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The Explainability of Large Language Models' Operational
Thinking Patterns: The Construction of a Mental Model
Integrating Gestalt Metaphor and Speech Act Theory

ZHU Zhiting', WU Huina?, XU Jun? & WU Yonghe?

(1. School of Open Learning and Education, East China Normal University, Shanghai 200062,
China; 2. Department of Educational Information Technology, East China Normal University,
Shanghai 200062, China)

Abstract: As generative artificial intelligence infuses in education, the “black-box” of large
language models (LLMs) and the uncertainty of their outputs have emerged as critical barriers to the
effective human—AI collaboration. While existing research primarily addresses macro-level outcomes,
the micro-level mechanisms of language generation and credibility assurance remain inadequately
explored. Grounded in shared mental model theory, this study integrates Gestalt principles of holistic
cognition and Searle’ s speech act theory to construct a user-oriented interpretive framework for LLM-
generated language behaviors. The framework embeds credibility verification mechanisms—including
source tracing, logical self-checking, and multimodal validation—in the model s triadic generative
process of comprehending, interpreting, and constructing meaning. It reveals how cognitive processing
and quality control co-regulate the transformation from semantic perception to communicative
generation. The study proposes a co-evolutionary pathway from the dyadic cognition (user—model) to
the triadic cognition (user—model—teacher), and establishes a teacher—student—machine shared mental
model that links external actions with internal cognition through extended cognition. This model fosters
shared understanding and validation among multiple agents, enhancing users’ ability to interpret,
guide, and trust model outputs. Ultimately, the study provides a novel cognitive perspective for
demystifying the LLM “black-box,” offers systematic theoretical framework, and presents design
implications for building trustworthy, efficient, and responsible human—AI collaboration in educational

contexts.

Key words: LLM operational thinking patterns; explainability; Gestalt psychology; speech act
theory; teacher-student-machine interaction; shared mental model; credibility verification; human-Al

collaboration
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