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Abstract: Wetlands: 3D Mapstory Application to Improve Students’ Learning Outcomes:
Effective or Ineffective?. Objectives: The development of learning media in the era of Education
4.0 can be measured by technological innovation. However, limited time and funds have hindered
lecturers and students from various higher education institutions in Indonesia from experiencing direct
field practice, especially in the wetlands in South Kalimantan, hailed as one of Indonesia’s natural
laboratories for wetlands. The development of the Wetlands: 3D Mapstory answers students’ conditions
to become more familiar with the wetland environment without coming directly to South Kalimantan.
The aim is to effectively use the Wetlands: 3D Mapstory to concretize the abstract concept of
wetlands to improve students’ learning outcomes. Methods: The research development using the
Luther model is limited to the testing stage. It is designed using 3D maps from satellite imagery using
ArcGIS and combined with photos and learning materials on wetlands. The validation uses expert
judgment on material and media aspects. Effectiveness test using paired sample t-test to analyze
effective or ineffective Wetlands: 3D Mapstory Application to improve learning outcomes. Findings:
The results show that the Wetlands: 3D Mapstory was developed as an Android-based application.
This application was declared feasible and effective for improving student learning outcomes related
to developing wetland areas in the Geography Education Study Program at Lambung Mangkurat
University. So, the development of Wetlands: 3D Mapstory can fill the gap in learning media geography
to improve the quality of lectures. Conclusion: Wetlands: 3D Mapstory Applications are feasible
and practical for exploring wetlands in South Kalimantan and enhancing students’ learning outcomes.
The implications of the results of this research strengthen and increase the variety of learning media
to support learning activities and outcomes in universities.
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 INTRODUCTION
The Education 4.0 era has had a significant

impact on the world of education, one of which
is the change in the education paradigm, namely
the shift from the classical paradigm to virtual
education. Virtual education can be seen in most
online learning education (Crawford et al., 2020;

Toquero, 2020). Online learning supports
education 4.0 today, mainly using technology
(Almeida & Simoes, 2019; Hariharasudan & Kot,
2018). Therefore, the development of technology
encourages the world to continue to change
rapidly so that it impacts all aspects of life,
including education.
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Technology-based media in education
assists learners in better understanding the
material that is being studied (Marini et al., 2022).
Media also helps to optimize thinking,
communication skills, attention, learning
outcomes, and motivation (Aristin et al., 2023;
Arsyad, 2015; Diana & Mansur, 2018; Gaol et
al., 2019; Tafonao, 2018). Learning media grows
and develops along with the development of
learning technology. Learning geography in
college requires a good understanding of the
environment around where they live (Day et al.,
2021). Through this media, students can reduce
material misconceptions and integrate with real
experience to make the material contents more
detailed (Rahmatsyah & Dwiningsih, 2021) and
recognize the characteristics of the surrounding
environment. Most importantly, the media is used
to communicate effectively and efficiently with
students and lecturers, which can increase student
activity during the learning process (Astuti et al.,
2019; Insani et al., 2023; Rohmah & Russanti,
2021; Schwan et al., 2018; Suri et al., 2023)
and improve the quality of learning (Lazo-Amado
& Andrade-Arenas, 2023).

Since wetlands are the main components
of geography, most notably in physical geography,
South Kalimantan’s wetlands possess unique
regional characteristics. In South Borneo, these
wetlands provide habitats for numerous aquatic
organisms, birds, and small mammals,
contributing to regional biodiversity. The wetlands
in South Borneo are also unique in their ability to
support vegetation typically adapted to life in
saturated soil conditions. For instance, peatlands,
a type of wetland ecosystem, are particularly
notable for their slow peat formation process,
which results in deep deposits of organic soil
material (Du Preez & Brown, 2011). These
peatlands are ancient ecosystems, with some
having peat deposits exceeding two meters in
depth. These peatlands’ unique species
composition and age make them vital to South

Borneo’s wetland ecosystems. For this reason,
this wetland in South Kalimantan is used as a
learning resource for lecturers and students and
as a natural laboratory in Indonesia. Lecturers
and students from various universities in Indonesia
can study the wetlands in South Kalimantan
directly.

Based on the results of observations and
interviews with several lecturers and students from
universities in Indonesia, it was found that they
have experienced problems in the learning
process of field lecturers and practicums. One of
them is that they could not conduct field lectures
and physical geography practicums directly in
South Kalimantan’s wetlands. Thus, they must
adapt to this situation. However, the students and
the lecturers are still required to experience field
lectures and practicum first-hand, especially those
who still need help learning, such as understanding
the wetlands concept.

Although technology-based learning media
are increasingly developing, few are specifically
designed to visualize and explore the unique
characteristics of wetlands in South Kalimantan.
Wetlands: 3D Mapstory answers the conditions
students face to become more familiar with the
wetland environment without coming directly to
South Kalimantan. This media was developed
into an innovative application-based media (.apk)
to support wetland practicum learning. Wetlands:
3D Mapstory can display a three-dimensional
map of the wetlands in South Kalimantan,
accompanied by concept material for each type
of wetlands. The map of each type of wetland
can be seen from various angles so that students
understand the shape of the wetlands concretely.

Wetlands: 3D Mapstory media design is
flexible and can be run on smartphones, tablets,
laptops, or computers. Learning using
smartphones is an essential element in improving
learning technology. Wetlands: 3D Mapstory can
later be accessed by students from various
universities with a technology readiness level via
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laptops or gadgets. This media is created and
adjusted as realistically as possible to concretize
the existing wetland environment so that lecturers
and students get real experience learning about
wetlands. This is supported by Dale’s theory,
which states that the more concretely students
learn the material through direct or imitation
expertise, the more learning experiences they will
get so that learning will be more meaningful. This
is also supported by three-dimensional media
using computerized technology relevant to various
scientific fields to improve memory skills by up
to 60%, improve 21st-century skills, and make
the learning process more practical efficient in
the era of education 4.0, and improve students’
learning outcomes (Al Hashimi et al., 2019;
Catalano et al., 2011; Kupriianova & Lapshina,
2024; Rodríguez-Pérez & Blázquez, 2023; Utami
et al., 2019; Wahyuningtyas et al., 2021).

Therefore, research on three-dimensional
media design based on mobile applications is
essential to fill the void in interactive media
development research in education. Wetlands: 3D
Mapstory can be an interactive media that
provides a direct picture of wetland types in the
classroom. Previous research has shown that
there are few variants of 3D media for wetlands
(Al-Ansi et al., 2023; Aristin et al., 2020; Halawa
& Kholida, 2022; Mezquita et al., 2021; Shi et
al., 2021; Steidle et al., 2023), and the resulting
media fills the learning needs of digital learners.
Their learning character combines independent
learning through collaboration (Seibert, 2021) and
searching for information quickly (Shorey et al.,
2021).

Earlier studies have developed 3D media
in various disciplines, including 3D maps of dry
land (Aristin et al., 2020), a virtual reality
application (Al-Ansi et al., 2023; Mezquita et
al., 2021; Shi et al., 2021), a cultural heritage
(Halawa & Kholida, 2022), a landscape
environment (Steidle et al., 2023), health care
education (Alhonkoski et al., 2021), and many
more uses of 3D in other fields, they have not

explicitly addressed wetlands 3D Map as
interactive learning media. The novelty of this
research is that it focuses on developing three-
dimensional media based on mobile applications
related to wetlands in the form of 3D maps and
photos to improve students’ learning outcomes.
This application will assist lecturers and students
in concretizing various types of wetlands in South
Kalimantan, which is one of the natural
laboratories for wetlands in Indonesia. Using
mobile technologies enhances flexibility and
accessibility in education, including lectures.
Hence, using smartphones and other gadgets as
innovations in learning processes would assist
lecturers in optimizing the teaching and learning
process, ultimately improving students’ learning
outcomes (Andriyanova et al., 2024; Asmianto
et al., 2022; Haji Mohamad Yusuf et al., 2024;
McCulloch et al., 2018).  Although technology-
based learning media are increasingly developing,
few are specifically designed to visualize and
explore the unique characteristics of wetlands in
South Kalimantan to improve student learning
outcomes. This research aims to establish
Wetlands: 3D Mapstory as an innovative solution
to overcome these challenges.

 METHOD
This research method uses research and

development to produce new products through
the development process. This method has certain
new products and tests the effectiveness of these
products. It’s more focused on making and
developing products that are suitable for use so
that they can support the learning process.
Development research has three main
components: development models, procedures,
and product trials (Daryanes et al., 2023).

This development research produced a
product of learning media in Wetlands: 3D
Mapstory based on a 3D map of wetlands in
South Kalimantan. Developing Wetlands: 3D
Mapstory that can be used on smartphones,
laptops, tablets, and computers-based Android.
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The development model used in this study adopts
the Luther development model (figure 1), which
consists of six stages: concept, design, material
collecting, assembly, testing, and distribution
(Wilechansky et al., 2016). Empirically, Luther’s
development design is more flexible for
developing learning products compared to
ADDIE (Donald, 1959; Robert K. et al., 1975),
Gegne (Robert M. et al., 1992), Bloom (Peter
W. et al., 2001), and SAM (Michael, 2012).
Luther’s design offers a flexible flow in the cycle
so developers can produce products effectively
and efficiently (Komang Sudarma et al., 2021).

Figure 1. Development of luther model

Participants
This research was conducted at the

Geography Education study program at Lambung
Mangkurat University, Banjarmasin. The students
in this research are actively taking Regional

Development Geography courses in the even
semester of the 2023/2024 academic year. The
research sample consisted of 2 experts in media
and wetland materials (physical geography)
determined by purposive sampling. Media
development is done through a validation test
using an expert judgment method. This means that
Wetlands: 3D Mapstory involves media and
material experts to validate and provide
assessments, suggestions, and criticisms for
improving the product being developed.
Consideration for selecting experts refers to the
learning product development design prepared
by McAlpine & Weston (1994) and refined by
Uwes Anis (2015). They are lecturers at
Universitas Negeri Malang, Indonesia. The
selection of these two validators was based on
research expertise and practice in learning media
development and expertise in physical geography.

Instrument
The validation test instrument uses a

validation sheet with a Likert scale with four
alternative answers of 4 points: 1: strongly
disagree, 2: disagree, 3: agree, 4: strongly agree
(Rawashdeh et al., 2021). This media validation
sheet measures the quality of interactive media
through the developed media features. Aspects
assessed by media validators include factors of
display design, animation, and ease of use of
media (Table 1).

Table 1. Media expert validation indicators

No Indicators 
Display Design 
1 Display design according to the characteristics of interactive learning media users 
2 The image on the media is clear 
3 Videos on media are easy to understand 
4 The menu display on the media can make it easier for users 
5 Fonts the letters on the media can be read by the users 
6 Buttons have consistent color and icons 
7 The background on the media does not interface with the display 
8 The colors used are consistent 
Animations 
1 The animation used is not excessive 
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1 The animation used is not excessive 
2 The animation used is in accordance with the characteristics of the user 
3 Media is interactive 
User Easy 
1 Easy to use media 
2 Media can be used on various devices 
3 The media has navigation buttons at play 
4 The media are effective and efficient 

Table 2. Material expert validation indicators

No Indicator 
Language 
1 Grammatical accurancy according to EYD 
2 The language used in in accordance with the level of cognitive development of student 
3 The accurancy of the use of terms in the media 
4 The compatibility between the colors, images, shapes, and sizes of the font's cover 
5 Politeness in the use of languages 
6 Easy to understand language 
Display and Presentation 
1 The accurancy of the font 
2 Use of font size and text 
3 Use of spacing and text spacing 
4 Readability of text 
5 Placement of images and text 
6 The attractiveness of the appearance, colors, and layout of the images 
7 The attractiveness of all media display to increase student motivation 
Concept of the Material 
1 Compatibility of the image with the concept of the material 
2 Visual elements support the material 
3 The content created can help use 3D Media 
4 Easy use of media 
5 Compatibility of the images with the concept of the material 
 

The material validation sheet measures the
completeness and clarity of the material presented
in the developed media. The aspects
assessed include material and grammar (table
2).

The instrument used is an essay test to
encourage students’ learning outcomes through
the wetlands: 3D Mapstory application. The
essay’s 5 questions were taken from wetland
material in South Kalimantan. The aim is to
measure the effectiveness of the wetlands: 3D
Mapstory application to improve students’
learning outcomes at Geography Educational
Program Study, Universitas Lambung
Mangkurat.

Research Design and Procedures
The flowchart for designing Wetlands:3D

Mapstory using the Luther model (Fig. 2)

Analyze
To measure the effectiveness of wetlands:

application of 3D map stories through essay
questions. The analysis includes normality tests
using the Shapiro-Wilk test and paired sample t-
test. The results of the paired sample t-test were
used as hypothesis testing, namely the use of
wetlands: 3D Mapstory Application that
effectively improved students’ learning outcomes
at the Geography Education Study Program,
Universitas Lambung Mangkurat.
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Figure 2. Flowchart of wetlands: 3D mapstory application as learning media

 RESULT AND DISCUSSION
Concept Stage

In this concept stage, an analysis of student
needs, the depth of the material, and the media
used in learning in several geography education
programs is carried out. Based on the depth
analysis of wetland management material, it was
found that the shape and type of wetlands were
still complex for students to understand, especially
students from study programs outside South
Kalimantan. This is supported by an interview
with a lecturer at Widya Dharma University, who
stated that the shape and type of wetlands are
difficult to understand because they are still
abstract. This is related to the results of the
analysis regarding the needs of the students, and
the researchers found that students still need
interactive media to concretize wetlands taught
in the abstract to support learning models.

Design Stage
This stage explains how to design wetlands:

a 3D Mapstory application as learning media. The

development of this media is based on the results
of an analysis of student needs and the depth of
the material. The method of this learning media
consists of several steps that must be followed.

1. Designing 3D Maps
2. Make 3D maps of Banjar Regency,

Banjarmasin City, and 3D maps of wetlands
from satellite imagery.

3. Designing application-based Android (via .
APK file)

4. The slide contains menus in interactive media,
such as the wetland-type menu, the
information menu for each wetland, and the
image menu for each wetland.

Material-collecting Stage
This data collection stage designs Wetlands:

3D Mapstory media products. The data
collected includes photos of types of wetlands in
Banjarmasin City and Banjar Regency, South
Kalimantan, maps of Banjarmasin City and
Banjar Regency from aerial photographs, and
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learning materials related to types of wetlands to
describe the contents of the material. The data
collection stage for the Wetlands: 3D Mapstory
media is as follows.
1. Photos of wetlands scattered in Banjarmasin

City and Banjar Regency were collected by
taking pictures of the kinds of wetlands directly
in the field. The images include the Barito and
Martapur rivers, former excavations, estuaries,
peat, mangroves, rice fields, and reservoirs.

2. This 3D wetland map was created using
satellite imagery specifically for Banjarmasin

and Banjar Regency. Figure 3 presents the
steps for making a 3D map of wetlands.

3. The material concept of wetlands was obtained
by studying the literature that describes each
wetland. This will later help students strengthen
the definition of wetland types.

Material validation of wetlands media: This
3D map story has three aspects: language,
appearance and presentation, and the material’s
content. Figure 3 presents the scoring results
from the material validation and validation
categories.

Figure 3. Scoring of material validation

Based on the results of the material
validation (Table 3), it was found that the material
on the Wetlands: 3D Mapstory was declared
valid with the language and content aspect values
of 96 and 85, while the display and presentation
aspects were 79. The mean of material validation
is 86.7, which means that the material on the
application is very valid. The results of the
validation of three-dimensional media in various
research studies show that validation in material,
discussion, and appearance is declared valid and
can be tested at the next stage (C. A. Sari et al.,
2024; R. M. Sari et al., 2023; Setiawan, 2024;
Zakaria & Iksan, 2007). These results are similar
to validation tests in wetlands: 3D Mapstory
Application.

There are revision notes in this aspect of
display and presentation to improve the material
presented in this media even better by learning.
Notes from media experts for media display in
font size and spacing between words need to be
considered and adjusted so that users are more
comfortable reading the existing text. In addition,
material experts advise choosing the map’s color
to be adapted to the actual conditions of the
wetland type and not to contrast with the font’s
color in the wetland’s material. The material
collected from the field forms the basis for
compiling learning content about wetlands in 3D
Mapstory media. The compilation of content must
have a truth level above 60% so as not to bias
students who use media as a learning resource.
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Content review references refer to the truth of
the content, aspects of the novelty of the material,
and its adequacy as a learning resource.

Assembly Stage
This assembly stage is an advanced stage

of designing Wetlands: 3D Mapstory as

interactive media related to wetlands. The
procedure for creating the Wetlands: 3D
Mapstory application is explained as follows
(Figure 3).

SRTM Image is an image that functions in
analyzing elevation models where the height values
are obtained from the 1984 WGS datum. The

Figure 3. Stages of making a wetlands: 3D mapstory

Digital Elevation Model (DEM) thematic map of
Banjarmasin City and Banjar Regency was
obtained using the Shuttle Radar Topography
Mission (SRTM) Image. The results of this image
are processed using the Triangulated Irregular
Network (TIN) Model. The TIN is a topological
data model based on vector data representing
surface morphology in interconnected triangles
(Lim & Pilesjö, 2022). TIN represents a surface
with no overlap of the original data points and a
series of adjacent triangles, so rendering the
triangular aspects makes it easy to create 3D
visualizations (Al-Abadi, 2017; Liu & Wu, 2019).
The TIN model has been used to solve problems
related to object buffers, building topographic
maps, and multiplayer information. So, using the
TIN Model, the surface of the wetland
environmental area can be represented at the level
of the earth’s surface using three-dimensional
(3D) visuals. This process produces a 3D

topographic map with a predetermined height
range. So, 3D visualization is easily constructed.

Additionally, satellite image data collection
for the Banjarmasin City and Banjar Regency
areas also uses SAS Planet Image. The results
of the SAS Planet Image are overlaid with a 3D
topographic model to produce a three-
dimensional map of Banjarmasin City and Banjar
Regency. The following process is to import the
3D Model into the Unity software. The results of
the model integration in Unity Software are then
implemented on Android-based devices.

This assembly activity is intended as a
product development that starts with preparing
Android-based software, creating menus and
icons for navigation buttons, and downloading
several field photos of wetlands presented in the
learning media. Wetlands: 3D Mapstory media
production stage results from integrating media
design by inserting images (pictures) of wetlands,
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three-dimensional maps, and learning materials.
The integration results are made using an Android-
based application (Figure 4).

Wetlands: A 3D MapStory-based Android
has been made. It is necessary to check
beforehand that all the navigation buttons function

 

 

Figure 4. Wetlands: 3D mapstory application

correctly. Apart from that, checks were also made
on the quality of photos of the wetlands, three-
dimensional maps of the wetlands, and the
completeness of the materials. After checking, it
is followed by publishing interactive learning
media products in Android-based applications.
Wetlands: 3D Mapstory is an interactive learning
media that can be used anywhere and anytime
(flexible) to meet the information needs of students
in class. This aligns with the statement that
electronic media has advantages, including easily
accessible media and more flexible use (Ahmed
et al., 2020) for experience and learning (García-
Martínez et al., 2019). This form of learning allows
students to move freely and access learning
materials from any learning source. So, for the
Wetlands: 3D Mapstory media to be used, the

next step that needs to be done is the media testing
stage.

Testing Stage
Two experts need to validate the media

product Wetlands: a 3D MapStory-based
Android. The experts on media are the lecturers
whose expertise is in geography learning media.
Meanwhile, the lecturers who are experts in the
material aspects of this study are in physical
geography.

The two validators assess the Wetlands: 3D
Mapstory media according to each element
based on their scientific fields. Figure 5 presents
the media expert’s scoring of the three media
aspects: display design, animation, and
user ease.
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Figure 5. The score of media validation

Based on the results, it was found that the
display design and animation aspects were
declared valid at 69 and 75 (Table 5). This means
that these two aspects still have notes that need
to be revised so that the media becomes better.
Notices given by media experts include a) it is
necessary to add consistent colors to buttons and
icons, b) it is better if the background color on
the media is adjusted to the display so that the
display is not too contrasty, and c) it is necessary
to add a video of wetlands even though the media
has presented photos. The user’s easy aspect is
stated to be very valid, with a value of 81. This

means that media experts should refrain from
revising this aspect. So, it can be concluded that
the Wetlands: 3D Mapstory media has been
declared valid from the media aspects.

The next stage is testing the effectiveness
of wetlands media: 3D Mapstory application to
improve student learning outcomes. Testing the
effectiveness of this media uses a paired sample
t-test with normality test prerequisites.
The Shapiro-Wilk test determines the
distribution of normally distributed data
with a significance level above 0.05 (table
3).

Table 3. Test of normality (shapiro-wilk)
 W p 

ID Test - Skor Test 0.418 < .001 
Note.  Significant results suggest a deviation from normality. 

A paired sample t-test was used to
differentiate between the two data sets. The
results show differences in learning outcomes
based on pret-est and post-test scores (table 4).
So, the increase in student learning outcomes in
regional development geography courses is
supported by the effectiveness of using the
Wetlands: 3D Mapstory Application.

Digital technology plays a vital role in the
era of education 4.0, including three-dimensional
technology (3D technology). This 3D technology
has been used in various scientific fields, such as
education (Faizal et al., 2020; Putra & Mufit,
2022; Salsabila et al., 2022; Su et al., 2019),
astronomy (Chien, 2017), geography (Aristin et
al., 2020; Carrera et al., 2017), and technique
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Table 4. Paired samples T-Test

Measure 1  Measure 2 T df p 

ID Test - Skor Test -55.166 85 < .001 
 

Note.  Student's t-test. 

(Hackett & Proctor, 2016). 3D technology is
closely related to images and visualization (Hamm
et al., 2019). This can be seen from the 3D
images, which give a more detailed and exciting
effect. This 3D technology display provides an
authentic experience with digital information and
is used with the help of mobile devices to support
the learning process (Boada et al., 2015; Sung
et al., 2018). This means that media should be
able to help students record and remember in
the learning process (S. A. Sari & Husna, 2016).

3D technology in this field of learning has a
positive impact on learning outcomes, learning
motivation (Chang & Lai, 2018; Rossler et al.,
2019; Sugiyono, 2018), and improving skills
(Arikunto, 2014) and knowledge (Sung et al.,
2018). In the scientific field of geography, 3D
technology is used for 3D images. These 3D
images are used as animations and images in
mobile applications. This can later form student
thinking patterns and help concrete student
interactions to understand a material concept.
Wetlands are a type of land that dominates the
southern Kalimantan region, especially the city
of Banjarmasin (Nur Saputra & Efendi, 2018;
Tirtosudarmo, 2022). Wetlands are a type of land
that has excess water content in its soil. This extra
water content causes the land area to constantly
flood seasonally or permanently (Balwan & Kour,
2021; Hammer & Bastian, 2020). The distinctive
characteristics of wetlands make this land unique
compared to other types of land. Another
uniqueness of wetlands is the potential and
problems that accompany them. The potential of
wetlands is related to the function of wetlands as
the primary support for human life (Hu et al.,
2017). The role of wetlands is to store carbon
on the earth’s surface and land with abundant
biodiversity (Barua et al., 2021).

In contrast, wetland problems are related
to mistakes in wetland management. Wrong
wetland management can lead to disasters that
affect humans (Endter-Wada et al., 2020).
Disaster mitigation in wetlands can be done by
introducing wetland characteristics to every
stakeholder, especially students (Finlayson et al.,
2013). So, the use of 3D technology in each
scientific field has differences but has in common
that the use of 3D technology is used to support
teaching (Potkonjak et al., 2016; Schelly et al.,
2015). Map-based 3D technology is a means
for students to introduce wetlands. The variety
of learning media helps students understand
abstract material concepts (Inayah & Zubaidah,
2020). In addition, 3D technology that is
conceptualized in a structured manner can be
used to evaluate learning methods and media used
during the learning process. This study explored
and focused on creating 3D models, Wetlands:
3D Mapstory, based on three-dimensional maps
and field photos showing wetland types on
Android-based gadgets to enhance learning
outcomes about wetlands in regional
development.  Each image will describe the
definition of the land type. So, the user can select
a wetland type, the system will display a three-
dimensional map of the wetland, and the user can
interact with the 3D model to view information
related to the object. This aligns with students
using smartphones in tertiary institutions to
communicate by exchanging notes, information,
discussions, and productive academic
assignments (Hasan et al., 2019). However,
further and in-depth studies may need to be
developed to be accessed on the IOS platform.

The study suggests that Wetlands: 3D
Mapstory can help students understand wetlands
concretely, support the learning process in class
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and increase students’ learning outcomes and
motivation in learning activities. This aligns with
several studies that state that the developed
Android-based media products can improve
student learning motivation, student involvement
in the learning process, and learning outcomes
because the material is conveyed well through
easy-to-use media (Foronda et al., 2016; Hanson
et al., 2019; Shields & Riley, 2019; Smith et al.,
2018). Apart from that, the Wetlands: 3D
Mapstory media has advantages compared to
other media, one of which is that it provides
hands-on experience. This media allows students
to form abstract concepts into concrete ones.
Students studying wetland material through this
media can integrate theory and practice in an
integrated manner. Student interactions concretely
do something in a 3D environment (Smith et al.,
2018) that can support the learning process,
which can stimulate ways of thinking, shape skills,
knowledge, and understanding of concepts, so it
can improve students’ learning outcomes
(Foronda et al., 2016; Hanson et al., 2019;
Muhson, 2010; Mustaqim, 2017; Nurrita, 2018;
Tafonao, 2018; Zakaria & Zanaton, 2007).
Therefore, the characteristics of the Wetlands: 3D
Mapstory can stimulate our five senses according
to the level of the learning hierarchy.

 CONCLUSION
Recent observations suggest that students

outside the wetland environment need learning
media to understand wetland habitats in South
Kalimantan. The findings prove that the Wetlands:
3D Mapstory Application was declared feasible
and effective for use in improving student learning
outcomes related to the development of wetland
areas. This supports lecturers’ convenience in
providing a concrete understanding of concepts
without going directly to the wetland field.

The study demonstrates that Wetlands: 3D
Mapstory can fill the gap in developing
technology-based interactive media to improve
the quality of lectures, such as regional

development geography in geography education
study programs. This media also contributes to
developing media to enhance students’ learning
outcomes and keep the quality of lectures. The
implications of the results of this research
strengthen and increase the variety of learning
media to support learning activities and learning
outcomes in universities.

 ACKNOWLEDMENT
This research was financially supported by

the Lambung Mangkurat University Research
Grant for the year 2023, grant number 066.37/
UN8.2/PG/2023.

 REFERENCES
Ahmed, R. R., Salman, F., Malik, S. A.,

Streimikiene, D., Soomro, R. H., & Pahi,
M. H. (2020). Smartphone use and
academic performance of university
students: A mediation and moderation
analysis. Sustainability (Switzerland),
12(1), 1–28. https://doi.org/10.3390/
SU12010439

Al Hashimi, S., Al Muwali, A., Zaki, Y., & Mahdi,
N. (2019). The effectiveness of social
media and multimedia-based pedagogy in
enhancing creativity among art, design, and
digital media students. International
Journal of Emerging Technologies in
Learning, 14(21), 176–190. https://
doi.org/10.3991/ijet.v14i21.10596

Al-Abadi, A. M. (2017). Modeling of
groundwater productivity in northeastern
Wasit Governorate, Iraq using frequency
ratio and Shannon’s entropy models.
Applied Water Science, 7(2), 699–716.
https://doi.org/10.1007/s13201-015-
0283-1

Al-Ansi, A. M., Jaboob, M., Garad, A., & Al-
Ansi, A. (2023). Analyzing augmented
reality (AR) and virtual reality (VR) recent
development in education. Social Sciences
& Humanities Open, 8(1), 100532.



456 Jurnal Pendidikan Progresif, Vol. 15, No. 01, pp. 444-462, March 2025

https://doi.org/10.1016/j.ssaho.2023.
100532

Alhonkoski, M., Salminen, L., Pakarinen, A., &
Veermans, M. (2021). 3D technology to
support teaching and learning in health care
education – A scoping review.
International Journal of Educational
Research, 105, 101699. https://doi.org/
https://doi.org/10.1016/j.ijer.2020.
101699

Almeida, F., & Simoes, J. (2019). The role of
serious games, gamification and industry
4.0 tools in the education 4.0 paradigm.
Contemporary Educational
Technology, 10(2), 120–136. https://
doi.org/10.30935/cet.554469

Andriyanova, O. Yu., Kaskova, L. F., Amosova,
L. I., Yatsenko, P. I., Morgun, N. A.,
Vashchenko, I. Yu., & Artem’ev, A. V.
(2024). Use of modern technical learning
devices by students during the educational
process. Ukrainian Dental Almanac, 3,
86–91. https://doi.org/10.31718/2409-
0255.3.2024.14

Arikunto, S. (2014). Prosedur penelitian: suatu
pendekatan praktik. Rineka Cipta.

Aristin, N. F., Budijanto, Taryana, D., & Ruja, I.
N. (2020). 3D map of dry land use based
aerial image as learning media in era of
education 4.0. International Journal of
Emerging Technologies in Learning,
15(7), 171–179. https://doi.org/10.3991/
IJET.V15I07.13327

Aristin, N. F., Hastuti, K. P., Setiawan, I.,
Adyatma, S., & Angriani, P. (2023).
Seberapa efektifkah booklet materi
lapisan atmosfer sebagai peningkatan
hasil belajar geografi/ ? 4(March), 77–
83. https://doi.org/10.34312/
jgej.v4i1.18962

Arsyad, A. (2015). Media Pembelajaran (Edisi
Revi). Raja Grafindo Persada.

Asmianto, Hafiizh, M., Rahmadani, D.,
Pusawidjayanti, K., & Wahyuningsih, S.

(2022). Developing android-based
interactive e-modules on trigonometry to
enhance the learning motivation of students.
International Journal of Interactive
Mobile Technologies (IJIM), 16(02),
159–170. https://doi.org/10.3991/
ijim.v16i02.27503

Astuti, T. A., Nurhayati, N., Ristanto, R. H., &
Rusdi, R. (2019). Pembelajaran
berbasis masalah biologi pada aspek
kognitif: sebuah meta-analisis. JPBIO
(Jurnal Pendidikan Biologi), 4(2), 67–
74. https://doi.org/10.31932/jpbio.
v4i2.473

Balwan, W. K., & Kour, S. (2021). Wetland-
An ecological boon for the environment.
East African Scholars Journal of
Agriculture and Life Sciences, 4(3), 38–
48. https://doi.org/10.36349/easjals.2021.
v04i03.001

Barua, P., Rahman, S. H., & Eslamian, S. (2021).
Coastal zone and wetland ecosystem:
Management issues. In Life Below Water
(pp. 1–19). Springer International
Publishing.

Boada, I., Rodriguez-Benitez, A., Garcia-
Gonzalez, J. M., Olivet, J., Carreras, V.,
& Sbert, M. (2015). Using a serious game
to complement CPR instruction in a nurse
faculty. Computer Methods and
Programs in Biomedicine, 122(2), 282–
291. https://doi.org/10.1016/j.cmpb.
2015.08.006

Carrera, C. C., Avarvarei, B. V., Chelariu, E. L.,
Draghia, L., & Avarvarei, S. C. (2017).
Map-Reading skill development with 3D
technologies. Journal of Geography,
116(5), 197–205. https://doi.org/10.1080/
00221341.2016.1248857

Catalano, C. E., Mortara, M., Spagnuolo, M.,
& Falcidieno, B. (2011). Semantics and
3D media: Current issues and
perspectives. Computers & Graphics,
35(4), 869–877. https://doi.org/10.1016/



457                            Aristin et al., Wetlands: 3D Mapstory Application to Improve Students’...

j.cag.2011.03.040
Chang, Y. M., & Lai, C. L. (2018). “Floating

heart” application of holographic 3D
imaging in nursing education. International
Journal of Nursing Education, 10(4),
25. https://doi.org/10.5958/0974-
9357.2018.00095.8

Chien, Y.-H. (2017). Developing a pre-
engineering curriculum for 3d printing skills
for high school technology education.
EURASIA Journal of Mathematics,
Science and Technology Education,
13(7). https://doi.org/10.12973/
eurasia.2017.00729a

Crawford, J., Butler-Henderson, K., Rudolph,
J., Malkawi, B., Glowatz, M., Burton, R.,
Magni, P. A., & Lam, S. (2020). COVID-
19: 20 countries’ higher education intra-
period digital pedagogy responses.
Journal of Applied Learning &
Teaching, 3(1). https://doi.org/10.37074/
jalt.2020.3.1.7

Daryanes, F., Darmadi, D., Fikri, K., Sayuti, I.,
Rusandi, M. A., & Situmorang, D. D. B.
(2023). The development of articulate
storyline interactive learning media based
on case methods to train student’s
problem-solving ability. Heliyon, 9(4),
e15082. https://doi.org/10.1016/
j.heliyon.2023.e15082

Day, T., Chang, I.-C. C., Chung, C. K. L.,
Doolittle, W. E., Housel, J., & McDaniel,
P. N. (2021). The immediate impact of
covid-19 on postsecondary teaching and
learning. The Professional Geographer,
73(1), 1–13. https://doi.org/10.1080/
00330124.2020.1823864

Diana, S., & Mansur, M. (2018). Need analysis
on english teaching materials for ict
students. ETERNAL (English, Teaching,
Learning, and Research Journal), 4(2),
209. https://doi.org/10.24252/
Eternal.V42.2018.A6

Donald, K. (1959). Techniques for evaluation
training programs. Journal of the
American Society of Training Directors,
13, 21–26.

Du Preez, P. J., & Brown, L. R. (2011). Impact
of domestic animals on ecosystem integrity
of Lesotho high altitude peatlands. In O.
Grillo (Ed.), Ecosystem Biodiversity (pp.
249–270). IntechOpen.

Endter-Wada, J., Kettenring, K. M., & Sutton-
Grier, A. (2020). Protecting wetlands for
people: strategic policy action can help
wetlands mitigate risks and enhance
resilience. Environmental Science &
Policy, 108, 37–44.

Faizal, R., Aristin, N. F., Purnomo, A., &
Nimpuna, D. D. (2020). Using geographic
information system to analyze dryland
pattern in wringin subdistrict, bondowoso
regency. International Conference on
Social Studies and Environmental Issues
(ICOSSEI 2019), 404(ICOSSEI 2019),
292–295. https://doi.org/10.2991/
assehr.k.200214.052

Finlayson, C., Bartlett, M., Davidson, N., &
McInnes, R. (2013). The ramsar
convention and urban wetlands: an
opportunity for wetland education and
training. In Workbook for managing
urban wetlands in Australia (pp. 34–
51). Sydney Olympic Park Authority.

Foronda, C. L., Shubeck, K., Swoboda, S. M.,
Hudson, K. W., Budhathoki, C., Sullivan,
N., & Hu, X. (2016). Impact of virtual
simulation to teach concepts of disaster
triage. Clinical Simulation in Nursing,
12(4), 137–144. https://doi.org/10.1016/
j.ecns.2016.02.004

Gaol, M. L., Serevina, V., & Supriyati, Y. (2019).
Media pembelajaran ebook berbasis 3d
pageflip pada materi suhu dan kalor
dengan model pembelajarn discovery
learning. Prosiding Seminar Nasional



458 Jurnal Pendidikan Progresif, Vol. 15, No. 01, pp. 444-462, March 2025

Fisika (E-Journal) SNF2019 UNJ,
SNF2019-PE-319–324. https://doi.org/
10.21009/03.SNF2019.01.PE.40

García-Martínez, I., Fernández-Batanero, J. M.,
Cobos Sanchiz, D., & Luque de la Rosa,
A. (2019). Using mobile devices for
improving learning outcomes and teachers’
professionalization. Sustainability, 11(24),
6917. https://doi.org/10.3390/
su11246917

Hackett, M., & Proctor, M. (2016). Three-
Dimensional display technologies for
anatomical education: a literature review.
Journal of Science Education and
Technology, 25(4), 641–654. https://
doi.org/10.1007/s10956-016-9619-3

Haji Mohamad Yusuf, A., Mohd Salim, M. N.
F., Mohd Salim, M. S. A., Rusmi, A. S.,
Wan Amri, W. N. D. A., Mohd Sobirin,
N. F., & Mohamad Rohaizad, N. I.
(2024). Gadget dependency and its impact
on academic performance: a study among
higher education students. International
Journal of Modern Education, 6(23),
227–242. https://doi.org/10.35631/
IJMOE.623016

Halawa, M. V., & Kholida, P. (2022).
Transformasi motif tradisi dari media 2d
ke 3d sebagai bentuk pelestarian budaya
visual lampung. Gorga/ : Jurnal Seni
Rupa, 11(2), 565. https://doi.org/
10.24114/gr.v11i2.39856

Hamm, J., Money, A., & Atwal, A. (2019).
Guidetomeasure-OT: A mobile 3D
application to improve the accuracy,
consistency, and efficiency of clinician-led
home-based falls-risk assessments.
International Journal of Medical
Informatics, 129, 349–365. https://
doi.org/10.1016/j.ijmedinf.2019.07.004

Hammer, D. A., & Bastian, R. K. (2020).
Wetlands ecosystems: natural water
purifiers? In Constructed Wetlands for
Wastewater Treatment (pp. 5–19). CRC
Press.

Hanson, J., Andersen, P., & Dunn, P. K. (2019).
Effectiveness of three-dimensional
visualisation on undergraduate nursing and
midwifery students’ knowledge and
achievement in pharmacology: A mixed
methods study. Nurse Education Today,
81, 19–25. https://doi.org/10.1016/
j.nedt.2019.06.008

Hariharasudan, A., & Kot, S. (2018). A scoping
review on digital english and education 4.0
for Industry 4.0. Social Sciences, 7(11),
227. https://doi.org/10.3390/socsci711
0227

Hasan, R., Palaniappan, S., Mahmood, S., Shah,
B., Abbas, A., & Sarker, K. (2019).
Enhancing the teaching and learning
process using video streaming servers and
forecasting techniques. Sustainability,
11(7), 2049. https://doi.org/10.3390/
su11072049

Hu, S., Niu, Z., Chen, Y., Li, L., & Zhang, H.
(2017). Global wetlands: Potential
distribution, wetland loss, and status.
Science of The Total Environment, 586,
319–327. https://doi.org/10.1016/
j.scitotenv.2017.02.001

Inayah, A. A., & Zubaidah, E. (2020).
Implementation of dakon-themed game
media: encourage curiosity 21st century in
primary school. Journal of Education
and Learning (EduLearn), 14(4), 609–
616. https://doi.org/10.11591/
edulearn.v14i4.15091

Insani, M., Haenilah, E. Y., Hariri, H., & Sinaga,
R. M. (2023). Audio-visual-based history
learning media materials about human life
in the literary age. Journal of Education
and Learning (EduLearn), 17(3), 398–
407. https://doi.org/10.11591/edulearn.
v17i3.20730

Komang Sudarma, I., Suwatra, I. W., Gede, D.,
& Putra Prabawa, A. (2021). The
development of multiple intelligence-
oriented thematic multimedia in elementary
schools. Proceedings of the 2nd



459                            Aristin et al., Wetlands: 3D Mapstory Application to Improve Students’...

International Conference on Technology
and Educational Science (ICTES 2020),
540, 72–78. https://doi.org/10.2991/
ASSEHR.K.210407.216

Kupriianova, Iu. V., & Lapshina, E. D. (2024).
Consortium “RITM carbon” launches a
series of online lectures “The World of
wetland ecosystems: from basics to
innovations.” Environmental Dynamics
and Global Climate Change, 15(4),
289–296. https://doi.org/10.18822/
edgcc643553

Lazo-Amado, M., & Andrade-Arenas, L.
(2023). Designing a mobile application for
children with dyslexia in primary education
using augmented reality. International
Journal of Interactive Mobile
Technologies (IJIM), 17(02), 76–100.
https://doi.org/10.3991/ijim.v17i02.36869

Lim, J., & Pilesjö, P. (2022). Triangular irregular
network (tin) models. In John P. Wilson
(Ed.), Geographic Information Science
& Technology Body of Knowledge (2nd
Quarte). UCGIS. https://doi.org/
10.22224/gistbok/2022.2.7

Liu, H., & Wu, C. (2019). Developing a scene-
based triangulated irregular network (tin)
technique for individual tree crown
reconstruction with lidar data. Forests,
11(1), 28. https://doi.org/10.3390/
f11010028

Marini, A., Nafisah, S., Sekaringtyas, T., Safitri,
D., Lestari, I., Suntari, Y., Umasih,
Sudrajat, A., & Iskandar, R. (2022).
Mobile augmented reality learning media
with metaverse to improve student learning
outcomes in science class. International
Journal of Interactive Mobile
Technologies (IJIM), 16(07), 99–115.
https://doi.org/10.3991/ijim.v16i07.25727

McAlpine, L., & Weston, C. (1994). The
attributes of instructional materials. In
Performance Improvement Quarterly
(Vol. 7, Issue 1, pp. 19–30). https://

doi.org/10.1111/j.1937-8327.1994.
tb00614.x

McCulloch, A. W., Hollebrands, K., Lee, H.,
Harrison, T., & Mutlu, A. (2018). Factors
that influence secondary mathematics
teachers’ integration of technology in
mathematics lessons. Computers &
Education, 123, 26–40. https://doi.org/
10.1016/j.compedu.2018.04.008

Mezquita, V. C., Mezvioleta, V. C., Lestari, P.
S., & Shafira, I. (2021). Virtual reality
application of 3d-based volleyy game.
Journal of Computer Science, 2(4).

Michael, A. (2012). Leaving addie for sam: an
agile model for developing the best learning
experiences. The American Society for
Training & Development.

Muhson, A. (2010). Pengembangan media
pembelajaran berbasis teknologi
informasi. Jurnal Pendidikan Akuntansi
Indonesia, 8(2). https://doi.org/10.21831/
jpai.v8i2.949

Mustaqim, I. (2017). Pengembangan media
pembelajaran berbasis augmented
reality. Jurnal Edukasi Elektro, 1(1).
https://doi.org/10.21831/jee.v1i1.13267

Nur Saputra, A., & Efendi, M. (2018). The
relationship of human activity and water
quality in riam kanan reservoir, south
kalimantan. Proceedings of the 1st
International Conference on Social
Sciences Education - “Multicultural
Transformation in Education, Social
Sciences and Wetland Environment”
(ICSSE 2017). https://doi.org/10.2991/
icsse-17.2018.12

Nurrita. (2018). Pengembangan media
pembelajaran untuk meningkatkan
hasil belajar siswa. Misykat, 03(1), 171–
187.

Peter W., A., Kathleen A., C., Richard E., M.,
Paul R., P., James, R., & Merlin C., W.
(2001). A taxonomy for learning, teaching,
and assessing: a revision of bloom’s



460 Jurnal Pendidikan Progresif, Vol. 15, No. 01, pp. 444-462, March 2025

taxonomy of educational objectives (A.
Lorin W. & K. David R., Eds.). Pearson .

Potkonjak, V., Gardner, M., Callaghan, V.,
Mattila, P., Guetl, C., Petroviæ, V. M., &
Jovanoviæ, K. (2016). Virtual laboratories
for education in science, technology, and
engineering: A review. Computers &
Education, 95, 309–327. https://doi.org/
10.1016/j.compedu.2016.02.002

Putra, A. Y., & Mufit, F. (2022). Literature review
of learning media development using 3d
pageflip in physics learning. Konstan -
Jurnal Fisika Dan Pendidikan Fisika,
7(1), 7–11. https://doi.org/10.20414/
konstan.v7i01.88

Rahmatsyah, S. W., & Dwiningsih, K. (2021).
Development of interactive e-module on
the periodic system materials as an online
learning media. Jurnal Penelitian
Pendidikan IPA, 7(2), 255–261. https://
doi.org/10.29303/jppipa.v7i2.582

Rawashdeh, A. Z. Al, Mohammed, E. Y., Arab,
A. R. Al, Alara, M., & Al-Rawashdeh, B.
(2021). Advantages and disadvantages of
using E-learning in university education:
Analyzing students’ perspectives.
Electronic Journal of E-Learning, 19(2),
107–117. https://doi.org/10.34190/
ejel.19.3.2168

Robert K., B., Gail T., R., Lammar, C., John P.,
F., & Wallace H., H. (1975). Interservice
procedures for instructional systems
development. (5 vols.). (TRADOC Pam
350-30 NAVEDTRA 106A). Ft. Monroe,
VA: U.S. Army Training and Doctrine
Command, August 1975. (NTIS No. ADA
019 486 through ADA 019 490).

Robert M., G., Leslie J., B., & Walter W., Wa.
(1992). Principles of instructional design
(4th ed.).

Rodríguez-Pérez, A. E., & Blázquez, A. M.
(2023). Wetlands as a teaching material
for secondary school students. 3649–

3654. https://doi.org/10.21125/
inted.2023.0982

Rohmah, L., & Russanti, I. (2021). Studi
literature: efektivitas penggunaan
virtual reality pada mahasiswa fashion
design. E-Journal Tata Busana, 10(02),
168–175. https://doi.org/https://doi.org/
10.26740/JOTB.V10N02.P168-175

Rossler, K. L., Sankaranarayanan, G., & Duvall,
A. (2019). Acquisition of fire safety
knowledge and skills with virtual reality
simulation. Nurse Educator, 44(2), 88–
92. https://doi.org/10.1097/NNE.00000
00000000551

Salsabila, T. I., Putra, A. K., & Matos, T. (2022).
Mobile virtual field trip and geography
education: potential exploration of complex
problem solving and spatial intelligence
capabilities. International Journal of
Interactive Mobile Technologies (IJIM),
16(24), 21–31. https://doi.org/10.3991/
ijim.v16i24.36157

Sari, C. A., Nisa‘, S. K., Putri, M. R. C.,
Marshelyna, M., & Masfuah, S. (2024).
Validitas media pembelajaran tiga
dimensi bola lapisan bumi untuk
meningkatkan minat belajar siswa. Al-
Aqlu: Jurnal Matematika, Teknik Dan
Sains, 2(2), 159–163. https://doi.org/
10.59896/aqlu.v2i2.102

Sari, R. M., Urfan, F., Ridhwan, R., Herliza, M.,
Dani, F. R., & Br Sembiring, T. (2023).
3D street story map learning media for high
school student’s spatial thinking ability.
Journal for Lesson and Learning
Studies, 6(3), 379–389. https://doi.org/
10.23887/jlls.v6i3.58812

Sari, S. A., & Husna, N. (2016). The
development of an earthquake mind
mapping. Journal of Education and
Learning (EduLearn), 10(2), 109–118.
https://doi.org/10.11591/edulearn.v10i2.
3231



461                            Aristin et al., Wetlands: 3D Mapstory Application to Improve Students’...

Schelly, C., Anzalone, G., Wijnen, B., & Pearce,
J. M. (2015). Open-source 3-D printing
technologies for education: Bringing
additive manufacturing to the classroom.
Journal of Visual Languages &
Computing, 28, 226–237. https://doi.org/
10.1016/j.jvlc.2015.01.004

Schwan, S., Dutz, S., & Dreger, F. (2018).
Multimedia in the wild: Testing the validity
of multimedia learning principles in an art
exhibition. Learning and Instruction, 55,
148–157. https://doi.org/10.1016/
j.learninstruc.2017.10.004

Seibert, S. A. (2021). Problem-based learning:
A strategy to foster generation Z’s critical
thinking and perseverance. Teaching and
Learning in Nursing, 16(1), 85–88.
https://doi.org/https://doi.org/10.1016/
j.teln.2020.09.002

Setiawan, R. Y. (2024). The effect of three-
dimensional media and learning interest to
improve learning outcomes of
environmental appearance material
reviewed from the learning styles of grade
iv students of state elementary school 2
ketanon tulungagung. LITERATUS, 6(2),
491–499. https://doi.org/10.37010/
lit.v6i2.1686

Shi, W., Haga, A., & Okada, Y. (2021). Web-
Based 3D and 360‘“ VR materials for iot
security education and test supporting
learning analytics. Internet of Things, 15,
100424. https://doi.org/https://doi.org/
10.1016/j.iot.2021.100424

Shields, S. D., & Riley, C. W. (2019). Examining
the correlation between excessive
recreational smartphone use and academic
performance outcomes. Journal of
Higher Education Theory and Practice,
19(5). https://doi.org/10.33423/
jhetp.v19i5.2279

Shorey, S., Chan, V., Rajendran, P., & Ang, E.
(2021). Learning styles, preferences and
needs of generation Z healthcare students:

Scoping review. Nurse Education in
Practice, 57, 103247. https://doi.org/
https://doi.org/10.1016/j.nepr.2021.
103247

Smith, S. J., Farra, S. L., Ulrich, D. L., Hodgson,
E., Nicely, S., & Mickle, A. (2018).
Effectiveness of two varying levels of virtual
reality simulation. Nursing Education
Perspectives, 39(6), E10–E15. https://
do i .org/10 .1097 /01 .NEP.00000
00000000369

Steidle, S., Lucash, M., Nasr-Azadani, E., &
Smithwick, E. (2023). Testing presence,
assessing attitudes: Study of a 3D virtual
tour in an “aesthetically challenged”
landscape. Journal of Environmental
Management, 337, 117574. https://
doi.org/https://doi.org/10.1016/j.jenvman.
2023.117574

Su, J., Wang, W., Wang, X., & Song, F. (2019).
Simulation of the gravitational lensing effect
of galactic dark matter halos using 3d
printing technology. The Physics Teacher,
57(9), 590–593. https://doi.org/10.1119/
1.5135783

Sugiyono. (2018). Metode penelitian
kuantitatif, kualitatif dan R&D.
Alfabeta. Bandung.

Sung, H.-Y., Hwang, G.-J., Wu, P.-H., & Lin,
D.-Q. (2018). Facilitating deep-strategy
behaviors and positive learning
performances in science inquiry activities
with a 3D experiential gaming approach.
Interactive Learning Environments,
26(8), 1053–1073. https://doi.org/
10.1080/10494820.2018.1437049

Suri, P. A., Syahputra, M. E., Amany, A. S. H.,
& Djafar, A. (2023). Systematic literature
review: The use of virtual reality as a
learning media. Procedia Computer
Science, 216, 245–251. https://doi.org/
10.1016/j.procs.2022.12.133

Tafonao, T. (2018). Peranan media
pembelajaran dalam meningkatkan



462 Jurnal Pendidikan Progresif, Vol. 15, No. 01, pp. 444-462, March 2025

minat belajar mahasiswa. Jurnal
Komunikasi Pendidikan, 2(2), 103.
https://doi.org/10.32585/jkp.v2i2.113

Tirtosudarmo, R. (2022). The central–regional
contexts of transmigration: riau and south
kali-mantan. In From Colonization to
Nation-State: The Political
Demography of Indone-sia (pp. 49–73).
Springer Singapore.

Toquero, C. M. (2020). Challenges and
opportunities for higher education amid the
covid-19 pandemic: the philippine context.
Pedagogical Research, 5(4), em0063.
https://doi.org/10.29333/pr/7947

Utami, I. W. P., Lutfi, I., Jati, S. S. P., & Efendi,
M. Y. (2019). Effectivity of augmented
reality as media for history learning.
International Journal of Emerging
Technologies in Learning (IJET),
14(16), 83. https://doi.org/10.3991/
ijet.v14i16.10663

Uwes Anis, C. (2015). Instrumen evaluasi
media pembelajaran. Pusat Teknologi
Informasi dan Komunikasi
PendidikanKementrian Pendidikan dan
Kebudayaan.

Wahyuningtyas, N., Ruja, I. N., Yahya, M. H.,
Wijaya, D. N., & Ibrahim, M. H. (2021).
Developing of a learning media for
smartphones for disaster mitigation
education. International Journal of
Emerging Technologies in Learning
(IJET), 16(07), 160. https://doi.org/
10.3991/ijet.v16i07.21195

Wilechansky, R., Burgermaster, M., Jones, D.,
& Seres, D. (2016). Obesity, diet, and
exercise education for the primary care
clerkship using an articulate storyline 2 e-
learning module. MedEdPORTAL, 1–7.
https://doi.org/10.15766/mep_2374-
8265.10497

Zakaria, E., & Iksan, Z. (2007). Promoting
cooperative learning in science and
mathematics education: a malaysian

perspective. EURASIA Journal of
Mathematics, Science and Technology
Education, 3(1). https://doi.org/
10.12973/ejmste/75372

Zakaria, E., & Zanaton. (2007). Promoting
cooperative learning in science and
mathematics education: a malaysian
perspective. Journal of Science and
TechnologyEducation, 3(1), 35–39.
https://doi.org/10.12973/ejmste/75372


