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Purpose of the study: This study investigates the effectiveness of GIS and
augmented reality (AR) supported immersive flood learning in enhancing
students’ spatial literacy and flood preparedness within secondary geography
education.

Methodology: A quasi experimental pretest—posttest control group design
involved 107 Grade XI social science students from six senior high schools in
Gorontalo City, Indonesia. The experimental group received GIS and AR
supported immersive learning, while the control group received conventional
instruction. Data were collected using a 40 item test measuring spatial literacy and
flood preparedness. Data analysis employed descriptive statistics, normalized gain
analysis, independent sample t tests, and effect size analysis.

Main Findings: Students in the experimental group achieved significantly higher
posttest scores (M = 84.72, SD = 6.41) than the control group (M = 71.58, SD =
7.24). Statistical testing showed a significant difference between groups (p <.05),
while effect size analysis indicated a large practical effect. GIS and AR supported
immersive learning improved students’ spatial interpretation, hazard analysis,
contextual reasoning, and mitigation planning more effectively than conventional
approaches across disaster related geography learning activities.

Novelty/Originality of this study: The findings provide empirical evidence that
immersive geospatial learning integrating GIS and AR strengthens spatial
cognition and disaster preparedness simultaneously within secondary geography
education. Unlike previous studies emphasizing technological feasibility, the
findings demonstrate the pedagogical role of immersive spatial learning in
supporting contextual disaster understanding and environmental reasoning in
flood prone educational settings.
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1. INTRODUCTION

Floods remain among the most frequent and destructive hydrometeorological disasters worldwide [1],
[2]. Increasing flood impacts are associated with climate change, rapid urbanization, land-use conversion, and
environmental degradation. Urban flood vulnerability has intensified particularly in developing and coastal regions
where population growth intersects with inadequate environmental management and limited adaptive capacity [3],
[4]. In Southeast Asia, flood disasters increasingly disrupt social, economic, and environmental systems,
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emphasizing the urgent need for effective disaster risk reduction (DRR) strategies that strengthen community
resilience and preparedness [5], [6], [7]. Beyond structural mitigation and emergency response, educational
interventions have become an essential component of DRR because they facilitate environmental awareness,
adaptive behavior, and participatory mitigation capacities among younger generations [8], [9], [10]. Consequently,
disaster education plays a strategic role in preparing students to understand environmental risks and respond
adaptively within their local socio-environmental contexts.

In Indonesia, flood disasters continue to occur recurrently across urban and rural regions, including
Gorontalo Province, which has experienced increasing environmental pressures associated with land conversion,
watershed degradation, and insufficient drainage infrastructure. Data from the Gorontalo Statistics Agency
reported that numerous sub-districts experienced flooding in recent years, while severe flooding in 2024 inundated
thousands of houses and displaced large numbers of residents [11], [12]. These recurring events indicate that
disaster management cannot rely solely on infrastructure development and emergency response systems but also
requires educational approaches capable of strengthening preparedness, environmental awareness, and adaptive
capacities among students and communities. However, disaster learning in schools remains predominantly
theoretical and textbook oriented, emphasizing memorization of disaster concepts rather than contextual
understanding, spatial interpretation, and problem-solving competencies relevant to real environmental conditions
[8], [13], [14]. Such conditions limit students’ opportunities to develop practical preparedness skills and spatial
reasoning abilities necessary for interpreting environmental risks and mitigation strategies.

One of the major challenges in disaster education is the limited integration of spatial literacy into
geography learning practices. Spatial literacy refers to the ability to interpret spatial relationships, analyze
geographic patterns, understand hazard distributions, and utilize geospatial information for decision making
processes [15], [16]. Within flood disaster contexts, spatial literacy enables students to identify vulnerable areas,
interpret hazard maps, analyze environmental changes, and understand interactions between hydrological systems
and human activities [17]. Previous studies have demonstrated that Geographic Information Systems (GIS),
thematic mapping, and digital geospatial visualization can strengthen students’ understanding of environmental
processes and disaster dynamics by connecting abstract geographic concepts with authentic spatial phenomena
[18], [19]. Nevertheless, GIS supported disaster learning in schools often remains limited to map interpretation
activities and has not sufficiently facilitated immersive and contextual spatial learning experiences capable of
strengthening preparedness competencies.

Disaster education also requires the integration of higher order thinking skills (HOTS) to support
analytical reasoning, evaluation, and contextual problem solving [20]-[22]. Flood disasters involve complex socio-
environmental interactions that cannot be understood solely through factual memorization. Students need
opportunities to critically evaluate environmental problems, assess mitigation alternatives, and formulate adaptive
solutions relevant to local disaster conditions. Previous studies have shown that HOTS oriented learning
strengthens critical thinking, collaborative inquiry, and contextual reasoning in geography and environmental
education [19], [23]. However, existing disaster learning practices frequently emphasize declarative knowledge
and procedural exercises, with limited opportunities for reflective inquiry and contextual environmental analysis
supporting deeper conceptual understanding [24].

Ecopedagogy further complements disaster education by emphasizing ecological awareness,
environmental ethics, and sustainability oriented learning perspectives [25], [26]. This approach encourages
learners to critically examine relationships between environmental degradation, human activities, and disaster
vulnerability while fostering social responsibility toward sustainable environmental management [27]-[29]. Within
flood prone environments, ecopedagogical learning becomes particularly important because anthropogenic
activities significantly influence hydrological disturbances and environmental degradation. Integrating
ecopedagogy into disaster education therefore provides opportunities for students not only to understand disaster
risks scientifically but also to develop ecological responsibility and participatory environmental awareness.

Recent advances in educational technology provide opportunities to strengthen disaster education through
immersive and spatially oriented learning environments. The integration of GIS and augmented reality (AR)
enables dynamic visualization of flood hazards, environmental changes, and mitigation scenarios in more
interactive and contextual forms [18], [19], [30]. In this study, the learning materials utilized mobile based marker
assisted AR visualization to simulate flood dynamics, hazard distribution, and mitigation scenarios interactively.
GIS supported learning facilitates geospatial interpretation and spatial reasoning, whereas AR visualization
transforms abstract disaster processes into immersive environmental representations. Such technology supported
learning environments can strengthen experiential learning, increase cognitive engagement, and support contextual
understanding of environmental risks and preparedness [31]-[33].

Despite these potentials, previous studies have predominantly examined GIS integration, AR
visualization, spatial literacy, HOTS, or ecopedagogy separately rather than explaining how immersive geospatial
learning environments facilitate spatial cognition and disaster preparedness simultaneously. Empirical evidence
regarding the effectiveness of integrated GIS and AR supported learning within authentic secondary geography
classrooms also remains limited, particularly in developing and disaster prone regions. Existing studies have
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largely focused on technological feasibility, media usability, or conceptual development without sufficiently
explaining the pedagogical mechanisms through which immersive geospatial learning strengthens students’ spatial
reasoning, environmental understanding, and preparedness competencies. This indicates a critical gap between
technological innovation in disaster education and empirical evidence concerning its educational effectiveness
within contextual classroom implementation.

Addressing this gap, the present study investigates the effectiveness of GIS and AR supported immersive
learning in enhancing students’ spatial literacy and flood preparedness within secondary geography education. The
intervention integrates GIS based hazard mapping, AR visualization, HOTS oriented inquiry, and ecopedagogical
learning activities into a contextual flood disaster learning framework. Unlike previous studies primarily
emphasizing media development and technological feasibility, the findings provide empirical evidence regarding
how immersive geospatial learning environments facilitate spatial cognition, contextual environmental reasoning,
and preparedness competencies simultaneously. Therefore, the study contributes theoretically and pedagogically
to disaster education by demonstrating the role of immersive geospatial learning in strengthening adaptive
understanding and preparedness within flood prone educational contexts..

2. RESEARCH METHOD

2.1. Research Design

This study employed a quantitative quasi-experimental pretest—posttest control group design to evaluate
the effectiveness of GIS and AR-supported immersive flood learning in improving students’ spatial literacy and
disaster preparedness. This design is suitable for examining causal effects in authentic classroom settings where
random assignment is impractical [34]-[36]. Such designs are considered appropriate for evaluating instructional
innovations and technology supported learning interventions in real educational environment [37]-[39].

The study involved experimental and control groups. The experimental group received GIS and AR-
supported geospatial learning integrated with contextual flood case studies and HOTS-oriented activities, while
the control group received conventional geography instruction. Pretest and posttest measures were used to assess
learning gains and compare the effectiveness of both instructional approaches [37], [40], [41]. Such a design is
widely used in disaster education research to evaluate technology-supported learning innovations. The intervention
focused on flood disaster learning in Gorontalo City, Indonesia, integrating GIS, AR, contextual flood case studies,
ecopedagogical activities, and HOTS-oriented exercises into a geospatial learning framework, which has been
shown to enhance spatial reasoning, environmental awareness, and disaster preparedness [18], [19].

2.2 Participants and Sampling

The study involved 107 Grade XI social science students from six senior high schools in Gorontalo City,
Indonesia, selected through purposive sampling based on the implementation of disaster-related geography
learning and the availability of technological facilities [36], [41] [42]. The participants, consisting of 61 female
and 46 male students aged 16—17 years, were assigned to experimental and control groups according to existing
classroom arrangements. The experimental groups received GIS and AR-supported flood learning, while the
control groups participated in conventional geography instruction. Grade XI students were selected due to the
relevance of disaster mitigation and environmental topics in the geography curriculum and their capacity for
analytical reasoning, spatial thinking, and problem-solving. The inclusion of multiple schools enabled
implementation across diverse educational and flood-prone contexts [15], [21].

2.3 Research Procedures

The research procedure consisted of five sequential stages: preparation, pretest, intervention, posttest, and
evaluation. These stages were systematically organized to ensure implementation consistency and facilitate
comprehensive evaluation of the instructional intervention across participating schools. The intervention was
conducted over six instructional sessions during geography learning activities related to flood disaster topics.The
instructional framework consisted of four integrated components, namely GIS based hazard mapping, AR
visualization, HOTS oriented inquiry activities, and ecopedagogical reflection. The overall learning workflow and
system architecture are presented in Figure 1.
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Figure 1. Architecture and Workflow of GIS and AR Supported Immersive Flood Disaster Learning

Preparation Stage

During the preparation stage, the Flood Survival learning materials were adapted from a previously
developed prototype integrating GIS-based hazard maps, AR visualization, contextual flood case studies,
ecopedagogical activities, and HOTS-oriented exercises. The materials and research instruments were validated
through expert review to ensure content quality and technical functionality, while participating geography teachers

received guidance to ensure consistent implementation across schools [18], [44].

Pretest Stage

Before the intervention, both groups completed pretests to assess baseline competencies in spatial literacy
and flood preparedness, including understanding of flood causes, impacts, mitigation, and spatial interpretation.
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The pretest also served to determine group comparability and provide a basis for measuring learning gains after
the intervention.

Intervention Stage

The intervention was conducted during geography lessons on flood disasters. Students in the experimental
groups engaged in GIS and AR-supported immersive geospatial learning involving map interpretation, spatial
analysis, environmental reflection, and HOTS-oriented problem-solving activities, while AR visualization helped
connect disaster concepts with real environmental conditions in Gorontalo City [15], [19], [44], [45]. The learning
process also incorporated ecopedagogical principles to promote ecological awareness and sustainable mitigation
practices [27], [28], [46]. In contrast, the control groups received conventional geography instruction through
textbooks and teacher-centered explanations without GIS or AR integration.

Posttest Stage

Following the intervention, students completed posttests using the same indicators as the pretest to assess
changes in spatial literacy and flood preparedness. The posttest results were compared with pretest scores and
between groups to evaluate the effectiveness of GIS- and AR-supported immersive learning on disaster education
outcomes.

Evaluation Stage

At the evaluation stage, students in the experimental groups completed a learning satisfaction
questionnaire assessing usability, interactivity, visualization quality, contextual relevance, and overall learning
experience. Classroom observations were also conducted to monitor implementation consistency, student
participation, interaction patterns, and engagement during the intervention.

2.4 Research Instruments

The study used three main instruments consisting of (1) spatial literacy and flood preparedness tests, (2)
student satisfaction questionnaires, and (3) classroom observation sheets. The cognitive test instrument consisted
of 40 multiple-choice questions developed based on flood disaster concepts, spatial analysis, mitigation,
adaptation, ecopedagogy, and contextual environmental issues in Gorontalo City. The questions were designed to
measure conceptual understanding, spatial reasoning, analytical thinking, and contextual problem-solving skills.

Table 1. Grid of Spatial Literacy and Flood Preparedness Test Instrument

Variable Dimension Indicators Item Scale
Numbers
Flood Conceptual Understanding flood causes, impacts, 1-15 Multiple
Preparedness understanding mitigation, and adaptation choice
Spatial Literacy . Spatlal. Ability to 1nterpr§t flood hazard maps 16-28 Mult}ple
interpretation and spatial patterns choice
Ecopedaco Environmental Understanding human-environment 2934 Multiple
pecagogy awareness relationships and sustainability choice
HOTS Spatial p}roblem Ablhty t'o al}alyze aqd design 35.40 Mult}ple
solving mitigation solutions choice

The student satisfaction questionnaire used a five-point Likert scale ranging from 1 (strongly disagree) to
5 (strongly agree). The questionnaire evaluated students’ perceptions regarding interactive learning attractiveness,
GIS and AR visualization quality, ease of use, contextual relevance, and perceived learning effectiveness.

Table 2. Student Satisfaction Questionnaire Grid

Aspect Indicators Scale
Learning attractiveness Interactive and engaging learning activities Likert (1-5)
Visualization quality Clarity of GIS maps and AR visualization Likert (1-5)
Ease of use Ease of navigation and accessibility Likert (1-5)
Learning effectiveness Improvement of understanding and preparedness Likert (1-5)
Contextual relevance Relevance to local flood conditions Likert (1-5)

Content validity was evaluated through expert judgment involving geography education experts,
educational technology experts, and language experts. Instrument validity was quantified using Aiken’s V
coefficient to ensure content relevance, clarity, and representativeness of the instrument items. The obtained
Aiken’s V values ranged from 0.82 to 0.93, indicating high content validity. Reliability testing was conducted
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using Cronbach’s alpha to measure internal consistency of the instrument constructs [47]. The instrument
development process referred to established educational measurement principles [34], [40].

2.5 Data Collection Techniques

Data collection was conducted through tests, questionnaires, and classroom observations. Pretests and
posttests were administered to measure students’ spatial literacy and flood preparedness before and after the
intervention. The tests were distributed directly during classroom learning activities in both experimental and
control groups. Student satisfaction questionnaires were administered after the intervention to identify students’
perceptions toward the interactive learning materials. Observation sheets were used to document classroom
implementation, student participation, interaction patterns, and learning engagement during the experimental
activities. Additional documentation included photographs of learning activities, GIS visualizations, and AR-based
instructional implementation.

2.6 Data Analysis Techniques

Quantitative data analysis employed descriptive and inferential statistical techniques using SPSS
software. Descriptive statistics included mean scores, percentages, standard deviations, minimum scores, and
maximum scores to describe students’ learning outcomes and satisfaction levels. Inferential statistical analysis was
conducted to examine differences in learning outcomes between experimental and control groups [40], [48].

Learning improvement was analyzed using normalized gain (N Gain) analysis to identify magnitude of
competency improvement following instructional intervention. Prior to hypothesis testing, assumption testing was
conducted through Kolmogorov Smirnov normality testing and Levene’s homogeneity testing to ensure data
suitability for parametric analysis [41], [49]. Hypothesis testing employed an independent sample t test to
determine whether significant differences existed between experimental and control groups. Statistical significance
was established at the 0.05 level.

Effect size analysis using Cohen’s d was also performed to determine practical significance of the
instructional intervention. Cohen’s d values of 0.20, 0.50, and 0.80 were interpreted as small, medium, and large
effect sizes, respectively [40]. Integration of significance testing and effect size analysis enabled more
comprehensive interpretation of both statistical and practical impacts of the geospatial learning intervention.

Table 3. Statistical Analysis Procedures

Analysis Technique Purpose
Descriptive statistics Describe learning outcomes and satisfaction levels
N Gain analysis Measure competency improvement
Kolmogorov Smirnov test Test data normality
Levene’s test Test homogeneity of variance
Independent sample t test Compare experimental and control groups
Cohen’s d Measure practical effect size

2.7 Ethical Considerations

The study was conducted in accordance with educational research ethics principles. Participation of
students and teachers was voluntary, and all participants were informed regarding the objectives and procedures
of the study before data collection. Confidentiality and anonymity of participants were maintained throughout the
research process. The use of digital learning media and spatial data was restricted exclusively to educational and
research purposes.

3.  RESULTS AND DISCUSSION

3.1. Pretest Results of Spatial Literacy and Flood Preparedness

The pretest was conducted prior to the instructional intervention to identify students’ initial competencies
related to spatial literacy and flood preparedness. The results indicate that students in both experimental and control
groups demonstrated relatively similar baseline competencies before the implementation of the learning
intervention. Most students showed limited abilities in interpreting flood spatial patterns, analyzing environmental
relationships, and formulating contextual mitigation strategies associated with flood disasters in Gorontalo City.

Students particularly experienced difficulties in interpreting flood hazard maps, identifying spatial
relationships between upstream and downstream areas, and analyzing the impacts of land-use change on flood
vulnerability. These findings suggest that conventional geography learning had not yet optimally facilitated spatial
reasoning and contextual disaster understanding. Similar findings have been reported in previous studies indicating
that disaster-related concepts are frequently taught descriptively without sufficient support for spatial visualization
and environmental interpretation [15], [44].
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Table 4. Pretest Results of Experimental and Control Groups

Group Number of Students Mean  Standard Deviation ~ Minimum Score =~ Maximum Score
Experimental 54 54.26 8.14 38 71
Control 53 53.81 7.92 40 69

The relatively low pretest scores further indicate that students possessed limited preparedness
competencies regarding flood mitigation and adaptation. Although most students were able to recognize general
flood concepts, they encountered difficulties applying spatial analysis and contextual problem-solving skills to
authentic environmental situations. These findings reinforce previous arguments emphasizing that disaster
education requires interactive, contextual, and technology-supported learning approaches capable of strengthening
students’ analytical reasoning and environmental competencies [19], [28].

3.2. Implementation of GIS- and AR-Assisted Interactive Learning

The instructional intervention was implemented in six senior high schools in Gorontalo City involving
Grade XI social science students. Experimental classes participated in immersive geospatial learning using GIS-
and AR-supported flood learning materials, whereas control classes received conventional geography instruction
through printed textbooks and teacher-centered explanations.

During the implementation process, students in the experimental groups actively interacted with GIS-
based flood hazard maps, AR visualization, contextual videos, and inquiry-based learning activities. The
instructional materials enabled students to analyze flood-prone areas spatially, identify environmental problems
associated with rivers and drainage systems, and evaluate mitigation strategies relevant to local environmental
conditions in Gorontalo City.

Figure 2. Real-world implementation of interactive learning media: (1) students engaged in collaborative
learning activities during the classroom process; (2) utilization of digital devices to access interactive learning
materials; (3) teacher-guided instruction using digital media in geography learning; and (4) application of
Augmented Reality (AR) technology to support spatial understanding and student engagement

The integration of GIS and AR substantially increased student engagement during learning activities.
Students demonstrated stronger participation in group discussions, spatial interpretation exercises, contextual
inquiry, and mitigation-oriented project activities. AR visualization particularly facilitated students’ understanding
of flood distribution processes, river overflow dynamics, and relationships between topography and flood
vulnerability through immersive environmental representation. These findings are consistent with previous studies
demonstrating that interactive visualization technologies improve conceptual understanding and spatial reasoning
within disaster education contexts [19], [44].

The instructional process also integrated ecopedagogical activities encouraging students to reflect
critically on environmental problems and human activities contributing to flood vulnerability. Students conducted
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simple environmental observations around school environments, identified drainage-related problems, and
proposed sustainable mitigation strategies such as riverbank greening and waste management initiatives. Such
activities supported the development of environmental awareness, contextual reasoning, and participatory
problem-solving competencies.

3.3. Posttest Results of Spatial Literacy and Flood Preparedness

The posttest results demonstrated substantial improvement in students’ spatial literacy and flood
preparedness following the implementation of GIS- and AR-supported immersive learning materials. Students in
the experimental group achieved considerably higher scores compared to those in the control group.

Table 5. Posttest Results of Experimental and Control Groups

Group Number of Students Mean  Standard Deviation ~ Minimum Score =~ Maximum Score
Experimental 54 84.72 6.41 71 96
Control 53 71.58 7.24 58 85

The improvement observed in the experimental group indicates that immersive geospatial learning
supported students’ understanding of flood concepts, spatial interpretation, and contextual mitigation planning
more effectively than conventional instruction. Students demonstrated stronger competencies in interpreting flood
hazard maps, analyzing environmental relationships, and formulating contextual adaptation strategies related to
flood disasters.

GIS-supported visualization strengthened students’ spatial literacy by enabling direct interpretation of
geographic information through locally contextualized flood hazard maps. Students were able to identify
vulnerable areas, analyze spatial relationships among environmental variables, and evaluate flood risk patterns
based on actual environmental conditions in Gorontalo City. Previous studies similarly demonstrated that GIS-
assisted learning improves spatial reasoning and contextual understanding within geography education [15], [44].

AR-supported visualization further enhanced conceptual understanding by transforming abstract flood
processes into immersive three-dimensional environmental representations. Students reported that AR
visualization facilitated clearer understanding of flood dynamics and increased engagement during learning
activities. These findings align with previous research emphasizing the effectiveness of AR-assisted learning in
supporting experiential and visual learning processes within environmental education [19].

3.4. N-Gain Analysis
The effectiveness of the instructional intervention was further examined using normalized gain (N-Gain)
analysis to identify the magnitude of competency improvement in each group.

Table 6. N-Gain Results

Group Mean Pretest Mean Posttest N-Gain Score Classification
Experimental 54.26 84.72 0.67 Moderate
Control 53.81 71.58 0.38 Moderate

The experimental group achieved a substantially higher N-Gain score than the control group, indicating
that GIS- and AR-supported immersive learning was more effective in improving students’ spatial literacy and
flood preparedness competencies.

The higher improvement observed in the experimental group may be associated with several pedagogical
factors. First, immersive spatial visualization enabled students to analyze flood-related phenomena more
contextually and analytically. Second, interactive learning activities encouraged active participation, inquiry, and
contextual problem-solving rather than passive memorization. Third, the integration of ecopedagogical
perspectives strengthened environmental awareness by connecting flood problems with human—environment
interactions and sustainability issues.

These findings support previous studies emphasizing that contextual and technology-supported disaster
education contributes positively to analytical reasoning, environmental literacy, and preparedness competencies
among learners [13], [28].

3.5 Hypothesis Testing

An independent sample t-test was conducted to examine whether significant differences existed between
the experimental and control groups following implementation of GIS- and AR-supported immersive learning
materials. Prior to hypothesis testing, assumption testing was conducted using the Kolmogorov—Smirnov
normality test and Levene’s homogeneity test. The results indicated that the data were normally distributed and
demonstrated homogeneous variance between groups, confirming that the assumptions required for parametric
statistical analysis were fulfilled.
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Table 7. Independent Sample t-Test Results
Variable t-value Sig. (2-tailed) Interpretation
Spatial Literacy and Flood Preparedness 4.218 0.001 Significant Difference

The independent sample t-test produced a significance value of 0.001, which was lower than the 0.05
significance threshold. These results indicate a statistically significant difference between students in the
experimental and control groups following the instructional intervention. The obtained t-value demonstrates that
GIS- and AR-supported immersive learning contributed positively to students’ learning outcomes.

Students in the experimental group demonstrated stronger competencies in spatial literacy and flood
preparedness compared to students who learned through conventional instructional approaches. They showed
improved abilities in interpreting flood hazard maps, identifying spatial relationships among environmental
variables, analyzing vulnerable areas, and formulating contextual mitigation strategies associated with flood
disasters in Gorontalo City.

The improvement in learning outcomes was associated with the integration of immersive visualization,
GIS-supported spatial analysis, and contextual environmental learning activities. GIS maps facilitated students’
interpretation of flood distribution patterns more effectively, while AR visualization supported understanding of
flood processes through interactive and concrete environmental representation. These findings align with previous
studies emphasizing that geospatial technologies strengthen spatial reasoning and conceptual understanding within
geography and disaster education [15], [44].

The instructional activities also integrated HOTS-oriented inquiry and ecopedagogical perspectives
encouraging students to think critically about environmental problems and disaster mitigation practices. Students
were able to connect theoretical concepts with authentic environmental conditions and develop reflective
perspectives regarding sustainable environmental management. These findings are consistent with previous studies
demonstrating that contextual and technology-supported disaster education contributes positively to analytical
thinking, preparedness competencies, and environmental awareness [19], [29].To complement significance testing,
effect size analysis using Cohen’s d was conducted to determine the practical significance of the intervention.

Table 8. Student Satisfaction Results
Variable Cohen’s d Interpretation
Spatial Literacy and Flood Preparedness 1.02 Large Effect

The obtained Cohen’s d value indicates that the intervention produced a large practical effect on students’
spatial literacy and flood preparedness competencies. This finding suggests that the effectiveness of immersive
geospatial learning was not only statistically significant but also educationally meaningful within disaster
education contexts

3.6. Student Satisfaction toward Interactive Learning Materials

Student satisfaction questionnaires were distributed following the implementation process to evaluate
students’ perceptions regarding the immersive learning materials. Overall, students demonstrated highly positive
responses toward the GIS- and AR-supported learning experience.

Table 9. Student Satisfaction Results

Aspect Mean Score Category
Learning attractiveness 4.71 Very High
Visualization quality 4.76 Very High
Ease of use 4.58 Very High
Learning effectiveness 4.73 Very High
Contextual relevance 4.81 Very High
Average 4.72 Very High

Students reported that GIS maps and AR visualization helped them understand flood-prone areas more
clearly while making learning activities more engaging and interactive. The contextual integration of flood cases
from Gorontalo City also increased students’ awareness regarding environmental problems occurring within their
surrounding communities. The highest score was obtained in the contextual relevance aspect, indicating that
students strongly valued instructional materials directly connected to their local environmental conditions. These
findings reinforce previous arguments emphasizing the importance of place-based and contextual disaster
education in supporting meaningful learning experiences, environmental awareness, and adaptive preparedness
competencies.

The findings of the present study demonstrate that GIS- and AR-supported immersive learning
significantly improved students’ spatial literacy and flood preparedness compared to conventional geography

Jou. Ed. Tech. Lrng. Crtv, Vol. 4, No. 1, June 2026: 152 - 165



Jou. Ed. Tech. Lrg. Crtv ISSN: 3021-7865 d 161

instruction. Students in the experimental group achieved higher competencies in flood hazard interpretation, spatial
analysis, contextual mitigation planning, and environmental problem-solving after participating in the
intervention. These findings indicate that integrating geospatial technologies and immersive visualization into
disaster education creates more meaningful and contextual learning experiences that strengthen students’
understanding of environmental risks and adaptive preparedness competencies. Similar findings have been
reported in previous studies emphasizing that disaster education becomes more effective when supported by
contextual learning environments and digital geospatial technologies [19], [44].

The improvement in students’ spatial literacy reflects the important pedagogical role of GIS-supported
learning in facilitating spatial cognition and geospatial reasoning. Students were able to interpret flood hazard
maps, identify vulnerable areas, analyze relationships among environmental variables, and understand interactions
between land use, topography, rainfall, and flood occurrence in Gorontalo City more effectively. The use of locally
contextualized flood hazard maps enabled students to connect abstract geographic concepts with authentic
environmental conditions surrounding their communities. From a spatial cognition perspective, geospatial
visualization supports learners in constructing mental representations of environmental phenomena and
understanding spatial relationships through contextual interpretation and analytical reasoning [15], [50]. These
findings suggest that GIS-supported disaster education not only strengthens conceptual understanding but also
enhances students’ capacity to critically interpret environmental risks and disaster vulnerability patterns [20].

The integration of GIS into flood disaster learning also facilitated experiential and student-centered
learning processes. Rather than passively memorizing disaster-related concepts, students actively engaged in map
interpretation, environmental analysis, and contextual problem-solving activities. Such learning processes are
consistent with constructivist perspectives emphasizing that meaningful learning occurs when students actively
construct knowledge through interaction with authentic environmental contexts. Previous studies similarly
reported that GIS-supported learning environments strengthen environmental awareness, spatial reasoning, and
disaster risk reduction understanding through the integration of real environmental data into classroom activities
[2], [18]. The present findings extend previous research by demonstrating that GIS-supported immersive learning
can simultaneously strengthen spatial literacy and flood preparedness within secondary geography education
contexts.

AR supported visualization became another important factor contributing to learning improvement in the
experimental group. Through immersive visualization, students interacted with three-dimensional representations
illustrating flood processes, hazard distribution, environmental impacts, and mitigation scenarios dynamically.
This interactive representation reduced the abstractness of hydrological processes and enabled students to observe
environmental changes more concretely. From an experiential learning perspective, immersive visualization
facilitates deeper conceptual understanding because learners interact directly with contextual environmental
representations rather than relying solely on textual explanation. Previous studies have similarly shown that AR-
assisted learning enhances conceptual understanding, cognitive engagement, and spatial reasoning through
interactive environmental visualization [19], [45]. In the present study, AR-supported learning enabled students to
understand flood mechanisms and mitigation strategies more meaningfully because abstract disaster concepts were
transformed into observable and contextual experiences.

The effectiveness of AR-supported learning can also be explained through cognitive engagement
processes. Interactive visualization integrates visual, spatial, and contextual information simultaneously, allowing
students to process environmental phenomena through multimodal learning experiences. Such immersive
interaction potentially supports deeper conceptual processing and improves students’ ability to connect
environmental causes, disaster impacts, and mitigation strategies within authentic geographic contexts. In addition,
AR-supported learning increased students’ participation and motivation because learners experienced more
dynamic instructional processes compared to conventional textbook-oriented learning environments. These
findings support previous studies demonstrating that multimedia and immersive learning environments improve
engagement, participation, and conceptual understanding in geography and environmental education [51], [52],
[53].

The improvement in flood preparedness competencies was also strongly associated with the integration
of HOTS-oriented learning activities within the instructional materials. Students were encouraged to analyze flood
causes, evaluate environmental conditions, interpret hazard maps, and formulate contextual mitigation strategies
based on environmental problems occurring in Gorontalo City. Such activities promoted analytical reasoning,
evaluation, and contextual problem-solving rather than factual memorization alone. Previous studies have
emphasized that HOTS-oriented disaster education strengthens critical thinking, environmental reasoning, and
adaptive problem-solving competencies among learners [21], [54]. The findings therefore indicate that integrating
higher-order thinking activities into immersive geospatial learning environments supports students in developing
contextual disaster preparedness competencies relevant to real environmental challenges.

The ecopedagogical orientation integrated into the learning materials further contributed to strengthening
environmental awareness and reflective understanding regarding disaster vulnerability. The instructional activities
emphasized relationships between human activities and flood disasters, particularly concerning land conversion,
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drainage blockage, waste disposal, and watershed degradation in Gorontalo City. Through contextual reflection
and environmental inquiry, students were encouraged to recognize that flood disasters are influenced not only by
natural processes but also by unsustainable environmental practices. These findings align with previous studies
explaining that ecopedagogical learning promotes ecological awareness, environmental ethics, and critical
reflection regarding socio-environmental relationships [28], [29]. Ecopedagogy therefore complements immersive
disaster education by encouraging students to develop participatory attitudes and environmental responsibility
within their local communities [26].

Another important finding concerns the role of contextual and place-based learning in strengthening
disaster preparedness. The learning materials were developed using local flood characteristics, spatial data, and
environmental conditions from Gorontalo City, increasing the relevance and authenticity of learning experiences.
Contextualization enabled students to perceive flood disasters not as abstract geographic concepts but as real
environmental challenges directly connected to their daily lives and surrounding environments. Previous studies
have similarly demonstrated that place-based disaster education strengthens preparedness and environmental
awareness because learners perceive the instructional content as meaningful and socially relevant [8], [31]. The
present findings reinforce the importance of contextual geospatial learning in promoting adaptive understanding
and localized disaster preparedness competencies.

The novelty of this study lies in the integrated application of GIS, AR, HOTS oriented instruction, spatial
literacy development, and ecopedagogical perspectives within a single immersive disaster education framework.
While previous studies have generally examined GIS, AR, or disaster preparedness separately, the present study
empirically demonstrates how these components interact synergistically to strengthen both spatial cognition and
contextual flood preparedness simultaneously in secondary geography education. Furthermore, the use of locally
contextualized flood hazard data from Gorontalo City contributes a place-based dimension that enhances the
authenticity and relevance of immersive geospatial learning. This multidimensional integration provides a more
comprehensive pedagogical model for disaster education compared to previous technology-oriented approaches
that focused primarily on conceptual understanding or technological engagement alone.

From a practical perspective, the findings have important implications for geography and disaster
education. The integration of immersive geospatial technologies can support teachers in developing more
interactive, contextual, and student-centered learning environments that encourage critical thinking and
environmental responsibility. Educational institutions may consider incorporating GIS- and AR-based disaster
learning into geography curricula to strengthen students’ preparedness competencies and adaptive awareness
toward environmental risks. In addition, policymakers and curriculum developers may use these findings as a
reference for designing technology-supported disaster education programs that integrate spatial literacy, HOTS,
and environmental ethics simultaneously. The findings also imply that effective disaster education should not only
transfer knowledge about hazards but also foster participatory awareness, contextual reasoning, and sustainable
environmental behavior among students

Despite the educational potential of GIS- and AR-supported immersive learning, several implementation
challenges should also be critically acknowledged. The effectiveness of immersive geospatial learning
environments depends heavily on technological infrastructure, digital literacy, and teacher readiness. Schools with
limited access to digital devices and stable technological support may experience difficulties implementing AR-
assisted learning consistently. In addition, immersive visualization environments may increase cognitive load
when students simultaneously process complex spatial information, digital interaction, and contextual problem-
solving tasks. Without adequate instructional guidance, excessive multimedia stimulation may reduce learning
efficiency and overwhelm students cognitively. These findings indicate that successful implementation of
immersive disaster education requires not only technological innovation but also appropriate pedagogical design,
teacher facilitation, and equitable access to digital learning resources

From a pedagogical perspective, the findings demonstrate that integrating GIS, AR, HOTS, spatial
literacy, and ecopedagogical perspectives creates a multidimensional learning environment capable of
strengthening both conceptual understanding and preparedness competencies. Immersive geospatial learning
enables students to engage actively in contextual environmental analysis, spatial interpretation, and mitigation-
oriented problem-solving processes while simultaneously developing environmental responsibility and adaptive
awareness [55]. Previous studies have emphasized that effective disaster education should integrate analytical
reasoning, contextual learning, environmental ethics, and participatory experiences to strengthen disaster risk
reduction competencies [9], [13]. The present findings therefore contribute to disaster education literature by
providing empirical evidence regarding the pedagogical mechanisms through which immersive geospatial learning
facilitates spatial cognition and disaster preparedness simultaneously within secondary geography education [32],
[56].

Several limitations should nevertheless be acknowledged. The intervention focused primarily on short-
term instructional outcomes, meaning that the sustainability of disaster preparedness behavior and environmental
decision-making could not yet be examined comprehensively. In addition, immersive geospatial learning
environments require adequate technological infrastructure, digital literacy, and teacher facilitation, which may
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influence implementation effectiveness across different educational settings. The simultaneous integration of GIS
analysis, AR visualization, and contextual problem-solving activities may also increase cognitive complexity for
some learners, particularly within resource-limited classrooms. These limitations indicate that the effectiveness of
immersive disaster education depends not only on technological innovation but also on pedagogical design and
institutional readiness.

Future studies are recommended to investigate the long-term impacts of immersive geospatial learning
on environmental behavior, adaptive decision-making, and disaster preparedness sustainability. Further research
may also explore the integration of Web GIS, mobile-based disaster learning applications, virtual simulations, and
collaborative community-based disaster projects to strengthen experiential and participatory disaster education.
Comparative studies involving different disaster contexts and educational levels may provide broader insights
regarding the effectiveness of immersive geospatial technologies in disaster education settings.

4. CONCLUSION

This study demonstrates that GIS- and AR-supported immersive geospatial learning significantly
improves students’ spatial literacy and flood preparedness compared to conventional geography instruction.
Students who participated in the intervention achieved higher posttest scores, greater learning gains (N-Gain =
0.67), and significantly better learning outcomes than those in the control group (p = 0.001; Cohen’s d = 1.02).
The integration of GIS-based spatial analysis, AR-assisted visualization, contextual flood case studies, HOTS-
oriented activities, and ecopedagogical learning effectively enhanced students’ abilities to interpret flood hazard
maps, analyze environmental relationships, identify vulnerable areas, and formulate contextual mitigation
strategies. The findings indicate that immersive geospatial learning provides meaningful, contextual, and student-
centered learning experiences that strengthen both spatial cognition and disaster preparedness competencies. The
high level of student satisfaction further confirms the attractiveness, usability, and contextual relevance of the
learning materials. Therefore, integrating GIS and AR technologies into geography and disaster education offers
a promising pedagogical approach for developing environmental awareness, critical thinking, and adaptive
preparedness among secondary school students. Future research should therefore investigate the long-term impacts
of immersive geospatial learning on preparedness behavior, environmental awareness, and adaptive decision-
making. Further exploration involving Web GIS, virtual simulation, mobile-based disaster learning, and
participatory community-based projects may provide broader insights into the role of immersive geospatial
technologies in strengthening disaster education across different environmental contexts and educational levels.
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