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[Abstract]

This study explores the use of large language model-based conversational agents to diagnose science

learning difficulties. Four prototype models were developed by varying

the classification schemes of

science learning difficulties and the inclusion of emotional support, and simulation-based experiments

were conducted by using ChatGPT-40 in the roles of students. The results showed that models using

detailed classifications of environmental factors achieved higher diagnostic accuracy than those using

detailed classifications of individual factors, while the inclusion of emotional support did not have a

statistically significant effect. Based on these findings, an improved model was designed and applied to

twelve students in the ninth grade. Analysis of the interactions revealed that certain areas, including

community-related factors, were sometimes omitted from the diagnosis. In addition, the diagnostic

process was prematurely terminated when students deviated from the topic or refused to continue the

conversation. Drawing on these results, the study proposes design recommendations for conversational

agents aimed at diagnosing science learning difficulties.

» Key words: Large language model, Generative Al, Conversational agent, Prompt engineering,

Science education, Learner diagnosis
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II. Preliminaries

1. Factors in science learning difficulties
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2. LLM-based advisor for learner diagnosis
and counseling
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1. Design of the prototype models and
simulation-based experiments
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Table 1. Initial Prompts for the Four Prototype Models

Models Factors of Learning Emotional
Difficulties Support
M1 * Cognitive Yes
o Affective
M2 e Environmental No
M3 e Individual Yes
e Family
M4 * School No
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Table 2. Five Simulated Student Roles Assigned to ChatGPT 4o

Session Role Type Science Learning Difficulties

Lacks Conceptual Foundation; Holds Fixed Mindset about Science; Discouraged

S1 Underserved Region from Asking Questions; Receives Little Parental Support; Lacks Access to

Resources
. Unstable Home Life; Social Alienation at School; Disengaged Behavior in Class:
S2 School Maladjustment . . R g9a9
Missing Basic Knowledge; Minimal Parental Involvement
. Poor Language Comprehension; Fear of Failure; Low Engagement due to
S3 Academic Stress Rote-focused Lessons; Excessive Parental Pressure; Reduced Focus from Stress
sS4 Arts-oriented Learner Stronger Interest in the Arts; Difficulty with Abstract Concepts: Arts-focused
Family Support; Perceived Teacher Neglect; Low Confidence in Science

S5 Poor Learning Strategies Low Motivation from Poor Performance; Lacks Summarizing Skills; Passive
oor Lea 9 g Learning Attitude; Relies on Memorization; No Academic Support at Home
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2. Design and application of the improved model
Agelold Y A2 Higoe, e Er) Rdo)
A7) g aEo|A A 71x] AR 27 71 BR0) &
TES X]—/Ejqu_ A% UYge theut 7t A,
Rleirts] @oloz TEsh
Jéa‘iq. ol #% 20l

Table 3. ANOVA of Diagnostic Accuracy for Science Learning Difficulties in Four Prototype Models

A . . e . Prototype Models ANOVA

Classification of Science Learning Difficulties M1 M2 M3 M2 Fvalue p-value

Total A8 .40 62 .60 2.19 .09

Classification Cognit.ive 75 .75 67 .50 72 54

Perspective (1) Affectlve .50 .36 43 A3 .18* 91

Environmental 33 .25 71 .75 7.47 .00

. Individual .62 .54 .54 46 40 .75

Pi'rasssgc'fiizo&) Family 43 36 57 79 2.09 1

School .20 .10 .90 .70 9.76" .00

*p < .05
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Category Subcategory Description
o Cognitive Difficulties in understanding concepts, formulas, symbols, or problem-solving
Individual Factors - — - ; ;
Affective Low motivation, anxiety, low self-esteem related to science learning
Family Lack of parental support, emotional neglect, or family conflicts
Environmental B ; - . . I
Factors School Mismatch with teaching style, peer/teacher conflicts, or negative school climate
Community Poor learning environment due to socioeconomic conditions or local risks
oth Operational Turn System-guided turns for proceeding with the interaction
ers
Unrelated Turn Student responses irrelevant to learning difficulties
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Table 5. Conversation Counts by the Coding Scheme for Each Student

a0) 0131%% Hele LM 1

SEL;%ZTt Cognitive Affective Family School Community Operational Turn | Unrelated Turn
A 1 2 9 3 1 1 1
B 8 1 2 2 2 1 0
C 4 0 0 0 0 1 6
D 9 3 0 6 0 1 0
E 8 5 0 0 0 1 1
F 10 1 0 0 0 1 1
G 6 7 2 3 0 2 0
H 13 0 0 0 0 2 0
I 10 10 2 1 0 2 0
J 15 6 2 1 3 1 0
K 17 1 1 3 1 1 0
L 13 2 2 3 0 1 0

Total 114 38 20 22 Z 15 9
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