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The limited spatial thinking skills in students can be attributed to traditional geography 
instruction and the insufficient integration of technology-based learning tools. This 
research seeks to examine the impact of using Geopedia web media within web-
based learning on students’ spatial thinking abilities, specifically regarding lithospheric 
materials, at MA Ahmad Yani Jabung, Malang Regency. This research employs a 
quantitative method with a quasi-experimental framework, utilizing a one-group 
pretest-posttest design on a sample of 23 eleventh-grade students. The research tool 
consists of a multiple-choice test that has undergone validity, reliability, discrimination, 
and difficulty testing, and was subsequently analyzed using the Paired Sample T-Test. 
According to the results, there was an increase in the mean spatial thinking ability of 
students, demonstrating a notable difference before and after the intervention. 
According to the discussion, Geopedia web media proves to be more effective in 
improving students' spatial thinking skills. This is because it delivers a learning 
experience that is more engaging, visually rich, and context-based, enabling students 
to understand spatial concepts in a more profound and applicable manner than 
conventional methods.  
 
[Rendahnya kemampuan berpikir spasial siswa disebabkan oleh proses 
pembelajaran geografi yang masih didominasi metode konvensional serta kurangnya 
pemanfaatan media pembelajaran berbasis teknologi. Penelitian ini bertujuan untuk 
menganalisis pengaruh penggunaan media web Geopedia dalam pembelajaran 
berbasis web terhadap kemampuan berpikir spasial siswa pada materi litosfer di MA 
Ahmad Yani Jabung, Kabupaten Malang. Penelitian menggunakan pendekatan 
kuantitatif dengan desain eksperimen kuasi tipe one group pretest-posttest yang 
melibatkan 23 siswa kelas XI sebagai sampel penelitian. Instrumen yang digunakan 
berupa tes pilihan ganda yang telah melalui uji validitas, reliabilitas, daya pembeda, 
serta tingkat kesukaran soal. Selanjutnya, data dianalisis menggunakan teknik Paired 
Sample T-Test untuk mengetahui perbedaan kemampuan siswa sebelum dan 
sesudah perlakuan. Hasil penelitian memperlihatkan bahwa kemampuan berpikir 
spasial siswa secara rata-rata naik, serta ditemukan perbedaan yang signifikan pada 
kondisi sebelum dibandingkan dengan sesudah perlakuan. Media web Geopedia 
lebih unggul dalam meningkatkan kemampuan berpikir spasial siswa dibandingkan 
pembelajaran konvensional. Keunggulan ini berasal dari pengalaman belajar yang 
lebih interaktif, visual, dan kontekstual yang disediakan.] © The Authors. 
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1. Introduction 
Geography as a discipline basically studies geosphere phenomena by emphasizing the 

relationship between elements systematically and comprehensively. The objective of geographical 
material focuses on the specific characteristics of a phenomenon that is studied thoroughly [1], [2], [3]. 
Singh [4] explains that geographic material objects are vast and include the geosphere consisting of 
the lithosphere, atmosphere, hydrosphere, biosphere, pedosphere, and anthroposphere. Given that 
the lithosphere is a highly important object of study in this component, it needs to be embedded into 
the geography teaching and learning process. The material studied in this context is related to the 
geological and geomorphological processes that play a role in the physical formation of the Earth [5], 
[6], [7], [8]. The study of geography also concentrates on the processes of the lithosphere and their 
consequences for human life. Vasconcelos and Orion [9] emphasized that learning activities such as 
observation, scientific communication, report preparation, problem identification, and the formulation of 
solutions to the impact of lithospheric dynamics are important parts of achieving basic competencies. 

Understanding geography requires adequate spatial thinking skills. A deep mastery of the 
concept of geography encourages the emergence of innovations in the learning process [10], [11], [12], 
[13]. In this case, teachers are required to develop creativity so that learning can take place more 
effectively and efficiently [14], [15]. These efforts are directed at improving students' spatial thinking 
skills, which have an important role in understanding geographical phenomena contextually [16], [17]. 
Purwanto et al. [18], Nursa'ban et al. [19], and McLaughlin & Bailey [20] state that improved spatial 
thinking skills enable students to recognize geographic environments, understand the characteristics 
of regions, master spatial aspects, and contribute to regional management and planning. 

Despite this, various studies demonstrate that students continue to have relatively poor spatial 
thinking skills. Salam et al. [21] and Adzani et al. [22] reported that the average spatial thinking ability 
of students was in the low category, namely 53 and 56.4, respectively. According to the findings, these 
low outcomes stem from conventional geography learning being the primary approach, alongside 
teachers' minimal utilization of technology. In line with that, Alvia et al. [23] It was found that more than 
50% of students have very low spatial thinking skills due to the lack of optimal development of 
comprehensive spatial analysis tools. This circumstance causes learners to have a limited grasp of just 
one area, but they encounter challenges in examining other areas owing to the insufficient spatial skills 
acquired in the classroom setting. 

Preliminary observations of grade X Geography learners at MA Ahmad Yani Jabung, Malang 
Regency, indicated that only 57% of the 60 students were able to reach the average score on the 
indicator measuring spatial thinking ability. This condition is influenced by teacher-centered learning, 
where the delivery of material is dominated by lecture methods and examples of spatial analysis 
questions in the absence of students' active engagement. Additional factors that impair the cultivation 
of students' spatial thinking include a scarcity of learning projects, weak student initiative in handling 
tasks, and the underuse of educational media. 

As an effort to overcome these problems, the use of web-based technology is one of the 
alternatives that can be applied [24], [25]. It is widely believed that employing technology in education 
positively influences learning results. Web media has various advantages, including improving learning 
outcomes [26], [27], increasing interest in learning [28], [29], increasing cognitive comprehension [30], 
[31], and increasing students' creativity [32]. However, research on the specific effect of web learning 
on spatial thinking skills is still limited. The purpose of this research is to determine the effect that web 
learning has on spatial thinking skills. In addition, this study is relevant to the achievement of 
Sustainable Development Goal (SDG) 4 on Quality Education, particularly in promoting effective, 
inclusive, and technology-based learning. The integration of web-based learning in geography 
education can support the development of students’ spatial thinking, digital literacy, and active learning 
participation as essential competencies in 21st-century education. Therefore, this research contributes 
not only to geography learning innovation but also to broader efforts to improve the quality of education 
through digital learning environments. 

 
 

2. Method 
This type of research uses a quantitative approach with a quasi-experimental design to 

determine the influence of Geopedia web media on students' spatial thinking skills [33]. As illustrated 
in Table 1, the research utilizes a One Group Pretest Posttest design. 
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Table 1. Design One Group Pretest-Posttest 
Pretest Treatment Posttest 

O1 X O2 

Source: Creswell & Creswell [34]  

Description: 

O1 : Pretest is given before treatment 
O2 : Posttest is given after treatment 
X : Learning with Geopedia web media through the Problem Based Learning model 

 
This research was conducted at MA Ahmad Yani Jabung, Malang Regency in the 2023/2024 

school year. MA Ahmad Yani Jabung was chosen because it is located in the Malang Regency area 
with a rural environment that has distinctive social and geographical characteristics, is close to hilly 
or mountainous areas in the eastern Malang region, and has easy access for researchers so as to 
support the smooth data collection process without significant obstacles. The research sample is 
class XI which totals 23 students using the purposive sampling method based on cognitive results 
related to the technological ability that is important. 

The instrument for assessing students' spatial thinking ability uses test questions. The form 
is a multiple-choice question of 12 items based on indicators: spatial interaction, scale, application, 
representation, analysis, and comprehensive [35]. Before being used for data collection, test 
questions were tested 1) validity with the product moment correlation technique; 2) reliability with 
Cronbach's Alpha; 3) the power of differentiating questions; and 4) the difficulty level of the question 
[36]. 

The test instruments measuring students' spatial thinking skills were first evaluated through 
validity, reliability, item discrimination, and difficulty level analyses. The outcomes of the validity and 
reliability assessments are provided in Table 2. 

 
Table 2. Validity and Reliability Results of Spatial Thinking Questions 

No 
Validity Test Reliability Test 

T count T table Decision  Cronbach's Alpha Decision 

1 0.675 0.2960 Valid 

0.718 Reliabel 

2 0.641 0.2960 Valid 
3 0.478 0.2960 Valid 
4 0.472 0.2960 Valid 
5 0.492 0.2960 Valid 
6 0.422 0.2960 Valid 
7 0.460 0.2960 Valid 
8 0.400 0.2960 Valid 
9 0.566 0.2960 Valid 

10 0.417 0.2960 Valid 
11 0.424 0.2960 Valid 
12 0.467 0.2960 Valid 

 
Table 2 indicates that all 12 spatial thinking test items obtained calculated T-values 

exceeding the critical value of 0.2960, which confirms that the items are valid. In addition, the 
Cronbach’s Alpha coefficient of 0.718, which is higher than 0.7, suggests that the instrument has 
acceptable reliability. Furthermore, the results of the item discrimination and difficulty level analysis 
are presented in Table 3. 

 
Table 3. Differentiation and Difficulty Test of Spatial Thinking 

No 
Differentiation Test Difficulty Level Test 

Index Criteria Indeks Criteria 

1 0.675 Effective 0.53 Medium 
2 0.641 Effective 0.60 Medium 
3 0.478 Effective 0.57 Medium 
4 0.472 Effective 0.60 Medium 
5 0.492 Effective 0.67 Medium 
6 0.422 Effective 0.83 Easy 
7 0.460 Effective 0.47 Medium 
8 0.400 Effective 0.60 Medium 
9 0.566 Effective 0.63 Medium 

10 0.417 Effective 0.70 Medium 
11 0.424 Effective 0.60 Medium 
12 0.467 Effective 0.67 Medium 
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According to Table 3, the average item discrimination index is declared effective, which 
means the questions are categorized as Good Questions. Moreover, the difficulty test findings 
demonstrate that 11 questions are at a moderate difficulty level, and one question is rated as easy. 

Before conducting the main analysis, prerequisite tests including normality and homogeneity 
were carried out, with a significance threshold of greater than 0.05. The treatment effect was 
subsequently evaluated using a Paired Sample T-Test, applying a significance level of less than 
0.05. All statistical analyses were performed using SPSS version 23.0 for Windows. Hypothesis 
testing was conducted based on students’ spatial thinking ability scores, and the results are 
presented in the following section. 

H0: No difference exists in students' spatial thinking skills prior to and following the use of 
Geopedia web media during instruction. 
H1: A difference exists in students' spatial thinking skills prior to and following the use of 
Geopedia web media during instruction. 
 

 
3. Results 

The implementation of the use of Geopedia in hybrid learning with the application of the PBL 
model. The learning steps follow the PBL learning syntax, namely 1) student orientation to the 
problem; 2) student organizations on problems; 3) observation and investigation; 4) presentation of 
the results of problem solving; and 5) evaluation of the problem-solving process [37]. The following 
is the learning in class presented in figure 1 as follows. 

 

 
Figure 1. Implementation of Learning in the Classroom 

 
Then, a comparison of the experimental and control class learning outcomes data in this 

study can be seen in Figure 2 below. 
 

 
Figure 2. Students' Spatial Thinking Ability Data 

 
The learning outcome data in figure 2 shows that the average result of spatial thinking skills 

before using Geopedia web media is 57.94. Furthermore, the average result of spatial thinking ability 
after using web learning was 80.95. Thus, the improvement in spatial thinking skills from before to 
after the use of web-based learning was 23.02 points. It can be concluded that the web learning 
media developed has successfully assisted students in enhancing their spatial thinking abilities. 
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Then, the percentages of various indicators used to measure spatial thinking skills are also 
presented in Figure 3. 

 

 
Figure 3. Spatial Thinking Indicator Percentage Data 

 
Based on Figure 3, data from the spatial thinking indicator shows that the application 

indicator obtained the highest score, which is 62%. This indicates that the participants' ability to apply 
spatial concepts is at a very good level. In contrast, the indicator that obtained the lowest score was 
the analysis, with a value of -5%. These values indicate significant difficulties in spatial analysis skills, 
where participants may experience challenges in decomposing, understanding, and evaluating more 
complex spatial relationships. 

Prior to the effectiveness analysis, normality and homogeneity tests were performed on the 
learning outcome data. A paired sample t-test was subsequently used to evaluate the effectiveness 
of the treatment. The outcomes of the normality test are presented in Table 4, while the results of 
the homogeneity test are shown in Table 5. 

 
Table 4. Normality Test Results 

Tests of Normality 
 

Results 

Shapiro-Wilk 

Statistic df Sig. 
Spatial Thinking Pretest .917 21 .076 

Posttest .911 21 .057 

 
Table 5. Homogeneity Test Results 

Test of Homogeneity of Variance 

 Levene Statistic df1 df2 Sig. 
Spatial Thinking Based on Mean .041 1 40 .840 

Based on Median .027 1 40 .869 
Based on Median and with 

adjusted df 
.027 1 36.723 .870 

Based on trimmed mean .042 1 40 .838 

 
Based on table 4, the results of the normality test using Shapiro Wilk were due to the number 

of respondents being less than 100 [38]. The results obtained sig 0.076 > 0.050 in the pretest results 
and sig 0.057 > 0.05 in the posttest results so that it was concluded that the gain score value in 
spatial thinking skills was normally distributed. Referring to Table 5, the significance value of 0.840 
exceeds the threshold of 0.050, suggesting that the gain scores of spatial thinking ability fulfill the 
requirement for homogeneity of variance. A subsequent analysis of the difference between pretest 
and posttest spatial thinking outcomes was then performed, the results of which are summarized in 
Table 6. 
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Table 6. Paired Sample T-Test Results 

 Based on the t-test results in Table 6, the obtained significance value is 0.000 (< 0.050), 
leading to the rejection of H0. Consequently, it can be concluded that there is a significant difference 
in spatial thinking ability between students who utilized Geopedia web media and those who did not 
employ web-based learning media. Web media development products are effective in improving 
spatial thinking skills, Geography, especially lithosphere materials. 
 

 
4. Discussion 

Based on the results of the analysis, the researcher found that the spatial thinking ability of MA 
Ahmad Yhani Jabung students was influenced by teaching geography through web media. The 
results showed that web-based learning was better than conventional model learning which 
consisted only of discussions, lectures, and questions and answers. Therefore, the model uses web 
learning media better than conventional models to teach students spatial thinking which makes 
students have overall spatial thinking skills.  Web-based learning provides a variety of interactive 
tools and visualizations that help students understand spatial concepts more clearly and deeply. 
 Research shows that there is a difference in spatial ability based on conventional learning 
models and web-based models [39], [40], [41]. These results strengthen the research by Syaviar [42] 
who stated that some students in Kediri Regency have good spatial thinking skills because they are 
influenced by learning using cutting-edge learning technology. Furthermore, this study underscores 
the importance of innovation in teaching methods to improve the quality of learning. The research 
conducted by Hulu & Dwiningsih [8] and Kutor et al. [9] Revealed, through the adoption of technology 
and more modern approaches, such as e-learning, teachers can create a more dynamic learning 
environment and support the development of cognitive skills and spatial thinking. This is not only true 
for spatial abilities, but it can also impact a variety of other aspects of a student's academic and 
personal development.  
 Furthermore, of the indicators of spatial thinking that include spatial interactions, scale, 
application, representation, analysis, and comprehensiveness, the indicator that shows the highest 
value is application. [45] [45] revealed that this is because the app's ability reflects participants' skills 
in applying spatial concepts practically in real-world situations, such as solving spatial problems or 
applying spatial principles in various contexts. This is supported by Choiri et al. [46] that this ability 
is often easier to master than other indicators, such as analysis or representation, which demand a 
more in-depth and abstract understanding of spatial relationships. 
 The advantages of these application indicators can also be attributed to a more focused 
approach to learning and concrete tasks, which makes it easier for participants to connect theory 
with practice [47]. Indicators such as analysis and representation tend to require more critical and 
abstract thinking skills, which may be challenging for some participants. The difference in 
achievement between these application indicators and other indicators shows that aspects of spatial 
thinking require a diverse approach in the teaching process, so that all aspects can be mastered in 
a balanced manner. 
 This research is corroborated by Edgar Dale's theory which states that web-based learning 
can provide virtual experiences that are close to reality through simulations, animations, and 
interactivity [48]. In the context of this study, the integration of web-based learning facilitated 
students’ active engagement with spatial concepts through simulations, animations, and interactive 
exploration. Such features allowed students not only to observe geographic phenomena visually but 
also to interact with learning materials in ways that are difficult to achieve through conventional 
lecture-based instruction. The increased student participation and improved conceptual 
understanding observed during the learning process indicate that virtual learning experiences can 
reduce the abstract nature of spatial concepts and promote deeper cognitive processing. These 
findings suggest that Dale’s theory remains relevant in contemporary digital learning environments, 
particularly in geography education where visualization and spatial interaction play a crucial role in 
concept comprehension. 

Paired Samples Test 

 

Paired Differences 

t df 
Sig. (2-
tailed) Mean Std. Deviation 

Std. Error 
Mean 

95% Confidence Interval of 
the Difference 

Lower Upper 

Spatial 
Thinking 

Pretest - 
Posttest 

-80.000 9.555 2.085 -84.349 -75.651 -38.368 20 0.000 
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 In addition, Brown [14] and Johnson et al. [15] Explains that web-based learning platforms 
allow for efficient online collaboration, where students can work in teams to complete projects that 
require spatial thinking. Features such as collaborative workspaces, discussion forums, and 
document sharing tools allow for real-time interaction and collaboration even when students are in 
different locations. Aliman et al. [51] He said that good geography learning also engages students in 
contextual interaction with learning support technology so that students can learn more about the 
surrounding world. 
 The research conducted by Yani et al. [52] that there is a decline in spatial thinking skills, 
geography is less innovative in learning. Another study in Vietnam also stated that because spatial 
questions and concepts in geography textbooks contain fewer spatial components compared to non-
spatial components [53]. In addition, the reality in the field was found that the percentage of grade 
XII students in Bengkulu was around 43.55% who had sufficient spatial thinking skills, and only about 
38.71% had mastery of spatial geography skills in students [54]. This shows how important 
technological innovation is in learning. Developing and adopting new methods and technologies, 
such as web-based learning, can create a more effective and engaging educational environment for 
students [55], [56], [57], [58], [59]. Innovation in learning not only helps students understand the 
subject matter better, but also prepares them to face real-world challenges with relevant and up-to-
date skills 
 It can be inferred from this that the implementation of a web-based learning media model is 
claimed to foster the development of students' spatial thinking abilities in the context of Geography 
subject matter. Learning that tends to make students active has an emphasis on students' thinking 
ability on well-fulfilled material, which is known from the results of research that shows that classes 
using web learning media have a greater average score than conventional model classes. 
 

 
5. Conclusion 

The findings of this study indicate that the use of Geopedia web media within a web-based 
learning approach based on the Problem Based Learning (PBL) model effectively enhances 
students' spatial thinking abilities. This conclusion is supported by the noticeable improvement in 
students’ scores from pretest to posttest, as well as the results of the paired sample t-test, which 
reveal a statistically significant difference between measurements before and after the treatment. 
Indicator level analysis revealed that the application dimension achieved the highest scores, whereas 
the analysis dimension remained a relative weakness requiring further instructional attention. 
Consequently, while the integration of web-based learning media comprehensively enhances spatial 
thinking abilities, additional emphasis on higher order thinking skills is necessary to attain more 
optimal learning outcomes. 

The main limitation of this study is related to the research design, which involved only one 
class without the inclusion of a broader comparison group. As a result, the findings of this study 
cannot be generalized more widely. Another limitation is that the study was implemented in only one 
school in Malang Regency, thus the contextual applicability of the findings is restricted to the 
particular attributes of that site. In addition, the learning materials used only focus on the lithosphere, 
so they have not yet described the effectiveness of Geopedia web media on other more diverse 
geography materials. Another constraint of this study is the relatively limited research period, 
preventing a comprehensive assessment of the long-term impact of media utilization. Therefore, 
further research is recommended to expand the scope of the sample to several schools, develop the 
use of various geographical materials, improve the interactive features and visual design of Geopedia 
web media, and extend the duration of the study so that the results obtained are stronger, consistent, 
and can be generalized more widely. 
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