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Abstract.

Misconceptions in chemistry represent persistent cognitive barriers that hinder students’
conceptual understanding and negatively affect learning outcomes. Traditional diagnostic
methods often fail to identify these misconceptions in a timely and individualized manner.
This study explores the potential of artificial intelligence-based approaches for the
automatic detection of students’ chemical misconceptions and the implementation of targeted
corrective instructional interventions. The proposed model integrates natural language
processing and adaptive feedback mechanisms to analyze students’ written responses, problem-
solving steps, and explanatory reasoning in key chemistry topics. Based on the identified
misconception patterns, the system generates personalized corrective tasks, conceptual
explanations, and guided questions aimed at restructuring students’ understanding. A pilot
implementation was conducted in secondary school chemistry classes, focusing on topics
commonly associated with misconceptions, such as chemical equilibrium, stoichiometry, and
reaction mechanisms. The findings indicate that artificial intelligence-supported diagnostic
and remedial interventions significantly improve conceptual clarity, reduce the persistence
of misconceptions, and enhance students’ metacognitive awareness. The study highlights the
pedagogical wvalue of artificial intelligence as a tool for formative assessment and
individualized support in chemistry education, offering practical implications for designing
more responsive and learner-centered instructional environments.
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Introduction. Conceptual understanding is a fundamental
goal of chemistry education; however, students often develop
persistent chemical misconceptions that interfere with
meaningful learning and problem-solving. These
misconceptions, which arise from everyday experiences, prior
knowledge, oversimplified explanations, or symbolic
misinterpretations, tend to be resistant to traditional
instructional approaches. As a result, students may
successfully memorize formulas and algorithms while
maintaining incorrect underlying conceptual frameworks.
Identifying and addressing such misconceptions in a timely
and systematic manner remains a significant challenge for
chemistry educators[1-3].

Conventional diagnostic tools, including written tests,
interviews, and concept inventories, provide valuable
insights into students’ thinking but are often limited by
time constraints, delayed feedback, and a lack of
individualization. In large or heterogeneous classrooms,
teachers may find it difficult to continuously monitor
students’ reasoning processes and respond to emerging
conceptual difficulties. Consequently, misconceptions may
remain undetected wuntil they Dbecome deeply entrenched,
negatively affecting students’ academic performance and
motivation. Recent advancements in artificial intelligence
have created new opportunities for transforming diagnostic
and remedial practices in chemistry education. Artificial
intelligence technologies, particularly those based on
natural language processing and adaptive learning systems,
enable the automated analysis of students’ responses,
explanations, and problem-solving strategies. These
technologies can detect recurring misconception patterns and
provide immediate, personalized  feedback tailored to
individual learners’ needs. Unlike static assessment tools,
artificial intelligence-driven systems offer dynamic and
data-informed instructional support that aligns with
formative assessment principles [4-6].

Within this context, the integration of artificial
intelligence 1into chemistry instruction holds significant
promise for addressing chemical misconceptions through
targeted corrective interventions. By combining automated
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diagnostic capabilities with pedagogically grounded
remediation strategies, artificial intelligence can support
teachers 1in creating more responsive, learner-centered
instructional environments. This study aims to examine the
effectiveness of artificial intelligence-based methods for
the automatic detection of students’ chemical misconceptions
and the design of corrective instructional interventions that
promote conceptual change and deeper understanding in
secondary school chemistry [7,8].

Relevance of the Study. Chemical misconceptions remain a
major challenge in chemistry education, as they hinder
students’ conceptual understanding and meaningful learning.
Traditional instructional and diagnostic methods often fail
to identify and address these misconceptions in a timely and
individualized manner. At the same time, the rapid advancement
of artificial intelligence has introduced new possibilities
for automated assessment and personalized instructional
support.

The relevance of this study lies in 1its focus on the
application of artificial intelligence for the systematic
detection of chemical misconceptions and the design of
targeted corrective instructional interventions. By combining

technological innovation with pedagogically grounded
approaches, the study contributes to the development of more
effective, learner-centered chemistry instruction and

supports contemporary trends in formative assessment and
individualized learning.

Methodology. This study employed a mixed-methods research
design combining quantitative and qualitative approaches to
examine the effectiveness of artificial intelligence-based
detection of chemical misconceptions and the implementation
of corrective instructional interventions. The research was
conducted in secondary school chemistry classes and focused
on topics commonly associated with conceptual difficulties,
including stoichiometry, chemical equilibrium, and reaction
mechanisms. An artificial intelligence-supported diagnostic
system was developed using natural language processing
techniques to analyze students’ written responses,
explanations, and problem-solving steps. The system
identified recurring misconception patterns by comparing
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student inputs with expert-defined conceptual models. Based
on the detected misconceptions, the platform automatically
generated individualized corrective interventions, including
targeted practice tasks, conceptual explanations, and guided
reflective questions.

Data collection involved pre- and post-tests to measure
changes 1in students’ conceptual understanding, as well as
classroom observations and analysis of student responses to
evaluate learning progress. Quantitative data were analyzed
using descriptive and comparative statistical methods, while
qualitative data were examined through content analysis to
identify shifts in students’ reasoning and conceptual
clarity. This methodological framework enabled a
comprehensive evaluation of both the diagnostic accuracy of
the artificial intelligence system and the pedagogical
effectiveness of the corrective instructional interventions.

Results and Discussion. The results of the study
demonstrate that the artificial intelligence-based system was
effective 1in identifying students’ chemical misconceptions
with a high degree of accuracy. Analysis of students’ written
responses and problem-solving explanations revealed that the
system successfully detected common misconception patterns
related to stoichiometric ratios, equilibrium shifts, and the
interpretation of reaction mechanisms. In comparison with
traditional assessment methods, the artificial intelligence-—
supported diagnostics provided more immediate and detailed
insights into students’ conceptual difficulties. Post-test
results indicated a significant improvement in students’
conceptual understanding following the implementation of
corrective instructional interventions. Students who received
personalized feedback and targeted remedial tasks showed a
noticeable reduction in the persistence of misconceptions and
demonstrated improved reasoning in both qualitative
explanations and quantitative problem-solving. These findings
suggest that individualized corrective interventions play a
crucial role in facilitating conceptual change.

Qualitative analysis further revealed positive changes in
students’ metacognitive awareness. Students became more
reflective about their reasoning processes and more capable
of identifying and correcting their own errors. The discussion
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highlights that the integration of artificial intelligence
into formative assessment enhances the responsiveness of
instruction and supports a learner-centered approach in
chemistry education. Overall, the findings confirm that
artificial intelligence-based diagnostic and remedial
strategies can effectively complement traditional teaching
practices and contribute to deeper conceptual learning in
chemistry.
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Figure 1. Artificial intelligence—based model for detecting and remediating chemical misconceptions

Identifying student misconceptions through Al analysis and providing targeted corrective instructional interventions.

Figure 1
Artificial intelligence-based model for detecting and remediating
chemical misconceptions

Figure 1 illustrates a conceptual model demonstrating how
artificial intelligence supports the identification and
remediation of students’ chemical misconceptions in chemistry
education. The model shows the flow from students’ written
responses, problem-solving steps, and conceptual explanations
to artificial intelligence-driven analysis using pattern
recognition and natural language processing techniques.
Detected misconception patterns inform the design of targeted
corrective instructional interventions, including adaptive
tasks, conceptual feedback, and guided reflective questions.
The cyclical structure of the model emphasizes continuous
formative assessment, personalized learning support, and the
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gradual reconstruction of accurate chemical understanding
through iterative feedback and intervention.

Conclusion. The findings of this study indicate that
artificial 4intelligence offers a valuable and effective
approach for addressing chemical misconceptions in secondary
school chemistry education. By enabling the automated
detection of students’ misconceptions and the delivery of
targeted corrective instructional interventions, artificial
intelligence supports more timely, individualized, and
conceptually focused learning experiences. The results
demonstrate improvements in students’ conceptual
understanding, problem-solving accuracy, and metacognitive
awareness.

Overall, the study highlights the potential of artificial
intelligence as a complementary tool for formative assessment
and instructional support in chemistry education. Its
integration 1into classroom practice can enhance learner-
centered instruction and assist teachers in responding more
effectively to students’ conceptual needs, thereby
contributing to improved instructional quality and learning
outcomes.
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