
session is about 2-3 hours. 6-8 weeks of sessions will be conducted in the BSL mode.

3.2. Method (Educational Design Research)

This study will follow the educational design research approach. It is a systematic method that addresses complex
educational problems and achieves deeper theoretical and practical knowledge by designing, developing, and implementing
innovative educational interventions in authentic contexts (Plomp, 2013). This method fits this study well because integrating
a GenAl chatbot in a BSL setting is a relatively new attempt, and little experience is available in existing studies. Therefore,
this study will go through several iterations based on formative evaluation and reflection before an optimal solution is reached.
More specifically, this study will involve preliminary research, prototyping, and assessment stages (Wang et al., 2017), as
shown in Figure 2.

GenAl chaibot prototyping
Preliminary Assessment
- Assessme
Research — £ 9% ¥t -

4

+ context analysis

* needs analysis A quasi-experiment

« literature review

*  surveys

*  lesson observations

¢ student ns

¢ focus-group interviews

initial design principles

+facial expression analysis

BSL environment

Figure 2. The process of designing and assessing the GenAl chatbot in the BSL environment
In the preliminary research stage, initial design principles will be proposed after context analysis, needs analysis, and
literature review. The actual design, implementation, and formative evaluation of a GenAl chatbot in an authentic BSL
environment will occur in the prototyping stage. The specific design of the chatbot will focus on pedagogical, social, and
technical design perspectives (Wang et al., 2017). The design will be tested and improved in 3-4 rounds of iterations and end
up with an assessment stage.

4. Assessment

During the assessment stage, a class using the GenAl chatbot will serve as an experimental group, and the other class
with the same student profiles will be selected as the control group. The same instructor will teach the two classes on different
days. It is going to be a quasi-experiment. The assessment will examine 1) if integrating a GenAl chatbot can enhance online
learners' emotional engagement in the BSLE, and 2) what characteristics an interactive GenAl chatbot should have for
emotionally engaging students, and 3) the students' attitudes and perceptions towards the design. Multimodal data, including
facial expressions, lesson observations, surveys, interviews, and student observations, will be collected and analyzed during
the prototyping and assessment stage.

5. Concluding Remarks

This paper presents our thoughts about utilizing a GenAl chatbot to emotionally engage online students in BSL. The
study is currently at the proposal stage and detailed design and implementation has not yet been undertaken. The purpose of
this paper is to share our current idea and collect feedback from other researchers and practitioners. We hope this proposal
will inspire rigorous research and discussion, offering fresh perspectives and innovative suggestions to improve learner
emotional engagement in BSL.
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Design Thinking in Developing Primary School Students’ Computational Thinking

Zhizi Zheng!”, Daner Sun'
! The Education University of Hong Kong
*$1147994@s.eduhk.hk

Abstract: As a high-level thinking ability, computational thinking is closely related to students' problem solving and learning
outcomes, and is also an important part of STEM education. However, learning computational thinking is difficult. This study
introduces design thinking into teaching methods in the hope of helping students improve their computational thinking ability.
Thirty primary school students participated in STEM learning embedded with design thinking, and participated in the
evaluation of computational thinking ability before and after learning. The study found that there were significant differences
in students' computational thinking. However, there was no gender difference.

Keywords: Computational Thinking, Design Thinking, STEM Education.

1. Introduction

In recent years, rapid technological advancements have transformed various aspects of our daily lives, creating a growing
demand for skills related to science, technology, engineering, and mathematics (STEM). As we navigate a world increasingly
driven by data and digital technologies, computational thinking has emerged as a critical skill necessary for problem-solving
and innovation (Doleck et al., 2017). Computational thinking involves breaking down complex problems into manageable
parts, recognizing patterns, and developing algorithms to find solutions (Shute et al., 2017).

Integrating computational thinking into STEM education is essential as it equips students with the tools to understand
and engage with technology, fostering not only their analytical skills but also their creativity and collaboration abilities. By
cultivating these competencies, STEM education aims to prepare students for future careers in a technology-centric labor
market, ensuring they are not only consumers of technology but also creators and innovators.

Design thinking as a pedagogy can promote computational thinking by emphasizing student-centered learning and active
participation, which stimulates curiosity and creativity. It focuses on solving complex, real-world problems, encourages
interdisciplinary learning, fosters teamwork, and supports critical thinking through an iterative process of feedback and
revision.

Despite the recognized importance of computational thinking, cultivating this skill in students is a challenge. Traditional
teaching methods often fail to engage students in meaningful problem-solving experiences that promote the development of
computational thinking. Many students struggle to master abstract concepts and apply them to real-world situations, leading
to a lack of confidence and interest in STEM fields. To address these challenges, this research proposes the integration of
design thinking as a pedagogical approach to enhance students' computational thinking skills.

2. Literature Review

Computational thinking equips individuals with systematic problem-solving skills, enabling them to effectively tackle
various challenges. Furthermore, its applications extend beyond computer science to various fields, including science,
engineering, the arts, and humanities, fostering interdisciplinary innovation and collaboration (Czerkawski & Lyman, 2015;
Pulimood et al., 2016). Additionally, computational thinking enhances critical thinking skills, allowing individuals to assess
information, analyze data, and make informed decisions (Wu et al., 2024; Juskevi¢iené & DagienE, 2018). It also promotes
creativity by encouraging innovative solutions, driving progress, and new ideas. Lastly, computational thinking enhances
learning efficiency by providing students with a structured and logical approach, thereby improving their overall learning
experience (McCormick & Hall, 2022).

Design thinking emphasizes empathy, creativity, and iterative problem-solving, providing a framework that encourages
students to actively engage with complex problems (Razzouk & Shute, 2012). By fostering a practical, collaborative learning
environment, design thinking can help students develop a deeper understanding of computational concepts and improve their
ability to think critically and creatively (Lee et al., 2020). Design thinking emphasizes student-centered learning, encouraging
active participation and exploration, which stimulates curiosity and creativity (Lee & Hannafin, 2016). Moreover, design
thinking focuses on solving complex, real-world problems, aligning closely with key elements of computational thinking such
as problem decomposition, pattern recognition, and algorithmic thinking (Henriksen et al., 2017). Additionally, it fosters
interdisciplinary learning, allowing students to integrate knowledge from different fields, enhancing their understanding of
computational thinking. The iterative process of design thinking encourages learning from failure through continuous
feedback and revision, thereby strengthening critical thinking skills. Furthermore, it promotes teamwork and communication,
as students collaborate in groups, sharing ideas and perspectives, which is essential for computational thinking.

10
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The purpose of this research is to explore how embedding design thinking into STEM education can enhance students'
computational thinking skills and increase their motivation in STEM subjects. By integrating design thinking methodologies,
this study aims to create a more engaging and effective learning environment that fosters critical thinking, problem-solving,
and creativity. Ultimately, the research seeks to identify best practices for educators to implement design thinking in STEM
curricula, thereby preparing students for future challenges in a technology-driven world.

Research Question:

1. To what extent does the integration of design thinking in STEM education effectively promote the development of

computational thinking skills in students?

2. Does the integration of design thinking in STEM education have varying degrees of impact on the development of

computational thinking skills among students of different genders?

3. Research method

3.1 Participants

The participants of the study are 30 students from a primary school located in Shenzhen City, Guangdong Province, in
China. Among them, eight students from grade 4, 12 from grade 5, and ten from grade 6. There are 19 males and 11 females.
The students are from a community organized by the school and focus on using different tools and kits to solve questions.
The study lasted one month. The pre-test, practice class, and post-test were distributed in the first, third, and fourth weeks.
Each class lasts one hour.

3.2 Procedures

Phase One: Contextual Integration and Problem Definition. In the previous lesson, students engaged with the "Flower"
curriculum. In this session, students will reflect on their observations, placing particular emphasis on the challenges they
encountered. They are encouraged to formulate questions and articulate any concerns they may have regarding the watering
process. By focusing on empathy and clearly defining the problem in this phase, students will cultivate a strong value system
and motivation for problem-solving. This phase integrates the idea of “empathize” and “define” from the design thinking,
promotes critical thinking and collaboration, thereby enriching the overall learning experience.

Phase Two: Exploration of Solutions. This phase aims to address the issues identified in Phase One. Students will engage
in brainstorming sessions to propose potential solutions for improving cultivation methods, including aspects such as watering,
lighting, and temperature control. They will be introduced to the context through a video showcasing future cultivation
techniques utilizing artificial intelligence. Following this, a discussion will be organized regarding the application of
technology in managing farms or gardens. After the brainstorming session, the instructor will guide students in evaluating the
feasibility of their ideas. In this step, students are required to formulate a plan and outline specific steps to address the
identified problems. This process integrates the idea of “ideate” from the design thinking, entails deconstructing the issues,
and applying creative thinking to generate innovative ideas.

Phase Three: Prototype Design. Following the idea of “prototype” from the design thinking, in this phase, students will
develop a system to monitor the temperature, humidity, and light conditions of the plants they are cultivating. This prototype
will serve as a practical application of the concepts generated in Phase Two. Each group will be provided with micro:bit
microcontrollers (which they have utilized in the previous lesson), sensors for measuring temperature, humidity, and light, as
well as additional materials for constructing the physical setup (such as wires and breadboards). The installation will
encompass both programming and physical components. In the physical aspect, students will correctly connect the sensors to
the micro:bit microcontroller. Drawing on their previous experiences with setup and installation, they will create a pin
distribution diagram to guide their connections. In the programming component, students will write a program that includes
initial sensor readings and displays data values on the micro:bit screen or transmits the data back to a computer. During this
phase, students are required to apply STEM knowledge to construct the design prototype. Additionally, their practical skills
and experience in utilizing technology (micro:bit) are crucial for ensuring the success of the prototype. Furthermore,
collaboration will be encouraged, allowing them to share roles and enhance teamwork and learning.

Phase Four: Testing. Following the idea of “test” from design thinking, in this phase, students will evaluate their
prototypes in the garden by collecting data on the temperature, humidity, and light conditions of the peanut plants. This stage
will enable them to assess the functionality and effectiveness of their designs. Following the initial testing, a group discussion
will be held, allowing students to share their observations and experiences.

3.3 Data collection and analysis

The computational thinking of students is from the Bebras Challenges. Bebras Challenges are international competitions
aimed at promoting computational thinking among students aged 6 to 19. These challenges involve interactive tasks that foster
logical reasoning and problem-solving skills. Participants enhance their computational abilities while engaging in a fun and
collaborative environment. Students will take a pre-test before the study and a post-test after the study. There are four
challenges, two difficulty A and two difficulty B, in the pre-test. Ten challenges, three difficulty A, three difficulty B, and four
difficulty C, were in the post-test. The pre-test lasts 15 minutes and the post-test lasts 45 minutes. This study employs statistical
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analysis and a t-test to analyze the difference between pre- and post-test and between genders. The study employs Python to
analyze the data.

4. Results

4.1 Statistical analysis

Table 1 demonstrates the statistical analysis results of students’ pre- and post-tests. Based on the analysis of the Pre-test
and Post-test data, significant differences in participants' performance across various difficulty levels (A1-C4) are evident.
The A group generally has higher means, indicating that participants have a good grasp of the lower-difficulty questions, with
Al having a mean of 4.13 and A2 4.4. In contrast, the B group shows more variability, with B1's mean significantly increasing
from 0.2 to 6.2, and B2 rising from 5 to 8.6, demonstrating notable learning outcomes in medium-difficulty questions.
However, the C group's means are relatively low, particularly for C2 (2.53), reflecting the challenges faced by participants
with higher-difficulty questions. Additionally, B3 had one unanswered question in the post-test, which may have affected its
mean (-1.5). Overall, most groups showed improvement in the post-test, especially the B group, indicating significant learning
outcomes in medium-difficulty questions. Table 2 shows the results of the paired samples test. The results indicated a
significant difference between the pre- and post-test.

Table 1. The statistical analysis results of students’ computational thinking in pre- and post-tests

Min Nmin Max Nmax 0 NO Mean
Pre-test
Al -2 6 23 - - 4.13
A2 -2 6 6 24 - - 4.4
B1 -3 22 9 8 - - 0.2
B2 -3 10 9 20 - - 5
Post-test
Al -2 0 6 23 0 7 4.6
A2 -2 7 6 23 - - 4.13
A3 -2 5 6 25 - - 4.6
B1 -3 7 9 23 - - 6.2
B2 -3 1 9 29 - - 8.6
B3 -3 24 9 9 0 4 -1.5
Cl -4 13 12 17 - - 5.06
C2 -4 17 12 13 0 1 2.53
C3 -4 14 12 16 - - 4.53
C4 -4 11 12 18 0 1 5.73
Table 2. Paired Samples Test
Paired Differences Significance
95% Confidence
Interval of the
Std. Std. Error Difference One-Sided Two-
Mean Deviation Mean Lower Upper t df p Sided p
-30.833 26.672 4.870 -40.793 -20.874 -6.332 29 0.000 0.000

4.2 Computational Thinking difference in Males and Females

The study conducted a t-test to answer research question two. The results of the independent samples t-test indicate that
there is no significant difference in scores between males and females. Specifically, in the pre-test, the t statistic is 0.853 and
the p-value is 0.4020, both exceeding the significance level of 0.05. This suggests that gender does not have a significant
effect on scores. In the post-test, the mean score for the male group is 46.1, with a standard deviation of 26.27; the mean score
for the female group is 46.18, with a standard deviation of 28.82. The t-statistic is -0.008, and the p-value is 0.994. This
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indicates that there is no significant difference in scores between males and females (p > 0.05). Therefore, we fail to reject the
null hypothesis, suggesting that gender does not have a significant effect on scores.

5. Conclusion

This study explores the impact of integrating design thinking in STEM education on the development of students'
computational thinking skills, as well as analyzing the performance differences among students of different genders. Through
statistical analysis of pre-test and post-test data, we found significant differences in participants' performance across various
difficulty levels (A1-C4). The A group generally had higher means, indicating that participants had a good grasp of lower-
difficulty questions. In contrast, the B group showed significant improvement in medium-difficulty questions, particularly
with B1 and B2, demonstrating a positive effect of integrating design thinking on learning outcomes. However, the C group
had relatively low means for higher-difficulty questions, reflecting the challenges faced by participants in this area. Regarding
the second research question, the results indicated that gender does not significantly affect student scores. In both the pre-test
and post-test, the mean scores for males and females were nearly identical, and the statistical analysis (t-test) results did not
reach significance (p > 0.05). This suggests that gender is not an important factor in the development of computational thinking
skills. Overall, the integration of design thinking shows a positive effect on promoting students' computational thinking skills,
especially in medium-difficulty tasks. However, gender has a limited impact on learning outcomes, indicating that educational
interventions should focus more on the effectiveness of teaching methods rather than gender differences. This provides
valuable insights for future applications of design thinking in STEM education and offers a reference for educators in
designing curricula.

6. Limitations and suggestions

The study still has some suggestions and limitations. Firstly, the study employed a small group as participants. And the
study only examined the gender difference in computational thinking. In future research, more participants can be included
in the study to conduct a more detailed analysis or to find out the possible factors that may influence computational
thinking. Moreover, the process of how design thinking promotes students' computational thinking is also worth exploring.
Therefore, future research can be carried out from the perspective of learning science to explore the internal mechanism of
the development of computational thinking.
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ALFREBT K FAFREEFHRANG Y R: THH
Effects of AI Feedback on Students’ Academic Writing Performance in Higher Education: A

Meta-analysis
FXHl, Eal

AR FRFREEEHSFFZ
* wyluo@s.eduhk.hk

[#H2] A% (AD R AEREBEERS PE NIRRT 2, B2 FRIFATH RIS A AT RE
BEHMFIH—HELES N AR 38 A Al BRI EIEF LT T ZARFA,N, WAELERFEAFRKEESHAL
NP HEERY AR E. BRI T, Al RETEATEFHE, Al R IE, RBAR. RBER, AWRES R T
P33 Al BRI AR R ER R, AARERTRKETBRANRKTREEEHFEA - LT, 45
AT HAL AT B T B 693k it Ao g Bl 77 & o

[X4E18])] AIFRAN; AFAEAFKFEEEMEELIN, ZARKFOMHT; APRES B

Abstract: Feedback provided by artificial intelligence is increasingly common in English academic writing, yet controversies
exist regarding its effectiveness. This study conducted a three-level meta-analysis of 38 valid studies to explore Al feedback s
impact on students’ academic English writing performance and its influencing factors in the higher education setting. Results
indicated a moderate effect size, with significant influences from Al feedback tools, content, mode, and the sequence of human-
Al hybrid feedback mode. These findings offer valuable insights for English writing instruction in the Al era, particularly in
optimizing the design, implementation, and integration of Al feedback tools into pedagogical practices.

Keywords: Al feedback, student academic writing performance, three-level meta-analysis, human-Al hybrid feedback mode

1. 3| %

A AATLE G (GenAl, 4= ChatGPT. Deepseek %= Copilot) #3%A#t—F )T Al 51F
B89 Ko GenAl AT KAEZHEA (LLM) , RS AERBEALKFHOLLR, AFIHR
BEERN, FMEESHETERFH Y. R, Al RO AEMEES . A BERE
(AWE)L R £i5iE E® (e ZA04R) RINE&3E), B2 555569 E5)(Chen & Cui, 2022);
B RAUZE A Ao LR 808 0] B AF £ F SIZAE R 2 (Guo et al., 2024). GenAl ZARAF —Z 8%, 12
LB Ve A Fr IR A5 AR N R, 38 R 15) R VAR A ) B P AR ) KR 69 Bk (Fan et al., 2024).

BRTFAAFRERN SN, ALEZRBIATHEALZH Al RBIFAERBFRKEERIL
0¥, AR A\IFEL AR A BB, A AR IR FRREAFRE. Bk, ALRY
ATFAARLEA: 1) ALFRABMN KFAFREBEELLGERZZ4T? 2) HERFZ L
HRALR BRI KFAFREIEBHERNG KL ?

ALH Al BB 69484F & L F Carless #= Boud (2018)42 th #9:2 L #4177 K %ho Al R I A94R
R X H: FAXITHTK, BRAEBE ATEARGETHLF I RNGE L, FAHZREZE
A F 2] gy A2, mFREBEMHEGBRMERABOLERFNEN TIFEFLEERT
49 B V£ R X(Zhai & Ma, 2023).

14


mailto:wyluo@s.eduhk.hk

GCCCE2025
2. BFRF &

2.1. Xtk #

L #RA R T 2024 5 12 A #47. £ IA94EEA : Web of Science, Scopus #= EBSCO. # #
PR A dodh & A K LAk, FF R B ]S B Ao SUak R A BEAT IR H) . 8 L H 89 K418 5 Al R
MBHEAHERT R K. KMNLERATATAR, TROHEEZEELFTALFTHRRLY
Fl, U EAERRYE, FEZERLKR R FZLRL 601 H.

2.2. X4

LR IR AT R I T 1) LARAEGFHFIERTIERNT Al R FIEF L 2) LIRA I
RN LR G R kT 3) LA EREEE % TE L 4) LHBT LKA 1.
SCHR R = 145 R A T 2% ik 89 Effective Public Health Practice Project (EPHPP) L £ (Thomas %,
2004; Yan %, 2022), HET AENEE: AE5FEBERE, FRLET. RERE, KEKETF
EABSHEHBEBRN, HANREHBRR P I ZANAFRET TS HEA —NEEIFR
MAIFAREIFOHRL, ANBAREFHF, LLRADBE WA R TR EZ AL (Yan F,
2022), RE IS E AL AEL T FHEL AR, S TAESHNINS, B pEEELTRE
m— . FEAMER EZGT RN AR, Bk, AANLIKET 39 K.

2.3. X k%45

AT AN Lk 3 FRAT 7 @t 4T %mah . 1) PriE R e Al RO T & 2) REA M xR
TR T AR RAG3E] 3) RBT AR 4) RBTAAE 5) RBIRIR 6) AWRERIF AT %
AR AL R FH AT, —&MARR A Cohen’s alpha = .88, 3T A AL a7, &
{2 g AR AT AR B — & L,

2.4. HEPHT

FAAK F Cohen’s d (Cohen, 1988) & i+ H 2 i = 4547, 7 Cohen’s d # 3% Hedges’ g (Hedges,
1981), B A HA4 & N RFT 50 848 LAk £ 69 28 2 1571 (Lipsey & Wilson, 2001). 5 ¥ & A
MMERBFOLESNLTE. A, —NMHALBFEREZ IR E, MEXEHYZZ TR A
FEAR#i M (Cheung, 2014)0 AFF 5K R T ZK-F Lo A7 B 2 48 458 %047 F 89 % £ 1m £ (Ngo et al.,
2024).

B TIRT Al R 5 £ REF R BERG R A6y SARBOL I, T AP EZHAT M. H
PRAEAT 48 R by ettt RAMNF#ATT FFEALN, EANNIEF, A—BLEFHXLEAN g=
52.32 (Rad et al., 2023), A2 T( x—3SD, x+ 3SD)# 7€ A (Acuna & Rodriguez, 2004), & ¥4 i
Bk e REMNALST YT E 38 Ko

3. AL
3.1 EHAKKEF

EI1IFPERT AIABMM XFAFREEZEENERZILE, RFPZKFLHHEER, &
I EH g=0.78, &I ¥ F 2 (Plonsky & Oswald, 2014),
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X1 AEERF ML R

A B & 95% E 4z X A i) A
k g SE Lower Uj ‘pper Q df P Tzlevel.? I 2level3 T21eve12 I 2lev312
= kF 221 078 021 036  1.19 391571 220 <.0001 0.67 6651% 146 30.4%

3.2, A7 EELE

AFRTHEATTRATEZAE, ATVEEZOINEReE 2 7. AFEZE0A, & AR
IR, RIAR. RIMEARRSR BT FIONATEET KT 2FGADEA.

FEAIRZEY, GenAl#9 2 E & K(g=1.85,p<0.001), k2 AWE (g=0.44,p<0.01),
B RALE A (g = 0.04, p > 0.05), ZHEEF (g =-0.04, p > 0.05). GenAl &% I T LA =4 T
B, ERBRGEBAET, BRRM(g=1.95,p<0.001)8% % KT 53R (g=0.56,p<0.01)
B A6 B (g =0.82, p < 0.05).

BRI X TP, AMRES BB 6928 E(g = 1.04, p < 0.05)% FIE R Al T AT R B (g =
0.24, p > 0.05). BT AMIRAE B R B IA Al RITH & 2 K, BT AR F 89 5
PIFHITTH—F I, Wk 2 BT, 5P ALAL-Al (g =270 % B ER K, EARAAL-
AILAI(g=091), %HEEH R AI-ATL(g=0.76), X Z & AHAL-Al(g=0.26),

GO EERT AR NT TS, BRAAAZFGRATER. RESER Al TEAE)(g =
0.83, p < 0.0l K#RAEED(g=0.65, p<0.05)FET EROHKLE. I, RREIFiE(=
1.18, p<0.01)bRARBEX (BPiEpmitiE, g=0.51, p<0.05) WX EE L K,

2 AT RS

BANVEE KEHKE K F i pia
[95% & 13 X 18]]
GenAl 55 1.85[1.11, 2.59] t@,21m=3.76 0.01"
Al Ak T A AWE 162 0.44 [-0.002, 0.88]
B RAEA 1 0.04 [-2.6, 2.68]
PLE #iE MT 3 -0.04 [-2.34, 2.26]
T . A P4 164 0.83[0.33, 1.32] ta,219=0.14  0.71
LR AL AR 57 0.65 [0.15, 1.45]
Bk £ ‘ ‘iiFi‘é' 91 1.18[0.57, 1.79] t 2219 =297 0.09
PRiE+HIE S 130 0.51[0.002, 1.01]
HAK Rk 16 1.95[0.99, 2.91] fo5 =383  0.02°
B A2 B3R B 143 0.56 [0.09, 1.04]
RN 62 0.82[0.24, 1.41]
X 12 il Ejﬁi 86 0.24[-0.13, 0.88] f.29=672  0.01°
AHURA BAR 135 1.04 [0.57, 1.45]
ALLAL 82 0.76 [0.37, 1.14] t 5 =414 0.008"
AL-Al 17 0.26 [ -0.22, 0.74]
ABRS BIR T 4 /5 5 AL-AT-AI 21 2.72[0.45. 431]
AL-ALLAL 15 0.91 [-0.09, 1.74]
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4. Wit H ¥4

A F 38 T Al BAR FiEAF AT T Ao R BT, Al RIREIEEIAR 0.78, L9
Al RItfe R K FAZIBEHEELAN., BLRATEZAE, SNAAWATERZER ZFE THK
IATEZE, AR AR TE. RBAE. R XBAAIRES R T 6955,

% T A Bk A Ak (hybrid intelligence)iX —HEA#RAE T X 4%, ak&4 At 8 Akata 5 (2020)4%
di, BIARXEMEFRGIAMEY, URANRERFALIMNE LR ETRGES. A5
R, ABRS R SRR E YR K, TR EFASRS BT AASATLE Al Z H#
BEAMAE, A aAFR, BINRANRESREXTFIZ A6 £ F, KRNELTAL
P ALAT-Al BAT-AI-AT WX A BERF I A L&MW T 5] 20k 5. A Nguyen F(2024)
e, AHRAIIMRE TR AL URAER 694 A, 52 Al 55 AZBIRE LS, Adm#h
BHEZ R

AFR#E—F £ AILAL-Al XI—F I HAT-ALALH ZAGER® LK, a&RE2ED
(Ryan & Deci, 2020) 7T F| TA##&FX — I % . AIENRERP I RN, FFALETHRATEE P LN
Bitfed ey @, FAT ATELRTRMA ALTREGRE, HRAABEERF0EF
Ko MG, ALRIGABREFRIFE—FI 94T, BAAXZELK. 5, FLET Al
IR EE BT REK, T RILMAER, TRAALIRS, FATRRESHIKE 0
U A ES I, Kmdrdl B 25 K RBAEE K

AFFRIERI, ¥BHRRBEAREASRMOOAXMERS, RAFRBARETE, Afm Ngo ¥
(2024) K N EEARF B 2R R AR B, MBRARIMAREKHF. £2FTRET Al RITTEGTRE,
Ngo ¥ £ &4 ] AWE TE, mAHMTLERATERKN Al. P RMBEAFEEHF, TXTH
BERAEBH BRI T BEA AL 2 F. RSB T AR BN ZRKEEY EFREMERFH
FAEFEE N, REREIGELFAEETN, BHALRAE AL ETERRE.

AR TR TR A SRR E AT 2F R0, L+ GanAl WA B R AT ELE K,
GenAl £ T K Zi& 5 # BN, s @& A MR, L% ARkEt. Mz T, AWE,
RHAUE AFe LR EIFARM T LN, FeZ3F A RBZT R,

st Al T A 694 A BT 30 A Rt R A RX AN T2V ATERA A TR F. Rim, AZIXK
BEKRKTALEN. £ GenAl K, EARFA L TERAITLEFLAETE, i, RIBTEAL
HRELETHEF: ARBEIFEQGRITIL I HFIE R LA e BB H B F A RNLHE
S LA & LR D

PR, KFRA AlRITEBHERKF PO ARE T FIET &, FBAT AP, &
REBFFNIAK LR AL E R, ARFRLTE— S IRE L TBLRANZNTHF L LR
ZAAE B Al TE, AR THRAR LT (G5 F R X HFfA i is ) kg Kb Al RUR
B F M. I, & GenAlB /K, HIFHAEK R SHRINAEL ALGUMEF . efTiE miX—7A
T, BdE AIRRRAAIRFAGR T F 4, LIEFHE—FHER,

B LAk
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Technology-enhanced Dialogic Feedback in Higher Education: A Critical Review

ARH A AR
I HEBHEF RS
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[#H&] AEEEANE X ELEZHBRAREAG LR T X, AASEFHEFTRAMALEERNEZALY,
FAH) M AR 4R AR T A HE R AT X Rt L. R AR £, LA, Rt d 4z
HAFRAESLE. BN EARIIRET; RIRARHLZRIETARROKIEIH; HrhaRIREDFERS ARG
FRATNSH BALL LM, & WA 2 a0 EAR IR a0 %45 2 ) AHEOH 308 3E 36 KR AL 9 5F 72 32
BT EEAFE, FREKLEN, UARARBRKE, REFLEFT,

[X438]) xtiE X R AHE; Wit od: &% ¥hEE

Abstract: Technology-enhanced dialogic feedback is gradually replacing traditional one-way feedback and has become an
important trend in feedback research and practice in higher education. This critical literature review explored the design
elements, effects and influencing factors of technology-enhanced dialogic feedback. The findings indicate that the feedback
design lacks social-affective preparation, formalized reflection and feed-forward discussion; The effects of feedback lack
empirical data support from intervention studies; Research on the factors influencing the implementation and effectiveness of
feedback activities has not adequately considered sociocultural dimension, and the interplay among various factors remains
unclear. This review provides important references for the study of technology-enhanced dialogic feedback mechanisms and
offers optimization suggestions to enhance feedback effectiveness and improve student learning.

Key words: dialogic feedback, technology, design elements, effects, influencing factors

1. aT&

st KRR AT A SR Z B B EF I R “H0FRME, BRAEL., BFRLZO LA A
i$A2” (Carless, 2012, p. 90). & XA A TRAFAEGRIGTA LR, REREF 4 A K
PRRAGERE, LEZLSZEHFNAEZFIRAGELRE K (Beaumont, 2011). K wm, £
BEHHRANYFEZTT, WAEALHZTEERKRHES (Nicol, 2010), 3t+3& X BRI 49 5% @ s
PR EHFZT, AB-FEBLRANTRA., XFF I Lhf RN EATE, AT
2 R 69 BRI R T # G AR

HTHEZHMASE, AE3ERA N EX R E M AP, Pitt 7= Winston (2020)
¥, REAHERORAMEAG EMTFOLNELE, BEFREEERALGERGELEEE,
HARBRGEFAEGHA SR, A TERLCXREGHIERG, A o B3 3 8E AU 2T R
NIZfE . RAFFITAD K LARBEAT T M Pl 42E § & B A8 A 338 X 69380t T & .
BAR AR R EH R &, ARAAEIERA 36 X R I RAE #7609 B35,

2. AHEERA A E X R R L RAUH]

AHIGRA A E XA AAARTFE ket Ao R e idf, X —3f2d, F4AL
TEFHAL, BRERIFARFEZERI A ZFTREANSE, DREM. R0,
Beaumont ¥ A (2011) i, stE XA AT H LN ERBEF I IR, AU EE—
0 “Egm” o OBV, MR E T A EXRBER, BRSNS FIAE, SR
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EAMB: AT 5 FAR R R

AL R A 335 X B AR B IFR A A2 EM E L F 3] 2 (Carless & Boud, 2018) . #4%1% 3%
W, fiRAeE XA B LA EFHME ., FITFE R E L Fa B A 5] F /MR &k B R
HARERE (ZPD), 48 R AE AR kb, R3tEE S I Fiks K& (Nicol, 2010) .

REMBEIEZANEXRTEAREFZINE KK . ERETFERTE LT B AL R
B & &% (Wood, 2024), Am EATNRAEEMRELA L., RIEBIKAFEINE. ARG A
B A AL HOE IR A 3t 06 X R 6938 &, RBCE, Ao EraR &, ipesgadadis X5
MR 69 HARE AR, HAF XA T

1) AT X TFAHIGZA T E X TR T E?

2) MEERANERXRIMAFAES ) ZAT EHAGER?

3) R & A F R AEIE R A AT E KR IR FE R E &R ?

3. HiRF

3.1. X#AeF 5P
AATF G € A & X 478 A “dialogic feedback” #= “higher education”. #F % -FFRIRE A 2010-
2024, & Scopus. Web of Science #= ERIC # 48 &+ 40 % 5] 624 B Ldk. AR T H T, #i
432 Fo B F A B Ao df B 4E EAAAR KM, Hd 192 BUak. HAREE 1 PR ANFHER
FREFE AL, RAMN 16 Lk,
1 Lk ik AT R

3 N HER AR
1) ZEHFEEBEstEXRIE LA 2 %
2) RTE BT HEA M L REGR T % 2
3) EAfiERXR AT RE R AARTE 2 %
4) REEGFHBHRETFE 2 %
5) ARG HERRBA. ARRFREF 2 %

3.2 K IEIRR LG HL

B RATT B R, RAFTH 2T L#kZ &R T E, MAT AT @BTHIBRI: 1) X
HAE, QHEAEHRTF. E5HHBFARERAMEN K 2) RITAER, QEFAEARKERfF L
mRE: 3) BB E, QBN WRAAEEEE.

4. LR

4.1. AR HER I E R TR AALF

A RARILT 5HiE ARG ERE N BT LE ek 2 ). HF, REHBFHERA
W & AT B0k s fe i Bk %, X5 Yang & Carless (2013)H &R = A A Rk A
MRA, BE ARikse, RABRAREM T @, Rh, ZAREKNRVFRILTOLNTFE
ARFRAEFII . KEFRXRAFERLEEZAMNEXRTOASFREE. FHEARIEXRZ
Pt BT 315 A 34T 89 PR (Carless, 2012).

HH5IFNBENAS A5 A Z, BN ERN AT EGZEIER, IHFADER R
X, EHFIR. EIFRIFARL, LRI L M R FAEG R G 1E, TN FEMELRBRG P E
MELHEF ARSI (Nicol, 2010). %A 5 LI Km0 at 6 X BRI 69 55 6 R EAL A 4 42,
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2P AR H Z AR EHILT T KRR E BN B EM XL, st iE A Zid 4L,
REB BN B R IAE 5 2N E 4, 2REITR DS mIELRITES Bk
KREFA7, MBI RO EEZIRT, Carless (2019) &, AXMYRIEIT AR EFH o34
BB ATAE S KILFE A A i, LRRITFAERTRARES RS, Km, ZFRTARIL,
AR Y, R RAF L A 5% E A
& 2 FEE ARt E X R it L&
B £ FitTE F T
&5 F I BAR¥EN | HNAS: RIREEN, £45 848, RITARELE RS
AR HPETHA RN, $AA 5L
R | R4 KT, 2A
WAL | BIXF; HRERAT
545 -F B e | ZRHEK
ShRATIE | At & &IF. RAE. KIF5RF
AFHEN: B¥; ERF; Pp@m; ok; FHRE
NAaxiE | st % A&
EHEX: PdE; vk, RE&REE5H9F
AR B U B BERE | REF, REZE
AR | AR, BFiTE; TR %

4.2, A5 % 5 75 AR R

FHEOE A EXR MR BA ARFFAER BT E R, EARFRT @, FAEMNRITFE X4
T AL A A B X TE (Wood, 2022), 2B 2 HGMKT A, ARESAFERIAT
A1 (Huietal.,, 2024), f£ihFmfe /) @, RIRAERS; T FAEGFI¥ AR08 5 (To, 2022),
PRAE AN B R E e 250 F KRR AR A A s 1E 5

FHEOGRA T E X REB AN TRAFAEFLRR, FHRLEN, FAHERA R ELF
RITFEGBERS, NEENER, ARFETZ A4 T AM% " (Saeed and Alharbi,
2022), AFHEIEIRA BRI E LK E T REF T AN E Lol B O 7, BHRT LikF i
A, ¥R T AKRREDZEIR (Algefari, 2022) . sbol, FHIERA R B HERSE T IFHF I 4
R &GF R, iR T 54 5 IFfRE k2 0 69 BA2124E (Wood, 2021), #RHA TAHMG ] af

R, *TAHERA N EXR R ARN LRI ZRNTFAEGARIRE. ARFXEES
KR F R R T ik, VAR Z BEGLIR ) 69 4L f 3%,

4.3. BB E 5] 75 X R G E 7669 % 70 B #

B RKIN, NARE. BB EFEE R R A SABE A& X R AY Esaf R = 4
B NAREZTE, FIAENMNEXRET R, SERMOF]H IR, maWPIRE N &N
HAR. I, BFRASAB O AL, BRGMES R A M TRAFEIERA 3T X
B k. MARE @, HEFEEAIBFRFITARSRZAZATALE5E, EHE
85T A AT LT BB AR R AIF Y, FELHWRTREARNFEHFEL L, FHE
AZE7d, eI EFEEARARERY ARG AEKRIE, AHARKEELEHEL T FH
B A IAE, BN L T AETRMEITE, ARXENHEXRFOREFEXET R
(Yang & Carless, 2013). X #FMaiA KRR T AEHFNOH LR EE, RATAESE
J&, AL TRRARME. ZRAAZLSLE2MAEL (Gravett, 2020) . ZERIFEN T,
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MMEBiA, EAdh R E@ey “42 5% MAE X (Gravett, 2020, p.270), & T —A “48
BARBG O HEAR”, KB T R E &A= 3] B3 (Ajjawi et al., 2017, p131),

TR EES, ATHESIAN R E IR MOARARTS . FI, & wEEZN
X EAERELHTAH, RIEHRA “AR” F= “XFEMH” 49 (Gravett & David Carless, 2024,
p.144) s KRR L ABARBIR AL R, KT R 2NN T HIUAREREZZ G EIAR,
ALt % A & 2k B #S v B B Ae 5 £ 5 2] B R AEAT Ko
4.4. A HE B R 2 E X R R

bR LR AR, B 1T, AHERA RS IRT R RS F RBANAA, HEAS
MAZE, AEARAHEFE, RFFEBEANELELTF. EFHFARRRN, AREFER
WMER, £RBRALFLESN.

R E%
F) b R

[ asns | {* FLRAM
[ axan |

<
<

|¢ﬂﬁx‘+ ¥ 3 Mtk

CE NN
B % Bk mne 51
¥R T SRR
WE AL SM R AT - l > 1 3 35 AT o i

B 1 AHEOE 3R A R 3 R R A

ASGB I LakLFE, A ARA N E XM EH G TE, FHARAH AR ERITHR
WA g td, REAMBAAXFAALE G, AR IZABILRE T BT 52

B L ak
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AL ZH AR STEM EEF P a2 Al : HIFEGW &

Application of Al in STEM Education: Teachers’ perceptions

Wi, E R
FESETT
*ptian@connect.hku.hk

[#H2] KFRKFTHITTALIE R (AD AN STEM #F kI fe ik, SANARNH B RERELFE, 5F
st XA T 30 L A8 STEM #6973, BATAIAXKF PR AL FAF )RRV R, Bt B AT
ENCIE 09— I BB BEAT AR IR 3E AT, S R R ARITAT Al 89F ik BARARM, KA Al A6 A 2325 A 09k 4o,

BRATAFEIRE. EHmE, AITEAFTAKRES ., HRAHFERLR PR TR, IFFEOPRLE
J50k. R, HIFL@IEIE, dwHF TROFENR., HITEFAN Al ZHRTLE, HFRRIA, Lot
RERBIIFUHKEE TFF, HTfFEmRA AL FR, RERARNEHFSKE ATHRK, AERLFHf
ASPEAL 69 2 F AR TS,

[ X4i8] STEM #F ¥ 69 AT Ak T a9 UL & FUAR 238

Abstract: This study explores teachers' experiences and perceptions of integrating Artificial Intelligence (Al) into STEM
education to inform future educational reform. The research program is based on interviews with 30 in-service STEM teachers,
focusing on the use of Al in education and its impact on student learning outcomes. Through grounded theory analysis of the
one piece of data that has been collected so far, the results indicate that teachers have an overall positive view of Al as
effective in enhancing students' cognitive, affective, and behavioral learning outcomes. Specifically, Al tools are used in
strategies such as project-based learning and gamified instruction to support personalized student learning and collaboration.
However, teachers also face challenges, such as equal distribution of educational resources and insufficient Al literacy among
teachers and students. The study highlights that society and schools need to provide support to ensure equality in education,
teachers and students should improve their Al literacy, and technicians need to continually improve Al technologies to enable
smarter and personalized educational experiences.

Keywords: Al in STEM education, grounded theory, teachers’ perceptions

1. 9%

Wk, AIHRABARBLHBAKRNG B TES, QLIELEF. A%, I, HFEFEAT
o BHBAB, ALFRELAERT X THIFOHFE ST X, FAEAGFIIRDAEN T X, i
AT, MHERFS] . ERHABE. HARMEAE KA ETEA (LLM) 4933, 4= ChatGPT,
ALBRCFEE R TiE2#F (Hmz 2024) . EF#F (Zidoun & Mardi, 2024) . # 5 #
% (Canonigo, 2024) . #%# & (Ngetal,, 2024) 403,

£ STEM #F ¥, ARENEREFNEEFAELRE, AXINTEF, ATFRGZA,
I RABA. FRBFRA, RAAZAASF, TAFHF A LR TIEP, ¥R iR ey L@
Fom M B4 5 (Linetal,2024) . #l4e, Sakulkueakulsuk % A (Sakulkueakulsuk etal., 2018)
AR o5 R AFF R, BB F ) RRNRAZ, R ERET P STEM 554 E5. Li FA
(Li et al., 2024) b3 T GPT B35 5% 45 R G BRAT STEM KT 3] 69 %vh, R %
B, SIS A G F e B b AT R P 3%, Ase AT Rk, Rd, AL AL STEM #F F
BB B B KA T H T4 fTiE o HEN RS F B FERF AN ME, RIFWEIETALE R
it — TR KB REARERER, R A RORITRBINRAFEBRALRRELFERAT
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MR B APk, KB, MABFAITREARSZHOHTF, AFLERREHRFHF IR
%,

E, ARG EFTHIFIF AL RN STEM iBA2094K I Fo Bk, A ARAILEfEER
N STEM # 7 R4 A %,

2. 5F R BB

AT LEAFR, KFARGEATHH 24

1) FATH G N STEM K F i, WRaL52 5] s R 35 Tk &2

2) defT AT Ak N STEM # F ? AR A LR ELAN STEM K F o, & F EIRL X 4
H&?

3. F T ik

3.1 #FF=RE5H

AR TR 695k 2 30 &P B A#FF A6 STEM ABRFIRAT )T, KA B 694
k, BATHRAMCEHIFRT —{2BH 3 FUlE STEM HFLBHAAALIFRBIHFZLHN T
HIFER IR T RESF 28 Y, MARBFMEF2, kAT, X THT KT A
FoR g, ARMATGTERPORA, FAREZTRZPS,

3.2, R GG ST K

FREAOIEFHE A, BRI, st—F R HafZREA, EFFHEAY, FRHE LA
RRIGFEGBGFANE, ARESHFHRF, ARARME T S 5HEGERE EAFH T, Ik,
HRARLFSGHEMA NG, N8B A TESTEM #F 5 @meg 250,

MG, ARAEAF R AT THS R A s — TR M, F—AFREAR, £F
BANLRES STEM HFN, TUARSHLFEI] MR, B, F—MEOmkFAL: £
AALFRIAFGHFE, RIAAFELE N, HABSETOALRS. 265, H =A%
KEAA: BRESF—RAIFAR LAY MFAES ) ELKRER?

BRI G EFRFRAP T ME AE SRR, A, 7R EAT AR HEA
FAEAL, BEERAALFRILGEAZPER TR BRGHFRE? F A5k A
A, IR R KA R E S AT AL A STEM iR42, A A? sIb, H AR IE LA D
TR/ STEM #HF P 8 AALR G T AN TR @ik ey p ik Rttt ., B, H=AirikpAaL:
AP E P 2 T8 5] i P ST, MR AT AR 492

RGN ERPIAA: B KKRE STEM HEPERAALIFRAF 2A5K? AREBREGLH
A ERZIBERENDF.

3.3 KIBHE

kAR F ZOOM RF ANt iT. RAVER FRZH DR FTHE, RE, BRFHE,
FroEstiEdkhha LR, A#FEEP, AFFHEH, ANKETEZAELO0AE,
MR T H A F39,

3.4. HBESPT

FAEHFTE, KRR LHITHIED . ILRE R R —FE T EME L T HEIEAT
Frike CMETMAMKEINOREFRBMA L, AR, KFRGOHIESHTTH R @A
T TR, RERD., thaRaoFIELi R,
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4. MY R

4.1. F % BER

AT AN, KRR XA T ik, BATHZIFRICEFMN EARE, RIBFAN TR
097 X, RIBAAXA O FHTRAD, B A6 TAENS — (2 &IFaY 7 R0 RAT T HAL, R
T 60 ANFF 3 X G A 2%
4.2. RE %BLER

TR mAERG R L, ARt — T HIFS STEMEF T Al AEFRHTTRES
i, AT, MRTEEZTRMAXGA L G T, RIRT 524X 091E8EH#TT 5 X,
ABA A 26 NF AL,
4.3. %1y 45 45 R

ARAEE BRI F T ARG, AL —TRBBAH 10ANEA. XFERmKE. &
B S RNm AT ERTRAF AN FI)ERGRE, AUAREREBF Blrn ik, K
HBENKNmFILER, AR EIEZTRFAFRFIZEROLE, BRAABANFRF ) &
Roe LERFTAFIRGRE, TARNTAFILER, FAMFANMRLE] ZEE R AL
SEFAEFIN IS, B EAAIAC, RTRABF . HRAFKTHEGSF ] 5H)F
ERFIRPERAGOHFZRRGEML, BAFTELBEARSFZ R, 5] FKT. HHE.
L), ARFRIZTRAIGERNE, RBELEEN Al ELS RS, HTFERIF. 25
IBFFRHFTFE, MNEHENIFEZEAAX, BRABEATRE A, HITOAIFEZL K.
BREZE. STAIGMFIEELE T ZERRITAERER, BUBREEAAIRITRE. MFEGA
IHFReEHR. FAVMAMEHEEN, KR TUTERXAFAPR R, £2T AIGEHAE., HK
Rk, AL894iRPE, W T X4 Al 698t
4.4. Bt 4ER

e, 10 NEMAE B A 3 ANA—MEMR, Kfn, HFHRAATHF 3 R ER R AR KM,
HECEZHTHRORAIEFAEFIRG PR KM, A, HREAITAHZIRETIEZEANER AL
A, AlAE ., HFRRA Al ELERE AlHIRAAPERNORFEZEAX, BiF
HBEA#HSFE, FTFRFE. ZIFPKERA, FAR, Al ZHE P, RANFEL LR DR,

Table 4 Theory coding

— g A EXT

INFm
Al 89 A 3% B
iTH

Al A &
#H ik R
Al G b7 ik

R
TR
5 4 9] AR
Al &t

BB,
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5. Y

BN EZAZH, 10 NFAF 26 AT EAAGRHD, KMNTAFHER: ERmT, HIF
3t Al B2\ STEM # & 69 & R BRREY, B g ha—LpEifedeik. EAm3T, CHRAXKESF
A0S, WHRAITAFEIRE. I, CERTATRAE XNFEI ., HRRF ] RS R
i, FEFFANNRLE. ME, FEAFITE, Am, CcLBGEE K, S
FREL, EEHRREE TS, WBIHERIBFELRERZ, S THFlFE R, N5
BZRERATHAIFRER, ARSIl I A AL R X FF 342, BT, HAARALE
At Al RS, 453 2 ey se AN,

6. T— ¥ #F 5+ Xl

LA Aok, &AEE T AIR STEM RIFA 553, RARZAZHITA N & A KA1 T AR
TEFRHE—F A, 2E&AINIRE], R T2 —0 £ P RSB NKE STEM )T #4469 %
Whik, Bk, MINHRLERBMENSLE, RIERLLER, T—F P, &MNTRNBET KA
550 H, $iFRLAERRGEHKE STEM #HITA L5, XBEFHEMPRAANNT MEEL
HITEREPRA AIBRKGEELEE52E,

AT FRAERA G R TALE R Ao S, KAV B IUAR I R 34T 3 — F 89 R AL 0 AT,
EFF T FAEAF RV G ARG B ZIF N A TR PRI GGER T AFE KX, RAe1E R Al
KM EE. B, RMNAAEFLITRE TG 5, URE AL KA 49 35 3% 9] 22 F2 57
RAER, X EmGFLHHIFAFEREEE K,

WA Tk, AV BRI KRG ITRAENSH, %R STEM HKIT4RE R % IM3009 2
WA FEHZR PO TF. RE, RNWBRRARELEHEANGTFTRE, FOHHFEEE. K
FohHARITE b KRN RIFRIL A Z H STEMEF P AIHRRE R, ARSZEER
= R KR L F ARG

5 LR
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AFEENBTHEREXSEE: HEHFe4

Paradigm Transformation of Thinking in the Perspective of Anthroposophical Symbiosis:

Constructing Group Thinking
BERT, (39!

Ui Jpse K3
* 943754992(@qg.com

[H&] BATFRBARERWR TR EANALR, HEFRBEA S =z “THRLE” ANRE, HF
T 2 6B T A R T —HF A R th— 3 A 5 RBR LA IR, BATRIRE IR, BT SR
RAMAATEIF ., RO KB B BIARF P 5T EARRAIR B HE LN, AkERi
Hkah, BAKEPT, BERR, AETEZRESMEBMGEERRLE, AR T HAARTRA F
B BAMOMEEIE, BIAR “ROER” 6 “RIHAET, Al RAME" A0 SRR AT
HANKTEEBR, ST ARALOBETHERNG, FBBILALH, AMAEBREPAREF D
RGLE AR S E M E Y S R T

[XH] 2R A4 RAKTEFTE: AR 47k

Abstract: The iteration of strong Al technology has accelerated the degree of  humanoidization of machines, and teaching
has evolved from bilateral teacher-student interactions to complex synergies of teacher-educational intelligences-student m
ultiple groups. In the new classroom field, the group intelligence thinking paradigm is the key to solving the human-machine
deep synergy and intelligent co-creation. Taking the deep synergy and continuous innovation of multiple subjects in teachin
g as the starting point, and based on the symbiosis theory, Group Intelligence Thinking analyzes the symbiosis and co-prosp
erity relationship between subjects, and examines the value implication of Group Intelligence Thinking from the dual perspe
ctives of educational viewpoints and technological viewpoints. Based on Dewey's pedagogy, we analyze the paradigmatic te
ndency of human-intelligence symbiosis of group intelligence thinking and interpret its occurrence mechanism, in order to p
rovide reference for the future development of human-computer relationship in the smart classroom, which has shifted from
“two-way game” to “group intelligence co-creativity”.
Keywords: Groupthink; Symbiosis theory; Dewey's pedagogy; human-computer synergy; educational agent

1. 5 % B &9

ARG ARITATEEMBRTHE AR T SHEECKNGEAF M, REFMEHYDE
X—#AEEEX, AT RBEREENMNREHFI RO B DR K. ARG A
BIEULNT=ATF@:

L.1. ;E XA

B GEHEEXG N ARG EHRE, BREAANBTEIRLZETIAS%
EXBAG AR, PHEFRAMEA S A THRTEMINRY, TR IBEIECXER
FAPIEENR . FEEC P LEER,

1.2. ZHZH

AT E£AE® (Bary, 1879). Hm#d % 5 T8 (Dewey, 1916) o 5 & g £
(Holland,1992), FEATZEA Dtity Mk, b AR M ELR, S5HFTAHRKORLZTNA,
BREANPBIRE P RIF—HKFF AR —FE S T ETARBPEAFIE S 2210 08 LA
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1.3. B #EH

B A INFe EARE Bt B, EHEIERFe i BRI B Eh e 44, E2B8E
AN INFr B 09 B0 B A A R SRl i s AR st AR A R AL, B AR SR L AR A a9 B R) 2
53 XA R Ao

2. HRKEE

HLEAFEEABRTHLLECXER, TRRARTIRZAMERNGE L, TREDNHKFTMA
CHARABA S BHTERERERAGLE, AT FLASATHE:

2.1 ZHH: A=A EGELHAL

2025 7 KR89 DeepSeck &AL T HABIRAY T b Foid 5 AL 7, EHD T REHF
EARBDEHI M ANEF G EE (FFFF, 2025). MAEFRBERGmiREE, £RAA
TR S LRESTRIABEALT LTS (Hagendorff et al,, 2023, f&44%)7
— A& A AARB VG FHE, HFLAF——E, £ —E"GANNRH L F I8
R (FRWF, 2023), kA, L@ EFREDBAMATH, RTRHFlFE MBELRAT
FHEOGREEKRIE. EEZRZ AW RREGHF, KT EATAFHXFERIHKEF HE
PREG 5 B K AT & Ao g F AL BF A AR TR T & A 238 B fe A £ 89 BT 5% AR
AR L B ERN? FAT R THIFKF KT H ARG 15 F iR f A5 ) 2 A?
2L, ZANRKATH S AN, BREAEROGEEBERRZALGATANDRE KT X4
(Ericsson et al., 2024).

2.2. BR#E: ANHRHF T XK}

AN R S G A F 4IRS R 5 R ERA, RAMERELZALMRS
REMNHFAKF RN, XA TANPREFWHT, RAUEAEIEZRZKEHABRRIHZREHK
b B RHFRALGHE T RRESF, 2024). F3I 7 XKL (RIS, 2024). iFH
7 Aoy AL (FRdmid S, 2024) AR FERGZH M (RFRFE, 2021) 5. HAEHNY
BETHERBRAMNT R ROHFEE (225, 2024), #HFHEX (FH%E, 2024). %
F32 (FHAF, 2022). HFFHZ X (FFF, 2024) So93EH, B dx i >4 5 Kby
Bk PHF TS X, LE- 5L (Fullan, 1993 ) & AR AHET LT XN THELTENE
M, FRE, SWHFSERERAEBL, REE., ARXTRFE., EUUEERESFTR"KI
FARB M A, FAEMALZ R A HIFH TR, BB RE, £ETHITH D458 X KEME
BT, AIH AT RXNEASRS, LSRR LERAKEFEE T KO F A, EMEFTAGKE, £
FTHERXFOFNBENRZFEAEETXNTE (BHE, 2024). B, REHGDHET X
VAIE 7 ik —2E AP T AL

3. Bt R Ak

AR KFRGBEHEREN HERIEFMME, BET B L =% 75 %t
42 AR
3.1. HRAFXE *

RGNS AR, R AR RAIEH . R AEE (i 1), MFaSgEiX
HBFEEEEIXGER, BTFEAMNRE I LAY EIRRZETL 5INmABIE, SIEHT 5
M AR B G S Al B,
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BB

% 1% %% 4 30 X, B EERA LR BAR

Nfm F 4K AE P AT A DATHUE AT 4 ik Fm 12

R HLH KM AERE TR I ALH ISE BT P B 2 B 4R AT 9] AR AR 2 4 #7 M
KA 25 4 HIFRFARB AHEACHT BTHRTEMIREERA £ Z

A& 32 R [6 AR AL A Hixm L S b 7 AP ST K 0910 T A 55 £ S

3.2. X#AFHL A
AAMELERR, BRHBFHFER, S RETFAERMI UMK, KEAEHE, ARK,
R =7 A AR By A, LR AMANEEE (i 2), ABF LA NWHELE
WA ERAE X IE,
% 2 B LY AT

Eioy AF4E %S A8 L B A ER S

oA T B E RATROT—HCR AR5 A T AR 4y A

Jt- ‘/\ jt- l

KA R REM s BRMbEAEEEE
HBHEFHFELH ARE  UAFELE KPS FHRETWEXFR, BIAAFT RHENE
B RiE N RGIER AILE EEM EAK BT % TAKWE 69 B R IAE)

3.3 R FEZAFE

K A K Fi%it 695 %0 (Design-Based Research, DBR) , #F T KK : FAMT 5L E
. FHRIEAERAFR. ERERSHIBIE, BARIEEEB 4 R, FAEA LR E
B HEIERE. RRRNENZRBTREXR, FELFHKAITTFT R E R IEHT T REBER
e (dek 3) .

R 3BELHEEAEN

DBR Fr & Bt 5 BAE A % s s = 4
REP SN & E S BN OLS Rk i R A R A A
wigdt)  mitEREs  OZRALBHERAE T )

()R A th Rl & : ZAEEHKIFRSMNA TR

. P e
S T omama. e R A Eﬁgﬁ?i
e TEA () ik FAAE : B EAE 5 BLR A Ay 2 mE
HRERE  WEAESERE  @QAFRREDT P REMR SRENKEE
AR 3 REEE (D) RFAMAEIE G RIE R HEE L
BARIES  AEafkekiE  (QBMTERANGRE = 4R 6 Xk 1% E R A
36 4 R gk g (b)ATIURIZ A pL AL A E A %+ B ) A 42

4. REGF LUK, My

BATC A5 mEIESR, LIEATH R
4.1. R THE BLEEH 5
BERHEZHFESET, OF A AmER (RTFENELFE, FAEAZHERE. XK
B RARME A NI 5RE) B SRS EH RGN SN TR R L, L4IEH H Tikde b
Bl. RIS I E . RSk,
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4.2. BRTHEFBLEKX LN EAAEE
AR AR EENQELO NG LR, B THETSEMNEL L7783
W SHIE (A 1),

RIE (4E)
e eo L4
°o®

{5 BRI,

R Y Y E
5. F—F W RF AR XL

BT RFEMZRFENARIER L A S @R ITAE, BEARdeT

5.1. RRELIKE
ST B 53 LA A TR EHEGEXLEF, AHB T ELETCXFTHONRERREEERT

A THXZWBIMER (Nisbett, 2004), RIZFHA T IE, MERA LG HY T4LER, A
RBA AR GRS .
5.2, BHALIEFL

SR K e E is’ii+ié%=%‘%4é?,‘i’%zéﬁ#i7}il—ﬂ, HEAEFHNEFITFTFRFRTR,
AR BEARPAE 09N Jm g AL LA, TR A% EAE AL LT R R S — R EAR R LE R
8 R AR B2 R A WU 8, @i%ﬁ‘%%ﬁiﬁ&% %ﬂMﬁo

B LK

& F .(2025). £ Ak AN LHEHIEZ KT T E:#], K& R Sf—— X DeepSeek # #]. F /% & #
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e I B A, &I (2024). 5 Re sl R K #EF K
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EATERXKFFRANFAARTEIREGEHE PHELFEIZRGY QAL

The Impact of Problem Prompting Scaffolds Based on Generative Pedagogical Agents on

Students' Learning Outcomes in Programming Education

AAEM!, FrE 2, ARE!, %"
PEAFERFHE F IR
2 H F P
* qiaoal@126.com

[(R2)] MAEFETRORIANLE, AAELRXAIFRERK (GAD) KEFITXRCLLTIFRAALMS £
E. MHAMARKXKEHELR (GPA) EFIPHREAXREAFIATER. Bk, HARLULEREHFH 02
LH—FAERFRIEHITHA 6 AR, §EAEAT GPA WPRIARTIEIANFATH D%,
FA kI, TikFeh ) H%vh. AP AL, AT GPA MR AR T L BB EF AT HED %, FAL kAL TN
R e XEFRANMH AT HRER, A GPA BAHKFTREIEESLFE,
[£43E])] ARXHEFHRAK, PIARTIE: HEHF: HHLZ4%, Tikke

Abstract: The use of generative artificial intelligence technologies to improve learning has received increasing attention from
the academic community, but the effectiveness of generative pedagogical agent in learning has not yet been fully explored.
Therefore, the study conducted a 6-week randomized controlled trial with 92 senior high school students participating in
programming education with the aim of investigating the effects of a GPA-based question prompt scaffolding tool on students’
computational thinking, academic performance, and metacognitive abilities. The study found that the GPA-based question
prompt scaffolding was able to promote students' computational thinking, academic performance, and metacognitive abilities.
The article analyzes and discusses the results of the study, aiming to provide evidence to inform the integration of GPA into
teaching and learning.

Keywords: generative pedagogical agent, question prompt scaffolding, computational thinking, metacognition

1.57 %

21 Wty H g B &AIHA A . BFVE TR B AR & AL /1 (Rehman et al., 2023). 727t
AWM FAR, HEKAMANARZZERQES ., T HEBEN TR T &, 3 TERMREAG R
J) Fede P B4 B £ X F 2 4694F Al(Mathew etal., 2019), Ad, AHRXEN, FAEERIEF )
AL AT AL 218 B 5] A, dedk 2 A0 K H AR R A KR K A TR (Tom, 2015), oo i A B 8% 14
M FAFIFAEANAR . W, ALEAFANREFIRE O IH, it HF IR
Wohg A ¥ Dok, k. AR A L P #E k69242 (Sun et al., 2021),

BRRHERGENERT, ERXAIFRAKR (GAD LFERXHNFR 2 4%, 4
TaRETIHOTERAREARFERB T AR RFE AN, AFERBANSELAERE
495 SJARE (Guo et al., 2023), XA MRBAZHE T AL FAARME T 69T, A RLIESE
ALFRIF T AL T AR ZR S F AT B EHR. Bi2 g K Ef LR
A9 FAMLHE (Yilmaz & Yilmaz, 2023). # Z B 8T % T GAI W4T %2, KZ % F A% — GAl L Ha%
BHFAFIXRNOH M, RZEPEXKFTLRAER. %A # 3 (Yusufet al., 2024)%F 32 &
E@, BAFERTFRREEDOFZAEANMASIELTHRIKRIHF I 342, AFTEATFERKX
ALIFRERGFRARTFAEFI R RO 0, MFLEEFITRATAAANMANER, AT54
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FaIR KT ANALFIESF BATA 3 RV £ X £ % (Keuning & van Geel, 2021). 2 T, AR
IRTHPRHAZRE, GARATEAT GAl WFRARHEMBERXFT I FATHEELE., FLabGb
TLINFR AR A B9 %o

2.5 F & AR S AR 80 LR X Rk

2.1 A XK FHFFEAR A

4 Ak R 5 F 6 AR (Generative Pedagogical Agent, i #2 GPA) R & T GAI &1 49 LA K F ) #E
B9 ReAR, AR A TR A9 A R F M5 5 GAl FINER CFHARFF I FFAEAFIIRMIT et
al., 2024). E %28 L RTE Fesn iR BN R LA RIEE GAL URILBIFHHFIT AF N EHm .
RS e Chee 893713300 Ark L 4T B (Ng & Fung, 2024), 4k 1 Fim B LG 8937 7)
Bt B AEMNF ] HA L] h AR AT & RREA AT A MNEF QT ) R ARIE,
Blde B ATE 40 IR K-F. BIEAIPEAK T B AT, M 25 6 ZNRMBHE, BFFIHETRD
PEACEY 5 5] Z gk

1 AR REFF KRR

FH/EF NBATREGIARFFRLL
WARA 1800 5% AR £ BRIt 4R, M. BH. 4. G4, FRhSAEAF
3] B AR
[R7]: ARFEF D HF LT[ LML, IFEA16 5K TR BN T R 25
JeMA, VAER[EA;

AL IO I A T TR LY
S B N S I T
AP [#2]: &3 H AR EAA] P a9 BLARARIR B A ek b ? FRAEFE M L,
Bt B [RA]s 5 E At B A AT A L

[#rih]: AT B A PR PRI AR A I ik, R TR 5] A%

[$7R]: MRRE A AT 4 B4 BIZATS 5 [Hd AJH A1 T 5 3 5 3 [ 2 A2] 6 52 8 ;
figA% (B AN]: 53] s 2d 89 53

(4] 3% fm it B 35U 9] 84 A%

2.2 AR T E X A

A GAL g RidAEdr, B4R, BIAHA93IP] £ Ai K B 4 Ak 3 = 49 ® & (Chen et al., 2024). X
M, REHFAERY ZTRGTANFR e —NTROGBITEARITAFEAREZ S X T
# %7 X&) ChatGPT 89 R & b4 5. £, FARTIREA-MTRGT A, CXHFFEN
R4 6938 & 3£ A 19 (White et al., 2023), AFF IR 69 B AR T LR A SW(HM et al., 2023)
(Who— BUARR AL 3% 69 A &, What—3i% B A IAT AL S R 75, When—# & A2 A 7 A&
% 498F 1A, Where— W TR T2 E R %, Why—S s 692 . hHux BAR). 5S(Set
the Scene. Be Specific. Simplify your Language. Structure the Output. Share Feedback)(Tassoti,
2024) R e Ak b BRARRAMPIAMRE TR (FAEAKR, ARBETE. B2, Lz
FoifAE) R H R T7(Ge & Land, 2004)# 472 %, & T4 B 1 AT,
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3.1 FEAE

AFRAETELEEESTH—F% (FEHEK) BEPHMEET AANFITHE, 202 4%
A FAFE 1516 2. AP, FREHAGEERXKFHRIRG P AR T L 2E, &
FA AT L, WRANEEAERARF T RIRGERKFE, £4585 4,
3.2 FXRAE

BANRHRHAEWE 2T, RFENFLL6AE, H8 1R (50 94). EXEBFIS
AT, A6 A BT F R4, Python =il iXAeTikJmfe /) 69 AT MR L., BIE, #RIRHIF
®) TR F AN BA T A T X GPA AR HANALFIEE GPA, FFR ka5 AN B E AR
TX R4 TR, MEFE A4S ChatGPT-4 #7740, 25, WNRBRA5EIRMSF 4 BT
J& Python RAZAZF X H89F 3] 5, AUEFATRMRNF I AElES, FREFELERA
AT GPAMPFI AR T L4, MRBEARALT GPAWELF ] Xe A ILF AN Wi, &I
ZREFATARIEFXITERLRAET GPA WFARTIRIITEER L, KFEANERE,
S & AT B4, Python iR MK Ao TINFn B8 77 69 AT A &

¥ ot 58,40
(N=47) (N=45)

| MM L FEAER: 2Pythonde Mk, 3 AN E K |

| 50 4 4

| GPAIRH ik, FALRF LKLY 5% 3 GPAL# 7 ik it 9 5 4 3 |
% X H ol RTER e g w
ATLAIGINRANOURTAR | S 5a SXRENRAOBARE | SH509H/
A
AR A

v

JEW: 1. 0 ERF A 2PythonkeifMik; 3. TikkefEF A | soad
B 2 E I RALE
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33X LA
331 7t A B%EFE

A 51 B Korkmaz 4 AFF K 6911 5 % 40 3% = & (Korkmaz et al., 2017), @377 ) MK iE4E
FATLBRGT, ZFROEHEES (184, FIAME (9-1472), FE24 (1520 4),
WP EL (21—25 ) FetpiEh ) (26—2980) 5 ANT4HE, KAF LR SBRELHTIEH,
DEART, FAEGTHEBgER MG, EAE LG Cronbach’s afd ) 0.931, 94 RKH 0.887.
0.847. 0.912. 0.884. 0.903, ¥ KT 0.7 £ iz = & LA BIF1E K.

3.3.2 Python #21R X i &

5 T Python FUMKIFAEF A M 4nin KT, A0 FH PHMEIE LT HEFH 50040
FayfE EHRE XA, HARARHEEHRRZITHE LR %K. Python %R MKk A 5 1A
Bk & AGA A, B AEIE 20 NAFMAR, %E Python &5 e AR, T EAMIAL
M. S L EMAk KBALiB %, R AR XL RO T SEE, F AN AL T A A6 509,
VAEE o AT 12 A
3.3.3 Tk Anpe H & #

B 504% ) Sperling % A4% & 89 Tik4nRE /1 & & (Sperling et al., 2002), %€ & L6 LiAFe 4R
(1-6 #) FeLikm BT (7-18 M) AAGE, KAF L4 5 RELLITIFY. HE LY
Cronbach’s a1 % 0.901, 4 EARAKHN 0.783. 0.868, 3 KT 0.7 X% & % LA BIFE AL,

A RER

4.1 £ F GPA #9857~ % Fx1 5 4 7 K B 6IH %

AERA R ZAFR T A2, SMAANAFAERTERATG T ESRIITHN, O T4,
EE Bt m eyt BT B A 2 F M £ F(p=0.309>0.05),5F L& BN EARG 24 F T B A
BEME R, LSRRI EA, FREAfTRBATHESEKFLARNER, RELEEZF. R,
R T RREREFERA LA TEDREKT, oA THBOL Rk 2 T,
B RKF AR H 2 F £ F(t=0.80, p=0.040<0.05), F H & H & %4 (p=0.020<0.05)4% & L %
HEILEMER, BEAX S EETRER I EMNZ 7,

Ik, AR AT MK G B9 S AR AT T BATAE R TAR L, VORR it B RR G A A £ Fo

A3IWEREY, FRANTHBERNIERS ., ATERXKFTHRIAGFART LR
AT H TS, EADHEGEINERL LI T IFGRI, AxRBaAY, AT ZR

ST HES S,

K2R ERBE BN IE

F I S A8 48

M SD M SD t p
£ A 3.92 0.56 3.76 0.49 1.47 0.78
o] 4 i e 3.58 0.68 3.40 0.67 1.24 0.88
Hikwh 3.37 0.90 3.28 0.62 0.56 0.02*
A 22 3.72 0.65 3.57 0.61 1.10 0.58
HAERE 7 4.19 0.73 3.96 0.66 1.54 0.14
it S g 3.74 0.56 3.58 0.47 0.80 0.04*

*p<0.05.
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R 3FAMBRATEITH 4% £ F

Py Y|
M SD t M SD t

A G 223 045 208
- 7 2360 Y 067 248
REERSD o o 3 0 005"
A S 003 061 136
mRER 0B st 06 210
TRER e ok 2 3 047 222

*p<0.05; **p<0.01.

4.2 £ F GPA 89 /5] B 487 £ Ferf 5 4 Python %o 1R W 8% 5 69 %

B R AE R W 77 £ \#ﬁ%éﬂﬁéﬂ-ﬁéizlﬁﬂ Python FAERANES, BRAFOLDEE (FAN
RKEA) AT E (RBFE). HHRANXGH G, WRIREFIRGGLEEFE2F (F
=8.50, p<0.01). Z 5, ﬁ%ﬁwmmkwméﬁﬁﬁkﬁTmﬁﬁﬁwrﬁ%,uﬁ%fmmn
FriR M KR F R G HAEEF. £ 4 WEREY, SR RAEATEF RO R AL, @R
AR AHEFH RGP AR TIROFERAFARIFT ZH8F I b

& 4 5 A MK AT B 5 5] MK R G £ 7

M SD M SD t
K 72.87 17.15 76.86 20.69 1.27*
%t B8 40 66.83 21.37 74.33 12.64 2.69

9<0.05.

4.3 R T GPA 89 /5] B 4877 X A F 4 LK Fw 8 77 69 % o

B3t AN HELR B AT G M AR AT RS R T AR TS, AT AT GPA PR TIERATE
Repg s A M TiNFL ), BRI E 5 T, APTULES, 28 8FERE, LShAFE
%mm%%ﬁ(p(mm)ﬁiﬁﬁxmo%%,*%%?iﬁm%ﬁﬁﬁ%?iﬁﬁﬁi%
2% (p<001), AAXNBATERELAERE Z2F (p=0.012), ZHL4L GPA 69 AT X
R MAHFEERTARSF AN TN . I, HBAFLEAETNmiREL LB E
MR (p=0.03).

k5% A NKAT G Tikdmht /) £ 5

T Sf B8 40

M SD t M SD t
ST 2 068 157
TR e ou o 3 065 232
U 29 e 063 266

9<0.05; **p<0.01.
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5.3%#%

5.1 £ F GPA 49 5] B &7+ % F 48 95 .2 F 18 H 5 4 4971 K B 58 K -F
BRI E, FRAMBRTHRBEERAE T R K-F+HE B4, TlikAh, LT GPA #

LA T X RAES B E R F AT HE%, X5 Gong F AR L X —E(Gong et al., 2024),
HBRRTRET, THEENERIEZRETHRELS, BBPIARTIRG TR F ARG
TN T . Bk A, FREFN, FARBRITREGIROMHEFESD., AR TEACT
WAL M AAL T8 ) RRARFE, FAT At —F 54 GPA RIF6IEF N E 540 X g4,
HmE R TE R, IS, B AR RAERIAE, R HEN —ANEARRF RS E,
FATRESTARBCE, METAHBATE, AT GPA R ARTIRFHF AR N4
O AL S FAT I 0, A A RALAE S Ao RALE o) A I H, F AT AMHRIE GPA Rt 69 mAE
HEH5RTRE M IR R o l, B SR T mAALAZT ARG R A TR, FER
A A F iR 0 TR P R ER /% B 6925 (Molenaar et al., 2010), VAR RETIRALAT SRAZ1E 5 49
AE, ARt A At R TR,
5.2 & F GPA #9 /5] B &7 X R FE B 3 H Python F= iR A 5 4

st A JG M) Python 4eif MK 48 R/ AT R, FRAFAEGRGRKRAT LR F R, T
VAINA, AT GPA 89 A3 7 X R AES 3 Python &R MK i 4y, X5 Malik S A9 8F 5025
ABPA(Malik et al., 2022). X TAER E T4 5 GPA WS IRA NI HE R, FHehen
wRagLHHTARI HRSBAEKR. BAKRE, BAWHAF I BIREF I ENARFIESN GPA
RE9% A 5 3] H B AT AR T 69 F DBAREIR . B R AE L E A R RAE AR R 5 4%
I, GPA REDSM A A B FIRBRFLFANTE, 4MTFAEARKTEEHFREH 4L
B OIEE T, MR FAFHR G Afef AR Ri, KET FAENFIRE, AR
BE A 5 5] R Gt B9 3 F- A4 ST #E (Mufloz-Carril et al., 2021).
5.3 & F GPA #9487 & RFE BB FRA F 4 XK S K-F K E

MR TARBE, RRAERILT LHO TN, ELiksfeilfeTiks BT A% E B
HEFMRA, TR, AT GPA WP ERTEI R B EREF A T KNI K-FHRE, X
5 Abdul-Rahman % A #95F % 45 & — 2 (Abdul-Rahman & Du Boulay, 2014). LR EH, —7 @,
GPA R AIRTF I HARXR AL AN %G X, EALT R PRE T NSECEIR AR
71, RBRBRERESHL, A, ARGEE, F—F @, FHERTIEN GPA =4 LK
R 7. AR R, ERWETL. B2 HBNGRITAZE, BPRET —HH X 49T
Ngmi5F, BHFIHRBERE Af RN, BHRZFYF ] H DI B E R SR R 3
BRI AE 2 19 A 8 i AZ Fe AR 2 69 42 19]) R 9&(Xie & Bradshaw, 2008). BB+, GPA f£xf
P, RAEF A A R F AR T K G £ A R AL A5 38 iR S A A S 0932 AR, XA R TR T
At 95 1% 3 52 & LN Fe K T 89 & & (Sijmkens et al., 2023). b, 5% K I F AT T4 T AR
F AR E, SR D HAETMER R AR TR Y & 2R B FASCENT R AAE
BikAel B, FRAF TR EARAEMBETEP HARANEEHR T ERBTRIEFT
f%(Ge & Land, 2004).
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