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Abstract: To address the key challenges in traditional Polymer Physics education, such as the difficulty
in comprehending abstract theoretical concepts, constraints in experimental training, and insufficient
development of higher-order competencies, this study introduces a “teacher-student-AI” collaborative
education model that deeply integrates artificial intelligence (Al) technology to redesign the entire teaching
process. A closed-loop instructional framework of “Al-assisted knowledge deconstruction-teacher-student
collaborative inquiry-innovative practice verification” was established, supported by visualization tools,
virtual experiment platforms, and Al-based analytical systems, effectively overcoming the spatiotemporal
and cognitive limitations inherent in conventional teaching. Over a two-year period, the model was
implemented among students majoring in functional materials (2022 and 2023 cohorts) at the North
China Institute of Aerospace Engineering. A comparative analysis between the experimental and control
classes revealed that the experimental group demonstrated significantly better performance across multiple
metrics: core knowledge point mastery (89.6% versus 68.3%), annual output of innovative experiment
designs (12 versus 5 projects per year), and award rates in disciplinary competitions (31.2% versus 12.5%).
Furthermore, the integration of Al tools enhanced the efficiency of teacher-student collaboration by more
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than 40%. This model, with “high-order thinking, innovation, and challenge” at its core, establishes a

“teacher-student-AI” collaborative theoretical framework. It not only provides a replicable practical path

for building a “golden course” in polymer physics but also serves as a paradigmatic reference for the deep

integration of intelligent technology and specialized curricula.
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Figure 1 Core interaction relationships in the “teacher-

X
Y

student-AI” collaborative education classroom
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Figure 2 Schematic diagram of the entire teaching process

in the “teacher-student-AI” collaborative education classroom
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Table 1 Core elements, roles and functions in the “teacher-student-AI” collaborative education classroom
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control classes (n=148)
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Table 3 Alignment of three-phase instructional design in the “teacher-student-Al” collaborative classroom with the “two

natures and one degree” principle
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Table 4 Framework of teaching effectiveness indicators for the “teacher-student-Al” collaborative classroom

— R A8 Y dR bR EiEp AN L]
- RO HIR AR R VR I A O R R T IE TR 2R
IRIRLR & Gt TR Y 457 (40%)+ D256 43R (30%)+ S AR (30%) 1F- 34 4
B R R RO I SR T R L SR IR H RS R
EFESHE SR 255 R R IR IR L
[(EVAEEEES B Hree 1o BT WEAT 5 v S A HE v v AR DR 4 (43 100 43 )
SR BEXT AR AT 200 7 5, AN BRI S WIAT P BRI 3ANERE R4y, W4 100 43, R
FH “ 0 + 4k & 57 W4
4 U éfﬁﬂ'fuﬁﬁlﬂ%ﬁﬂ T o T RE SR UM S BT PR FUAT S5 1T 3 B, S EE SR B BE 5 0] JE B
. I 1) 22 5
EIC Ve

BT ALF & Giit 8 “ R AR, BIACR AR 1933 4F: 55 32 26 30 i 0 i~ 2 i
i), AR R AL R

FR R IR

3.2 EWHIEIESR
FT2023-2025 “FAE PR A SR B, L6
PE S5 PR S Tifabr LRI EZ R B, BiE

wmr.
3.2.1  FNREREIRRG
R Y T R A S G ME 5 0 R B R



672 R

2026 &

S, BAZ O RN AU AR R R S G B R A
HEAT ZYEFEXT L, Bk R S A1 3.

U 5 AE 3 FioR, S PEIRIAZ O R A5 4
R EF TR, 75 “ma TR abLE” 45
fn B0 15 T FE R S AR s b, BRI
ERIEE AT E, 535%0L Fo X — k5
7535 T AR AL Ak T B S fou ik 2 g s ) S 40,
R A 2 25 o FE VR S0 TR ER R ML BRC A2 e TR
FEE S A, S U7 1R 82% IR SR IR FE Ak R “Al
B Lk BE E) WA RE S A R T AT SR
R,

RS SLRYES XTI R > T BN R AR FR AR R
Table 5 Statistical comparison of polymer physics know-
ledge acquisition metrics for experimental and control cohorts
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Figure 3 Comparative performance in polymer physics for

the experimental and control groups
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Table 6 Comparative assessment of ability development

outcomes in polymer physics: experimental versus control
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Table 7 Comparative analysis of educational productivity

in polymer physics instruction: experimental versus control
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