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This study aimed to evaluate the effectiveness of integrating artificial
intelligence (AI) technologies into geography instruction to improve
students' knowledge acquisition and creative thinking skills. A quasi-
experimental research design employing pretest and posttest assessments
was implemented with two groups: an experimental group that integrated
Al-assisted learning strategies and a control group that received
conventional instruction without Al support. The instructional materials
focused on disaster-related topics and were delivered over six learning
sessions in accordance with the principles of Indonesia's Merdeka
Curriculum. The findings revealed substantial improvements in the
experimental group's learning outcomes, with mean knowledge scores
increasing by 50.98% and creative thinking skills improving by 52.73%.
Al-powered platforms, including ChatGPT, Perplexity Al, Scholarcy,
and Scite, were incorporated to facilitate access to relevant academic
literature, support information exploration, and encourage independent,
inquiry-based learning. In comparison, the control group demonstrated a
26.41% improvement in knowledge scores and a 33% increase in creative
thinking skills. These descriptive differences suggest that Al-assisted
instruction may provide additional benefits for developing students'
conceptual understanding, information literacy, and higher-order
thinking skills compared with conventional teaching approaches.
However, the reported percentage improvements alone do not establish
statistically significant differences between the groups. Overall, the
findings highlight the potential of Al-integrated geography instruction to
support disaster-related learning and creative thinking development in
alignment with the objectives of the Merdeka Curriculum. The study
emphasizes the importance of integrating Al technologies strategically,
ethically, and contextually to promote adaptive, meaningful, and student-
centered learning experiences in contemporary educational settings.

INTRODUCTION

Twenty-first-century education requires students not only to acquire and retain
information but also to comprehend, critically evaluate, synthesize, and apply knowledge
to address real-world challenges. These competencies are particularly important in
geography education, which examines the relationships among human activities,

environmental systems, spatial patterns, and the natural and social processes that
influence everyday life. Disaster-related topics, particularly disaster mitigation and
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adaptation, provide meaningful contexts for developing these competencies (Kitagawa,
2021; Shaw et al., 2021). Students are expected to identify different types of hazards,
understand disaster risk factors, interpret spatial information, evaluate community
vulnerabilities, and formulate appropriate mitigation strategies based on regional
characteristics. Although factual knowledge provides an essential foundation, meaningful
learning also requires analytical reasoning, contextual understanding, and the ability to
generate practical solutions. Disasters should not be viewed solely as isolated natural
events because their consequences are influenced by exposure, vulnerability, community
capacity, land-use patterns, socioeconomic conditions, infrastructure quality, and
emergency preparedness. Consequently, disaster education should encourage students to
connect geographical concepts with their immediate environments and lived experiences
(Logayah et al., 2024; Rumengan et al., 2025). Through this approach, students can
develop the ability to distinguish hazards from disaster risks, explain variations in
regional vulnerability, and critically evaluate feasible mitigation and adaptation
strategies. Such learning experiences promote analytical thinking, problem-solving
competencies, and creativity beyond the memorization of geographical concepts.
Advances in digital technology have transformed the educational environment by
providing students with increasingly accessible information resources, including
scientific articles, institutional reports, digital maps, news publications, and interactive
educational materials. Nevertheless, greater access to information does not necessarily
result in deeper conceptual understanding or improved learning outcomes. Students must
develop information literacy skills to evaluate source credibility, identify contextual
relevance, verify supporting evidence, and critically compare potentially conflicting
information (Ng et al., 2021). These competencies are particularly important in disaster
education, where inaccurate or misleading information may contribute to misconceptions
about hazards, vulnerability, and disaster risk. Generative artificial intelligence (Al)
technologies and Al-assisted academic literature tools offer opportunities to support these
learning processes (Baidoo-Anu & Owusu Ansah, 2023; Kasneci et al., 2023; Lo, 2023).
In educational settings, Al applications can facilitate question formulation, conceptual
clarification, academic text summarization, information synthesis, comparative analysis,
and access to additional learning resources (Crompton & Burke, 2023; Jauhiainen &
Garagorry Guerra, 2024; Nurbaeva et al., 2025). ChatGPT can support interactive
questioning and conceptual exploration, while Perplexity Al can assist with information
discovery and source identification. Scholarcy can facilitate the summarization and
organization of academic literature, whereas Scite can provide citation-context
information to support the evaluation of scientific publications (Nicholson et al., 2021).
Because these applications serve different functions, their integration into instructional
activities should align with specific learning objectives and pedagogical requirements. In
this study, these technologies were positioned as supplementary tools for strengthening
information literacy and facilitating access to academic resources rather than replacing
teachers, original scientific publications, or students' independent critical judgment.
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Despite their educational potential, Al-assisted learning technologies present
several challenges that require careful consideration. Al-generated responses may contain
factual inaccuracies, incomplete explanations, misleading interpretations, or fabricated
references (Walters & Wilder, 2023). Furthermore, automated summaries may
oversimplify complex scientific arguments or omit important contextual information
from original publications. Therefore, the effective integration of literature-based Al
applications into geography education requires systematic information verification and
critical engagement with primary sources. Students should be encouraged to examine
cited publications, compare information across credible references, evaluate publication
dates and contextual relevance, and justify their acceptance or rejection of Al-generated
information. Incorporating these verification practices into instructional activities may
strengthen critical information literacy while reducing the risks of excessive technological
dependence and superficial engagement with academic materials (Chan & Hu, 2023; Zhai
etal., 2024). Accordingly, Al should function as a tool that facilitates deeper investigation
and meaningful learning rather than as a substitute for independent reasoning and
intellectual participation.

The integration of Al-assisted literature exploration into disaster education is
closely associated with two essential learning outcomes: knowledge acquisition and
creative thinking skills. Knowledge acquisition involves understanding geographical
concepts and information related to natural hazards, disaster risks, mitigation strategies,
and adaptation measures. Adequate conceptual knowledge enables students to identify
environmental problems, interpret relevant information, and develop evidence-based
explanations (Djamarah, 2002). Access to diverse and credible academic resources may
further enrich students' understanding by exposing them to multiple perspectives and
encouraging connections between theoretical concepts and real-world conditions.
Creative thinking is equally important because disaster-related challenges often require
context-specific solutions rather than universally applicable responses. For example,
effective flood mitigation strategies must consider geographical characteristics,
community behavior, drainage infrastructure, land-use patterns, available resources, and
institutional capacity. Learning activities that encourage students to generate alternative
solutions, compare different approaches, propose original ideas, and develop practical
implementation strategies may support creative thinking development (Doshi & Hauser,
2024; Habib et al., 2024; Urban et al., 2024). In this study, creative thinking skills were
assessed through four indicators: fluency, flexibility, originality, and elaboration
(Setiawan et al., 2024). These indicators provided a framework for examining students'
abilities to generate multiple ideas, consider alternative perspectives, formulate original
solutions, and develop their ideas into detailed and applicable recommendations.

Considering these educational opportunities and challenges, empirical investigation
was needed to examine the integration of disaster-literature-based Al technologies into
high school geography instruction. This study was conducted among eleventh-grade
students at SMAN 39 Jakarta by comparing an experimental group receiving Al-assisted
instruction with a control group receiving conventional instruction without Al support.
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The instructional content focused on disaster mitigation and adaptation, emphasizing the
application of geographical knowledge to authentic environmental challenges. Rather
than evaluating the overall capabilities of Al technologies, the study specifically
examined changes in students' knowledge acquisition and creative thinking skills
following the instructional intervention. By comparing pretest and posttest results across
the two instructional groups, the research sought to provide contextual evidence regarding
the potential benefits and limitations of integrating Al-assisted academic literature
exploration into geography education.

Previous studies have examined the opportunities and challenges associated with
digital learning technologies, information accessibility, and the development of students'
creative thinking skills (Harjanti et al., 2025; Jauhiainen & Garagorry Guerra, 2024;
Urban et al., 2024). However, limited context-specific empirical evidence has examined
whether integrating multiple Al-assisted academic literature tools into disaster geography
instruction is associated with different patterns of improvement in both conceptual
knowledge and creative thinking compared with conventional teaching approaches. This
research gap is particularly relevant because Al-assisted information retrieval may
improve learning efficiency and resource accessibility while simultaneously introducing
risks related to inaccurate references, excessive technological dependence, and superficial
information processing. The urgency of this investigation therefore lies in determining
whether Al-supported instructional strategies can contribute to meaningful educational
outcomes while maintaining appropriate standards of academic literacy and critical
evaluation. The contextual novelty of this study lies in integrating several complementary
Al-assisted literature functions into disaster-related geography instruction and examining
two learning outcomes within the same six-session instructional period. However, the
research did not attempt to isolate or measure the independent effects of individual Al
applications.

Based on these considerations, this study aimed to examine changes in students'
knowledge acquisition and creative thinking skills following participation in disaster-
literature-based Al-assisted geography instruction and compare these changes with those
observed among students receiving conventional instruction without AI support.
Specifically, the research analyzed pretest and posttest results to evaluate differences in
learning outcomes between the experimental and control groups. From a practical
perspective, the findings were expected to provide geography teachers with evidence-
informed considerations for designing instructional strategies that integrate academic
information literacy, responsible Al use, and contextual environmental problem-solving
activities. From an academic perspective, the study sought to contribute empirical
evidence regarding the integration of Al technologies into secondary geography
education, particularly in relation to disaster knowledge and creative thinking
development. Furthermore, the findings were intended to inform future investigations
employing larger and more diverse samples, validated assessment instruments, and more
rigorous experimental and statistical approaches to examine the effectiveness and
sustainability of Al-assisted learning interventions.
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METHOD

This study employed a quantitative approach with a quasi-experimental pretest—
posttest nonequivalent control group design at SMAN 39 Jakarta in May 2025. The study
involved 72 eleventh-grade geography students from two intact classes, with 36 students
in each group. Class XI Geography 2 served as the experimental group and received
artificial intelligence (Al)-assisted instruction supported by disaster-related academic
literature, while Class XI Geography 1 served as the control group and received
conventional instruction without Al assistance. Participants were selected based on
existing classroom groupings without individual random assignment. Both groups studied
disaster mitigation and adaptation over six instructional sessions, each lasting 90 minutes.

The experimental group utilized Al-powered platforms, including ChatGPT,
Perplexity Al, Scholarcy, and Scite, to explore academic literature, clarify geographical
concepts, evaluate disaster-related information, and generate alternative solutions to
environmental problems. The control group received conventional instruction covering
the same learning materials. Data were collected using a 15-item multiple-choice test to
assess students' disaster-related knowledge and an essay-based assessment to evaluate
creative thinking skills across four indicators: fluency, flexibility, originality, and
elaboration. Both instruments were administered before and after the instructional
intervention. Instrument validity and reliability assessments were reported in the original
study, although detailed coefficients were not provided. The study also reported normality
test significance values of 0.264, 0.288, 0.053, and 0.114, along with homogeneity test
significance values of 0.102 and 0.112.

Data were analyzed using descriptive and inferential statistical procedures.
Descriptive analysis included calculating pretest and posttest mean scores and percentage
changes to compare knowledge acquisition and creative thinking development between
the experimental and control groups. Normality and homogeneity tests were conducted
to assess the assumptions underlying parametric statistical analysis. An independent-
samples t-test was also reported to examine differences between the instructional groups.
However, the reported significance value of 0.00 was insufficiently detailed, as the
corresponding t-statistics, degrees of freedom, exact p-values, confidence intervals, and
effect sizes were not fully documented. Consequently, the findings were interpreted
primarily in terms of observed differences in learning outcomes between the two groups,
while acknowledging the limitations associated with nonrandom group assignment and
incomplete inferential statistical reporting.

RESULTS AND DISCUSSION
Overview of research implementation

The implementation of the research centered on learning Geography of the Disaster
Mitigation and Adaptation material. Both groups received the same material over the
course of six meetings. The main difference lies in the support of learning resources: the
experimental class integrates literature-based Al, while the control class follows learning
without Al support. The design allows observation of the changes in scores that take place
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in two different learning environments. Data is collected through pre- and post-learning
measurements so that the results not only describe the final achievements, but also show
the group's initial position.

In the experimental group, the use of Al provided students with an additional way
to search for information and ask for explanations of the concepts learned. The activity
was relevant to disaster material because the problems discussed had many aspects,
including hazard characteristics, causative factors, risks, mitigation, adaptation, and
preparedness. In the control group, learning took place without Al integration. It should
be emphasized that this comparison does not mean that the control class did not learn at
all or did not improve; the control class also showed an increase in scores on both
variables.

Knowledge Outcomes

On the pre-test of the knowledge variable, the experimental class obtained an
average of 51.22, with a high score of 73 and a low of 33. A median of 53 and a mode of
53 indicate that scores that were around the score were quite prominent in the distribution.
The reported standard deviation of 10.06 indicated a variation in initial ability among
students. Meanwhile, the control class had a pre-test average of 49.00, a high score of 67,
a low score of 27, a median of 50, and a mode of 53. The standard deviation of the control
class was reported to be 11.08. Descriptively, the initial average of the two classes was
close to each other, although the average proximity did not in itself prove that all the
characteristics of the two groups were equivalent.

After learning, the average knowledge of the experimental class increased to 77.31.
The highest reported score was 87 and the lowest score was 67; median 80 and mode 87.
The standard deviation was reported as 7.60 in the description of the results, while the
thesis table contained the number of variances that needed to be rematched with the
analysis output. Compared to the initial average of 51.22, the final average showed a large
improvement. The thesis reported an increase of 50.98 percent.

In the control class, the average knowledge increased from 49.00 to 61.94. In the
post-test, the highest score was reported to be 80, the lowest score was 40, the median
was 67, and the mode was 67. The standard deviation of 11.79 indicated a wider
distribution of values than the experimental class at the post-test, as reported in the thesis.
The percentage increase in knowledge of the control class was recorded at 26.41 percent.
Thus, the average increase in the experimental class was greater than the increase in the
control class.

Table 1 summarizes the mean scores and percentage increases as reported in the
thesis. This comparison is descriptive and needs to be distinguished from statistical
conclusions regarding differences between groups.

Table 1. Average knowledge score before and after learning

Groups Pre-test Post-test Improvement
Experiments 51,22 77,31 50,98%
Controls 49,00 61,94 26,41%

Source: Research data and tables reported in the original manuscript.
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The difference in scores shows that after the study, the experimental class achieved a
higher average of knowledge than the control class. However, a strong interpretation
needs to consider the initial score, the method of calculating the percentage of
improvement, and the results of the complete differential test. This article retains the
descriptive figures of the thesis and marks the need for a re-examination of the inferential
statistical report prior to publication.

Results of Creative Thinking Ability

In the creative thinking variable, the average pre-test of the experimental class was
reported to be 55.64. The highest score was 68 and the lowest score was 46, with a median
of 53 and mode of 50. The standard deviation was reported to be 6.25. In the control class,
the initial average was 55.00, the highest score was 68, the lowest score was 46, the
median was 53, and the mode was 53. The standard deviation of the control class was
also reported as 6.25. The initial average score of the two groups was relatively close
together, so that both started learning with similar creative thinking outcomes
descriptively.

After learning, the average creative thinking of the experimental class increased to
84.00. The highest reported score was 98 and the lowest score was 73, with a median of
83.5 and a mode of 78. A standard deviation of 7.79 indicates that student scores still
vary, although the class average increased. The thesis reported an increase in the creative
thinking ability of the experimental class by 52.73 percent. This figure shows a
considerable descriptive change between the initial and final measurements.

In the control class, the mean creative thinking increased from 55.00 to 73.00. The
highest post-test score was reported to be 79 and the lowest score was 63, median was 75,
and the mode was 78. The standard deviation was reported to be about 5.25 in the table,
while the text description called 5.33; this small difference needed to be matched with the
original data before the article was submitted. The improvement in the creative thinking
ability of the control class was reported by 33 percent. These results showed that learning
without Al was also followed by progress, but the average reported improvement was
smaller than that of the experimental class.

Table 2. Average creative thinking score before and after learning

Groups Pre-test Post-test Improvement
Experiments 55,64 84,00 52,73%
Controls 55,00 73,00 33,00%

Source: Research data and tables reported in the original manuscript.

The table shows that the experimental class experienced a larger average increase
in creative thinking ability. However, the aggregate scores are not sufficient to determine
which indicators improved the most. To explain the patterns of change in fluency,
flexibility, originality, and elaboration in more detail, it is necessary to have a score table
per indicator or student essay response data analyzed with rubrics. Because the
information per indicator is not fully reported in the summary of available results, this
article does not make a claim that any of the specific indicators experienced the highest
improvement.
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Prerequisite Tests and Inferential Analysis

The significance value of the normality test was above 0.05 for all groups and
measurement times. The values presented were 0.264 and 0.288 in the experimental class
and 0.053 and 0.114 in the control class. Based on the criteria used, the results showed
that the data met the assumption of normality. The homogeneity test also produced a
significance value of 0.102 for knowledge and 0.112 for creative thinking. Both values
were greater than 0.05, so the variance was declared homogeneous in the research report.

For hypothesis testing, the thesis mentions the use of independent-samples t-tests.
However, the available results table summarizes the significance as "0.00" and does not
provide complete separate reporting for each variable. In scientific reporting, such a value
should not be written as p = 0.00 because the probability is not reported as absolute zero;
the software output needs to be checked to write down the p value with the correct
accuracy, e.g. p < 0.001 if that is indeed the original output. In addition, the researcher
needs to make sure the test is performed answering the research question: whether it is
comparing post-test scores between groups, changes in scores within groups, or
differences in changes between groups.

Thus, the main results that can be safely delivered at this stage are the average
increase in both groups and a larger descriptive increase in the experimental group.
Statements about the significance of the difference and the magnitude of the effect should
await examination of the original statistical outputs. The test should report the t-value,
degree of freedom, the exact p-value, the mean difference and confidence interval, and
the effect size. If the pre-test score between groups differs or there are relevant initial
factors, additional analyses such as change score comparisons or covariance analyses may
be considered according to the feasibility of the data and the study design.

Research Limitations

This study has several limitations, namely the monitoring of the active involvement
of all students during exploration using Artificial Intelligence (Al), especially students
who tend to be passive. In addition, differences in experience and technology literacy
levels between students in using Al platforms have the potential to affect the effectiveness
of learning. This study was also only carried out in one school with a limited number of
samples, so the generalization of results needs to be done carefully. Therefore, further
research is recommended to involve a more diverse population and school context and
pay attention to the readiness and involvement of students in the use of Al

CONCLUSION

Among eleventh-grade students studying disaster-related geography at SMAN 39
Jakarta, the experimental group receiving artificial intelligence (Al)-assisted instruction
demonstrated greater improvements in knowledge acquisition and creative thinking skills
than the control group receiving conventional instruction. The experimental group's mean
knowledge score increased from 51.22 on the pretest to 77.31 on the posttest, whereas the
control group's mean score increased from 49.00 to 61.94. Similarly, the experimental
group's mean creative thinking score increased from 55.64 to 84.00, compared with an
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increase from 55.00 to 73.00 in the control group. These descriptive findings indicated
that students receiving disaster-literature-based Al-assisted instruction achieved greater
gains in both learning outcomes. The results suggest that guided exploration of academic
literature using AI technologies may support students' conceptual understanding,
information processing, and creative problem-solving abilities in disaster geography
education. Nevertheless, the available inferential statistical results were insufficiently
detailed to establish the statistical significance of the between-group differences or
attribute the observed improvements exclusively to Al-assisted instruction. Therefore, the
findings should be interpreted as preliminary evidence of the potential educational
benefits of integrating Al-supported literature exploration into geography learning rather
than definitive evidence of a causal treatment effect.

Future research should prioritize comprehensive assessments of instrument validity
and reliability, verification of descriptive statistical consistency, and transparent reporting
of inferential statistical results, including exact p-values, confidence intervals, and effect
sizes. Further investigations involving larger samples, multiple educational institutions,
and extended instructional periods are recommended to evaluate the consistency,
generalizability, and long-term sustainability of improvements in students' knowledge
acquisition and creative thinking skills. Longitudinal and more rigorously controlled
experimental studies could also provide stronger evidence regarding the specific
contribution of Al-assisted learning to educational outcomes. From a practical
perspective, geography teachers are encouraged to integrate Al-powered academic
literature tools into disaster education through structured, supervised learning activities
that emphasize source verification, critical comparison with original scientific
publications, and independent formulation of disaster mitigation and adaptation
strategies. Al technologies should be positioned as supplementary instructional resources
that facilitate information exploration and creative inquiry rather than substitutes for
critical reading, independent reasoning, or professional instructional judgment. This
approach may support responsible technology integration while strengthening students'
geographic literacy, disaster preparedness knowledge, and higher-order thinking
competencies.
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