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Abstract

Algorithmic thinking is an essential core competency for middle school stu-
dents in the digital age, but its cultivation faces practical difficulties such as
“emphasizing code over thinking” and insufficient personalized teaching sup-
port. The unrestrained use of AIGC tools may also exacerbate students’ cogni-
tive inertia. In view of this, this study explores teaching agents and their activity
design for cultivating algorithmic thinking in middle school students, and will
focus on three major objectives: 1) designing an agent for cultivating algorith-
mic thinking in middle school students; 2) designing teaching activities cen-
tered on this agent to promote the development of algorithmic thinking in
middle school students; and 3) verifying the effect of the activity design on the
development of algorithmic thinking in middle school students. In order to
achieve the above objectives, the “Intelligent Computing Partner” agent was
developed based on the Coze platform, and a three-element collaborative ac-
tivity system of “teacher-student-agent” was constructed. The sorting algo-
rithm teaching activities were designed by combining the 5E teaching model
with strategies such as situational teaching and cognitive conflict, forming an
effective activity model for the development of algorithmic thinking in middle
school students based on the agent. The model was optimized through multiple
rounds of iterations by expert review and other means to ensure its effective-
ness.
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1. Problem and Background

Algorithmic thinking is a core competency for cultivating future-ready talent in
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the digital age. However, its development has long been constrained by limitations
in both instructional practices and student cognitive engagement. The rise of gen-
erative artificial intelligence further complicates this educational challenge. To ad-
dress these issues, this study centers on the design and application of an educa-
tional intelligent agent. It aims to explore effective instructional strategies and mod-

els that foster algorithmic thinking abilities in middle school students.

1.1. Research Background

1) Algorithmic thinking is an essential skill for talent in the digital age

Algorithmic thinking constitutes an essential competency and form of digital
literacy for individuals in the digital age. Research underscores its critical im-
portance; for instance, Ritter & Standl (2023) highlight its role in empowering
students to shape the future. From a global perspective, Byrka et al. (2021) identify
algorithmic thinking as a new and significant learning dimension in higher edu-
cation, even in non-ICT disciplines. This emphasis is echoed in national curricula.
China’s Information Technology Curriculum Standards (2022) designate algo-
rithm design as one of the six core strands and include a dedicated module titled
“Algorithms Around Us” module. Therefore, fostering learners’ algorithmic think-
ing is an urgent task to develop their essential skills for digital-age competitive-
ness.

2) The Real-World Challenges of Cultivating Algorithmic Thinking in Teach-
ing Practice

Although the importance of algorithmic thinking is widely recognized, its cul-
tivation in teaching practice remains challenging. In my instructional experience
in City A, I observed that students often struggle with problem decomposition
and abstract modeling when tackling real-world tasks, frequently resorting to trial
and error rather than systematic logical reasoning. This challenge stems from
three main issues. First, there is a misalignment in instructional focus. As noted
by Sun et al. (2024), current teaching tends to emphasize code implementation
over the underlying thinking process, lacking explicit guidance in higher-order
reasoning and critical training such as complexity analysis. This imbalance hin-
ders the development of students” advanced algorithmic thinking and deviates
from the goals of deep learning. Second, a tension exists between whole-class in-
struction and personalized guidance. Middle school students enter the classroom
with varying levels of readiness in algorithmic thinking. However, large class sizes
and limited teacher capacity make it difficult to diagnose and address individual
learning needs accurately, thereby impeding meaningful differentiation and the
implementation of personalized learning. Third, teachers often possess limited
knowledge of the conceptual underpinnings and pedagogical methods for foster-
ing algorithmic thinking. As highlighted by Sar1 et al. (2022), internalizing such
knowledge requires sustained professional development. Without adequate train-
ing and support, teachers may lack the confidence and strategies needed to effec-

tively cultivate algorithmic thinking in their students.
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3) Generative artificial intelligence provides a new path for cultivating al-
gorithmic thinking

Amid the rapid evolution of artificial intelligence, generative AI (GAI)—partic-
ularly models built on large language models—has introduced a more structured
and pedagogically targeted approach to cultivating algorithmic thinking. Scholars
such as Wang et al. (2024) have demonstrated GAI’s significant potential in cre-
ating personalized learning environments and enhancing learners’ motivation
and cognitive skills. Similarly, Lane (2025) highlights its flexible interactive capa-
bility to effectively support personalized tutoring scenarios, providing direct aca-
demic justification for its role in fostering algorithmic thinking. Empirical re-
search by Huang et al. (2025) further shows that GAI-based learning activities can
significantly improve students’ reasoning, evaluation, and application abilities,
while effectively promoting skills such as abstract generalization. By simulating
diverse educational roles, GAI can address the limitations of traditional instruc-
tion in promoting deeper thinking. Correspondingly, Wang et al. (2025) empha-
size that human—AI collaborative education should be learner-centered and
avoid becoming a technology-dominated “black box”.

However, several practical challenges persist in implementing GAI for algorith-
mic thinking development. First, improper use of GAI tools may lead students to
bypass critical thinking processes, encouraging intellectual passivity and deviating
from core educational goals. Second, middle school students generally possess
only a rudimentary understanding of GAI and limited interaction literacy. Due to
underdeveloped prompting skills or insufficient comprehension of Al agent logic,
they often produce off-target queries or misinterpret outputs. Given the high bar-
rier to using general-purpose GAI platforms directly in education, a growing re-
search focus has been placed on developing subject-specific agents built atop these
general models. Such agents are designed to act as “intelligent learning compan-
ions,” offering more accessible and educationally meaningful support within dis-

ciplinary contexts.

1.2. Research Questions

This study aims to develop a dedicated teaching agent to foster algorithmic think-
ing in middle school students. By constructing interactive scenarios and learning
tasks around this agent, the research seeks to promote the explicit and systematic
development of students’ algorithmic thinking. Specifically, the study is guided by
the following research questions:

1) What are the essential design characteristics of a teaching agent that effec-
tively support the development of algorithmic thinking in middle school stu-
dents?

2) How can teaching activities be designed around such an intelligent agent to
effectively promote algorithmic thinking?

3) How can the quality and effectiveness of these algorithmic thinking develop-

ment activities be evaluated and ensured?
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2. Literature Review

2.1. Definition of Core Concepts

1) General-purpose GAI

Generative Artificial Intelligence (GAI) is an emerging technology that pro-
duces textual content through natural language processing (NLP) techniques, lev-
eraging large-scale corpora and foundational data. To enable this capability, re-
searchers have developed Large Language Models (LLMs) by applying NLP princi-
ples, extensive corpora, and sophisticated training frameworks. Theoretically, there-
fore, LLMs represent an intelligent content generation approach unconstrained
by disciplinary or educational boundaries. Since these models deliver services di-
rectly to users without limiting their field of study or educational background,
they are often referred to as general-purpose GAL

In general-purpose GAI systems, the precision of question formulation directly
influences the quality and effectiveness of generated outputs. Conversely, without
advanced prompt engineering techniques, the model’s practical utility may be signif-
icantly diminished. Thus, prompt design becomes critical for unlocking the model’s
potential—given that general-purpose GAI imposes high demands on prompt qual-
ity, its adoption barrier remains relatively elevated.

2) Teaching Intelligent Entity

An intelligent agent is a system built on artificial intelligence (AI) technology,
capable of perceiving its environment, making decisions, and taking automated
actions. It may manifest as a robot, automated device, or software program (e.g.,
a smart assistant app on a mobile phone).

With the emergence of Generative Artificial Intelligence (GAI), however, the
concept of intelligent agents has evolved: they are now LLM-powered agents (not
merely LLMs themselves) constructed by presetting roles, adding constraints, and
limiting access to a backend knowledge base. When tailored for education and
teaching, such agents are termed instructional intelligent agents. Built on general
large language models (LLMs), they serve specific disciplines, fields, or needs by
restricting their backend knowledge base and defining workflows or thought
chains. Their core characteristics include intelligence, process orientation, and
subject specificity.

Instructional intelligent agents typically take the form of subject-matter experts
(e.g., “middle school IT teacher” or “Python programming expert”). Like human
subject teachers, they provide intelligent answers to student questions and plan
learning according to predefined processes. Unlike general-purpose GAI—which
demands complex prompt engineering—instructional agents, analogous to domain
experts, no longer require such technical expertise, significantly lowering the bar-
rier to entry for teachers and students. They can simulate the role of subject-spe-
cific teachers, accurately addressing students’ learning difficulties within their do-
main. Furthermore, by guiding thinking and fostering ability development through
built-in thought chains, they offer intelligent support for cultivating students’
higher-order thinking.
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3) Algorithmic thinking

Algorithmic thinking refers to a problem-solving approach centered on algo-
rithm design in computer programming. At its core lie common algorithmic con-
cepts—such as loops, branches, and iterations—and it constitutes a central com-
ponent of computational thinking. Scholars have offered distinct perspectives on
its definition: Byrka et al. (2021) regard it as the ability to identify, adapt, and create
algorithms, emphasizing its discrete and abstract nature; Bacelo & Gémez-Chacén
(2023) describe it as a logical problem-solving method involving stepwise decom-
position; and Yu & Song (2024) highlight its role as the core of computational think-
ing, defining it as an approach to problem-solving through explicit step definition.

In this study, algorithmic thinking has been further broken down into five ac-
tionable core dimensions to support the design and evaluation of teaching activi-
ties:

(D) Problem decomposition: breaking down complex problems into managea-
ble sub-problems or steps; (2) Pattern recognition: identifying similarities, patterns
or recurring structures within problems; (3) Abstract modelling: extracting key el-
ements of a problem to construct computable models; (4) Algorithm Design: de-
signing clear steps or rules to solve problems; (5) Evaluation and Optimisation: an-

alysing, comparing and improving the efficiency of algorithms.

2.2. Current Status of Research at Home and Abroad

1) Exploring the Application of GenAl and Intelligent Agents in Program-
ming Teaching

In recent years, the rapid advancement of generative artificial intelligence (GAI)
has driven innovations in programming teaching models. Intelligent agents pow-
ered by large language models (LLMs) have gained traction due to their low bar-
rier to entry, domain-specific expertise, interactivity, autonomy, and scenario adapt-
ability. Related research has yielded multidimensional practical explorations in
this domain.

Regarding framework construction, Tang et al. (2025) proposed the SLCT teach-
ing framework grounded in the ADDIE model, integrating LLMs into course de-
velopment, implementation, and evaluation. Through intelligent Q&A, plugin-as-
sisted development, and human-computer collaborative evaluation, this framework
relieves teachers’ workload while enhancing students’ coding efficiency and qual-
ity. For pedagogical model innovation, Cui et al. (2025) merged Problem-Based
Learning (PBL), Bloom’s Taxonomy, and the Socratic method to propose a multi-
chain collaborative model of “problem chain-thinking chain-dialogue chain.” By
generating dynamic dialogue interactions, intelligent agents promote the devel-
opment of students’ critical thinking and logical reasoning abilities. On the value
of technological application, Penney et al. (2024) urther confirmed that Artificial
Intelligence Generated Content (AIGC) can effectively alleviate students’ program-
ming frustration through personalized guidance and code generation support, of-

fering guided assistance for fostering algorithmic thinking.
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2) Practical effects and potential risks of agent-empowered programming
instruction

Ju et al. (2024) showed that agent-based challenge training and contextualized
interaction can enhance students’ learning autonomy and help beginners rapidly
master programming syntax and algorithmic logic. Similarly, Zhai et al. (2024)
confirmed that learners under the “reverse engineering + GAI mode” achieved
higher scores on sustained learning motivation (M = 4.784) and human-computer
collaboration perception (M = 4.294), with enhancements in problem decompo-
sition and innovative capabilities in algorithmic thinking. However, contrasting
findings emerge: Liao et al. (2024) found in their implementation of an intelligent
programming scaffolding system that over-reliance on agents may weaken stu-
dents’ autonomous problem-solving abilities. Cui et al. (2025) also pointed out
that directly obtaining AI-generated answers in class leads to inadequate training
in computational thinking.

3) Limitations of existing research and future research directions

Although Generative Artificial Intelligence (GAI) and intelligent agents have
shown initial progress in programming education, existing research still faces lim-
itations in aligning with the core need to cultivate algorithmic thinking. First, the
applicability of scenarios is narrow. Most studies—such as those by Tang et al. (2025)
and Ju et al. (2024), and there is a lack of research on cultivating algorithmic think-
ing for middle school students, which fails to fully—focus on higher education or
general programming instruction, with a notable lack of research on algorithmic
thinking cultivation for middle school students. This gap results in a mismatch
with the cognitive characteristics of adolescents. Second, instructional design re-
mains overly broad. Cui et al. (2025) noted that existing frameworks prioritize the
construction of holistic teaching processes but lack granular activity designs tar-
geting specific algorithmic thinking components (e.g., loops, branches). There-
fore, developing intelligent agent teaching tools tailored to middle school students’
cognitive levels is imperative. Such tools would deepen practice in teaching spe-
cific algorithmic thinking components and explore effective implementation path-
ways and strategies for agents in fostering algorithmic thinking among this pop-

ulation.

3. Research Design

3.1. Research Objectives

This study aims to develop an activity design that enhances middle school stu-
dents’ algorithmic thinking by leveraging an algorithm-oriented intelligent agent.
Its core implementation approach involves two aspects: first, taking knowledge
related to sorting algorithms as the core teaching content, through which students
can directly improve their algorithmic thinking via knowledge acquisition and al-
gorithm design; second, relying on a self-designed intelligent agent to provide stu-
dents with precise Q&A support, structured knowledge organization, and scaf-

folding for the exploration process. This indirectly fosters students” multi-per-
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spective analysis, critical judgment, and innovative optimization thinking, thereby

promoting the in-depth learning and transfer application of algorithmic thinking.

3.2. Research Methods

This study will employ the Design-Based Research (DBR) paradigm to design in-
quiry activities. These activities will then undergo review by experts and peers to
evaluate their effectiveness in fostering students’ algorithmic thinking and their
overall feasibility. Through multiple rounds of iterative revision, a refined and
high-quality set of activity plans will be developed.

1) Design-based research

Design-Based Research (DBR) is a methodological approach focused on exploring
and solving real-world problems through design. It is characterized by its commit-
ment to research in authentic settings, orchestrating iterative cycles of analysis, de-
sign, development, and implementation to elucidate how learning occurs. Grounded
in this paradigm, the present study aims to design and iteratively optimize a series
of activities with the core objective of enhancing students’ understanding of algo-
rithmic technology and fostering their algorithmic thinking.

2) Delphi method

The Delphi method, or expert review, is a structured process that systematically
gathers and synthesizes expert opinions. Tang et al. (2018) note that through mul-
tiple rounds of anonymous feedback and iterative revision, it gradually refines an
evaluation framework—including its constituent indicators and their respective
weights—until a relative consensus is achieved. In this study, a panel of educational
technology professors will be invited to evaluate the instructional design, process,
and specific activities, assessing their alignment with and support for the develop-
ment of students’ algorithmic thinking.

3) Peer review method

Peer review serves as the cornerstone mechanism for safeguarding the quality
of academic research. Tu et al. (2024) indicate that it involves the evaluation of
research outputs by experts in the same or related fields, which ensures quality
control and promotes standardized disciplinary development. In this study, we
will invite experienced information technology teachers to assess the feasibility of
the teaching process from a practical classroom perspective. Their evaluation will
focus on whether the activity design effectively fosters algorithmic thinking in mid-
dle school students, as well as the role and appropriateness of intelligent agents

within these activities.

3.3. Research Approach

First, the core components of algorithmic thinking are identified through litera-
ture analysis. Guided by the DBR approach and the 5E instructional model, the
design then follows a structured sequence: 1) defining the thematic focus and al-
gorithmic thinking objectives; 2) designing driving questions for agent adapta-

tion; 3) developing a dual-dimensional evaluation plan assessing both agent inter-
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vention and student performance; and 4) planning the activity process with agents
embedded across different stages. This design seeks precise alignment with middle
school students’ cognitive development and the progression characteristics of
algorithmic thinking, ensuring the agent’s functions directly address training

needs.

Research Phase Main Content Research Methods

Designing Activities to Foster Algorithmic Thinking Development
in Secondary School Students Through “Algorithm-Thinking-
Oriented Intelligent Agent” Design

______ b

Define the constituent dimensions of algorithmic

Phase One: : thinking . .
- . N . H Literature Review
Theoretical Foundations [—T>
and Research PI"(‘DHI"E\I ion Logical Problem Optimization Multi-perspective Innovation and Method
h } : reasoning decomposition Iteration analysis Optimization :
_i--» Function Development for Autonomous Design Agents
s
st
! H H
/ H
; 4 L. Inquiry Process Structured
I H
I . ‘ Precision QA ‘ Scaffolding Support ‘ Analysis v
i
Phase Two H Design-Based
Core Activity Design —>: Drive esign-base
: Research
and Development :
\ H Plan the
\ H Defining the Theme . . Develop a dual- intelligent agent’s
| . N N Design-driven . . A .
\ : and Cultivating roblems dimensional phased integration 1
\.\ H Objectives P N evaluation plan into the activity |
N process : 5E Instructional
L - . . 1 Model
Y%= Activity Design Empowered by Intelligent Agents <4

.......................................I....................................... lterative

Design Feasibility and Iterative Optimization

Comprehensive Feedback
Analysis Collection

Phase Three Expert Review

Experimental _/l>

Validation and lterative H
Optimization H The effectiveness of the activity in
x| Adaptability of AL Algorithm Thinking promoting algorithmic thinking across
Integration into Teaching Technical various dimensions, the appropriateness of
Feasibility agent intervention, and the efficacy of
guidance methods.

Intelligent Agents Promote the Development of
Algorithmic Thinking in Secondary School Students

Figure 1. Research flowchart.
Subsequently, the design’s feasibility is analyzed and iteratively refined through
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expert and peer review. This process ensures the intelligent agent acts as a “scaf-
fold for cultivating algorithmic thinking,” supporting students in independently
decomposing problems, engaging in trial-and-error optimization, and conducting
multi-dimensional reflection—rather than providing direct solutions. The ultimate
goal is to achieve precise empowerment in cultivating algorithmic thinking among
middle school students through a self-designed intelligent agent (the research pro-

cess is illustrated in Figure 1).

3.4. Research Tools

1) Coze Platform-A Platform for the Development of Intelligent Agents

This study will employ Coze as the development platform for the teaching
agent. The selection is based on three primary considerations. First, its low-code
nature significantly reduces the technical threshold for educators and developers,
allowing them to concentrate on pedagogical logic and content design. Second,
the platform’s built-in knowledge base and multi-plugin framework facilitate flex-
ible integration of disciplinary materials, question banks, and third-party tools,
providing robust support for personalized learning and interactive Q&A. Third,
Coze offers convenient deployment and ongoing optimization capabilities, ensur-
ing that the teaching agent can be rapidly iterated and enhanced in response to
evolving instructional needs.

2) Algorithmic Thinking Ability Assessment Tool

The primary goal of this research is to foster the development of students’ algo-
rithmic thinking, which consequently requires a valid assessment of this compe-
tency. Adorni et al. (2024) note that following a comprehensive literature review,
our team selected the verification module of the virtual Cross-Array Task (here-
after “virtual CAT”) as the assessment tool for middle school students’ algorithmic
thinking. The module comprises 12 tasks. Student performance is scored across
two dimensions: interaction type, which evaluates the tools used and the degree
of autonomy; and algorithm type, which assesses the complexity of the algorithm
generated.

Data from a pilot study of virtual CAT have been used to evaluate its psycho-
metric properties. Adorni (2023) reports that the tool demonstrates an internal
consistency coefficient of 0.72, a construct validity of 68%, and a discriminant va-
lidity with p < 0.05, indicating good reliability and validity.

To address the limitations of Virtual CAT in measuring higher-order thinking
skills, this study supplemented teaching practice with two qualitative assessment
methods involving the analysis of student work: student-submitted sorting algo-
rithm proposals were scored across three dimensions—flowchart completeness,
algorithmic diversity, and the soundness of optimisation approaches—with a
three-point grading scale applied to each dimension (1 = inadequate, 2 = satisfac-
tory, 3 = excellent). These multi-dimensional evaluation methods collectively un-
derpin this study’s comprehensive assessment of the effectiveness of algorithmic

thinking development.
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4. Design of Agent-Based Teaching Activities

4.1. The “Three-Element” Activities and Design Centered on
Intelligent Agents

This study focuses on using intelligent agents to foster algorithmic thinking in
middle school students, constructing a three-element activity system centered on
the teacher-student-agent triad to achieve their organic integration and synergis-
tic promotion.

1) The New Tripartite Structure of Teaching Activities

This study constructs a three-element collaborative teaching framework com-
prising teachers, students, and intelligent agents. Teachers serve as organizers and
facilitators, responsible for setting instructional objectives, designing learning
processes, and guiding students in the appropriate use of intelligent agents. Students,
as primary learners, develop algorithmic thinking and the higher-order abilities
through engaging in problem-solving and knowledge construction. Intelligent
agents serve as supportive tools, providing information resources, strategy sug-
gestions, and thinking assistance to facilitate personalized learning and reflective
adjustments. These three elements form a dynamic and interactive relationship.

2) Interaction methods among the three elements during the activity

Intelligent agents provide instant Q&A, alternative solution paths, and strategic
suggestions to help students overcome fixed mindsets. For example, in sorting
tasks, they can compare the time complexity and applicable scenarios of different
algorithms, guiding students to refine their thinking. When students use these
agents, teachers should consciously guide them to reflect on, filter, and reconstruct
the agents’ content, cultivating critical thinking and divergent thinking. Meanwhile,
tasks assigned by teachers should encourage students to analyze, identify, and im-
prove the content generated by these agents, stimulating their critical and creative
thinking while preventing mental inertia toward such tools.

3) Main strategies in the activity

In designing activities, beyond the core strategy of empowering algorithmic
thinking through intelligent agents, other necessary strategies should also be inte-
grated to stimulate learning motivation, reinforce teaching objectives, and pro-
mote collaboration. Strategy design should focus on the teaching process, by fully
leveraging the advantages of intelligent agents while mitigating their potential lim-
itations. This study primarily adopts four strategies: the use of intelligent agents as
learning companions, contextual teaching, problem-solving, and cognitive con-
flict induction.

An intelligent agent, acting as a learning companion, creates a low-risk and
high-feedback interactive learning environment. It serves dual roles: as a knowledge
repository providing multimodal resources (e.g., algorithmic concepts, code ex-
amples, and flowcharts) and as a dialogue partner that inspires students to solve
problems via multiple pathways and cultivates flexible thinking.

Cognitive conflict strategies create contradictions between new and old knowledge

or establish cognitive traps to trigger cognitive dissonance, thereby overcoming
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students’ fixed mindsets and promoting deep learning and algorithmic under-
standing.

Wu (2024) note that the contextual teaching approach enhances students’ know-
ledge understanding by creating specific and vivid teaching contexts. Intelligent
agents can enhance the realism and multimodal expressiveness of these contexts,
generating resources like images and videos to boost students” immersive experi-
ence, help them evaluate algorithm effectiveness, and cultivate critical thinking. Li
et al. (2020) indicate that problem-solving strategies are problem-oriented teach-
ing approaches grounded in real-world contexts, where students acquire knowledge
and skills through problem-solving. Students can use intelligent agents to decom-

pose problems into subtasks, thereby reducing cognitive load.

4.2. Intelligent Agents and Their Design for Algorithmic Thinking
Development

The intelligent agent in this study was developed using the Coze platform (devel-
oped by ByteDance), leveraging its low-code and modular features to transform
educational theories into executable, interactive agent applications. This approach
provided technical support for fostering algorithmic thinking among middle
school students.

1) Design Concept

The cultivation of algorithmic thinking needs to be anchored in the core logic
of “making the thinking process explicit, guiding heuristically, and personalizing
learning,” emphasizing the development and application of thinking. The design
of the intelligent agent in this study is based on the core concept of “cultivating
students’ algorithmic thinking rather than merely coding skills,” which aligns closely
with the emphasis on thinking development in the framework of the “thinking
development classroom.” Therefore, this study adopts the five-step framework of
the “thinking development classroom” (Zhao et al., 2018) as its theoretical basis,
designing an intelligent agent to support algorithmic thinking development by
integrating the cognitive characteristics of middle school students in algorithm
learning.

The abstractness of algorithm learning can easily pose cognitive barriers for
primary and middle school students. However, elements of the framework—such
as “creating conflict through problem situations” and “making implicit thinking
explicit”—can effectively mitigate this abstractness. By concretizing problem sit-
uations to reduce the comprehension threshold, visualizing logical thinking path-
ways, and strengthening the transfer of thinking skills through peer sharing and
variation exercises, the framework ultimately facilitates the formation of an algo-
rithmic thinking chain: “problem decomposition—pattern recognition—abstract
modeling—algorithm design—evaluation and optimization.”

2) Core Structure and Functions

Based on the characteristics and functional requirements of intelligent agents,

the author designed the core architecture of the intelligent agent in this study, as
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shown in Figure 2.

~— Character Design — Smart Learning Companion for Algorithmic Thinking

Limited To Specific Academic Fields

Building Intelligent Agents

Textbooks

) — Constraints Teacher's Lesson Plan
As Smart Study Companions {
Accompanying Knowledge Base

Additional Adaptation Resources

Heuristic Guidance
(Does not provide direct answers)

X Multiple-Solution Selection — Critical Thinking, Divergent Thinking
—— Adaptation Strategy

Interdisciplinary Exploration = Integrative Thinking

Constructing a Sequence of Questions —— Thought Chain

Figure 2. Core structure and functions.

3) Role Positioning

Intelligent agents play four key roles in cultivating algorithmic thinking among
middle school students, with their positioning reflecting both systematic support
for teaching and facilitation of students’ self-construction. They integrate text-
book knowledge bases for primary and secondary schools, teachers’ pedagogical
priorities, and students’ cognitive data, and their functions span the entire teach-
ing process.

First, as a scenario creator, the intelligent agent constructs authentic and en-
gaging problem scenarios for students, grounded in familiar campus and commu-
nity contexts. Second, by embedding cognitive conflicts—such as optimizing the
campus cafeteria queuing system—it stimulates students’ exploratory motivation
and problem awareness. Third, as a thinking guide, it employs methods including
tiered questioning techniques, mind map visualization, and conceptual hints,
which adopt heuristic rather than direct-answer strategies. These strategies guide
students through the complete thinking process of “problem decomposition—ab-
stract modeling—algorithm design—verification and optimization,” thereby grad-
ually making the thinking process explicit and building a cognitive pathway from
concrete to abstract. Finally, as a learning collaborator, it offers supportive scaf-
folding instead of ready-made answers—such as analogies, stepwise decomposi-
tion hints, and recommendations for similar problems—when students face chal-
lenges. Meanwhile, it fosters a safe environment for expression through low-stakes
dialogue design and encouraging phrasing, promoting viewpoint sharing and idea
exchange among students.

Additionally, the intelligent agent serves as an effective real-time feedback pro-
vider, fulfilling a role that teachers often find challenging to manage concurrently.
It constructs a three-dimensional feedback system integrating thinking, expres-

sion, and code, which not only identifies grammatical and code-related errors but
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also evaluates the completeness and soundness of logical thinking. By providing
personalized, constructive feedback, it helps students pinpoint flaws in their think-

ing processes and enhances their metacognitive abilities (Figure 3).
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Figure 3. Agent role localization.

4) Technical Implementation

The intelligent agent in this study adopts a single-agent architecture based on
an LLM (Large Language Model), with core technical implementation comprising
the following key components.

a) Persona Design and Response Logic Configuration

We defined the agent’s persona as an “algorithmic thinking partner,” equipped
it with skills in problem guidance, error diagnosis, and emotional support, and
confined its assistance to the scope of algorithm learning.

b) Knowledge Base Construction

We embedded learning resources related to algorithmic knowledge points—in-
cluding typical cases, textbook content, pseudocode examples, and descriptions of
everyday problems—into the knowledge base section of the Coze platform. A vec-
tor database facilitates rapid and precise retrieval of knowledge, ensuring the ac-
curacy and relevance of the agent’s responses.

c) Workflow Design

A modular and dynamic workflow was designed to deliver personalized teach-
ing support guided by algorithmic thinking. The core logical chain follows: input
parsing—intent recognition—knowledge base search—specialized processing—

output integration.
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d) Model Selection and Debugging
We selected a text model suitable for educational interaction (e.g., the Doubao
1.5 Pro 32k Tool Call Series) and chose a balanced mode for generation diversity

to balance output accuracy with linguistic naturalness (Figure 4).

v E] Intelligent computing partner - ag X == = o X
G | @ https;//www.coze.cn/space/7476438886198312971/bot/7576537668755423267 B Q Yy P 3 @
Buckle programming is in the free public test for a limited time, go to experience it now x
< ¥ Intelligent computing partner [ & single Agent (Autonomous Planning Mode) Draftsare automatically saved at 11:32:16 ~ ®
Persona and reply logic & © 0 # Arrangement 8 Preview and debug By &
#Role: Al Learning Companion - Model settings -
A personalized learning partner and cognitive facilitator for developing g  Intelligent computing partner

At oo oo v model Bean buns + 1.5 + Pro + 32k v
algorithmic thinking in eighth-grade students. Its core function is to cultivate O Beanbuns i

the five essential elements of algorithmic thinking—problem
decomposition, pattern recognition, abstraction, algorithm design, and

© Rundone  ~
Generate diversity ©

q L . .
evaluationfoptimization—through real-life interactions, progressive Hello! The basic idea of bubble sorting is to compare two adjacent

) ) - (iz=tn Balance Eesiing il elements, and swap the positions of the two elements according to the
guidance, and precise feedback. It delivers personalized learning support mode mode mode n B -
ecback : ! comparison results and algorithm rules. In this way, the purpose of
and instant feedback while providing data-driven insights for instructional sorting can be achieved by comparing and exchanging in turn. Because
optimization to educators. Generate randomness @ B — 0.8 - 4+

this method always puts small numbers down and large numbers up in
the process of sorting, just like bubbles rise and become larger when
## Objectives: water boils, so it is called bubbling sorting.

Input and output settings
1. Lower the barrier to algorithmic learning for eighth graders by focusing on

Forexample, there are now 6 data bubbles arranged out of order from

cultivating foundational thinking skills. Help students master the five core Carry the number of context rounds ® 3 -+ bottom to top: "12,1,27,19,30,8". The first round of sorting is as follows:

elements of algorithmic thinking—problem decomposition, pattern 1st sorting: Compare 12 to 1, because 12>1, swap positions. 2nd sorting:

recognition, etc.—to advance from superficial understanding to deep Maximum reply length © —_— 4096 - + Compare 12 to 27, because 12<27, so don't swap positions. 3rd sort:

conceptual construction. Compare 27 to 19, because 27 > 19, swap positions. 4th sort: Compare

2. Enhance middle schoolers' algorithmic thinking abilities. Through N D BEENER T, d? not swap positions. 5th sort: Compare 30 to
Context caching 8, because 30>8, swap positions.

personalized, interactive guidance, enable students to independently

decompose problems, identify patterns, design algorithmic steps, and Prefix cache © @

So far, the first round of sorting has been compared a total of 5 times,

optimize solutions while reducing learning anxiety and boosting confidence. and the largest number 30 is swapped to the top, and the order
Model default instructions obtained from the bottom to the top is "1,12,19,27,8,30".
## Capabilities: Currenttime ©® You're awesome! You can try to use bubble sorting to arrange other

1. Problem-Guiding Skills: Utilize real-world scenarios (e.g., “How to number sequences by yourself to see if you can master this method?

SP Leak Prevention Directive ®
optimize the school cafeteria queue system?”) and progressive questioning

(e.g, “Canyou break this problem down into smaller tasks?”) to guide g6 Cm
students through problem decomposition, pattern recognition, and
algorithm design.

2. Error Diagnosis Skills: Analyze students' algorithm sketches, pseudocode, ~ Plugins ® + =] ® 9

or descriptions to precisely identify logical flaws (e.g., looping errors or data

skills

Code Editor / THE
Code editor to help users summarize knowledge points

movement issues) and provide specific optimization suggestions.
3. Emotional Support Skills: When students encounter difficulties. alleviate

= ilo rnadlraad

Figure 4. Shows the “Smart Computing Partner” agent page developed using Coze.

5) Agent Architecture and Operational Mechanisms

This study utilises the “Smart Calculation Partner” agent throughout the teach-
ing process. This agent incorporates five core functional modules, corresponding
to problem guidance, thinking guidance, solution generation, code analysis, and
evaluation feedback. The agent employs a single-agent architecture, with func-
tional switching and task scheduling managed via the workflow module of the
Coze platform. Students do not need to switch between different agents during
the teaching process; instead, they receive multi-dimensional support through a

unified dialogue interface.

5. Design and Exploration of Algorithm-Based Teaching
Activities Based on Intelligent Agents

Based on the aforementioned activity design framework, this study focuses on the
design of scenarios and activities for empowering middle school students’ algo-
rithmic thinking with intelligent agents, and explores how to promote the devel-

opment of students’ algorithmic thinking by using intelligent agents.
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5.1. Preparations before Instructional Design

1) Analysis of Teaching Objectives

a) Students will learn common sorting algorithms (e.g., bubble sort, selection
sort, and quick sort), mastering their fundamental structures and flowchart rep-
resentations.

b) Stimulate interest in solving practical problems, cultivate multi-angle think-
ing, critical thinking, innovative thinking and variation thinking, and guide stu-
dents to correctly understand the auxiliary role of intelligent agents.

2) Learner Analysis

The activity is intended for second-year junior high school students exhibiting
developing abstract logical thinking. These learners can comprehend procedural
concepts but require concrete visual scaffolding—including diagrams, analogies,
and animations—to facilitate understanding. Although they display exploratory
enthusiasm and motivation when solving practical problems, their engagement
with abstract algorithmic knowledge is often limited by their still-maturing rea-
soning skills. A central pedagogical focus is enhancing their ability to move from
articulating problems in natural language to representing them through algorith-

mic language and flowcharts.

5.2. Activities and Designs for Empowering Teaching with
Intelligent Agents

This study employs an e-commerce festival express sorting scenario to construct
a teaching case. By designing activities where students sort packages by weight—
a task directly relevant to their daily lives—the case achieves both knowledge ac-
quisition and skill development while fostering a sense of accomplishment in solv-
ing practical problems. The activity design and implementation follow an iterative
“design-evaluate-revise-optimize” cycle.

1) Multi-agent planning oriented towards functional objectives

To achieve the research objectives, this study developed five teaching agents
tailored to diverse scenarios and goals, thereby constructing a comprehensive in-
telligent teaching support system that facilitates the cultivation of algorithmic
thinking.

a) Problem-guided agent: Grounded in real-life scenarios, this agent designs
task-oriented contexts to guide students in formulating research questions, em-
beds cognitive conflict triggers, and delivers differentiated situational introduc-
tions based on students’ cognitive levels.

b) Thinking-guided agent: By employing strategies such as scaffolded question-
ing and mind map visualization, this agent helps students construct and external-
ize explicit algorithmic thinking chains.

¢) Scheme-creation agent: Drawing on principles of program design and algo-
rithmic thinking, this agent generates no fewer than three solutions to the ques-
tions posed by students.

d) Code-parsing agent: This agent provides hierarchical code support, bridges
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the gap between thinking logic and code expression, and eliminates over-reliance

on auxiliary substitution behaviors.

e) Evaluation and feedback agent: This agent generates personalized feedback

and provides data support for group learning, laying a foundation for optimizing

the teaching cycle.

2) Teaching activities and processes using intelligent agents as assistants

This study uses the 5E teaching model as a framework, embedding intelligent

agents into each stage of teaching, which is divided into five phases: introduction,

exploration, explanation, extension, and evaluation. The specific teaching process

is shown in Table 1.

Table 1. Teaching activities and key processes for developing algorithmic thinking.

Teachin
g Teacher Activities Student Activities Design Intent
process
1. Watch the video and immerse
1. Generate and present short videos using the JiMeng . . 1. Teachers use the
. ; yourself in the context to think.
platform (Pre-class preparation: create a scenario); . L« JiMeng resources
] o« 2. Submit the question “How to ]
2. The teacher has students submit the question “How . , generated from instant
. . efficiently sort express packages
to efficiently sort express packages” to a « . , dreams;
« . N , to the “problem-guided agent .
problem-guided agent,” and observes the agent’s . , Problem scenarios
. ] and view the agent’s feedback to
Introduction feedback to introduce the problem; . created based on
] import the problem. « .
(Problem-guided Agent) problem-guided
. « . , 3. Based on the . . N
3. Assign the “Express Delivery Challenge” task, o1 1. . intelligent agents” are
o0 ] ] thinking-guided intelligent .
specifying the task: Design an algorithm to sort 10 s « used to stimulate
. agent”, introduce the “Express .
packages by weight from smallest to largest, and use a . N . students’ interest and
. Delivery Challenge” learning L
flowchart to represent the algorithm structure. task motivation.
ask.
1. By combining the
1. Organize groups of 3 - 4 people for collaboration; diverse solutions
8 group P P « 1. Students work in teams to .
the teacher sets up a trap question: “Due to the . R . provided by the
] ) discuss the teacher’s questions « ) )
upcoming e-commerce festival, these packages need Solution Creation
o . . . and observe a bubble sort . N
to be sorted within 5 minutes. Is it feasible to use . Intelligent Agent,
. ) demonstration; , -
bubble sort to process the packages?” (reinforcing o ) students’ desire to
. j o 2. Obtain hierarchical code .
cognitive conflict), requiring students to use the « explore is stimulated,
« . N . . support through the “code . o
code parsing agent” to obtain hierarchical code . ” and in-depth thinking
] parsing agent” to understand the |
support, generate the bubble sort process and time, . . is promoted;
. « . . , connection logic between the .
and at the same time call the “solution creation agent . 2. By connecting
. . . . algorithm and the code, and ] o .
to obtain more than 3 sorting algorithm solutions, . . logical thinking with
. . . compare various sorting .
generating a comparison chart of each algorithm . . code expression
Explore algorithms with the help of the

(Code Parsing Aagent, Scheme Creation Intelligent

Agent);

2. Guide students to use the step-by-step

questioning optimization scheme of the

“Thinking Guiding Agent” to visualize and

organize logic through mind maps, draw flowcharts,
and submit them to the “Evaluation Feedback Agent”

to obtain personalized

modification suggestions, thereby cultivating critical

thinking (Thinking Guiding Agent, Evaluation

Feedback Agent).

“solution creation agent” to
analyze the efficiency differences
between different algorithms;

3. Use the “thinking-guided
agent” to organize and optimize
the thought process, draw a
flowchart, and modify and
improve it based on the
suggestions of the “evaluation
feedback agent”.

through the “code
parsing agent” and
providing precise
guidance through the
“evaluation and
feedback agent”,
students can
cultivate
multi-perspective
thinking, critical
thinking and variation
thinking.
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1. By showcasing and
sharing, students’
understanding of
1. Students present and share algorithms is
flowcharts and learning enhanced, their
. o processes, receive feedback from thought processes with
1. Invite groups to present flowcharts explaining the . .
; ) ) other groups, and clearly explain the assistance of
reasons for using the sorting algorithm and the . . ]
the auxiliary role of intelligent agents are
intelligent agents in thinking clarified, and students

construction, solution selection, are prevented from

learning process aided by various intelligent agents
(Mental Visualization Agents);
2. Explain the core steps and flowcharts of the three

Explain code understanding, etc. becoming overl
P sorting algorithms (strengthen algorithmic thinking), ) ) & . g. Y
. . . 2. Listen attentively to the reliant on intelligent
guide students to compare the multiple solutions .
. « ] . . lecture, and reflect on the logical agents;
provided by the “Solution Creation Intelligent L . .
R . . . flaws and optimization potential 2. By comparing and
Agent”, and reflect on the rationality of their own ] ) ] ]
. . . of your algorithm selection reflecting on multiple
choices (Scheme Creation Intelligent Agent). . . .
based on the multiple solutions  solutions, we can
generated by the “Solution deepen our
Creation Intelligent Agent”. algorithmic thinking
and improve our
control over the core
logic of algorithms.
1. The group discussed and
1. The teacher issued an open-ended task: “Design a group . . 1. Design open-ended
. . . formulated multi-condition
comprehensive algorithm for a parcel sorting system L . tasks to encourage
] . o prioritization rules, clarified the )
that meets the requirements of ‘urgent priority > o ] students to actively
. L, priority logic, and sorted out the )
weight priority’ (urgent parcels are sorted first, and . .. seek solutions;
. o ; core requirements and potential .
parcels with the same priority are sorted by weight . . 2. Through the diverse
. difficulties of the task; ] R
from smallest to largest), and is also adapted to the . « . . solution provision of
. . . . R 2. Using the “solution creation . .
sorting efficiency requirement of ‘100 parcels/hour N . Solution Creation
. o agent”, analyze the applicable . Y
during e-commerce festivals”. ] ] . Intelligent Agent”, the
) . L algorithms for multi-condition . 7
2. Guide students to clarify the core contradictions of . logical organization of
. . . . . sorting and compare the - .
multi-condition sorting, obtain more than 3 suitable ) . Thinking Guidance
] ] « . ) efficiency and adaptability of ] N
Expand  algorithm solutions through the “Solution Creation . . Intelligent Agent”, and
R o ] different solutions; .
Agent”, obtain hierarchical code support through the « . , thetechnical support
« . N . . 3. Use the “code parsing agent « )
Code Parsing Agent”, and combine the mind of “Code Analysis
] . o . B to understand the code . N
mapping visualization function of the “Thinking . . . Intelligent Agent”,
. N . implementation logic of the
Guidance Agent” to sort out the logic and draw a . o students are
. . algorithm, use the “thinking .
flowchart (Code Parsing Agent, Scheme Creation ’ N . encouraged to think
. e . guidance agent” to organize the .
Intelligent Agent , Thinking Guidance Agent); . about algorithms from
. ] thinking framework, draw a . .
2. Encourage students to obtain suggestions for . multiple perspectives
. o flowchart, and combine the .
optimizing the solution in advance through the . L and cultivate
« . » . suggestions for optimization . . .
evaluation and feedback agent” and improve the « ] innovative and variant
. from the “evaluation feedback o
flowchart (Evaluation Feedback Agent). o thinking.
agent”.
1. Organize each group to present their 1. Participate in the 1. Enhance students’
comprehensive algorithm solutions (flowchart, code  demonstration and evaluation,  expression and critical
framework, performance data, optimization ideas), and reflect on the strengths and  thinking skills through
and use the “evaluation feedback agent” to output weaknesses of your own solution presentations and peer
Evaluate  personalized feedback and group learning data to by combining the personalized  review, combined with

provide a basis for presentation evaluation feedback from the “evaluation
(Evaluation Feedback Agent);

2. Guide peer review within the group, commenting

data analysis from the

feedback intelligent agent”; “evaluation feedback

2. Share your experiences using intelligent agent”;

on the strengths and weaknesses of each group in various intelligent agents, and 2. Guide students to
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conjunction with the “evaluation feedback agent,” reflect deeply on the auxiliary correctly view the
emphasizing that “algorithm selection must be value and limitations of collaborative effects of
combined with scenario requirements,” and intelligent agents in areas such ~ various intelligent
summarizing the auxiliary value and limitations of as thought construction, agents, clarify that
each agent (Evaluation Feedback Agent); solution optimization, and code intelligent agents are
3. Encourage students to share their experiences and  understanding; thinking aids rather
shortcomings in cultivating algorithmic thinking by 3. Through peer review and than substitutes, avoid
discussing the role of each intelligent agent. teacher feedback, we will sort mental inertia, and
out the core logic of algorithm  promote the
selection and strengthen the autonomous
systematic nature of algorithmic construction and
thinking. deepening of
algorithmic thinking.

3) Expert review and peer review

This study invited two experts holding the title of Associate Professor in edu-
cational technology and five peer researchers to review the teaching plan, thereby
laying a solid foundation for the implementation of subsequent teaching practice.

a) Expert Review

Following the first round of reviews, the experts raised the following key points:
the teaching process lacked design elements to stimulate students’ intrinsic moti-
vation; the manner in which the AI agent functioned at each stage was not ex-
plained in sufficient detail; and the group activities lacked mechanisms for task
allocation and accountability. In response to these comments, the research team
made the following revisions: in the introduction phase, a “cognitive dissonance”
strategy was introduced, incorporating trick questions such as “Can bubble sort
be completed within five minutes?”; in the exploration and extension phases, the
functional modules of the intelligent agent used were clearly labelled; and a table
of recommendations for group division of labour was added, clearly defining the
roles and responsibilities of the recorder, presenter and operator. During the sec-
ond round of review, the experts unanimously agreed that the revised proposal
was logically clear, functionally complete and possessed good practical value.

b) Peer review

Five frontline teachers with over five years’ experience teaching information
technology in secondary schools were invited to conduct a peer review. The peers
offered the following key recommendations: to incorporate real-life case studies
to enhance the sense of immersion; to introduce specialised training on the use of
AT agents prior to activities to help students master the formulation of prompts
and the evaluation of results; to refine the operational procedures for Al agents at
each stage, thereby creating teaching templates that can be directly applied; and
to strengthen training in variant thinking, encouraging students to generate di-
verse solutions and engage in comparative reflection. Based on this, the study im-
plemented the following optimisations: the scenarios were expanded from “parcel
sorting” to include multiple contexts such as “queuing at the school canteen”and

“sorting returned books”; specialised training on usage techniques was introduced
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before the course began to ensure students could operate the system efficiently
and without hindrance; and during the extension phase, the cultivation of stu-
dents’ divergent thinking skills was reinforced, encouraging them to generate di-
verse solutions and, with the aid of the AI agent, to compare, reflect upon and
reconstruct these solutions.

4) Teaching Practice and Effectiveness

Based on the theoretical framework and intelligent agents proposed in this
study, the author conducted teaching practice in the junior high school information
technology curriculum at Beijing No. W Middle School. The practice results indi-
cated that students exhibited strong interest and enthusiasm toward the involve-
ment of intelligent agents in both classroom teaching and extracurricular self-di-
rected learning.

Specifically, students in the experimental class that underwent this teaching re-
form achieved significantly higher levels of knowledge mastery and skill profi-
ciency compared with those in the control class that adopted the traditional “lec-
ture-demonstration” teaching model. Additionally, the experimental class outper-
formed the control class significantly in terms of the breadth of subject knowledge
and the depth of understanding of information technology and artificial intelli-
gence.

Overall, the teaching practice has verified that for the vast majority of junior
high school students, the integration of Generative Artificial Intelligence (GenAlI)
and intelligent agents into classroom and learning environments exerts a positive
and significant impact on their academic performance. Furthermore, the Large
Language Model (LLM)-based intelligent agents and GenAl-enabled working plat-
forms provide students with a high-quality self-directed learning context that sup-
ports “learning by doing” and “learning by applying”—an essential foundation for

developing core competencies and fostering Al literacy in the digital era.

6. Conclusion and Reflection
6.1. Research Findings and Main Conclusions

1) An algorithmic thinking activity model based on agent empowerment
was constructed

The main achievement of this study is that an algorithmic thinking activity model
based on agent empowerment was constructed based on the 5E teaching model,
and the application path of the agent in supporting the cultivation of higher-order
thinking ability was analyzed, as shown in Figure 5.

This research proposes a tripartite collaborative activity design model encom-
passing teachers, students, and pedagogical agents. The model facilitates the es-
tablishment of a dynamic interplay among these three entities. It enables teachers
to leverage agents for instructional design optimization and supports students in
agent-assisted independent inquiry and peer collaboration. By employing task-
driven pedagogy and cognitive process visualization, the model promotes the uni-

fied advancement of knowledge building and cognitive development, concur-
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rently refining iterative teaching implementation pathways. Structured around
the 5E instructional model and incorporating the orchestration of real-world sce-
narios—such as express delivery sorting during e-commerce festivals—the design
integrates cognitive conflict induction and variational thinking training. An opti-
mization process involving expert review and peer evaluation was conducted, clar-
ifying the stage-specific functional positioning of the agents and effectively en-

hancing the operational feasibility and contextual relevance of the activities.

1. The AI agent generates personalized
evaluation reports by analyzing
conversations with students.

2. The AI agent provides tiered
feedback to deliver differentiated
assessments and support the
advancement of algorithmic thinking.

Y

1. The AI agent generates algorithmic
extension tasks across diverse
scenarios, guiding students to apply
algorithmic thinking to solve real-world
problems.

2. The AI agent integrates
multidisciplinary resource libraries to
deliver algorithmic extension materials,
fostering adaptable algorithmic thinking
and innovative integration skills.

1. Teachers generate multimodal resources to
create personalized inquiry scenarios.

2. Intelligent agents generate trick questions
to stimulate student motivation through
cognitive conflict.

1. The AI agent engages in real-time
interaction to address questions about
algorithmic steps, identifies gaps in
reasoning, boosts students’ confidence in
articulating algorithmic thinking, and
reduces classroom silence.

2. The Al agent generates multiple
algorithmic solutions for the same problem,
guiding students to compare and analyze their
strengths and weaknesses, thereby cultivating
multi-perspective algorithmic thinking and
critical reasoning skills.

Introduc
tion

5E
nstructiona

1. The AI agent explores the core logic of
algorithms during the investigation process,
attempting to systematize fragmented steps.
2. The AI agent visualizes the logical
connections between different algorithms
through flowcharts (mind maps), helping
students clarify algorithmic structures.

Explain

Figure 5. 5E teaching model integrating intelligent agents.

2) Based on the button platform, several teaching intelligent agents were
developed to cultivate algorithmic thinking and serve different objectives

This study utilizes the low-code and modular features of ByteDance’s Coze plat-
form to develop an instructional agent, the “Intelligent Computing Partner,” de-
signed for the cultivation of algorithmic thinking among middle school students.
The agent’s design follows the cognitive developmental patterns of adolescents,
emphasizing five constituent elements of algorithmic thinking: problem decom-
position, pattern recognition, abstract modeling, algorithm design, and evaluation
and optimization. Based on the “Thinking-Based Teaching Classroom” frame-
work (Zhao et al., 2018), it establishes a personalized learning support system
aligned with the developmental trajectory of algorithmic thinking. This system is

operationalized through the multifaceted integration of four core agent roles: sce-
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nario creator, thinking guide, instant feedback provider, and learning partner.
Functionally, it facilitates scenario visualization, provides tiered guidance, and de-
livers precise feedback, thereby effectively enhancing learning motivation and re-
inforcing the construction of independent thinking. In contrast to general-pur-
pose generative Al tools, this agent reduces the learning threshold for students
and supports teachers in optimizing instruction through recorded process data.
The integration of educational theory and technological application embodied in
this agent presents a targeted and practicable approach to fostering algorithmic

thinking in secondary education.

6.2. Limitations and Future Prospects

The innovation of this study lies in transcending the educational limitations of
general generative Al by developing a dedicated teaching agent and establishing a
complete closed-loop process of “design, optimization, and evaluation.” Its tripar-
tite collaborative activity model and thinking-oriented design offer a novel para-
digm for fostering core competencies in information technology education. This
research, however, acknowledges certain limitations. The activity design primarily
centers on sorting algorithms, and its applicability to other domains requires fur-
ther exploration. Additionally, large-scale, longitudinal empirical validation has
yet to be conducted, and the agent’s adaptability for students at varying profi-

ciency levels warrants more refined investigation.
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