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ABSTRACT

Vocational education and training (VET) chatbots face issues such as difficulties in competence development support,
limitations in teaching decision-making, and defects in competence assessment methods. This study constructed an large
language model (LLM)-based VET chatbot and designed a human-computer collaborative teaching model. It applied a
quasi-experimental design to conduct a teaching experiment in a course titled Electronic Circuits and CAD Plate Making at a
VET institution. Results showed that the LLM-based VET chatbot and its application model could significantly improve
students' Level 1 and Level 2 professional competence (functional competence and processual competence according to
COMET). It also discusses ideas for future optimization of the LLM-based VET chatbot.
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INTRODUCTION

Chatbots based on large language models (LLMs),
represented by ChatGPT, have a positive impact on
education, including vocational education and training
(VET). They can serve as intelligent extensions of
technology developers' action intentions and
autonomous agents of practical activities, translating
abstract teaching intentions into concrete, relevant
behaviors, demonstrating agency beyond that of
traditional chatbots.

Research on using chatbots as teaching agents in VET
has emerged in the last decade. Early studies mainly used
rule-based approaches to guide students with predefined
knowledge-learning paths. Since then, advances in
machine learning have driven continued development in
the field, reducing the semantic differences between
queries and responses, but not changing the nature of
the retrieval-based approach. Until the advent of LLMs,

the ability for creative and autonomous generation
brought generative approaches to the forefront of
research. However, the knowledge-based approach
remains the main path for VET chatbot design
(Makhlouf ez al., 2024). Although some studies recognize
that traditional teaching usually only transfers knowledge
via lectures, and lacks interaction, drills, and personalized
feedback, the role of LLMs remains passive and
responsive (Chang e/ al., 2024). This may cause students
to become overly dependent on LLMs, gradually turning
them into "new types of knowledge receivers", and
school teaching may shift from traditional teacher-
delivered lectures to "intelligent knowledge-feeding"
shallow learning.

The research on LLM-based VET chatbots is still in its
infancy, and its construction faces multiple challenges:
(1) the main function of chatbots is knowledge question-
and-answer or guided learning, which makes it difficult
to develop students' professional competence; (2)
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chatbots lack scientifically sound professional
competence assessment methods applicable to human-
computer dialogue teaching and are unable to provide
competence-oriented personalized feedback; (3) LLMs'
weak multi-step reasoning skills make it difficult to
synthesize instructional situations and vocational
education laws to make holistic decisions; (4) LLMs lack
professional domain knowledge and are prone to the
problem of "illusion" in VET.

In response to the above challenges, this study
constructs an LLM-based VET chatbot and its
application model for class teaching, based on the
theoretical foundations of shaping-oriented, action-
oriented (Rauner, 2024), "from novice to expert”
competence development logic (Dreyfus, 2004) and
scaffolding teaching.

CONSTRUCTION OF LLM-BASED VET
CHATBOT

The LLM-based VET chatbot constructed consists of a
multi-agent system, proxy server, cloud database, and
user interface (Figure 1).

The multi-agent system is supported by a multi-agent
framework, which was developed with reference to
LangGraph and AutoGen (Wues a/,, 2023). The
framework treats agents and tools as nodes in a cyclic
graph, where interactions between nodes are constrained
by the edges and edge logic. At the same time, the
framework provides a unique Manager agent that can
connect with several subgraphs (basic business flows) to
form a composite graph. Manager parallelizes the
scheduling of subgraphs via coroutines, which enable
concurrent execution of multiple agent programs within
a single thread by suspending and resuming. It can adjust
agents' functions by setting prompts, adjust edge logic
by calling predefined logic, perceive scene information
by accessing cloud databases and utilizing other sensing
tools, and inject information to target agents by inserting
messages into message lists. The chatbot has three basic
business flows: Intelligent Teacher, Task Analyst, and
Competence Evaluator.

Based on professional competence development
objectives, the Manager determined the scaffolding
strategy of the Intelligent Teacher (supported by
ERNIE-4.0-Turbo-8K LLM) across the three
competence dimensions—functional, processual, and
holistic design (Table 1)—and synthesized the work task
and work stage to form a prompt, which required the
Intelligent Teacher to take the initiative to start
scaffolding teaching. Depending on the stage of work,
there are two modes: "planning” and "reflecting”. In the
planning mode, Intelligent Teacher uses procedural
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scaffolding in the form of questions to dissect the work,
guide students to explore in depth, and gradually expand
the space for action. In the reflecting mode, the
Intelligent Teacher generates hypothetical questions that
run counter to the students' action process and uses
procedural scaffolding in the form of questions to
continuously induce cognitive conflicts, prompting
students to reflect on their actions.

Task Analyst multi-agent system (supported by ERNIE-
3.5-8K LLM) consists of a master node and three sub-
nodes: Action Space Analyst, Decision Analyst, and
Knowledge Retriever. Knowledge Retriever explores in
depth the key knowledge required to solve complex
tasks through multi-step interleaved retrieval. Action
Space Analyst outlines key points and solution strategies
for solving work tasks under the objective. Decision
Analyst uses conceptual knowledge to analyze the
deficiencies in student decision-making under the
objective. The results of these analyzes will serve as
critical cues for Intelligent Teachers and Competence
Evaluators.

Competence Evaluator multi-agent system (supported
by ERNIE-3.5-8K LLLM) consists of a master node, and
three sub-nodes for assessing functional, processual, and
holistic design competence. The system is designed to
determine how a student handles a work task in the
current dialog context to meet the objective. Based on
the Few-Shot Chain of Thought, the sub-nodes simulate
the human evaluation process, gather sufficient
evidence-based proof, and then draw conclusions.

METHODOLOGY

The study applied a posttest-only comparison group
quasi-experimental design and recruited two parallel
groups in the second year of a VET college. To enhance
the effectiveness of the LLM-based VET chatbot, a
human-computer collaborative teaching model for work-
integrated learning (Figure 2) was constructed and
applied in the experimental group. The control group
used traditional teaching methods. The experiment
lasted for four weeks, and a COMET test was conducted
for all students.

RESULTS

The LLM-based VET chatbot and its application model
significantly improved students' functional competence
and processual competence (Table 2).

CONCLUSION

In this case, students' holistic shaping competence was
not improved significantly. Possible reasons include the
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Table 1: Intelligent teacher's strategy of generating teaching scaffolds

Objective

Work task

Functional competence

Processual competence

Holistic shaping competence

From novice
to advanced
beginner

work tasks

From advanced
beginner to

System-atic

Job-oriented

working tasks

Analyze visual observations or other
sensory perceptions related to operational
behaviors, and help students summarize
simple operational rules

Analyze important conditions in work
contexts that affect operational behaviors,

competent and help students adjust their operational
behaviors accordingly

From Problem- Help students synthesize theoretical

competent to based special  knowledge and practical experience, make

proficient working tasks holistic considerations of operation-

related contexts, and flexibly adjust
operational behaviors

Analyze context-independent rules of
collaboration between operational
behaviors to help students optimize their
behaviors to reduce wastes

Analyze the relationship between user
needs and work processes in each stage
of the product life cycle, and help
students adjust related actions

Help students to synthesize the impact
of the entire product value chain on the
work process, and to regulate their
actions in the workplace in an integrated
manner

Analyze universal rules related to
industry, society, or the environment,
and help students optimize their
operational behavior accordingly

Analyze important decision-making
conditions in work contexts related to
industry, society, or the environment,
and help students design action

Help students to holistically examine
work contexts from an integrated
perspective of industry, society and the
environment, and to make a holistic
shaping for action

Note: It usually takes decades to grow from proficient to expert, thus ignoring that stage.

Table 2: Independent-samples t-test results of professional competence

Dimensions Group N Mean SD t P

Functional competence Experimental 52 6.08 2.88 2.23 0.028
Control 53 4.92 2.43

Processual competence Experimental 52 1.51 1.87 2.16 0.034
Control 53 0.84 1.26

Holistic shaping competence Experimental 52 0.72 1.15 1.43 0.157
Control 53 0.46 0.04

SD, standard deviation.
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Figure 1. The system architecture of LLM-based VET chatbot. LLM, large language model; VET, vocational education and training; API, application
programming interface; UI, user interface.

short duration of the experiment and limited integration
of the chatbot with the workplace. The development of
professional competence progresses in the order of
functional, processual, and holistic shaping. The short
experimental period resulted in most students still in the
first two stages. Future efforts could extend the
experiment duration and embed chatbots into workplace
devices. With the help of multi-sensor data, multimodal

people, machines and

LLMs can be used to comprehensively perceive both
"foreground" and "background" information in real
work scenarios. This includes visible state changes of

objects, as well as implicit

information like scene semantics, student emotions, and
industry culture. By integrating and reasoning about
these temporal features, more contextually appropriate
work and teaching strategies can be generated.
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Figure 2. Human-computer collaborative teaching mode for work-integrated learning.
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