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Abstract: The traditional model of English language teaching struggles to accommodate individual
learner differences. Generative Artificial Intelligence (GAI), with its capabilities for dynamic content
generation and deep contextual understanding, offers a new paradigm for constructing genuinely
adaptive personalized learning pathways. This study systematically explores the design and validation
of such a pathway: first, it elucidates the theoretical rationale of how its "emergent generation”
surpasses the traditional logic of "predefined selection",; subsequently, it proposes a comprehensive
framework integrating dynamic learner modeling, sequential content generation, real-time pathway
adaptation, and human-Al collaborative decision-making, finally, it constructs an evaluation
framework encompassing personalization metrics, content reliability, and technical ethics. The study
also looks ahead to evolutionary directions such as multimodal interaction and affective computing,
aiming to provide a theoretical foundation and design references for next-generation, deeply
personalized language learning systems.

Keywords: Generative Artificial Intelligence; Personalized Learning Pathway; English Learning;
Learner Model; Human-AI Collaboration, Pedagogical Appropriateness

Introduction

As a global lingua franca, the efficiency and quality of English acquisition have drawn significant
attention. The substantial differences among individual learners in terms of cognitive foundations,
learning styles, and motivations pose a fundamental challenge to traditional homogeneous teaching
models. While personalized learning is regarded as a key solution, existing technological approaches
are often constrained by static resource repositories and rigid rules, making it difficult to achieve the
dynamic adaptation required to match the nonlinear and emergent nature of language acquisition.
Generative Artificial Intelligence, with its powerful capabilities in content generation, contextual
understanding, and logical reasoning, offers unprecedented potential for reshaping the generative logic
of personalized learning pathways. The significance and necessity of this study lie in its aim to clarify
the internal logic of how Generative Artificial Intelligence empowers language learning at a theoretical
level, to construct an intelligent pathway generation architecture capable of real-time responsiveness
and continuous evolution at a design level, and to establish an evaluation framework ensuring its
pedagogical effectiveness, reliability, and ethical compliance at an assessment level. This work seeks to
systematically advance personalized language learning from a conceptual ideal toward high-level
practice, thereby addressing the profound demand for educational innovation driven by technological
transformation.

1. Theoretical Foundations of Personalized English Learning Pathways and the Enabling
Mechanism of Generative Artificial Intelligence

1.1 Core Tenets of Personalized Learning Theory in Language Acquisition

Personalized learning theory emphasizes the dynamic adaptation between instructional
interventions and individual learner characteristics. Its core principle lies in acknowledging and
responding to the heterogeneity among learners in aspects such as cognitive foundations, knowledge
structures, motivational orientations, and metacognitive strategies. In the field of language acquisition,
this adaptability holds particular significance. The development of language proficiency is not a linear,
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cumulative process; rather, it involves complex interaction and internalization among multiple
subsystems, including phonetics, vocabulary, grammar, pragmatics, and socio-cultural cognition!!l.

Traditional homogeneous instructional pathways often struggle to accommodate the differences
among learners in terms of sensitivity to language perception, communicative needs, acquisition
sequences, and cognitive load thresholds, which can lead to insufficient learning efficiency or
diminished motivation. The theoretical essence of designing a personalized learning pathway lies in
constructing an adaptive system capable of continuously diagnosing a learner's current interlanguage
state, identifying their specific weaknesses and developmental potential, and accordingly providing
targeted input, practice, and feedback. Such a system aims to simulate an idealized "one-on-one"
tutoring scenario. Through precise content delivery and task sequencing, it guides learners to bridge
their Zone of Proximal Development (ZPD), thereby facilitating the orderly and efficient construction
of language proficiency.

1.2 Analysis of the Technical Characteristics of Generative Artificial Intelligence and Their
Pedagogical Adaptability

Generative Artificial Intelligence, built upon large language models and deep learning architectures,
possesses core capabilities including understanding natural language instructions, generating coherent
texts, conducting multi-turn dialogues, and performing complex reasoning tasks. Its key technical
characteristics encompass deep contextual awareness, robust content generation and transformation
capabilities, and a certain degree of logical and knowledge-based relational analysis. These
characteristics provide a new technological paradigm for personalization and adaptation in the
educational domain. Generative Artificial Intelligence can parse unstructured learner input-such as
free-form writing, transcribed speech from oral recordings, and interactive Q&A-transcending the
limited measurement of learner ability offered by traditional formats like multiple-choice or
fill-in-the-blank questions. Consequently, it enables a more nuanced, multi-dimensional analysis of a
learner's linguistic output, identifying specific performance aspects such as lexical diversity, syntactic
complexity, discourse coherence, and semantic accuracy.

Furthermore, its capability for on-demand generation of diverse, contextualized learning materials
addresses the bottleneck in traditional adaptive learning systems caused by the limitations of pre-built
content repositories and the difficulty in covering long-tail learner needs. The pedagogical adaptability
of Generative Artificial Intelligence is precisely demonstrated in its ability to integrate a universal
knowledge base with real-time data from individual learners, thereby dynamically creating highly
context-relevant practice items, explanations, and feedback content tailored to a specific learner's
current proficiency level. This provides the underlying technological support necessary for achieving
deep instructional personalization.

1.3 The Internal Logic of How Generative Artificial Intelligence Reconstructs Personalized English
Learning Pathways

The reconstruction of personalized English learning pathways by Generative Artificial Intelligence
stems from its fundamental alteration of the pathway generation logic. Traditional digital personalized
learning systems predominantly rely on a model of "predefined rules + resource tagging libraries." The
personalization of their pathways essentially involves filtering and linearly sequencing from a
pre-established resource pool based on limited diagnostic results. The complexity and flexibility of
these pathways are constrained by the comprehensiveness of the rule set and the granularity of the
resources. In contrast, Generative Artificial Intelligence introduces a new logic of "emergent generation
and dynamic planning." Under this logic, the learning pathway is no longer entirely predefined; instead,
it is dynamically planned and generated by a core intelligent engine based on real-time interaction
datal?.

Based on a deep understanding of the learner's goals, continuous analysis of their historical learning
trajectory, and comprehensive grasp of the current interactive context, this engine can instantly
synthesize novel and unique learning tasks and content sequences. It can not only recommend the next
learning item but also generate accompanying explanatory examples, comparative analyses, variant
exercises, and natural language feedback, thereby forming a complete learning micro-cycle. This
reconstruction endows the learning pathway with unprecedented immediacy, contextual relevance, and
creativity. It facilitates a paradigm shift from resource delivery that is "unique to each individual" to
experience generation that is "unique to each individual at each moment." This shift moves



personalized learning from static adaptation towards dynamic co-construction, thereby aligning more
precisely with the nonlinear and emergent nature of language acquisition.

2. Architecture Design of Personalized English Learning Pathways Assisted by Generative
Artificial Intelligence

2.1 Dynamic Construction of a Multi-Dimensional Learner Characteristic Model

The foundational underpinning of a personalized learning pathway is a characteristic model capable
of comprehensively and dynamically depicting the learner's state. This model must transcend
traditional static snapshots centered on test scores or unit completion rates, shifting towards a dynamic
representational system that integrates multi-dimensional data encompassing cognitive, affective,
behavioral, and metacognitive aspects. The construction of this model relies on the continuous
collection and analysis of multi-source, heterogeneous data from the learner. This data includes, but is
not limited to, their interaction logs with the system (such as answer accuracy, response time, number
of attempts, and resource browsing trajectories), natural language outputs (such as essays, transcribed
spoken texts, and question content), and potentially indicators of learning environment and engagement
levels obtained through context awareness.

The core function of Generative Artificial Intelligence in this process lies in its deep semantic
parsing and pattern recognition of this unstructured or semi-structured data. It thereby extracts implicit
patterns such as the learner's knowledge state map, skill proficiency levels, frequent error types,
learning style preferences, and even trends in motivational shifts. This model is not static; rather, it is a
dynamic entity that updates in real-time with each learning interaction. Its objective is to form a
continuous and refined inference regarding "what the learner currently knows, how they might
understand concepts, and what would be most effective for them to learn next," thereby providing
precise navigational guidance for the subsequent generation of learning pathways.

2.2 Sequential Generation of Learning Content and Activities Based on Generative Artificial
Intelligence

Driven by the dynamic learner characteristic model, Generative Artificial Intelligence assumes the
role of the core engine for the sequential generation of learning content and activities. This process is
not merely a simple retrieval and arrangement of resources, but rather involves the creative synthesis of
content and the design of tasks based on established learning objectives and the learner's current state.
The system can, according to the learner's vocabulary size, syntactic complexity, and topics of interest,
instantly generate reading materials, listening scripts, or dialogue scenarios with appropriate difficulty
levels and relevant subject matter. For language output practice, it can create specific communicative
tasks and provide structured writing prompts or conversational frameworks for speaking practice.

More importantly, Generative Artificial Intelligence can generate, for any given knowledge point or
skill, a series of explanations, examples, analogies, and practice questions with graded variation and
diverse perspectives, thereby forming a micro-learning sequence centered on that objective. This
sequential generation ensures the coherence and progression of learning activities. Each newly
generated component is designed to build upon existing knowledge, target identified areas of weakness,
and guide the learner toward the intended competency level. Consequently, the personalization of
content and activities deepens from the level of "selection”" to that of "creation," achieving a precise
alignment between supply and demand at the micro-levell.

2.3 Dynamic Adaptation and Iterative Optimization Mechanism of the Learning Pathway

The effectiveness of a learning pathway relies on its capacity for dynamic adaptation in response to
the learner's nonlinear developmental process. A key mechanism in this architecture design involves
establishing a closed-loop feedback-optimization cycle. A learner's performance in every learning task
created by the Generative Artificial Intelligence-including their final output, intermediate processes,
help-seeking behaviors, and self-assessments-will be captured and analyzed in real-time as feedback
signals. By parsing this feedback, the Generative Artificial Intelligence evaluates the attainment of
predefined pathway milestones and identifies unexpected learning difficulties or cognitive leaps.

Based on this analysis, the system can immediately make decisions to adjust the pathway. This may
involve providing supplementary explanations for the current knowledge point, generating varied



exercises for reinforcement and consolidation, skipping already mastered content, or adjusting the
difficulty and focus of subsequent tasks. This adaptation process is continuous and data-driven. In the
long term, the aggregated adaptation data and final learning outcome data from a large number of
individual learners can be used to iteratively optimize the Generative Artificial Intelligence's own
prompting strategies, content generation parameters, and pathway planning algorithms at a macro level.
Consequently, the entire system develops a self-evolving capability, continuously enhancing the
scientific rigor and effectiveness of its pathway planning.

2.4 Defining the Role of Human-AI Collaborative Decision-Making in Pathway Generation

Within a highly automated Generative Artificial Intelligence architecture, clearly defining the
decision-making roles of humans-both learners and educators-is crucial. This concerns the system's
credibility, acceptability, and the accountability in education. Human-Al collaborative decision-making
does not imply a simple division of functions, but rather the formation of complementary roles at
different levels of decision-making. Generative Artificial Intelligence, as the core of the "operational
layer," is responsible for performing real-time diagnosis, content generation, and immediate planning of
micro-pathways based on massive data and algorithms, handling complex computations and pattern
matching tasks that are difficult for humans to complete in real-time!*!.

Learners, positioned at the "goal layer" and "regulation layer," retain the authority to choose their
macro-learning objectives and areas of interest. They can also exert high-level feedback by expressing
satisfaction, confusion, or through direct intervention-such as flagging inappropriate content difficulty
or requesting a topic switch-thereby guiding the Al's generation direction. Educational designers or
domain experts operate at the "rule layer" and "supervision layer." They are responsible for defining the
core learning objective framework, setting key competency standards, infusing pedagogical principles,
and conducting periodic reviews and rule calibration to ensure the content quality and educational
appropriateness of the Generative Artificial Intelligence's output. This role definition ensures an organic
integration of technical capability with human wisdom and educational ethics, positioning Generative
Artificial Intelligence as a tool that empowers rather than replaces human professional judgment,
thereby jointly safeguarding the educational substance and positive development of personalized
learning pathways.

3. Performance Evaluation and Evolution Directions of Personalized English Learning Pathways
3.1 A Metric System for Measuring the Degree of Personalization in Learning Pathways

Evaluating the efficacy of learning pathways assisted by Generative Artificial Intelligence primarily
involves constructing a set of metrics capable of scientifically measuring their degree of
personalization. This system must go beyond a singular focus on final learning outcomes and delve into
the procedural characteristics of pathway generation and execution. Core measurement dimensions
should include pathway adaptability-that is, the matching precision between the generated learning
sequence and the learner's dynamic characteristic model (such as knowledge state, cognitive
preferences, and real-time performance), which can be calculated based on the alignment between
algorithmically suggested content and the learner's actual needs.

The second is content generation uniqueness, which measures the level of differentiation and
targeting in the semantic, syntactic, and cognitive design requirements of the learning materials and
tasks generated by the system for different learners or for the same learner at different stages. Dynamic
responsiveness is then used to assess the timeliness and appropriateness of the system's pathway
adjustments based on the learner's interactive feedback. Additionally, the degree of cognitive efficiency
improvement is a key metric, aiming to analyze the cognitive effort or time cost saved by the
personalized pathway compared to a baseline pathway in helping learners achieve the same
competency goals. These indicators collectively form a multidimensional, process-oriented evaluation
framework, providing a basis for quantifying the depth and breadth of personalized interventions.

3.2 A Framework for the Reliability and Pedagogical Appropriateness of Generative Artificial
Intelligence Output Content

The quality of content generated by Generative Artificial Intelligence directly determines the
educational effectiveness of the learning pathway; therefore, a systematic framework for assessing its



reliability and pedagogical appropriateness must be established. The reliability dimension primarily
focuses on the objective correctness of the content, including linguistic norms (grammar, word choice),
factual accuracy, and alignment with curriculum objectives. This needs to be ensured through a
combination of verification against authoritative knowledge bases, expert sampling reviews, and
consistency detection algorithms. Pedagogical appropriateness is a more comprehensive concept,
requiring that the generated content be not only correct but also conform to pedagogical principles and
the laws of cognitive development!®!,

The assessment framework encompasses multiple aspects: the comprehensibility of the content and
the appropriateness of its scaffolding design for the target learner's current proficiency level; whether
tasks or examples possess clear instructive value and potential for positive transfer; whether the
generated feedback is specific, constructive, and capable of promoting metacognition; and whether the
overall content sequence adheres to a pedagogical logic that is orderly, progressive, and focused.
Establishing this framework requires integrating expertise from linguistics, educational psychology,
and subject-specific pedagogy, along with designing corresponding automated evaluation metrics and
manual review processes. This ensures that the output of Generative Artificial Intelligence, as an
educational tool, possesses the necessary instructional reliability and validity.

3.3 Considerations of Technical Ethics and Learner Privacy Protection

In performance evaluation, considerations of technical ethics and privacy protection constitute an
indispensable dimension. The deep personalization enabled by Generative Artificial Intelligence relies
on the continuous collection and analysis of learner data, which raises ethical questions concerning data
ownership, usage boundaries, and long-term retention. System design must adhere to privacy-by-design
principles, implementing anonymization and desensitization processing for learners' personally
identifiable information and sensitive learning data, and employing encrypted storage and transmission
technologies.

Algorithmic transparency and explainability are equally critical. Learners should have the right to
understand the key decision factors influencing their learning pathways, avoiding the confusion or
sense of manipulation that can arise from an "algorithmic black box." Furthermore, vigilance is
required against potential biases embedded in algorithms, such as the formation of fixed judgments
about a learner's ability or interests based on limited data, which could lead to increasingly narrow path
recommendations. This necessitates the integration of bias detection and correction mechanisms for
both training data and generative logic during the design phase. The principles of autonomy and dignity
require that the system consistently places the learner at the center, providing them with informed
choice and intervention rights regarding the scope of data collection and key decision nodes within the
pathway. This ensures that the application of technology serves human development, not the other way
around.

3.4 Key Technological Trends for Future Intelligent Learning Pathway Systems

Looking ahead, the evolution of intelligent learning pathway systems will depend on the deep
integration and breakthroughs of several key technologies. Multimodal integrated interaction represents
a clear trend; future systems will not only process text but also comprehend and analyze multimodal
signals from learners, such as speech, intonation, facial expressions, and even body language. This will
enable a more comprehensive assessment of the learner's emotional state, engagement level, and
comprehension difficulties, and facilitate the generation of comprehensive learning content that
integrates text, audio, images, and even virtual scenarios. The integration of affective computing and
cognitive state awareness technologies will allow systems to more sensitively identify a learner's
feelings of frustration, level of focus, or confidence, and dynamically adjust the pathway's challenge
level and support strategies accordingly!®!.

On the other hand, the deeper application of reinforcement learning and meta-learning technologies
holds the potential to enable systems not only to optimize single learning task sequences but also to
plan optimal long-term learning strategies for learners that adapt to changes in their cognitive styles.
Distributed and federated learning architectures may offer solutions to data privacy and silo problems,
making it possible for models to co-evolve across different systems and scenarios while protecting
local data privacy, thereby continuously enhancing the generalizability and precision of personalized
pathway generation. Collectively, these technological trends point towards a next-generation
personalized learning environment that is more context-aware, emotionally intelligent, and capable of



long-term adaptation.

Conclusion

This study systematically elucidates the theoretical foundations, architectural design, and efficacy
evaluation framework for Generative Artificial Intelligence-assisted personalized English learning
pathways. The research indicates that Generative Artificial Intelligence, through its capabilities for
dynamic content generation and deep contextual awareness, facilitates a paradigm shift in learning
pathways from static allocation towards dynamic co-construction. The proposed architecture
emphasizes navigation via a multi-dimensional dynamic learner model, leverages Generative Artificial
Intelligence as a creative engine, and ensures pathway adaptability and educational accountability
through a closed-loop feedback mechanism and clearly defined human-Al roles. Regarding validation,
moving beyond the evaluation of singular learning outcomes, it establishes a comprehensive
framework encompassing process-oriented personalization metrics, content quality assessment, and
technical ethics. In the future, the evolution of intelligent learning pathway systems will depend on the
deep integration of technologies such as multimodal interaction, affective and cognitive state sensing,
long-term strategic planning, and privacy-preserving computation. The goal is to create a
next-generation personalized language learning environment that is more understanding of the learner,
more emotionally intelligent, and capable of long-term adaptation, ultimately promoting the efficient
and individualized development of language competence.
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