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Abstract

The purpose of this study is to determine the spatial thinking ability of high school students using
indicators from Sharpe-Huynh model. These indicators include analysis, spatial interaction, scale,
representation, comprehensiveness, and application. Furthermore, this study examined the effect of
Earthcomm learning on student’s spatial thinking ability. This study research employs a
quantitative study, utilizing a quasi-experimental design with a non-equivalent control group. The
study is conducted among school students in Padang City, West Sumatera Province, Indonesia. The
research population consisted of 287 students, divided into eight research groups. Data on students'
spatial thinking ability were collected through the Sharpe-Huynh model of spatial thinking ability
test. Before further analysis, the data were assessed for normality and homogeneity. The
experimental group utilized earth science in the community (Earthcomm) learning model, while
the control group employed conventional learning. The research data were analyzed using Mann-
Whitney U test. The findings revealed that the spatial thinking ability of high school students ranged
from low to moderate. The Earthcomm learning model demonstrated a significant impact in
improving spatial thinking skills. The impact of Earthcomm learning on enhancing spatial thinking
abilities among high school students is elaborated in the following article.

Keywords: Earthcomm learning, geography learning, spatial thinking.

Introduction

A comprehensive exploration of geography education should inherently include spatial thinking
(Hammar et al., 2021). Spatial thinking ability refers to an individual's capacity to comprehend
and integrate spatial objects through spatial concepts, representational tools, and cognitive
processes (Aliman et al., 2019). Spatial thinking abilities are critical for surviving in the
millennium era (Flynn, 2018). Furthermore, spatial thinking plays a pivotal role in enabling
successful STEM learning (Johnson & McNeal, 2021; Uttal & Cohen, 2012). Spatial thinking
skills also play a major role in supporting students' proficiency in learning geography (Gold et al.,

2018). However, spatial thinking abilities often do not receive primary emphasis in geography
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education (Juliasz, 2021; Kim & Bednarz, 2013). This is evidenced by students' deficiency in
spatial thinking abilities, particularly geographic literacy skills (Imaniar et al., 2021; Kamil et al.,
2020; Metoyer & Bednarz, 2017; Nhlumayo & Mofokeng, 2023; Sudatha et al., 2018; Utami &
Zain, 2018). The lack of spatial thinking aspects in geography textbooks is the cause of the low in
spatial thinking ability of high school students (Ridha et al., 2019).

Even in the past 50 years, the research of spatial thinking has progressed by only 8% (de Queiroz,
2021). The limited spatial thinking among students has been linked to low geography learning
outcomes (Amin et al., 2020; Nhlumayo & Mofokeng, 2023). Spatial thinking skills are aimed at
assisting students in understanding environmental conditions and solving environmental issues
(Purwanto et al., 2021). Upon entering their career, students can leverage their spatial thinking
abilities to effectively utilize geospatial technologies (Alajmi, 2021; Metoyer & Bednarz, 2017;
Wijayanto et al., 2023), including determining regional spatial planning policies (Boonen et al.,
2014; Hammar et al., 2021).

Spatial thinking abilities can be improved through training and educational approaches designed
to support these skills among high school students (Aliman et al., 2019). Various research has
investigated the effectiveness of learning geography and earth in increasing spatial thinking
abilities and geographic literacy. These research efforts encompass diverse approaches such as the
application of Web GIS Learning (Kim & Bednarz, 2013; Santoso et al., 2021), learning
geography for enhancement of geographic literacy (Kamil et al., 2020; Zid & Casmana, 2021),
earth science in the community (Earthcomm) learning in increasing environmental awareness of
high school students (Prastiyono et al., 2021), improving spatial ability and geography learning
outcomes through problem-based hybrid learning (Amin et al., 2020), Earthcomm learning in
developing high school students' motivation and spatial abilities (Hidayat et al., 2017), geographic
literacy in improving high school students' spatial intelligence (Utami & Zain, 2018), outdoor
study learning in improving students' spatial thinking abilities (Aliman et al., 2019). However,
research pertaining to the utilization of Earthcomm learning to enhance high school students'
spatial thinking abilities remains limited. Therefore, this study aimed to determine the effect of

Earthcomm learning on the spatial thinking skills of high school students.
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Research questions
What is the impact of Earthcomm learning on spatial thinking abilities as assessed through

indicators like analysis, representation, scale, application, spatial interaction, and comprehensive?

Hypothesis

The hypotheses presented in this study are formulated based on the research questions as follows:

HO = There is no significant difference in students' spatial thinking ability based on indicators such
as analysis, representation, scale, application, spatial interaction, and comprehensiveness
when exposed to Earthcomm learning.

H1 = There are significant differences in Earthcomm learning concerning students' spatial thinking
ability, as indicated by the analysis, representation, scale, application, spatial interaction,

and comprehensive

Literature Review

Spatial Thinking

Spatial thinking entails human reasoning's capacity to participate in complex cognitive processes
involving spatial phenomena on earth (Aliman et al., 2019; Bednarz, 2015). Cognitive abilities
used in spatial thinking have been developed by several experts. Furthermore, indicators of spatial
thinking encompass analysis, spatial interaction, scale, comprehensiveness, application, and
representation (Huynh & Sharpe, 2013). Cogpnitive abilities can systematically develop every day
through a number of lessons, particularly in the field of geography (Juliasz, 2021; Polat, 2020).
Teachers can acquire and foster spatial thinking abilities through the study of geography (Pilato et
al., 2023). One approach to facilitating this development involves integrating student activities
within the classroom, laboratory, and practical experiences in their surrounding environment
(Cortés Loyola et al., 2020).

Furthermore, the taxonomy of spatial thinking has been expanded to encompass spatial
representation, spatial reasoning and spatial concepts (Jo et al., 2010). However, this study
employed the indicators of spatial thinking from the Sharpe and Huynh model due to their intricate

nature, making them suitable for potential development into spatial thinking test instruments.
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Earthcomm Learning

Many geography lessons have the potential to enhance spatial thinking abilities and geographic
literacy, including outdoor learning (Prastiyono et al., 2021), earth science in the community
(Earthcomm) (Carpenter & Hoover, 2019; Hidayat et al., 2017), utilizing large travel maps
(Fleming & Mitchell, 2017), learning geography literacy (Kamil et al., 2020; Utami & Zain, 2018),
engaging in experiential based learning (Flynn, 2018), employing short online learning and
exercises (Gold et al., 2018), utilizing GIS learning (Kim & Bednarz, 2013; Mkhize, 2023),
implementing PBL-GIS (Romadlon et al., 2021), incorporating augmented reality (AR) sandbox
(Johnson & McNeal, 2021).

Among the methods for developing spatial thinking abilities in geography, earth science in the
community (Earthcomm) learning model offers several advantages over alternative methods.
Earthcomm learning surpasses other learning methods due to its emphasis on the experiential
process that students undergo (Hidayat et al., 2017; Prastiyono et al., 2021; Ningrum & Kholiq,
2018). Earthcomm learning not only evaluates students within the cognitive domain, but also
assesses their problem-solving skills (Carpenter & Hoover, 2019). Moreover, Earthcomm learning
empowers students to collaboratively establish assessment criteria (Aliman et al., 2019; Hidayat
etal., 2017).

Earthcomm learning can be implemented in schools located in non-urban areas (Park, 2001) and
is not dependent on internet access such as learning short online learning (Gold et al., 2018). A
challenge associated with Earthcomm learning the demand for additional time, as it involves
learning both inside and outside the classroom (Aliman et al., 2019; Carpenter & Hoover, 2019).
Earthcomm learning was formulated under the constructivism paradigm, centering on cultivation
of students' comprehension through learning experiences (Aliman et al., 2019; Park, 2001).
Along with the constructivism paradigm, the challenge, think about it, and investigation sessions
reinforce the cognitivism paradigm by requiring students to utilize their cognitive abilities for
problem-solving and conducting investigations (Polat, 2020). During the investigative learning
stage, where students delve deeper and inquire extensively, they can acquire indirect exposure to
problem identification and resolution. This can heighten students' awareness and concern
regarding issues within their immediate environment (Amin et al., 2020).

These learning stages also align with the behaviorism paradigm established by Edward Thorndike,

as they emphasize the cultivation of positive attitudes and behavior formation (Mc Leod, 2018).
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Examining the correlations among educational models unveils the potential of Earthcomm learning
to enhance students' spatial thinking abilities within a theoretical framework.

Spatial thinking skills can flourish when geography education transcends mere theoretical
instruction and actively engages students in diverse fieldwork and assignments, employing GIS to
acquaint them with their local environment (Mkhize, 2023a; 2023b).

Method
Research Design
This study employs a quantitative research approach, utilizing a quasi-experimental design with a
pretest and posttest control group design model. The independent variable is the Earthcomm
learning model, and the dependent variable is spatial thinking abilities, consisting of six indicators:
analysis, comprehensiveness, spatial interaction, scale, representation, and application. Analytical
abilities empower students to investigate natural phenomena and their interactions with human
activities. Representation ability involves the skill to decipher diverse symbols on maps, aerial
photographs, and satellite images.
The development of comprehensive ability necessitates students’ capacity to identify relationships,
patterns, and interactions among different natural events, enabling them to formulate conclusions.
Application ability entails using technology or software to conduct observations, surveys, and
interpretations of maps, aerial images, and satellite photos. Scale pertains to the skill of measuring
and comparing patterns, forms, similarities, and differences among natural events.
Spatial interaction ability pertains to the cognitive capability of analyzing and comprehending the
relationships among different natural events. This capability encompasses recognizing the primary
causes and effects of these phenomena, along with assessing the pros and cons associated with
their relationships (Huynh & Sharpe, 2013). The research outline is illustrated in Figure 1 below.
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Figure 1. Research Flowchart

Notes:
X1 = Earthcomm learning model
X2 = Conventional learning model

Y1 = Spatial thinking abilities

Table 1
Experimental Class and Control Class Research Design
Pretest Group Posttest
01 X1-Y1 02
03 X2-Y2 04

Notes:

01, O3= Pretest (spatial thinking ability)

02, O4= Posttest (spatial thinking ability)

X1 = Earthcomm learning model (experiment class)
X2 = Conventional learning model (control class)
Y1 =Class X 1IS3

Y2 =Class XIS 2

Experimental research applies Earthcomm learning in the experimental group and conventional
learning in the controlled group. The test instrument was developed using spatial thinking
indicators as outlined by Huynh and Sharpe (2013), which were subsequently developed by the
researchers into 18 questions.

The instrument utilized to measure spatial thinking abilities requires evaluation for validity and

reliability evaluation both before the pretest and posttest. The spatial thinking ability instrument
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consists of 18 questions, categorized by indicators: Analysis (4 questions), Comprehensive (4
questions), Application (4 questions), Spatial Interaction (2 questions), Scale (2 questions), and
Representation (2 questions).

The instrument underwent initial content validity testing by an expert in geography education from
the Malang State University, Indonesia. The instrument derived from the six indicators is
subsequently assessed by an expert using the following assessment criteria:

The assessment included evaluating the alignment between the indicators and the item grid and
items, ensuring compatibility between the test items and the level of cognitive thinking, verifying
compatibility between the questions and high-order thinking skills, the compatibility between the
questions and the environment of students, confirming the accuracy of concepts presented in the
questions, maintaining language consistency with guidelines while maintaining communicative
effectiveness, and ensuring clarity of sentence interpretation to prevent miscommunication among
students.

The assessment conducted by the expert confirmed validity of the instrument in validity in
effectively collecting data pertaining to students' spatial thinking abilities. Afterward, the
instrument's reliability was evaluated with 75 students, yielding a Cronbach's alpha score of 0.735.

This score signifies that the instrument is dependable for utilization within the research group.

Study Sample

The research subject is public high school students in the city of Padang, West Sumatra Province,
encompassing a total of 16 schools. These schools employ a selection method based on the average
entrance test scores for high school students, as determined by national standardized test scores.
Participants are provided the opportunity to choose three schools through an online selection
process. In the first option, students are arranged based on their average test scores, subsequently
ranked and adjusted according to capacity.

If the participant does not succeed in their first school choice, they are considered for the second
school choice, and if needed, for the third school choice. Participants who do not succeed in these
three choices are then provided the opportunity to opt for a private high school.

Derived from the selection process, the average outcomes of the selection for 2019 high school

class X students are presented in Figure 2.
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Figure 2. Student's Maximum and Minimal Score to be Accepted in Senior High School (SHS) at Padang City

Figure 2 displays the highest and lowest scores achieved in national exam by senior high school
students in Padang city. The senior high schools that admitted students with intermediate exam
scores ranging from 63 to 65 were SMAN 11 Padang, SMAN 13 Padang, SMAN 14 Padang,
SMAN 15 Padang, and SMAN 16 Padang. Among these, SMAN 15 Padang exhibited the smallest
gap score in comparison to all the other senior high schools included in this study, with a gap score
of 2.07. This suggests that students possess relatively similar overall abilities.

The initial criterion for evaluating the homogeneity of the research sample is the similarity in
abilities among the students. Therefore, SMAN 15 Padang was selected as the research location.
The research population comprised 287 students from grade 10 (grade X) of SMAN 15 Padang
(Public Senior High School), West Sumatra Province, Indonesia. The students were selected from
a total of eight classes.

Furthermore, two classes (X 1IS 2 and X 11S 3) were selected as the research sample employing
purposive sampling technique. Students from these classes exhibit similar abilities, particularly in
geography learning outcome. The s learning outcome scores of students at SMAN 15 Padang are
detailed in Table 2.
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Table 2
Average Geography Learning Outcomes of Grade X Students in SMAN 15 Padang

Cliss e Femal arning outtome. _ Research group

XMIA 1 15 21 36 87.69 -

X MIA 2 13 23 36 84.73 -

X MIA 3 11 24 35 86.29 -

XMIA 4 16 20 36 81.85 -

X MIA 5 18 18 36 85.61 -
XIS 1 20 16 36 78.21 -
XS 2 18 18 36 79.24 Control
X 1S3 21 15 36 79.89 Experiment

Total 132 155 287 82.94 -

Notes:

X MIA = Grade X science class
X 1IS = Grade X social class

According to Table 2, the average geography learning outcomes of students at SMAN 15 Padang
is 82.94. The classes with the most notable variations in average geography learning outcomes
were class X 11S 2 and class X IS 3. The two classes, which were assessed to have slightly different
outcomes in geography learning, were considered to have the same cognitive ability. This suggests

that the two classes exhibit similarity in terms of geography learning outcome.

Data Collection Tools

Data collection techniques in this study involve the use of tests, which include a pretest and a
posttest. These tests are designed in the format of a spatial thinking test instrument. The researcher
utilizes Google Form to gather data for both the pretest and posttest. The test instrument was
distributed among a total of 72 students with 36 in the control class and 36 in the experimental
class. Students were allocated 60 minutes as the time limit to complete the test instrument.

The researchers implemented measures to minimize any interference from external factors in the

classroom during data collection for the pretest and posttest. The Sharpe-Huynh model was tested
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for the validity and consistency (Aliman et al., 2019). Moreover, the instrument can serve to gather

pretest and posttest data from research participants in both the experimental and control groups.

Data Analysis

The pretest and posttest values of spatial thinking skills were subsequently tested for normality
and homogeneity using SPSS software. The normality test was performed to identify the
distribution of data within the study group. The independent t-test analysis can be used when the
data follows a normal distribution in parametric tests. Mann-Whitney U test analysis serves as a
non-parametric alternative for data with irregular distribution. Subsequently, a homogeneity test

is employed to assess data distribution variance.

Research Process

The study was conducted within two groups: which underwent conventional learning, and the
experimental group, which adopted Earthcomm learning. Students in both the control and
experimental groups receive instruction from the same teacher and are closely monitored by
researchers to ensure alignment between their learning and the syntax of the Earthcomm learning
model, as well as conventional learning models.

After each session, teachers and researchers partake in discussions and reflective activities
concerning the learning process. Conventional learning involves methods such as lectures,
question and answer sessions, discussions, and presentations. Also, Earthcomm learning applied

learning steps illustrated in Figure 3.
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Figure 3. Stages of Learning Earthcomm (Source: Author's modification, 2022)

The stages of experimental research are shown in Table 3.

Table 3
Learning Activities in Experimental Group and Control Group

Learning Meeting

Week 1 2 3 4 5
LearningSession. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o 01 Experimental 02
Activity
Control 02

01

Information:
O: = Spatial thinking ability assessment (pre-test)
O2 = Spatial thinking ability assessment (post-test)

Public Senior High Schools in Indonesia are categorized into three grades. The initial year is
referred to as class X, the second year as class XI, and the final year as class XII. Furthermore, the
school divided the study program into IS or social study program and MIA or science study
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program. Earthcomm learning was implemented in class X 11S 3, while conventional learning was
employed in class X IIS 2.

This research was conducted over a span of five weeks, from September 3, 2019, to October 6,
2019. The study focused on the geography subject, specifically covering fundamental concepts of
mapping, remote sensing, and geographic information systems. Each lesson lasted for 135 minutes.

Results
Spatial Thinking Ability
Both the controlled and experimental groups were administered the same spatial thinking ability
test, which had been validated prior to the implementation of Earthcomm learning and
conventional learning. Each question in the test carried a maximum score of 4 and a minimum
score of 0.
The allocated time for completing the test is 60 minutes, and it consists of 18 questions. The pretest
and posttest scores of students' spatial thinking abilities are presented in Table 4.

Table 4
Pretest and Posttest Results of Spatial Thinking in Research Groups
Indicator of Improvement
) o Class Pretest Post-test
spatial thinking Score %
) Control 1.370 2.074 0.704 51,39
Analysis .
Experiment 2.107 2.571 0.464 22,02
] Control 1.259 1.963 0.704 36,85
Comprehensive )
Experiment 1.929 2.321 0.393 20,37
o Control 2.037 2.630 0.593 29,11
Application ]
Experiment 2.286 3.357 1.071 46,85
] ] Control 0.407 1.037 0.630 154,8
Spatial Interaction ]
Experiment 1.107 1.857 0.750 67,75
Control 1.037 1.148 0.111 10,70
Scale ]
Experiment 0.714 1.607 0.893 125,1
Control 1.148 1.889 0.741 64,54

Representation ]
Experiment 1.143 2.500 1.357 118,7
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Table 4 shows that the pretest and posttest, each contain six indicators of spatial thinking.
Analyzing the data presented in Table 2 shows a noticeable rise in the values of each indicator,
observed between the pretest and posttest. The improvement section displays the scores and
percentage components. The six indicators of spatial thinking developed by Huynh and Sharpe
(2013) effectively gauge the thinking ability of high school students.

This test was developed by tailoring it to the cognitive abilities of high school students. Drawing
from Piaget's theory, students aged 14-17 are considered to have reached the formal operational
stage, encompassing spatial thinking and attaining abstract and logical thinking skills (Bond,
2005). In the experimental class, both the scale and representation indicators exhibited a significant
average score increase. The Scale indicator demonstrated a rise of 0.893, translating to a 125.1%
increase between pretest and posttest scores.

The representation indicator displayed an increase of 1.357, reflecting a 118.7% increase between
pretest and posttest scores. Additionally, within the experimental group, the Comprehensive
indicator of spatial thinking showed a minor improvement in average score.

The comprehensive indicator's average score in the experimental class saw an increase of 0.393,
equivalent to a 20.37% improvement. The comparison of average scores across the indicators

between the experimental and control groups is illustrated in Figure 4.

100.0
92.9
%00 83.9 83.3
80.4
70.0 654 65.7 B
64.3 64.3 63.0
60.0 571 55.4 57.4 |
52.7 519 50.9 5.9 519
50.0 +——— — |
42.0
, 38.338.1 |
400 7343 -
30.0 - — —
20.4
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Pretest ‘ Postest ‘ Pretest ‘ Postest ‘ Pretest ‘ Postest ‘ Pretest ‘ Postest ‘ Pretest ‘ Postest ‘ Pretest ‘ Postest
Analysis ‘ Comprehensive Application ‘Spatial Interaction‘ Scale ‘ Representation

m Control ' Experiment

Figure 4. Comparison of Pretest and Posttest Scores Based on Spatial Thinking Indicators
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As depicted in Figure 4, a comparison was made between the scores of each spatial thinking
indicator during the pretest and posttest for both research groups. In the pretest phase, the control
group exhibited the lowest average score among spatial thinking indicators, which was 20.4.

In the control group, the Application indicator achieved the highest average score of 51.9, whereas
in the experimental group during the pretest, the Scale indicator attained the lowest average score
of 35.7. During the pretest, the comprehensive indicator recorded the highest average score within
the experimental group, reaching a value of 64.3.

Following the posttest, the Analysis and Spatial Interaction indicator recorded the lowest average
score of 51.9 in the control group, whereas the application indicator achieved the highest average
score of 65.7 in the same group.

In contrast, within the experimental group during the posttest, the analysis indicator demonstrated
the lowest average score, at 64.3. Conversely, the highest average score among spatial thinking
indicators for the experimental class during the posttest was achieved by the Spatial Interaction

indicator, with a value of 92.9.

Normality Test

A normality test was conducted on the spatial thinking ability test performed during the pretest
and posttest to determine whether the distribution of results was normal or not. This test helps
measure the extent to which the received data differs significantly from the ideal normal

distribution. The outcomes of the normality test are presented in Table 5.

Table 5
The Result of Normality Test of Spatial Thinking Ability
Sig.
Indicator of spatial Kolmogorov-Smirnov Shapiro-Wilk
thinking Control Experimental Control Experimental
Pretest Posttest  Pretest  Posttest Pretest Posttest Pretest Postest
Analysis .000 .004 .000 .000 .001 016 .002 .002
Comprehensive .000 .000 .000 .000 .001 .000 .000 .000
Application 071 .005 .000 .000 046 .004 .006 .000
Spatial Interaction ~ .000 .000 .000 .000 .000 .000 .000 .000
Scale .000 .000 .000 .000 .000 .000 .000 .000

Representation .000 .000 .000 .000 .000 .000 .001 .000
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Table 5 displays the normality results of the average score of students' spatial thinking abilities in
the two research groups. Specifically, the application indicator demonstrated normal scores solely
during the pretest, while the Analysis indicator was exclusively used during the posttest in the
control class. Overall, the scores of spatial thinking indicators did not exhibit a normal distribution

(p < 0.05). Consequently, the Mann-Whitney U test will be employed for the subsequent analysis.

Homogeneity Test

A homogeneity test is employed to ascertain whether there are significant differences between the
two scores of the spatial thinking test. The outcomes of the homogeneity test are presented in Table
6.

Table 6

Homogeneity Test of Spatial Thinking Indicators
Indicators Levene Statistic dfl df2 Sig.
Analysis .018 1 53 .894
Comprehensive 4517 1 53 .038
Application 17.472 1 53 .000
Spatial Interaction 1.250 1 53 .269
Scale 461 1 53 500
Representation 1.852 1 53 179

As per Table 6, only the application indicator is not homogenous, with a p-value less than 0.05.
However, the other indicators namely analysis (p = 0.894 > 0.05), comprehensive (p = 0.038 >
0.05), spatial interaction (p = 0.269 > 0.05), scale (p = 0.500 > 0.05), and representation (p =0.179
> (0.05) are found to be homogeneous (p > 0.05). Following the assessment of normality and
homogeneity tests, the Mann-Whitney U test was employed to determine the difference between

the application of Earthcomm and conventional learning to spatial thinking abilities.

Earthcomm Learning on Spatial Thinking Abilities
In line with the proposed hypothesis, it asserts a relationship between the Earthcomm learning
model and students’ spatial thinking abilities. The subsequent section furnishes an in-depth

analysis of the research findings, focusing on the six spatial thinking indicators.

265



Journal of Social Studies Education Research 2024:15 (1), 251-281

The Effect of Earthcomm Learning on Analysis Ability
As outlined by Sharpe dan Huynh (2013), analysis constitutes a vital component of spatial thinking
skills. It holds significance to compare Earthcomm learning to conventional teaching in order to
evaluate the impact on students' analytical abilities.
The following hypothesis pertains to the influence of Earthcomm learning on analytical skills.
HO = There is no significant difference between Earthcomm learning and students' spatial
thinking ability based on indicators analysis.
H1 = There are significant differences between Earthcomm learning and students' spatial
thinking ability based on indicators analysis.
The results of Mann-Whitney U test are displayed in Table 7.

Table 7
Mann-Whitney Results in Analysis Indicator
Analysis
Mann-Whitney U 267.000
Wilcoxon W 645.000
Z -1.987
Asymp. Sig. (2-tailed) 047

According to the Mann-Whitney U test results in Table 7, a 2-tailed significance score of 0.047
was obtained, which is lower than 0.050. These findings indicate a significant difference in the
analysis indicator between the experimental group and the control group.

This difference is further evident in the posttest results of the experimental group, which surpass
those of the control group. The average score of the experimental group, implementing Earthcomm
learning, reached 64.3, compared to the control group's average score of 51.9, employing
conventional learning (Figure 4). The results of the Mann-Whitney U test presented in Table 7
confirm that H1 hypothesis is accepted and the HO hypothesis is rejected. This indicated that the
Earthcomm learning model has an effect on students’ spatial analysis abilities.

The Effect of Earthcomm Learning on Comprehensive Ability
Determining the effect of Earthcomm learning on students' comprehensive abilities required a
comparison with traditional learning. The following hypothesis addresses the impact of

Earthcomm learning on comprehensive skills.
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HO = There is no significant difference between Earthcomm learning and students' spatial
thinking ability based on indicators comprehensive.

H1 = There are significant differences between Earthcomm learning and students' spatial
thinking ability based on indicators comprehensive.

The comparison of scores for comprehensive indicators between Earthcomm learning and

conventional teaching is presented in Table 8.

Table 8
Mann-Whitney Results in Comprehensive Indicator

Comprehensive

Mann-Whitney U 266.500
Wilcoxon W 644.500

Z -2.107

Asymp. Sig. (2-tailed) .035

As per the data in Table 8, the Mann-Whitney U test results for the comprehensive indicator
yielded a 2-tailed significance value of of 0.035, which is less than 0.050. This indicates a
significant difference in the comprehensive indicator between the experimental group and the
control group. This difference is similarly evident in the posttest results of the experimental group,
where the scores are higher compared to the control group. The average score of the experimental
group, implementing Earthcomm learning, reached 77.4.

Meanwhile, the control group, which utilized conventional learning, achieved an average score of
65.4 (Figure 4). The results of the Mann-Whitney U test presented in Table 8 affirm the acceptance
of the H1 hypothesis is accepted and the rejection of the HO hypothesis. This implies that the
Earthcomm learning model has an impact on students' spatial comprehensive abilities.

The Effect of Earthcomm Learning on Application Ability
The effect of Earthcomm learning on application abilities becomes evident when compared with
conventional learning. The following is the hypothesis addresses the impact of Earthcomm
learning on application skills.

HO = There is no significant difference between Earthcomm learning and students' spatial

thinking ability based on indicators application.
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H1 = There are significant differences between Earthcomm learning and students' spatial
thinking ability based on indicators application.

The differences in application indicators between two research groups are presented in Table 9.

Table 9
Mann-Whitney U Test Results in Application Indicator
Application
Mann-Whitney U 251.000
Wilcoxon W 629.000
Z -2.258
Asymp. Sig. (2-tailed) 024

According to the data in Table 9, the Mann-Whitney U test results for the application indicator
yielded a 2-tailed significance value of 0.024, which is less than 0.050. These results showed that
there is a significant difference in the application indicator between the experimental group and
the control group.

This difference is also shown by the posttest results of the experimental group, where their scores
surpassed those of the control group. The experimental group, implementing Earthcomm learning,
achieved an average score of 83.9, while the control group, employing conventional learning,
attained an average score of 65.7 (Figure 4). The results of the Mann-Whitney test presented in
Table 9 confirm the acceptance of the H1 hypothesis and the rejection of the HO hypothesis. This
implies that the Earthcomm learning model has an impact on students' spatial application abilities.

The Effect of Earthcomm Learning on Spatial Interaction Ability
The following hypothesis pertains to the impact of Earthcomm learning on spatial interaction
skills.
HO = There is no significant difference between Earthcomm learning and students' spatial
thinking ability based on indicators spatial interaction.
H1 = There are significant differences between Earthcomm learning and students' spatial
thinking ability based on indicators spatial interaction.
The effect of Earthcomm learning on spatial interaction abilities between the two research

groups is presented in Table 10.
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Table 10
Mann-Whitney U Test Results in Spatial Interaction Indicators

Spatial interaction

Mann-Whitney U 116.000
Wilcoxon W 494.000

z -4.965

Asymp. Sig. (2-tailed) .000

According to Table 10, the Mann-Whitney U test yielded a 2-tailed significance value of (0.000 <
0.050) for the spatial interaction indicator. These results showed a significant difference in the
application indicator between Earthcomm learning and conventional learning. This difference is
further highlighted by higher posttest results in the experimental group compared to the control
group. The average score of the experimental group, which underwent Earthcomm learning, was
92.9. In contrast, the average score of the control group that received conventional teaching was
51.9 (Figure 4).

The Mann-Whitney test outcomes presented in Table 10 support acceptance of the H1 hypothesis
and the rejection of the HO hypothesis. This suggests that the Earthcomm learning model indeed

influences students' spatial interaction abilities.

The Effect of Earthcomm Learning on Scale Ability
The effect of Earthcomm learning on scale abilities becomes evident when compared to
conventional teaching. The subsequent hypothesis concerns the effects of Earthcomm learning on
scale skills.
HO = There is no significant difference between Earthcomm learning and students' spatial
thinking ability based on indicators scale.
H1 = There are significant differences between Earthcomm learning and students' spatial
thinking ability based on indicators scale.
The differences in scale indicators were examined through the Mann-Whitney U test and are
displayed in Table 11.
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Table 11
Mann-Whitney Results in Scale Indicator
Scale
Mann-Whitney U 245.000
Wilcoxon W 623.000
Z -2.478
Asymp. Sig. (2-tailed) .013

According to Table 11, the Mann-Whitney U test yielded two-tailed significance value of (0.013
< 0.050) for the Scale indicator. These results showed a significant difference in the application
indicator between Earthcomm learning and conventional learning. This difference is further shown
by the experimental group's posttest results, which are higher than those of the control group. The
average score of the experimental group that applied Earthcomm learning was 80.4, while the
average score of the control group that applied conventional learning was 57.4 (Figure 4).

The Mann-Whitney U test results presented in Table 8 support H1 hypothesis and the rejection of
the HO hypothesis. This suggests that the Earthcomm learning model has an impact on students'
spatial scale abilities.

The Effect of Earthcomm Learning on Representation Ability
The following hypothesis pertains to the impact of Earthcomm learning on representation skills.
HO = There is no significant difference between Earthcomm learning and students' spatial
thinking ability based on indicators representation.
H1 = There are significant differences between Earthcomm learning and students' spatial
thinking ability based on indicators representation.
The effect of Earthcomm learning on representation abilities between two research groups is

shown in Table 12.
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Table 12
Mann-Whitney U Test Results in Representation Indicator

Representation

Mann-Whitney U 218.500
Wilcoxon W 596.500

z -2.888

Asymp. Sig. (2-tailed) .004

According to Tabl12, the Mann-Whitney U test yielded a two-tailed significance value of (0.040
< 0.050) for scale indicator. These results showed a significant difference in the application
indicator between Earthcomm learning and conventional learning. This difference is also evident
in the posttest results of the experimental group, which were higher compared to the control group.
The experimental group, which employed Earthcomm learning, achieved an average score of 83.3,
while the control group utilizing conventional learning attained an average score of 63.0 (Figure
4). The results of the Mann-Whitney U test presented in Table 8 demonstrated that the H1
hypothesis is accepted and the HO hypothesis is rejected. This implies that the Earthcomm learning

model has an impact on students' spatial representation abilities.

Discussion
Based on the research findings, the application of Earthcomm and conventional learning to spatial
thinking skills can be explained through each spatial thinking indicator.

Analysis ability of high school students in Earthcomm learning

As presented in Table 4, variations can be observed in the average scores of students' analytical
abilities when employing Earthcomm and conventional learning. Analytical ability was evaluated
using the Sharpe-Huynh model of spatial thinking ability test, which explores the relationship
among phenomena (Huynh & Sharpe, 2013).

The findings presented in Table 7 showed that the application of Earthcomm learning contributes
to an enhancement of analytical skills among high school students. Analytical ability plays a
pivotal role in helping students to tackle problems linked to their surrounding phenomena
(Prastiyono et al., 2021). Moreover, this skill can enhance their learning achievements, particularly

within the realm of geography (Imaniar et al., 2021; Utami & Zain, 2018).
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Students who engage in Earthcomm learning exhibit sharper analytical skills compared to those
who do not. A heightened capacity for precise analytical observation reflects enhanced reasoning

ability, thereby augmenting students' spatial intelligence (Juliasz, 2021; Polat, 2020).

Comprehensive ability of high school students in Earthcomm learning

After analyzing the differences in comprehensive ability among high school students, it is evident
that Earthcomm learning has an effect on students' comprehensive ability (Hidayat et al., 2017).
The development of high school students’ comprehensive abilities is influenced by various
essential aspects of the Earthcomm learning stages. At this stage, students have the opportunity to
foster and refine their comprehensive skills through practical application in various activities.
Learning abilities such as cognitive, affective and psychomotor abilities can help students to think,
improve sensitivity and be active in learning (Amin et al., 2020). The learning stage that supports
increasing comprehensive abilities is “‘the think about it’’ stage. During this stage, students are
engaged in meticulous contemplation while studying various natural phenomena within their
school environment (Carpenter & Hoover, 2019). Moreover, in the stage of “‘reflecting on the
activity’’ and the “‘challenge,”” both students and teachers engage in collaborative reflection to
address and assess the results of their field investigations and observations (Prastiyono et al.,
2021). This stage provides students with an opportunity to express their thoughts in analyzing the
field investigations. Comprehensive abilities are also well trained at the “‘digging deeper’’ learning
stage (Boonen et al., 2014; Polat, 2020).

During this stage, students try to develop their literacy skills by reviewing various sources
information to support the investigation findings derived from the field. Geographic literacy skills
can be developed effectively when they are reinforced by experiential learning opportunities
(Barnes et al., 2014; Kamil et al., 2020).

Application ability of high school students in Earthcomm learning

Based on the analysis results presented in Table 9, it can be concluded that Earthcomm learning
contributes to the enhancement of application abilities among high school students. The
application abilities referred is the student’s ability to understand the surrounding school

environment and city environment (Purwanto et al., 2021). Furthermore, this entails the students'



Aliman & Marni

proficiency in utilizing geospatial tools such as compasses, maps, Google Map applications, and
online GPS services available on their phones (Fleming & Mitchell, 2017; Juliasz, 2021).
Students with good application abilities demonstrate competence in accurately pinpointing
absolute locations on a map (Duarte, 2021; Guerreiro et al., 2017). Employing various contextual
applications can facilitate the cultivation of students' spatial concepts to provide meaning (Juliasz,
2021).

The application ability to identify location and space is supported by Earthcomm learning.
Earthcomm learning model incorporates an ‘‘investigation’” stage, which guides students in
conducting investigations by looking for locations on the map and finding actual locations in the
field (Prastiyono et al., 2021).

Students can access all the tools and applications provided by the teacher, such as a compass and
a village map that featuring the precise location of the school. Additionally, students utilize mobile
phones equipped with the Google Maps application and online GPS functionalities. Employing
this geospatial technology can improve enhance students' spatial abilities, particularly their
application abilities (Amin et al., 2020), including activities like map creation that contribute to
refining visual-spatial abilities (Johnson & McNeal, 2021).

Spatial interaction ability of high school students in Earthcomm learning

The data analysis results presented in Table 10 showed that Earthcomm learning can improve the
spatial interaction abilities among high school students. The spatial interaction ability in
Earthcomm learning is related to spatial phenomena (Huynh & Sharpe, 2013; Park, 2001). The
phenomena explored by students encompass both physical and social aspects within the school
environment, the State of Indonesia territory, and the Asian region. This ability can be realized
through the implementation of Earthcomm learning within the ‘“digging deeper’’ and ‘check your
understand’’ stages (Hidayat et al., 2017). During these stages, students engage in thorough
exploration of physical or social phenomena, subsequently integrating their findings into reports
and everyday tasks. Within Earthcomm learning, students are encouraged to establish connections
between various physical and social phenomena within a given area. Learning that immerses
students in real contexts has the potential to foster collaboration, social values and students'
understanding of spatial and environmental phenomena (Kaplan & Berman, 2010; Zelenski et al.,

2015). The ability to think spatially is naturally owned by students, but this ability needs to be
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developed by teaching the surrounding environment problems (Nhlumayo, & Mofokeng, 2023,;
Prastiyono et al., 2021).

Scale ability of high school students in learning Earthcomm

The data analysis results presented in Table 11 show that Earthcomm learning has an influence in
increasing the scale ability of high school students compared to conventional learning. The scale
ability in Earthcomm learning is a mathematical ability to understand the comparison of scale,
area, region and mapping (de Queiroz, 2021).

This scale ability can be significantly improved through students' active involvement in field
investigations, practical application of knowledge, and conduct additional investigations using
maps as clues (Duarte, 2021; Polat, 2020). This is in contrast to conventional learning, which
primarily relies on small-scale maps within the classroom. Scale ability, which relies on
mathematics and calculating skills, can be developed more effectively when integrated with 2- and
3-dimensional visualization skills in learning process (Uttal & Cohen, 2012). Incorporating large-
scale maps functions in training students' mental maps (Mohan et al., 2015). Students can make
comparisons between the phenomena shown on the map and the actual appearance in the field (3-

dimensional visuals).

Representation ability of high school students in learning Earthcomm

The data analysis results presented in Table 12 showed that Earthcomm learning plays a role in
increasing the high school students’ representation abilities. The representation ability is student’s
thinking ability to represent ideas to solve problems of spatial phenomena. Representation can be
interpreted as a meaningful disclosure of something or a phenomenon (Septia et al., 2019).
Within the framework of Earthcomm learning, the stages of ‘‘think about it’’, ‘“investigation’’,
“‘reflecting on the activity’’, and ‘‘challenge’’ collectively help students in cultivating ideas to
offer solutions for problems and challenges encountered during the initial learning meeting
(Boonen et al., 2014). The research outcomes are further corroborated by a prior study that
indicated a noteworthy positive correlation between representation ability and problem-solving
proficiency (Boonen et al., 2014). Moreover, using representation tools in maps on textbooks
(Duarte, 2021) and using Google Earth satellite images (Purwanto et al., 2021) can develop

students' spatial thinking. Other studies also stated that improving spatial representation abilities
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is particularly crucial for students with lower spatial skills (Yao et al., 2019). Using web GIS in
learning geography can help students in representing spatial data (Mkhize, 2023a; 2023b; Santoso
et al., 2021). Repeated practice is needed to improve this representation ability (Aliman et al.,
2019; Barnes et al., 2014; Yao et al., 2019).The results of this study hold considerable implications
for the learning strategies. The Earthcomm learning method not only facilitates the development
of students' spatial thinking abilities, but also yields a positive impact on the improvement of the
six measured indicators. Moreover, the utilization of Earthcomm learning demonstrates the
possibility of further implementation in the field of geography education across different countries.
The research findings demonstrate the novelty of this study. Specifically, the study has made a
noteworthy theoretical contribution by systematically measuring six indicators of spatial thinking,
which builds upon previous research in the field. This study provides empirical evidence
supporting the effectiveness of Earthcomm learning as an effective method for improving students'

spatial thinking abilities.

Conclusion
Based on the results and discussion, it can be concluded that the senior high school students' spatial
thinking abilities  across the six indicators (analysis, comprehensive, application, spatial
interaction, scale and representation) demonstrated an advancement from low-moderate level to
moderate-high level. Earthcomm learning significantly influences the enhancement of spatial
thinking skills among high school students across indicators such as analysis, representation,
application, scale, spatial interaction, and comprehension. Through the utilization of Earthcomm
learning, students are provided the opportunity to develop spatial thinking abilities in the

indicators of analysis, comprehension, application, spatial interaction, scale, and representation.

Recommendations
Based on the conclusion, the research suggests all geography teachers assess students' spatial
thinking skills. It is recommended that geography teachers implement the Earthcomm learning
model due to its proven effectiveness in enhancing the spatial thinking skills of high school
students. Furthermore, the incorporation of geospatial technology into the open-source
applications and software should be integrated into the learning process. This research can be
further expanded through the incorporation of STEM, TPACK, and SETS approaches, alongside
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various other learning models. Future studies could also explore additional factors, such as gender

and the learning environment, in relation to spatial thinking.

Study Limitations
This research focuses solely on spatial thinking ability using six indicators. However, this study
does not delve into other factors beyond classroom environment that can impact spatial abilities.
Additionally, the study spanned a duration of three months for both the experimental and control
groups.
This research is still limited to Padang city, Indonesia, necessitating broader implementation across
schools in major urban areas or remote villages. The findings of this study suggest that for optimal
Earthcomm learning effectiveness, allocating more time specifically for outdoor learning activities
comes highly recommended.
Future researchers are advised to investigate various cognitive, attitude, and skill variables within
the realm of geography, assessing their influence on the spatial thinking abilities of high school
students.
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