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Exploring the Scaffolding Potential of ChatGPT in
Generative Al-Based Science Instruction: A Focus on
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ABSTRACT

Recent advances in artificial intelligence (AI) have expanded new possibilities
for teaching and learning in education. Generative Al tools such as ChatGPT
can function as scaffolding tools by interacting with learners and providing
step-by-step learning support. In science education, problem-solving activities
are crucial for conceptual understanding and the correction of misconceptions;
however, learners’ participation is often limited by reluctance to ask questions
or difficulty in recognizing errors. Therefore, this study examined the effects of
ChatGPT-based prompt scaffolding on learners’ conceptual understanding and
problem-solving in middle school science classes. Focusing on the unit Forces,
formative assessment results and learner perception surveys were analyzed
for a human scaffolding group and a ChatGPT prompt scaffolding group.
The results showed that both groups demonstrated significant improvements
in correct response rates from pre- to post-assessment, and for some items,
the differences in improvement between the groups were not statistically
significant. These findings indicate that ChatGPT-based prompt scaffolding
can complement human scaffolding in middle school science instruction and
highlight the educational potential of generative Al scaffolding in supporting
learners’ concept monitoring and reconstruction through question-centered

dialogue in authentic classroom contexts.

Keywords Artificial Intelligence, Generative Al, Scaffolding, Prompt Scaffolding, science

problem-solving learning
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Figure 1. Example of ChatGPT Prompt Scaffolding
(ChatGPT prompts presented to students as scaffolding during science
problem=solving activities)
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Table 1. Research Design

Pre—test Scaffolding Post—test
o1 X1 02
03 X2 04
O: , 0, : Pre—test on scientific concepts of force (gravity,
buoyancy)
Xt Problem—solving activity with human scaffolding (teacher
or peer support)
X, Problem—solving activity with Al-based prompt
saffolding using ChatGPT
0s ,Os :  Post—test on scientific concepts of force (gravity,
buoyancy)
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Figure 3. Example of Formative Assessment on Buoyancy
(Comparing the Buoyant Force of Two Objects with Different
Submerged Volumes)
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Table 3. Accuracy Rates by Scaffolding Type in the Gravity Concept
Test

Formative Assessment on Gravity

Ist 2nd
Type Formative | Formative | Accuracy
Assessment | Assessment |Improvement| t-value | p (<.05)
Accuracy | Accuracy | (@-@)
(@) (@)
© 68.5% 75.3% 6.8% —-1.244 0.2149
Human | @ | 39.8% | 544% | 14.6% | -1.994 | 0.0475
Scaffolding| @ | 3529% | 535% | 183% | -2.55 | 0.0115
@ | 36.1% 49.5% 13.4% -2.15 0.0356
@ | 74.2% 90.0% 15.8% -3.392 | 0.00081
ChatGPT | @ | 46.0% | 68.2% | 222% | -368 | 0.00029
SCEZ?ﬁ;g ® | 50.8% | 582% | 7.4% | -1.882 | 0.061
@ | 46.0% | 55.40% | 9.43% -2.449 0.015
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Table 4. Accuracy Rates by Scaffolding Type in the Buoyancy Concept

Test
Formative Assessment on Buoyancy
Ist 2nd
Type Formative | Formative | Accuracy
Assessment | Assessment (Improvement| t-value |  p (.05)
Accuracy | Accuracy | (@-@)
(@) @
@© | 94.51% | 96.94% | 2.43% | —-0469 0.639
@ | 63.74% | 94.90% | 31.16% |-5.726| 4.06x10°
® | 56.04% | 89.80% | 33.75% |-5.942| 1.36x10°
Human ") 1738 469 | 86.73% | 48.27% | -7.703| 7.68x10"
Scaffolding ’
® | 67.03% | 91.84% | 24.80% |-4.157| 4.92x10"
® | 85.71% | 88.78% | 3.06% |-0.385 0.701
@ | 41.76% | 80.61% | 38.85% |-5.155| 6.44x10°
®© | 932% | 94.9% 1.8% |-.0.549| 0.583
@ | 69.2% 89.8% 20.6% | -3.855| 0.00015
ChatGPT ® | 51.3% 83.1% 31.8% | -5.631| 515x10
Prompt | @ | 35.0% | 81.4% | 46.3% |-8.303| 843x10"
Seaffolding| ") 17449, | 86.4% | 12.1% | -3.33 | 0.0010
® | 81.2% | 89.0% 7.8% | -1.861 0.064
@ | 47.0% | 79.7% | 327% |-5.189| 4.62x10
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Table 5. Students’ Perceived Helpfulness of ChatGPT Prompt
Scaffolding in Understanding Scientific Concepts

Survey Question:

Among the students who answered incorrectly or guessed in the first
gravity formative assessment, only those who later answered correctly
in the second assessment were asked:

“Did the ChatGPT question—and—answer activity help you understand
scientific concepts that you previously misunderstood or could not
fully grasp?”

Response Options(color):

Strongly agree(blue), Agree(red), Neutral(yellow), Disagree(green),
Strongly disagree(purple)
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