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ABSTRACT

This research was motivated by students’ low problem-solving skills in stoichiometry and the increasing integration of
Artificial Intelligence (AI) in learning. Chemistry learning, particularly stoichiometry, still presents difficulties in
understanding concepts and determining systematic problem-solving steps. Therefore, this study aimed to analyze the
effect of Al use in stoichiometry learning on the problem-solving skills of high school students in phase F. This study
employed a quantitative method with a true experimental design using a pretest-posttest control group design. The sample
consisted of an experimental group (XI-F4), which received Al, and a control group (XI-F5), which learned without Al
Data were collected through essay tests (pretest and posttest) and a student response questionnaire. The instruments were
tested beforehand to ensure validity and reliability. Data analysis included normality, homogeneity, Independent Sample
t-test, and N-Gain tests using SPSS Statistics version 29 and Microsoft Excel 2025. The results showed no significant
effect of Al on students’ problem-solving skills (0.152 > 0.05), although N-Gain and student responses indicated Al’s
potential as a learning support tool.
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INTRODUCTION

The rapid advancement of technology has transformed educational practices and increased the demand
for learning approaches that foster students' 2 Ist-century competencies, particularly critical thinking, creativity,
collaboration, and communication. In Indonesia, these demands are reflected in the implementation of the
Merdeka Curriculum, which emphasizes student-centered learning and provides greater flexibility for developing
students' competencies (Indarta et al., 2022). To support this transformation, the integration of digital
technology has become an essential component of classroom learning, enabling more adaptive, interactive, and
meaningful learning experiences (Dwita & Zulfitria, 2024). Among recent technological innovations, Artificial
Intelligence (AI) has attracted considerable attention because of its ability to provide adaptive learning support
through immediate feedback, personalized guidance, and interactive learning experiences. In chemistry
education, Al has the potential to assist teachers in facilitating learning while supporting students in
understanding complex concepts and developing higher-order thinking skills (Alli, 2025).

Chemistry learning requires students to integrate conceptual understanding, mathematical reasoning, and
scientific problem-solving, making it one of the most cognitively demanding subjects at the secondary school
level. One of the most challenging chemistry topics is stoichiometry because students must understand
quantitative relationships between substances while applying logical and systematic reasoning to solve problems
(Borchers et al., 2025). However, many students continue to experience difficulties in solving stoichiometric
problems, while teachers often face constraints in providing individualized guidance due to limited instructional
time and large class sizes, resulting in learning that tends to remain teacher-centered (Mandina & Kusakara,
2025). Similar conditions were identified through interviews with chemistry teachers at SMAN 17 Muaro Jambi,
which revealed that students in Phase F still relied heavily on teacher explanations and had limited opportunities
for independent learning. These findings were reinforced by a student needs analysis showing that 83% of
students preferred step-by-step explanations, 76% considered technology-based media helpful for understanding
chemistry concepts, 80% reported greater motivation when learning through interactive media, and 73%
expressed the need for tutorlike learning media that could support independent thinking. These findings
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indicate the need for Al-assisted learning that provides adaptive guidance while encouraging students to develop
problem-solving skills more independently.

Previous studies have reported various educational benefits of Al in chemistry learning. Borchers et al.
(2025) found that Albased intelligent tutoring systems supported students in developing problem-solving
strategies during stoichiometry learning. However, the study primarily emphasized the development of learning
strategies rather than experimentally measuring students' problem-solving skills as the main learning outcome.
Hadibarata et al. (2025) demonstrated that Al-assisted blended learning significantly improved students'
conceptual understanding of chemistry. Nevertheless, the study did not specifically examine whether Al also
improved students' problem-solving skills. Alli (2025) reported that Al enhanced students' learning motivation
and provided more personalized learning experiences, whereas Mandina & Kusakara (2025) highlighted the
positive contribution of Al to students' engagement during chemistry learning. Although these studies
demonstrate the educational potential of Al, they mainly focus on conceptual understanding, motivation,
engagement, and learning experiences, leaving empirical evidence regarding students' problem-solving skills
relatively limited.

Several important research gaps therefore remain. First, relatively few studies have specifically investigated
the effect of Al on students' problem-solving skills, although problem solving is one of the essential competencies
expected in chemistry learning. Second, limited studies have focused specifically on stoichiometry, despite this
topic requiring systematic reasoning and quantitative analysis. Third, empirical evidence regarding Al
implementation within the context of the Merdeka Curriculum, particularly for Phase F senior high school
students in Indonesia, remains limited (Nja et al., 2024). Finally, previous studies have rarely compared Al as a
learning assistant with conventional classroom learning using a true experimental design, making the
effectiveness of Al-assisted learning difficult to evaluate objectively (Kumar & Kumar, 2025). These limitations
indicate the need for further empirical investigation to clarify the contribution of Al-assisted learning to students'
problem-solving skills in chemistry.

Accordingly, this study investigates the effect of Al-assisted learning on the problem-solving skills of Phase
F high school students in stoichiometry using a true experimental pretest-posttest control group design. Unlike
previous studies, this research specifically evaluates students' problem-solving skills based on Polya's problem-
solving framework rather than focusing primarily on conceptual understanding or learning motivation. The
novelty of this study lies in examining the use of Al as a learning support tool for developing students' problem-
solving skills in stoichiometry through four problem-solving stages: understanding the problem, devising a plan,
carrying out the plan, and reviewing the solution. Furthermore, this study examines Al-assisted learning within
the context of the Merdeka Curriculum and directly compares learning with Al assistance and learning without
Al assistance under comparable instructional conditions. By integrating Al-assisted stoichiometry learning, Polya-
based problem-solving skills, Phase F learning, and a direct experimental comparison between the two learning
conditions, this study provides empirical evidence that extends previous research on Al integration in chemistry
education. The findings contribute to the literature on Al integration in chemistry education (Suhailam
Pullanikkattil, 2025) and provide evidence-based insights for chemistry teachers and schools regarding the use
of Al as a learning support tool to facilitate students' problem-solving skills (Chiu, 2021).

METHOD
Research Design

This study employed a quantitative approach to examine the effect of Artificial Intelligence (Al) use in
stoichiometry learning on students' problem-solving skills. The experimental design applied was a pretest-posttest
control group design, which enabled the comparison of learning outcomes between an experimental group
receiving Al-assisted learning and a control group receiving equivalent instruction without Al integration. In the
experimental class, Al was integrated as a learning support tool during the problem-solving process, particularly
when students developed and implemented solution strategies for stoichiometric problems. Students worked
collaboratively in groups and used Al to consult problem-solving steps, formulate prompts, obtain guidance, and
check their reasoning, while the teacher monitored the learning process, guided group discussions, and ensured
that students continued to perform the stoichiometric calculations and evaluate the accuracy of Al-generated
responses independently. Al assistance was provided during the investigation stage of the two learning meetings,
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with approximately 40 minutes allocated in the first meeting and 35 minutes in the second meeting for guided
problem-solving activities. Students were also instructed to complete the posttest independently without Al
assistance. This design was selected to examine the effect of Al-assisted learning on students' problem-solving
skills by comparing learning outcomes between students who received Al assistance and those who received
equivalent instruction without Al integration (Sugiyono, 2021). The research design applied in this study is
presented in Table 1.

Table 1. True Experimental Design (Pretest-Posttest Control Group)

Sampling Group Pretest Treatment Posttest
Random  Experiment Y1 X Y2
Random Control Y1 - Y2

Research Site and Participants

This research was conducted at SMAN 17 Muaro Jambi, Jambi, Indonesia, during the 2025/2026
academic year in stoichiometry learning activities. The research subjects consisted of Phase F senior high school
students in grade XI, involving two classes selected using a random sampling technique. The experimental class
was XI F4, consisting of 34 students, and received learning treatment integrated with Artificial Intelligence (Al).
Meanwhile, the control class was XI F5, also consisting of 34 students, and participated in the same learning
process without Al assistance while following equivalent instructional objectives. In total, the study involved 68
students as research participants.

Research Procedures and Instruments

The research was conducted in three stages: preparation, implementation, and final evaluation. During
the preparation stage, learning materials and research instruments were designed and prepared prior to classroom
implementation. In the implementation stage, both groups were first administered a pretest to assess students’
initial problem-solving abilities before the learning treatment. The experimental group then participated in
stoichiometry learning integrated with Artificial Intelligence (Al), in which Al functioned as a learning support
tool by providing step-bystep guidance, immediate feedback, and assistance for independent learning.
Meanwhile, the control group studied the same material without the use of Al while following similar learning
objectives. After the completion of the learning process, both groups were administered a posttest to examine
changes in students’ problem-solving abilities following the treatment. The overall research procedure is
presented in Figure 1.

Experimental Group

Students were given a pretest

Control Group

Students were given a pretest

Students received a specific intervention, ‘Students did not receive a specific
where instruction was delivered using intervention, where instruction was
Al-based leaming media delivered without Al-based
e i

Disribution of Sudent | | e e pma,,] Students were given a postiest

Data Analysis

Figure 1. Research Procedure

The instruments used in this study consisted of an essay test and a student response questionnaire. The
essay test was developed based on four problem-solving indicators adapted from Polya’s framework, namely
understanding the problem, planning a solution, implementing the solution plan, and evaluating the final
answer. A complete description of the research instruments is presented in Table 2.
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Table 2. Research Instruments and Data Collection Procedures

Research Activity Data Source Data Collection Technique Instrument
Preliminary Observation Teacher Interview Interview Guide
Students Questionnaire Distribution ~ Student Learning Needs Questionnaire

Students Problem-Solving Administering a problem-
. Students . .
Skills solving skills test
Research Response

Essay Test (pretest-posttest)

, Students Questionnaire Distribution Student Response Questionnaire
Evaluation

Before being used in the study, the essay test instrument underwent expert validation, followed by
empirical validity and reliability testing, to ensure its suitability for data collection. The expert validation was
conducted by a chemistry education lecturer who evaluated the instrument in terms of content suitability,
alignment with the learning objectives and problem-solving indicators, clarity and appropriateness of the
questions, language use, and the overall presentation and construction of the test items. Following expert
validation, the instrument was empirically tested on a non-sample class. The empirical validity test was conducted
using the Pearson product-moment correlation coefficient at a significance level of 5% (a = 0.05). The results
indicated that all five essay items were valid, as each item met the required validity criterion, with the obtained
correlation coefficient exceeding the critical rvalue of 0.3388. These findings indicate that each test item was
capable of measuring the intended research variable appropriately. The complete results of the validity test are
presented in Table 3.

Table 3. Instrument Validity Test Results

[tem Number Correlation Coefficient (r) Critical r-Value Interpretation
Item No. 1 0,692 0,3388 Valid
Item No. 2 0,682 0,3388 Valid
Item No. 3 0,550 0,3388 Valid
Item No. 4 0,720 0,3388 Valid
Item No. 5 0,543 0,3388 Valid

Furthermore, reliability testing was conducted to examine the internal consistency of the instrument
using Cronbach’s Alpha coefficient analysis, resulting in a coefficient value of 0.609. Based on the reliability
criteria adopted in this study, a coefficient value between 0.60 and 0.80 indicates a high degree of reliability
(Guilford, as cited in Rezki Putri Juliani & Erita, 2023). Accordingly, the instrument was categorized as having
a high degree of reliability and demonstrated sufficient internal consistency for use in the research. The complete
results of the reliability test are presented in Table 4.

Table 4. Instrument Reliability Test Results

Statistic Cronbach's Alpha Value Interpretation
Reliability Test 0,609 High Reliability

Data Analysis Technique

Data analysis began with instrument validity and reliability testing, followed by prerequisite tests consisting
of the Shapiro-Wilk normality test and the Levene homogeneity test. Improvements in students’ problem-solving
skills were analyzed using the N-Gain test, while the effect of Al-assisted learning was examined using the
Independent Sample tTest at a significance level of 5%. Student response questionnaire data were analyzed
descriptively using percentage scores and interpreted according to response category criteria.

RESULT AND DISCUSSION
Result of Student Activity Observation

The implementation of research in the experimental class and the control class is not only focused on the
final learning outcomes, but also pays attention to how the learning process takes place during the research.
During the learning activities, observers observe student activities to see student involvement in each stage of
learning that takes place in both research classes. This observation data provides an overview of the development

http://ejournal.tsb.ac.id/index.php/jpm/index 1484



https://doi.org/10.37630/jpm.v16i4.4845
http://ejournal.tsb.ac.id/index.php/jpm/index

Jurnal Pendidikan MIPA ISSN: 2088-0294 | -ISSN: 26219166
Vol. 16, No. 4, Tahun 2026 https://doi.org/10.37630/jpm.v16i4.4845

of student activities during the learning process before further analysis of the research data is carried out. The
results of observation data on student activities during learning can be seen in Table 5.

Table 5. Results of Student Activity Observation

Meeting [ Meeting 11
No Student Activity Indicators Experimental Control Experimental Control
Class (%) Class (%) Class (%) Class (%)
1 Pupils' attention to learning 60 60 92.5 90
2 Students' readiness to participate in learning 60 55 100 87.5
3 Active participation of students in learning 60 60 92.5 85
4 Students' ability to understand problems 55 57.5 90 77.5
5  Students' ability to make plans 57.5 57.5 90 65
6  Students' ability to implement the plan 62.5 60 90 72.5
7 Students' ability to review 52.5 50 70 65
8  Students' ability to work together in groups 67.5 60 90 90
9  Students' courage in expressing their opinions 57.5 52.5 87.5 71.5
10 ReﬂeFtion and motivation of students towards 675 575 875 775
learning
Mean (%) 60 57 89 78.75

The results of observations presented in Table 5. show that there is a change in student activities in both
classes during the learning process. These changes can be seen from the percentage of student activity that has
increased at each meeting in each research class. In the experimental class, the percentage of student activity at
the first meeting was 60% and increased to 89% at the second meeting. Meanwhile, in the control class, the
percentage of student activity at the first meeting was 57% and increased to 78.75% at the second meeting. The
results indicate that student involvement in both classes improved throughout the learning process, with a greater
increase observed in the experimental class. The comparison of student activity percentages in both classes is
illustrated in Figure 2.

Student Learning Activity

100 % 1875
60 57
) l l
0
Meeting 1 Meeting 1T

m Experimental Class  m Control Class
Figure 2. Percentage of Student Activites Based on Observation Results

Observation results showed increased student activity in both classes from the first to the second meeting,
with greater improvement in the experimental class. Better performance was also observed across all problem-
solving indicators, including understanding the problem, developing a plan, implementing the plan, and
reviewing the results. However, these observations alone could not confirm the treatment effect. Therefore,
pretest and posttest data were further analyzed using statistical tests to determine the significance of the
differences between the two classes.

Description of Essay Test Results Data

In this study, the data used were in the form of essay test results in the form of pretest and posttest. The
essay test instrument for five questions was prepared based on problem solving skill indicators according to Polya
in (Anugraheni & Kristen Satya Wacana, 2019). Before use, the instrument has gone through content validity
validation by experts to ensure the suitability of the material and the accuracy of the measurement to the ability
to be studied. Furthermore, a validity test was carried out on the question item using product moment correlation
with the help of SPSS Statistics version 29 which showed that all items met the validity criteria at the level of
significance a=5%. The reliability test was also carried out using Cronbach's Alpha coefficient and a value of
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0.609 was obtained which met the reliability criteria, so that the instrument was declared consistent. Thus, all
questions in the essay test are suitable for use as a data collection tool in research.

At the beginning of the study, pretests were administered to the experimental and control classes to assess
students' initial problem-solving skills in stoichiometry before the learning treatment. The learning process was
conducted over two meetings in each class, with time allocations of 90 minutes (2 x 45 minutes) and 135 minutes
(3 x 45 minutes), respectively. After the intervention, a posttest was administered to evaluate students' problem-
solving skills. The improvement in students' performance was analyzed by comparing the pretest and posttest
scores of both classes, and the results are summarized in Table 5.

Table 6. Recapitulation of Pretest, Posttest, and Essay Test Results Improvement

Experimental Class Control Class
Student
Code Pretest Posttest Increment (A) Pretest Posttest Increment (A)
Posttest - Pretest Posttest - Pretest
M-1 20 60 40 20 55 35
M-2 15 55 40 15 45 30
M3 40 65 25 35 50 15
M-4 10 35 25 25 45 20
M-5 20 45 25 15 25 10
M-6 40 65 25 50 65 15
M-7 25 40 15 20 50 30
M-8 45 60 15 30 40 10
M9 45 80 25 40 55 15
M-10 50 70 20 20 70 50
M-11 35 55 20 10 40 30
M-12 5 45 40 30 75 45
M-13 50 90 25 20 45 25
M-14 45 60 15 50 65 15
M-15 55 75 20 35 60 25
M-16 10 55 45 45 65 20
M-17 10 50 40 65 85 20
M-18 35 50 15 15 35 20
M-19 15 60 45 50 60 10
M-20 40 70 25 25 45 20
M-21 5 40 35 30 40 10
M-22 20 50 30 45 60 15
M-23 10 45 35 30 50 20
M-24 60 75 15 20 30 10
M:-25 5 35 30 5 45 40
M-26 55 90 35 35 60 25
M-27 20 45 25 30 45 15
M-28 45 85 40 40 50 10
M-29 35 70 20 45 75 30
M-30 30 75 45 55 70 15
M-31 15 40 25 65 75 10
M-32 50 70 15 20 45 25
M-33 35 70 35 45 65 20
M-34 45 70 25 45 80 35

X 30.58823529  60.14705882 29.55882353 33.08823529  54.85294118 21.76470588

The data in Table 6 show that the mean (x) pretest scores of the experimental and control classes were
relatively similar, indicating comparable initial problem-solving skills before the learning treatment. After the
intervention, the experimental class achieved a higher mean posttest score than the control class, indicating
better descriptive performance in solving stoichiometric problems. In addition, the posttest score distribution
shifted toward higher score ranges in both classes, with a greater proportion of students in the 61-100 range in
the experimental class. These findings indicate an improvement in students' problem-solving skills following the
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learning process, although the difference between the two classes was further evaluated through statistical
hypothesis testing.

Pretest
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020 2140 4160 6180 81100
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Figure 3. Frequency Distribution Diagram of Pretest Scores for Experimental Class and Control Class

Based on Figure 3, the distribution shows that the majority of students in both classes were in the 0-60
range before the learning treatment was given. The similar distribution pattern of scores between the
experimental and control classes indicates that the initial problem-solving skills of students in both groups were
at comparable levels.

Posttest
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Figure 4. Frequency Distribution Diagram of Posttest Scores for Experimental Class and Control Class

Furthermore, based on Figure 4, the distribution of posttest scores shows a change in the pattern of score
distribution in both classes. This change in score distribution indicates that after the learning implementation,
the distribution of student scores shifted to a higher range compared to the initial conditions. The increase in
the number of students in the 61-100 score range in the experimental class indicates higher learning outcomes
compared to the control class. These data indicate an increase in students' problem-solving skills after the
learning treatment, as reflected in the shift in score distribution to a higher category.

Students' Problem Solving Skills

The cognitive assessment of students in this study was analyzed based on problem solving skill indicators
which include the ability to understand problems, formulate plans, implement plans, and review. Analysis of
each indicator is carried out to identify the achievement of students' abilities at each stage of problem solving
during learning. The recapitulation of students' cognitive achievements based on problem solving skill indicators
is presented in detail in Table 7.

Table 7. Results of Students' Cognitive Assessment Based on Problem Solving Skill Indicators

PrOb%irgiCSa(ilgs:g Sl Questions Experimental Classes Control Class
Understanding the problem 1 55% 54%
Creating a plan 2 80% 78%
Execute the plan 3,4 58% 51%
Reviewing 5 49% 40%
Quantity 242 223
Mean (x) 60% 56%
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Based on the data presented in Table 7, students' problem-solving skills varied across the four indicators
in both the experimental and control classes. The highest achievement was observed in the developing a plan
indicator, with percentages of 80% and 78%, respectively, while the implementing the plan indicator also showed
higher achievement in the experimental class (58%) than in the control class (51%). In contrast, the
understanding the problem indicator showed only a slight difference between the experimental (55%) and
control (54%) classes. The lowest achievement in both classes was found in the review indicator, with percentages
of 49% and 40%, respectively. Overall, the experimental class achieved a slightly higher average percentage (60%)
than the control class (56%). However, this difference was not statistically significant based on the Independent
Sample t-test (Sig. = 0.152 > 0.05), indicating that Al-assisted learning showed a positive descriptive tendency but
did not significantly improve students' problem-solving skills.

Testing Requirements Analysis

Before hypothesis testing, the data were subjected to prerequisite tests to determine their suitability for
parametric statistical analysis. Data processing and analysis were performed using SPSS Statistics version 29. The
prerequisite tests included normality and homogeneity tests to evaluate the data distribution and the equality of
variances between groups. The results of these tests served as the basis for selecting the appropriate statistical
analysis in the subsequent hypothesis testing stage.

Normality Test

Before hypothesis testing, the data were subjected to a normality test as a prerequisite for parametric
statistical analysis to ensure that the data were normally distributed. The normality test was performed using the
Shapiro-Wilk test in SPSS Statistics version 29 because the sample size consisted of fewer than 50 respondents.
The decision was based on the significance value (Sig.), where the data were considered normally distributed if
Sig. > 0.05 and not normally distributed if Sig. < 0.05. The results of the pretest and posttest normality tests are
presented in Table 8.

Table 8. Results of Pretest and Posttest Data Normality Test for Experimental and Control Class

Normality Test Pretest Posttest

Experiments Controls Experiments Controls

Shapiro- Statistic 0.944 0.965 0.961 0.974

Wilk df 34 34 34 34
Sig. 0.079 0.345 0.262 0.577
Significance Level(o) 0.05 0.05
) Normal Normal Normal Normal
Conclusion

Distributed Data Distributed Data Distributed Data Distributed Data

The results of the normality test in Table 8 show that the pretest and posttest data in both the experimental
and control classes have a significance value greater than 0.05, so that all research data are declared to be normally
distributed. In the pretest data, the experimental class obtained a significance value of 0.079 and the control
class of 0.345. Meanwhile, in the posttest data, the significance value of the experimental class was 0.262 and
the control class was 0.577. These results show that the distribution of data in each group meets the assumption
of normality as one of the conditions for using parametric statistical analysis. With the fulfillment of these
assumptions, hypothesis testing in this study can be continued using parametric tests in the form of independent
sample t-tests to analyze the differences in problem solving skills between the experimental class and the control
class.

Homogeneity Test

After the normality test, a homogeneity test was conducted as a prerequisite for parametric statistical
analysis to determine whether the experimental and control classes had equal variances. The pretest and posttest
data were analyzed using Levene's test in SPSS Statistics version 29 to assess the homogeneity of variance between
the two groups before hypothesis testing. The basis for the homogeneity test decision is presented as follows:

e If the value of Sig. (p-value) > 0.05, then Hy is accepted (homogeneous variance).
e If the value of Sig. (p-value) < 0.05, then Hy is minus (non-homogeneous variance).

The results of the homogeneity test calculation in this study can be seen in Table 9.
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Table 9. Homogeneity Test Results on Learning Outcome Scores (Posttest) of Experimental Classes and
Control Classes

Levene Statistic dfl df2 Sig.
Value Based on Mean 0.096 1 66 0.758
Based on Median 0.086 1 66 0.770
Ba'sed on Median and with 0.086 | 65.959 0.770
adjusted df
Based on trimmed mean 0.094 1 66 0.760

Based on the homogeneity test results presented in Table 9, the significance value in the Based on Mean
section was 0.758, which was greater than 0.05. Therefore, Hy was accepted, indicating that the variances of the
experimental and control classes were homogeneous. Since the homogeneity assumption was satisfied, the data
met the prerequisites for parametric statistical analysis and were suitable for subsequent hypothesis testing to
examine the effect of Al use on students' problem-solving skills in stoichiometry.

Hypothesis Testing (Independent t-test)

The results of the prerequisite test analysis showed that the pretest and posttest data in both the
experimental and control classes met the criteria of normality and homogeneity. This condition shows that the
distribution of research data is in the normal category and has the same variance between groups, so the data is
suitable for analysis using parametric statistics. Based on the fulfillment of these two assumptions, hypothesis
testing in this study was carried out using the Independent Sample t-test with the help of SPSS Statistics software
version 29.

According to Buchori et al., (2023) decision-making in the hypothesis test is carried out through a
comparison between values teajculated and as well as based on significance values (tepitica1Sig. (2-tailed)). The test
decision based on the comparison of tvalues is determined by the following conditions:

o If the value * tgicutated < T teriticar, then Ho is accepted and H, is rejected.
o If the value * togicutated > T teriticar, then Hy is rejected and H, is accepted.

In addition, decision-making can also be determined based on the significance value (pvalue) in Sig. (2-tailed)
with the following criteria:

e If the significance value p > 0.05, then Hj is accepted.
e If the significance value p < 0.05, then Hy is rejected.

These criteria are used as a basis for determining whether or not there is a difference in the results of
students' problem-solving skills between the experimental class and the control class on the stoichiometric
material. Thus, the hypothesis in this study is formulated as follows:

Hy : There is no effect of the use of Al in stochiometry learning on the improvement of problem solving skills of

high school students in Phase F at SMAN 17 Muaro Jambi.

H,: There is an effect of the use of Al in stoichiometric learning on the improvement of problem solving skills

of high school students in Phase F at SMAN 17 Muaro Jambi.

Table 10. Hypothesis Test Results on Pretest and Posttest Scores of Experimental and Control Class

Statistics Vellwe
Pretest Posttest
Sig. (2-tailed) 0.525 0.152
Significance Level (o) 0.05
Significance Value 0.525>0.05 0.152>0.05
Conclusion Ho accepted H, rejected

The results of the hypothesis test in Table 10 show that the significance value of the pretest (Sig. (2-tailed))
is greater than the significance level a. = 0.05, which is 0.525 > 0.05, so that the null hypothesis (Ho) is accepted
and the alternative hypothesis (H,) is rejected. These results showed that there was no difference in students'
problem-solving skills between the experimental class and the control class before the learning treatment was
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given. This condition indicates that the initial ability of students in both research groups is at a relatively equal
level because the Al-assisted learning process has not been implemented.

Meanwhile, the test results on the posttest data showed that the significance value (Sig. (2-tailed)) is greater
than the significance level of a = 0.05, i.e. 0.152 > 0.05, so Hy is accepted and H, is rejected. These results
showed that there was no significant difference in students' problem-solving skills between the experimental class
and the control class after the learning treatment was given. Thus, the use of Al in stoichiometry learning has
not shown a significant effect on improving students' problem-solving skills based on the results of hypothesis
testing carried out.

N-Gain

After the hypothesis test was carried out, data analysis was continued with the N-Gain test to determine
the level of improvement in students' problem-solving skills in the experimental class and the control class after
the implementation of learning. The N-Gain test is carried out based on the difference in pretest and posttest
scores obtained by students in each class. According to Hake in Kolopita et al. (2022), the N-Gain value obtained
is then categorized based on the level of increase listed in Tabel 11.

Table 11. N-Gain Score Result Criteria

Normality Value Gain Criteria
0.70<n < 1.00 Height
0.30<n <0.70 Medium
0.00 <n <0.30 Low

The N-Gain Score criteria in Table 11 are used to determine the level of problem solving skills of students
after the learning treatment is given. Based on these criteria, the results of the N-Gain calculation in the
experimental class and the control class are presented in Table 12.

Table 12. N-Gain Test Calculation Results

) Experimental Classes Control Class
Problem Solving
No i ) N- ) N- .
Skill Indicators Pretest Posttest . Categories Pretest Posttest . Categories
Gain Gain
| Undemunding the 505 5s 03 Medium 412 54 02 Low
Problem
2 Creating a plan 48.5 80 0.6 Medium 54.4 78 0.5 Medium
3 Execute the plan 20.6 58.1 0.5 Medium 22.4 51.1 0.4 Medium
4  Reviewing 27.9 49 0.3 Medium 25 40 0.2 Low

The N-Gain results presented in Table 12 showed that students' problem-solving skills improved in both
the experimental and control classes after the learning process. In the experimental class, all indicators were
categorized as moderate, whereas the control class showed two indicators in the moderate category and two in
the low category. These results indicate a more consistent improvement in the experimental class. However, this
difference was not statistically significant based on the Independent Sample t-test. Therefore, the N-Gain analysis
describes the extent of students' improvement in each class following the learning intervention.

Analysis of Student Response Questionnaire Data

Analysis of student response questionnaire data was carried out in an experimental class to determine
students' responses to the use of Al in stoichiometric learning. The questionnaire data was analyzed using
Microsoft Excel 2025 software based on the results of students' answers to each indicator that had been
determined in the research instrument. The results of the analysis of the students' responses are presented in

Tabel 13.

Table 13. Results of Data Analysis of Student Response Questionnaire to the Use of Al in Stoichiometric
Learning

No Indicator Percentage Categories
1 Utilization of Al in learning 83% Excellent
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No Indicator Percentage Categories
2 Student engagement in Al-assisted learning 89% Excellent
3 Students' interaction and perception of the use of Al 81% Excellent

The results of the analysis of student response questionnaire data in Table 13 show that the use of Al in
stoichiometric learning obtained a very good category in all indicators measured. The indicator of the use of Al
in learning obtained a percentage of 83%, while the indicator of student involvement in Al-assisted learning
obtained the highest percentage, which was 89%. Meanwhile, the indicators of students' interaction and
perception of the use of Al obtained a percentage of 81%. These results show that the use of Al in the learning
process received a positive response from students, both in terms of media utilization, involvement during
learning, and perceptions of the application of Al in stoichiometric materials.

The findings revealed a notable pattern in the development of students' problem-solving skills. Although
the experimental class demonstrated greater improvement than the control class based on the posttest and N-
Gain results, the difference was not sufficiently large to produce a statistically significant effect. This pattern
suggests that Al-assisted learning may support students' learning progress at a descriptive level, but its use does
not automatically lead to substantial improvements in complex problem-solving skills. The absence of a
statistically significant effect may be related to the limited duration and intensity of the intervention, as
developing problem-solving skills requires repeated engagement in understanding problems, developing
strategies, implementing solutions, and reviewing the results. Thus, the findings indicate that Al may provide
useful support during the learning process, but its contribution to problem-solving development depends on
how consistently students engage in the complete problem-solving process and how effectively Al is integrated
into instruction. This finding is consistent with (Vernanda et al., 2025), who reported that Al use does not
necessarily produce significant improvements in learning outcomes under all instructional conditions.

Analysis of the problem-solving indicators provides further insight into the pattern of the overall findings.
The experimental class achieved higher percentages than the control class across all four stages of Polya's problem-
solving process: understanding the problem (55% vs. 54%), devising a plan (80% vs. 78%), carrying out the plan
(58% vs. 51%), and reviewing the solution (49% vs. 40%). The highest achievement in both classes was observed
in devising a plan, indicating that students were relatively more capable of formulating solution strategies after
identifying the problems. In contrast, reviewing showed the lowest achievement in both classes, suggesting that
students were less accustomed to evaluating the accuracy of their procedures and final answers. Although the
experimental class achieved a higher overall average (60%) than the control class (56%), the relatively modest
differences across the indicators suggest that Al assistance did not produce a substantial shift in students'
problem-solving performance. The relatively larger differences observed in carrying out the plan and reviewing
the solution may indicate that Al was more useful in providing procedural guidance and supporting students in
checking their reasoning, whereas understanding the problem and devising a plan require more fundamental
cognitive processes that may develop through repeated independent practice.

The absence of a statistically significant effect may be related to the limited duration and intensity of the
intervention. Problem-solving skills require repeated practice and sustained engagement with diverse problems,
whereas the Al-assisted learning intervention in this study was implemented over only two learning meetings.
Moreover, Al functioned as a supporting tool rather than a substitute for students' cognitive processes. Kaliisa
etal. (2025) emphasized that the educational value of Al depends on its integration into appropriate instructional
processes and guidance. In addition Li et al. (2025) highlighted that the benefits of AI may be limited when
students rely on generated answers without engaging in the underlying reasoning process. This issue is
particularly relevant to the present study, as some students tended to seek immediate answers rather than
critically examine and develop their own solutions. The findings are also consistent with Simsek et al. (2025),
who reported that Al use does not automatically produce significant improvements in learning outcomes, while
Setyawan et al. (2025) emphasized the continuing importance of teacher guidance in Al-assisted learning.
Therefore, the non-significant effect observed in this study may be explained by the limited intervention period,
the need for repeated problem-solving practice, and differences in the quality of students' engagement with Al
assistance.

This pattern can be further understood through the perspectives of scaffolding theory and constructivism.
From a scaffolding perspective, Al can provide temporary guidance and feedback that assists students in
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navigating complex problem-solving tasks. However, the effectiveness of such support depends on whether
students gradually internalize the supported processes and become increasingly independent. In the present
study, Al provided additional assistance during the problem-solving process, but the limited intervention period
may have restricted students' opportunities to transform this assistance into independent competence. From a
constructivist perspective, Al functions most effectively as a learning resource that supports students in actively
constructing knowledge through problem solving, discussion, and evaluation rather than replacing their
cognitive processes. Students were therefore required to formulate prompts, interpret Al-generated responses,
perform stoichiometric calculations, and evaluate the accuracy of the solutions. Consequently, the non-
significant effect observed in this study suggests that Al support alone is insufficient to produce substantial
changes in complex problem-solving skills when students have limited time and opportunities to engage in
sustained, independent problem solving.

The N-Gain results showed that all indicators in the experimental class were in the moderate category,
while in the control class, some indicators remained in the low category, particularly in the aspects of
understanding problems and reviewing. The greatest improvement occurred in the planning indicator, while
reviewing remained a weakness for students due to their lack of familiarity with evaluating the process and results
of problem solving.

Furthermore, the questionnaire results showed that students responded very positively to the use of Al in
learning, with 83% responding to the aspect of Al utilization, 89% to student engagement, and 81% to
interaction and perceptions of Al. These findings indicate that Al is well-received as a learning medium because
it helps students understand the material, increases learning engagement, and facilitates problem solving,
although it has not yet had a significant impact on problem-solving skills.

CONCLUSION

This study contributes empirical evidence to the growing body of research on Al integration in chemistry
education by demonstrating that the use of Al as a learning support tool does not automatically produce a
statistically significant improvement in students’ problem-solving skills in stoichiometry. Although the
experimental class showed greater descriptive improvement and students responded positively to Al-assisted
learning, the findings indicate that Al should not be regarded as a standalone solution for developing problem-
solving skills. Instead, its contribution is more appropriately understood as a complementary form of support
that can provide guidance and feedback when integrated with problem-based learning, active student
engagement, and sustained teacher facilitation. Theoretically, this study extends the discussion of Al-assisted
chemistry learning by shifting attention beyond conceptual understanding and learning engagement toward the
development of Polya-based problem-solving skills in stoichiometry within Phase F learning. Practically, the
findings suggest that teachers should integrate Al strategically as a scaffold for students' problem-solving processes
while maintaining students' active cognitive involvement and preventing dependence on automatically generated
answers. This study was limited to one school, a relatively small sample, a two-meeting intervention, and a limited
Al implementation context; therefore, the findings should be interpreted within these conditions. Future
research should employ longer interventions, larger and more diverse samples, and varied Al integration
strategies to further examine the conditions under which Al can effectively support the development of students'
problem-solving skills in chemistry education.
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