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Abstract

The rapid advancement of artificial intelligence and virtual digital
human technologies is ushering in transformative changes in educa-
tion. Virtual digital humans, empowered by multimodal information
fusion and natural language processing capabilities, offer a more
engaging and humanized interaction experience for online learning.
However, general-purpose Al models for digital teaching often face
notable challenges: 1) They often lack deep understanding of users,
overlooking personalized learning needs; 2) they may struggle with
knowledge reasoning, leading to unreliable and outdated content;
3) their human-machine interactions can feel unnatural, lacking
emotional resonance and empathetic support.

To address these challenges, we developed an interaction plat-
form focused on delivering personalized digital human services.
This platform optimizes learner profiling, domain-specific data inte-
gration, and service frameworks to enhance the intelligence, person-
alization, and quality of digital teaching agents, effectively tackling
issues related to shallow user understanding and unreliable rea-
soning. Through the integration of realistic digital human avatars
and personalized interactive technology, the platform enables more
natural and seamless human-machine interactions. Additionally,
emotional speech synthesis and synchronized facial expression
technology allow virtual teachers’ facial expressions to dynami-
cally align with their speech, enhancing expressiveness, vitality,
and empathy, which together heighten users’ sense of immersion
and interaction quality. This development marks a significant step
toward smarter, more personalized education.
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1 Introduction

With the rapid development of large language models (LLM)[3,
8], artificial general intelligence (AGI), and digital technologies,
digital humans, as a representative of intelligent education, are
gradually becoming a rising force in the education domain[9, 11]. As
arepresentation of intelligent interaction technology, virtual digital
humans combine visual expressiveness with interactive intelligence,
offering users a human-like service experience. Their applications
go beyond replacing traditional interfaces, offering innovative ways
to empower industries with intelligent technologies [6, 11].

In the field of education, virtual digital humans are regarded
as an important component of future education models.[1, 2, 5].
Traditional education models mainly rely on two-way interaction
between teachers and students. However, with the integration of
virtual digital humans into the field of education, the teaching model
is gradually shifting toward an interactive, three-way collaboration
among teachers, machines, and students. Virtual digital humans
can not only serve as “digital teachers” in the teaching process,
helping students understand knowledge more effectively, but also
provide real-time personalized feedback and guidance. Through
this interactive approach, digital teachers offer a more immersive
and interactive learning experience for online education, allowing
students to receive guidance and support in virtual classrooms that
is closer to that of traditional in-person teaching [6].

Although virtual digital humans possess certain interactive ca-
pabilities, current digital teachers often struggle to accurately un-
derstand the needs of learners [5, 6]. Especially when facing open-
ended conversations, digital teachers find it difficult to accurately
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Figure 1: Intelligent Interactive Platform for Personalized Digital Tutors.

extract user intentions and learning preferences from the dialogue,
leading to discrepancies in their understanding of the learner’s
cognitive state. Moreover, existing large models also face difficul-
ties in aligning with learners’ knowledge levels. As personalized
long-term memory functions have not yet been fully developed,
digital teachers also face shortcomings in tracking students’ learn-
ing trajectories and summarizing learning preferences over time,
thus limiting the effectiveness of personalized teaching.

Despite the remarkable achievements of large language model
agents, they still face a series of challenges in practical applications,
including the persistence of hallucination phenomena, limitations
in understanding due to single-modal communication, and the lack
of in-depth responses to personalized needs despite their broad
generalization abilities[3, 8, 10]. Due to the lack of a validation
mechanism, the automatically generated knowledge content some-
times contains inaccurate information, which is particularly disad-
vantageous in educational scenarios. Additionally, the insufficiently
timely updates to the knowledge base can result in some generated
content containing outdated, noisy, or incorrect information. There-
fore, ensuring the accuracy and reliability of knowledge content
has become one of the key issues in virtual digital human platforms.
Additionally, virtual digital human technology also has limitations
in interaction naturalness, particularly in emotional recognition
and contextual understanding. Compared to real teachers, virtual
digital humans lack emotional perception and expression capabili-
ties, making it difficult to provide emotional support and empathetic
care during interactions. In addition, current virtual digital humans
often experience issues such as context switching and contradictory
responses when handling continuous conversations, resulting in a
lack of natural and smooth dialogue, which affects the user’s sense
of immersion and learning satisfaction.

To address these challenges, we have developed a virtual digital
tutor platform! with intelligent, personalized, and high-quality in-
teractive capabilities. On this platform, through multimodal data
fusion and the creation of user profiles, we achieve a deep under-
standing of learners’ behaviors and knowledge levels, supporting
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personalized teaching. We have designed a knowledge validation
and update mechanism to ensure the accuracy of knowledge gen-
eration by the virtual digital human and dynamically adjust the
knowledge base content through adaptive learning. Additionally, an
emotional recognition and expression module has been integrated
into the digital teacher system, allowing the virtual digital human
to capture user emotions in real-time and provide a more human-
like interactive experience. Through the implementation of these
modules, we have created an intelligent virtual digital teacher open
platform tailored for the education field, which can also provide
support for multiple industries such as healthcare in the future.

2 Personalized Digital Tutor Platform

In this section, we introduce the intelligent interactive platform
for personalized digital humans, as shown in Figure 1. Building
on previous research, this platform focuses on learner profile di-
agnosis and evolution, subject-specific multimodal knowledge
reasoning and updating, the integration of subject knowledge
and learner profiles through large-model intelligent agent service
constructions, and intelligent empathetic interaction.

2.1 Profile Diagnosis and Evolution

In response to changes in cognitive characteristics at different
stages, we diagnose the user’s cognitive level by acquiring long-
term interaction records, mining behavioral pattern data, and per-
forming knowledge tracking. This enables cross-stage alignment of
user profiles and addresses the challenge of the intelligent agent’s
shallow understanding of the learner. We have designed profile
diagnosis and evolution, as shown in Figure 2. This section dynam-
ically updates the learner profile, optimizes learning path planning,
and recommends personalized teaching content, thereby improving
teaching effectiveness.

Specifically, through quantitative cognitive-level diagnosis based
on structured dialogues, we complete diversified cognitive diagnos-
tics. By combining cognitive diagnostic models[4, 7], we compre-
hensively analyze both the explicit and implicit cognitive traits of
learners, accurately depicting their mastery and cognitive differ-
ences across different knowledge points. We dynamically track the
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learner’s cognitive state and knowledge acquisition level and utilize
memory mechanisms to continuously update and store cognitive
states, thereby forming a historical trajectory of cognitive evolution
that provides data support for predicting future learning trends.

To better understand the learner’s cognitive state, we contin-
uously record the learner’s interaction behaviors, learning out-
comes, and changes in cognitive status over different time periods.
By analyzing the dynamic changes in learning behavior patterns
and knowledge acquisition, we uncover the cognitive development
patterns and stage characteristics of the learner throughout the
long-term learning process. This improves the long-term learning
efficiency of adaptive learning systems and enhances the intelligent
intervention capabilities of digital teachers. Furthermore, by ana-
lyzing the relationship between cognition and knowledge through
cross-stage profile alignment, we map the learner’s cognitive per-
formance on different knowledge points to a knowledge graph. This
constructs a dynamic linkage between knowledge and cognition,
enabling the visualization of multidimensional learner profiles.

It clearly shows the learner’s cognitive development path and
knowledge mastery status. Profile diagnosis and evolution not only
effectively solve the issue of the intelligent agent’s shallow under-
standing of the learner but also provide strong support for person-
alized recommendations and learning path optimization.

2.2 Knowledge Reasoning and Updating

Domain Knowledge Discovery
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Figure 3: Knowledge-reasoning and Updating.

In the process of knowledge inference, the results may lack
accuracy due to outdated knowledge bases or logical errors in the
inference process, leading to untrustworthy knowledge inference.
To address this issue, an innovative approach is proposed that
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combines domain knowledge inference and verification, enhancing
the reliability of inference results through continuous discovery
and updating of domain knowledge, as shown in Figure 3.

This approach constructs a high-quality disciplinary knowledge
system, providing reliable support for the reasoning and services
of digital teacher agents. By integrating large language models,
instruction fine-tuning, and retrieval-augmented generation, it per-
forms domain knowledge inference on the disciplinary knowledge
system, breaking down complex disciplinary problems into sub-
problems to reduce inference complexity and improve accuracy.
Existing knowledge graphs or standard knowledge bases are used
to verify inference results, identifying potential logical gaps or
knowledge inconsistencies. A self-feedback correction mechanism
is also introduced to automatically adjust detected inference devi-
ations while continuously monitoring external data sources and
new developments in the field to dynamically add new knowledge
or update existing entries. This dynamic maintenance mechanism
enables the knowledge base to evolve continuously, staying respon-
sive to new knowledge, and enhancing the inference reliability and
service quality of the digital teacher agent.

2.3 Agent Service Construction

Currently, intelligent agents based on large language models, with
their deep neural network architecture, have demonstrated excep-
tional capabilities in natural language understanding and complex
reasoning tasks and are widely applied in fields such as education,
justice, and healthcare. However, these intelligent agents still face
several challenges in practical applications, such as the difficulty
in eliminating the “hallucination” phenomenon, the limitations of
single-modal understanding, and insufficient responses to person-
alized needs. To enhance the effectiveness of large model-based
intelligent agents in personalized teaching, this platform integrates
a multi-turn dialogue intelligent service framework, combining do-
main knowledge and learner profiles to support intelligent agents
in making precise decisions during the teaching process.

First, through knowledge-integration pre-training techniques
and by combining deep learning, transfer learning, and adaptive
algorithms, the platform integrates general knowledge and domain-
specific knowledge into the large model to enhance its teaching
reasoning capabilities. Additionally, we propose a knowledge-data-
driven personalized decision-making framework, which combines
student data and subject knowledge to support accurate personal-
ized recommendations from intelligent agents during the teaching
process. Furthermore, to enhance the interactivity and adaptability
of the digital teacher, memory, planning, and reflection modules are
employed, enabling the intelligent agent to engage in multi-turn
dialogues and continuously optimize teaching strategies.

The platform allows the digital teacher to dynamically adjust
teaching content based on feedback, achieving personalized teach-
ing while improving student engagement and learning efficiency.

2.4 Intelligent Empathetic Interaction

To address the issue of unnatural human-computer interaction,
we employ emotional cognition technology to perform real-time
analysis and assessment of learners’ emotions, as shown in Fig-
ure 4. First, the digital teacher’s intelligent interaction capabilities
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are enhanced by optimizing the learning experience from multi-
ple dimensions. Emotional cognition technology enables real-time
analysis of the learners’ emotional states during the learning pro-
cess, helping the digital teacher accurately detect changes in their
emotions. By identifying both verbal and non-verbal signals from
learners, the system precisely understands their emotional state and
provides personalized feedback tailored to their emotional needs.

Additionally, to strengthen guidance and effectiveness in teach-
ing, the guided interactive teaching technique allows the digital
teacher to emulate a real teacher’s ability to lead. Specifically, the
system can intelligently analyze a learner’s current comprehen-
sion level, learning progress, and knowledge acquisition, especially
identifying areas of confusion. For these areas, the digital teacher
poses progressively guiding questions to help learners gradually
understand and master the relevant knowledge points, thereby en-
hancing their engagement in the learning process and boosting
their motivation for self-directed learning.

Moreover, the platform integrates digital human visualization,
emotional speech synthesis, and synchronized facial expression
technologies, allowing the virtual teacher’s facial expressions to
change in sync with the audio. This significantly improves the ex-
pressiveness and vitality of the digital teacher, enabling learners to
experience more authentic emotional feedback and visual interac-
tion. The Ul interface of the platform is shown in Figure 5, which
integrates digital human visualization, emotional speech synthesis,
and synchronized facial expressions. The virtual teacher’s expres-
sions and voice emotions sync with the audio, offering a more
engaging, lifelike learning experience with authentic emotional

feedback and enhanced visual interaction.
This is so frustrating; why is chemistry Initi
), 50 hard, and I messed up the problem quest
,‘ again.
Don’t worry, it’s just a temporary e )
E 2o
G problem is it specifically? Let’s work on M
solving it together. et
Introduce
questi

setback—believe in yourself! Which
() Is an apple turning yellow a physical
,n‘ change or a chemical change?

Ret This question involves the concept of ‘?“
Tt | o] el e (s 250
gmented ph)s.ual and chemical changes." A i
chemical change refers to... -1
() p q User's
Oh, that looks like a chemical change .
" answer
Correct, well done! The apple turns - ]
yellow because of vitamin oxidation, so T
it's a chemical change... ‘r

Diagno:
Update

iy Let’s try another similar question to
Recommed

reinforce this concept—this will make
you even better. Here’s the question: ...

1
2 ‘\‘
L
=T 8

Figure 4: Intelligent Empathetic Interaction.

3 Conclusion

This paper presents an intelligent interaction platform tailored for a
personalized digital tutor. The platform utilizes long-term user inter-
action records to assess cognitive levels, mine behavioral patterns,
and perform knowledge tracking, achieving cross-stage user profile
alignment and addressing the agent’s insufficient understanding of
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learners. By integrating domain knowledge inference and validation
methods, the platform enhances the reliability of inference results
through continuous discovery and updates of domain knowledge.
It monitors external data sources and advancements in academic
fields to dynamically add new knowledge, ensuring the knowledge
base’s timeliness and accuracy. Finally, by conducting real-time
analysis of learners’ emotions, the platform provides personalized
services and feedback. This implementation marks a significant
step toward more intelligent and personalized online education.
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