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Introduction

Abstract: The factor causing students difficulties in understanding the shape of
molecules is that students need to imagine the 3D structure of a molecule with images in
2D, so a visualization tool specifically designed to overcome problems related to this is
needed. This study aims to determine the Effectiveness of Android-based M-Learning in
the molecular shape sub-material to improve students' visual-spatial intelligence. This
study used the 4D development model proposed by Thiagarajan (Define, Design,
Develop, and Disseminate) modified by Ibrahim so that it was only carried out until the
development stage. The trial of M-Learning using a One-group pretest-posttest design.
The subject in this research is class IX F-3 with a number of 27 students. The effectiveness
of Android-based M-Learning in terms of the increase in student learning outcomes as
measured by the value of the molecular shape pretest-posttest which contains 10 multiple
choice questions related to the molecular shape sub-material and visual-spatial pretest-
posttest which contains 6 multiple choice questions related to spatial-visual intelligence.
Research results show the molecular shape test and visual-spatial, each obtained an N-
Gain of 0.63 - 1 with moderate and high feature scores. which is effective in terms of
increasing student learning outcomes
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the eye to the microscopic level which is invisible and
relates to atoms, electrons, and molecules, and the

The development of science from time to time
continues to grow and supports the emergence of new
technologies that help humans in various fields. One
area that has begun to take advantage of technological
advances is Education (Lestari, 2018). In this context,
smartphones, laptops, and computers are very
important tools, especially in subjects such as Chemistry.
The use of this technology allows quick and easy access
to various information that supports the learning
process (Maknuni, 2020).

Technological developments have been widely
used in education, one of which is as a learning media in
the classroom. One of the uses of technology-based
learning media can be applied to chemistry learning. In
studying chemistry, students are required to be able to
relate the macroscopic properties that can be seen with
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symbolic level which relates to chemical equations and
formulas, because that Most students have difficulty
visualizing the material being studied (Nurviandy et al.,
2020; Visser et al., 2018). One of the chemical materials
that requires good visualization intelligence from
students is the shape of molecules (Ika et al., 2021)

In the sub-material, the shape of a molecule
requires spatial imagery and visualization of molecular
representations. The study of molecular geometry
includes bonds between molecules, bond lengths, and
bond angles which are abstract in nature or cannot be
seen with the five senses but can be studied theoretically
(Nisa & Dwiningsih, 2022). This is supported by
previous research which states that visualization of
molecules is needed by students to help them
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understand the shapes and angles of molecules (Tamami
& Dwiningsih, 2020).

The ability to see or imagine something abstract is
related to the intelligence possessed by each individual
in visualizing virtual objects, called spatial-visual
intelligence (Nisa et al 2021). Spatial-visual intelligence
refers to the aptitude to effectively comprehend the form
and positioning of three-dimensional objects by
analyzing their two-dimensional representations
(Isaloka & Dwiningsih, 2020). Students' spatial-visual
intelligence influences the chemistry learning process.
Sunyono and Sujarwo (2018) asserted that students with
strong spatial-visual intelligence possess the ability to
manipulate and interpret molecular representations in
both two-dimensional and three-dimensional formats.
This type of transformation is thought to enhance
students' problem-solving abilities. To put it differently,
spatial-visual intelligence holds significance for students
studying chemistry (Rahmawati et al., 2021).

Based on the results of a pre-research questionnaire
that the author conducted at Hangtuah 5 Senior High
School, in the questionnaire as many as 80.6% of
students said that chemistry was a difficult subject,
77.8% of students said that the molecular shape sub-
material was which is quite difficult. Factors causing
students' difficulties include the need for a person's
mind to imagine between the 3D structure of a molecule
and images printed in 2D (Isaloka & Dwiningsih, 2020).
By mastering visual-spatial intelligence, students will
more easily understand material regarding molecular
geometry which correlates with indicators of visual-
spatial intelligence (Isaloka & Dwiningsih, 2020; Nisa &
Dwiningsih, 2022) Spatial visual intelligence indicators
include several aspects, namely aspects; of rotation, the
ability to imagine the movement of an object, symmetry,
the ability to identify compounds that belong to a
symmetrical compound, the interpretation of 3D
molecular shapes into 2D or vice versa, the ability to
imagine molecular shapes both in 2D and 3D (Achuthan
et al., 2018).

Based on the explanation above, this study aims to
create a learning media in the form of Android-based M-
Learning that can improve students' visual-spatial
intelligence, especially in molecular shape material.

Method

This study is classified as development research,
specifically focusing on the creation of Android-based
Mobile Learning products. It specifically concentrates on
the development of Android-based Mobile Learning (M-
Learning) for the sub-topic of molecular shapes. The
research follows the 4D development model, originally
proposed by Thiagarajan and modified by Ibrahim
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(2014). This model comprises four stages: Define,
Design, Develop, and Disseminate. However, the scope
of this particular research is limited to the Develop stage.
The research design is illustrated in Figure 1.

Front-End Analysis =

Task Analysis H Students Analysis

Concept Analysis Define

Defining Learning
Objective

Making a Test
Media Selection

Design
‘ Draft | H Initial Design ‘ —
i
Develop

‘ Trial

o]

Figure 1. Thiagarajan 4D Development Research Design
modified by Ibrahim (2014)

Define stage

In this phase, the analysis needs to be performed
consisting of five components including: Frontend
Analysis, Student Analysis, Task Analysis, Concept
Analysis and Determination of Learning Objectives. In
this stage, it is a primary aim to define and lay down
learning conditions for the development project.

Design Stage

A number of tasks, such as test preparation, media
selection, format selection and first print design, are
carried out at this stage. The defined learning objectives
are used to create test tools that serve as a benchmark for
assessment of pupils' abilities throughout the
educational process. For the purpose of identifying
appropriate media that align with learning material and
student needs, selection shall be carried out. This
selection aims to support students in achieving the
learning objectives effectively

Format selection is carried out to ensure that the
chosen format suits the learning material. It
encompasses designing the learning content and
organizing and designing the media content, which
includes layout, images, and text.

The initial design is an M-Learning media design
made by researchers based on the format that has been
made. This design is in the form of draft 1. At this stage

7475



Jurnal Penelitian Pendidikan IPA (JPPIPA)

use the help of Adobe XD, Unity 3D, and Blender
software. Adobe XD is used to create user interfaces,
Blender is used to create 3D models of molecules that
will be included in Unity 3D. Unity 3D is used to
implement formats and User Interfaces that have been
made in Adobe XD into applications that can be installed
on Android smartphones.

Development Stage

The purpose of the Development stage is to
produce the revised version of M-Learning through
expert input and student trials. This stage consists of two
steps: media validation and limited trials. The validation
process involves experts in both media and subject
matter, including two chemistry lecturers and one
chemistry teacher. Media validation is conducted to
ensure the quality and suitability of the media before
proceeding to the trial phase. The feedback obtained
from this validation is utilized to enhance the developed
M-Learning further.

Once the first draft is validated and revised, it leads
to the creation of the second draft. The second draft, also
known as Draft II, is then subjected to limited field trials
with students. The purpose of these trials is to assess the
effectiveness of the M-Learning. The trial design adopts
a One-group pretest-posttest design. This design
involves using a single group of participants and
comparing their test results before and after the
treatment or intervention. The One-group pretest-
posttest design is employed to measure any changes in
the sample group's conditions or characteristics. It can
be expressed using the Equation 1.

O1xO; (1)
Description:
O = Pretest the ability of students before being
, =

given treatment
Posttest ability of students After being

o given treatment
X = Treatment given
Data Analysis Method

The data analysis method used in this study is
mixed, namely qualitative and quantitative. Qualitative
research is used at the media review stage and describes
the results of validity, practicality, and effectiveness.
While quantitative research is used in the practicality
and effectiveness data analysis stage.

The validity of M-Learning is reviewed through the
results of content and construct validity. The validator
evaluates M-Learning using a Likert scale with a range
of 0-4 as shown in Table 1.
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Table 1. Likert Scale

Score Category
4 Very Valid
3 Valid
2 Valid Enough
1 Invalid
0 Very Invalid

(Riduwan, 2016)

Validity results are classified as ordinal data which
cannot be calculated mathematically (Lutfi, 2021). The
score obtained is then determined by the mode of each
validity statement. The mode is used because the
validity results are classified as ordinal data. According
to Lutfi (2021), ordinal data is data that cannot be
operated mathematically. Ordinal data makes it possible
to determine the order in which data belongs (greater
than or less than) but does not allow to determine the
distance between these data (Gravetter, Wallnau,
Forzano, & Witnauer, 2020). So that mode can be used,
the mode is used because the data obtained on the
results of validity is in the form of ordinal data that
cannot be carried out mathematical operations, so a
decision is needed based on the largest number. M-
learning is declared valid if it gets mode >3.

Effectiveness data were obtained from the results of
students' pretest and posttest in limited trials, limited
trials were conducted using a one-group pretest-posttest
design. Pretest is a test conducted before students are
given treatment. While the posttest is a test carried out
after students are given treatment. From the results of
the pretest and posttest, it will be known whether the
learning outcomes of students have increased or even
decreased. To determine the increase from the pretest
and posttest results, you can use the N-Gain (g) formula
as Formula 2.

_ Spost—Spre (2)
Smaks —SPre

Description:

g = score N-Gain
Spost = score Posttest
Spre = score Pretest
Smaks = score maximal

After obtaining the results of the n-gain score, it can
be included in the criteria for increasing student learning
outcomes in Table 4. The developed M-Learning is said
to be effective if it obtains an N-Gain value > 0.3.

Table 4. Improved Learning Outcomes based on N-Gain

Nilai N Gain Criteria
g>07 High
072g=03 Moderate
g<03 Low
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Result and Discussion

The research in question employs the 4D
development model, originally proposed by Thiagarajan
and modified by Ibrahim (2014). This model
encompasses four distinct stages: Define, Design,
Develop, and Disseminate. However, the scope of this
particular research is confined to the Develop stage.

Define Stage

The purpose of this stage is to establish and
determine the goals and constraints for the media being
developed using analysis. The define stage comprises
five essential components: front-end analysis, student
analysis, task analysis, concept analysis, and
determination of learning objectives. The front-end
analysis is conducted with the purpose of identifying
and defining the fundamental issues that serve as the
foundation for the development of Android-Based M-
Learning. The first thing that needs to be considered is
the current curriculum used, this aims to find out how
chemistry lessons are carried out, especially on
molecular shape material. The curriculum used at
Hangtuah 5 Senior High School is independent. The next
thing that must be considered is the Learning Outcomes
(CP) used in this study, in the independent curriculum
the chemical bond material is taught to students in class
XI or it can be called phase F.

In CP phase F, chemistry subjects have general
achievements, one of which includes material on
molecular shapes, namely, students can learn about the
structure and interactions between particles in forming
a compound. Based on the results of interviews with the
Hangtuah 5 Senior high school chemistry teacher, so far
learning of molecular shapes is still done conventionally
with the help of blackboards. In the implementation of
learning that is carried out conventionally, not all
students can understand what is explained by the
teacher, this is because there is no clear illustration
related to molecular shape material, for this reason
learning media is needed that can visualize molecular
shapes both in 2D and 3D.

Student analysis is one of the next analyzes that
need to be done. After doing the front-end analysis. This
analysis aims to determine the characteristics of students
so that they become the basis for determining the
Android-Based M-Learning design. The subjects in this
study were students of class XI F who had not received
the molecular shape sub-material. Class XI F students
have an average age of over 16 years, when viewed
based on Piaget's level of cognitive development, class
XI F students have reached the level of formal
operations. Formal operations are the last stage in
Piaget's four stages of cognitive development, at this
stage, students have reached a more complex, abstract,
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and mathematical level of thinking (Carpendale et al.,
2020).

Task analysis aims to identify the various tasks
required by students in operating Android-Based M-
Learning. Analysis of the tasks performed by students as
follows; (1) Do the pretest; (2) Operate M-Learning; (3)
Study M-Learning materials; (4) Answering quizzes; (5)
Do the posttest.

In concept analysis, the sub-matter of molecular
shape geometry can be broken down into two concepts.
The first is a molecular shape based on the valence

electron pair repulsion theory (VSEPR) and
hybridization theory. Both of these concepts have
characteristics such as the representation and
visualization of molecular shapes, which makes spatial-
visual intelligence needed to make good
representations.

Molecular Geometry
According to Theory
Hybridization

Based on Hybridization
Central Atom

Based on Lone Pair
of Electrons

With a Lone Pair Without a Lone Pair
of Electrons of Electrons

sp
spid

6

Figure 2. Molecular Shape Geometry Concept

The formulation of learning objectives is the final
analysis process at the define stage. Based on the
Learning Achievements of phase F in chemistry subjects,
it has general achievements, one of which is that
students can learn about the structure and interactions
between particles in forming a compound
(Kemendikbud, 2022). Based on the CP, it can be
developed into learning objectives that can include the
molecular shape sub-material, the learning objectives in
this study are, (1) Through M-Learning students can
correctly mention the shapes and angles of bonds in
molecules using VSEPR theory and Hybridization
theory, (2) Through M-Learning students can correctly
explain the shape and angle of the bond using VSEPR
theory and Hybridization theory.

Design Stage
The design stage is the next stage in the Thiagarajan
4D Development model. This stage is carried out to
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design learning tools including learning media and
assessment instruments that are in accordance with the
learning objectives that have been formulated in the
define stage, including preparing tests, selecting media,
selecting formats and initial media design.

The test is a method used in the context of
measurements given by the teacher so that values can be
produced that symbolize student learning outcomes
(Rapono, Safrial, & Wijaya, 2019). The test is a series of
questions that must be answered by students. Based on
its implementation, the tests are divided into three types,
namely, oral tests, written tests, and action or deed tests
(Rapono et al., 2019). The purpose of test preparation is
to assess the learning outcomes based on the established
learning objectives, which serve as a benchmark for
evaluating students' abilities during the learning
process. Following test preparation, the next steps
involve creating the test grid and scoring the test. The
test grid includes scoring guidelines and answer keys for
the questions. The outcome of the test preparation
process is the production of written tests, including
multiple-choice questions that are integrated into the M-
Learning platform, as well as pretest and posttest
assessments.

Media selection is carried out to identify media that
matches the characteristics of the material and the
characteristics of the students. This is useful to assist
students in achieving learning goals. Based on a pre-
research questionnaire that the author conducted at
Hangtuah 5 Senior High School, as many as 97.2% of
students have smartphones with Android OS, this is
because the price of Android smartphones is affordable
and easy to use for communication, apart from being
used as a communication service provider, Android can
be developed as a media student support learning.
Android can be used as a learning medium which is an
alternative solution that can be used in teaching and
learning activities. In this case, the researcher chose the
media in the form of Android-based M-Learning.

Format selection is done so that the selected format
is by the learning material. Format selection in
development is intended to design learning content,
organizing and designing media content which includes
layout, pictures, and writing. Format selection in
developing Android-based M-Learning includes Splash
Screen, start page, information page and instructions for
use, menu page, introductory page, phenomenon page,
material page, 3d molecule page, and quiz page.

The initial design is an M-Learning media design
made by researchers. This design is in the form of draft
1. The initial design of the media begins with the creation
of a logo, then continues with the creation of the M-
Learning User Interface created using Adobe XD
software, the M-Learning User Interface is created based
on the format that has been made. Besides being used for

September 2023, Volume 9 Issue 9, 7474-7483

creating User Interfaces, Adobe XD can also be used to
create prototypes based on the User Interface that has
been created.

Molecular Shape
3D Mobile Learning

Figure 3. M-Learning Logo

e
o G

Figure 4. Android-Based M-Learning User Interface

Creating a User Interface will make it easier in the
next stage, namely implementing the prototype into an
application that can be installed on an Android
smartphone. Making M-Learning using Unity 3D and
Blender software. Blender software is used to create 3D
models of molecules to be incorporated into Unity 3D.
Unity 3D software is used to implement formats and
User Interfaces that have been made in Adobe XD into
applications that can be installed on Android
smartphones. The following are the results of the initial
Android-based M-Learning design made with Unity 3D
and Blender.
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SELAMAT DATANG DI
Molecular Shape
3D Mobile Learning

Figure 5. Initial Design of Start Page and Menu Page Draft 1

Pendahuluan Fenomena

Perhatikan Video di Bawah ini
Tentang Aplikasi

Apikasiinimerupakan media pembelajaran
yang digunakan dalam mata pelajaran
kimia, khususnya pada sub materi bentuk
molekul sesuai dengan kurikulum merdeka
belajar

Capaian Pembelajaran

Pada CP fase F mata pelajaran kimia
memiliki capaian umum yang salah
satunya peserta didik mampu mempelajari
tentang struktur dan interaksi antar
partikel dalam membentuk sebuah
senyawa

T

Setelah menonton video diatas silahkan Klik tombol

Tujuan Pembelajaran

Melalui mobile learning peserta didik dapat
menyebutkan bentuk dan sudut ikatan
pada molekul menggunakan teori VSEPR
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Figure 6. Initial Design of the Introduction Page and
Phenomena Page
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Develop Stage

The Develop stage aims to produce Android-based
M-Learning which has been revised based on expert
input and trials on students. At this stage, draft 1, or the
initial design that has been produced is reviewed by the
supervisor to provide input before the validation
process is carried out. The inputs provided include
adding a user prompt to open the guide when opening
the application for the first time, adding a spatial visual
quiz, adding a description of the symmetry of a molecule
on the 3d page of the molecule, and changing the
background of the text on the introductory page.

The validation stage was carried out by media
experts and material experts which included 2 chemistry
lecturers and 1 chemistry teacher. The aspects assessed
by the validator include content validity and construct
validity. The assessment was carried out using a Likert
scale with a range of 0-4.

The score obtained is then determined by the mode
of each validity statement. According to Lutfi (2021),
ordinal data is data that cannot be operated
mathematically. Ordinal data makes it possible to
determine the order in which data belongs (greater than
or less than) but does not allow to determine the distance
between these data (Gravetter et al., 2020). So that mode
can be used, the mode is used because the data obtained
on the results of validity is in the form of ordinal data
that cannot be carried out mathematical operations, so a
decision is needed based on the largest number. M-
learning is declared valid if it gets mode >3.

Content validity assessment indicators included the
suitability of the material with the curriculum, media
components, and the correctness of the material concept.
Indicators for assessing construct validity include media
presentation, physical media, media illustrations, and
media language.

Table 5. Results of Content Validity

Assessment Indicator % Mode Criteria
Content Validity

Appropriateness of )
Material Content 3 4 4 4 Very Valid
M-Learning 5 3 4 3 Valid
Components

Material Concept 5 3 4 3 Valid
Accuracy

Mode 3 3 4 3 Valid

3 ‘ [ J( _..\\*J/ i \[*

v | = | A ||
| S [ Eag |
Figure 7. Preliminary Material Page Design and Molecule 3D
Page

According to Table 5, the content validity of the
study meets the valid eligibility criteria, as evidenced by
a mode of 3. Content validity in M-Learning is
conducted to assess the suitability and appropriateness
of the material content, components of M-Learning, and
material concepts used in the study. The results of
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content validity are related to the quality of the
components and materials in M-Learning so that it can
make it easier for students to understand the material
being taught. This is in accordance with research by
Sugianto (2018) and Wardhani (2022) that consistent
presentation of concepts is very necessary to make it
easier for students to impart knowledge.

Table 6. Results of Construct Validity

Assessment Validator .
Indicator 1 2 3 Mode Criteria
Construct Validity

Media Presentation 4 4 4 4 Very Valid
Physical Media 3 3 4 3 Valid
Media illustration 3 3 4 3 Valid
Media language 3 3 4 3 Valid
Software Technical 4 4 4 4 Very Valid
Mode 3 3 4 3 Valid

Table 6 indicates that the construct validity of the
study meets the valid eligibility criteria, with a mode of
3. Construct validity in M-Learning is conducted to
assess the appropriateness and effectiveness of the
media presentation, physical aspects, illustration,
language, and technical aspects of the M-Learning
platform used in the study. The results of construct
validity relate to the physical and linguistic qualities of
M-Learning so that it can attract students' attention. The
integration of all visual elements such as letters, images,
videos will function together to make the media more
interesting when observed (Arsyad, 2015; Astuti et al.,
2021; Fadli et al., 2017; Sarip et al., 2022).

Apart from that, based on the assessment of 3
validators, media language received mode 3 with the
category "Valid". This shows that the M-Learning
developed uses good Indonesian, is easy to understand,
and the choice of sentences and words are coherent and
precise. This is in accordance with research by Ovanti
(2016) Learning media can be interpreted as a means to
channel messages, stimulate students' thoughts,
feelings, attention and will so that they can encourage
the learning process, therefore it is necessary to use
language according to the level of students'

100 100

[0}

0

D
(=}

N
(==}

N
(=}

AAZ AAR AA AGM ADP CLK CMA DAP DI DWR DPA HF

m Pretest Molecular Shape
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understanding and use of terms. correct and easy to
understand.

Table 5 and Table 6 show that the content and
construct validity of Android-based M-Learning
obtained a mode of 3 each with valid criteria, which
means that the developed M-Learning is suitable for use
in limited trials.

The effectiveness of Android-based M-Learning in
terms of the increase in student learning outcomes as
measured by the value of the molecular shape pretest-
posttest which contains 10 multiple choice questions
related to the molecular shape sub-material and visual-
spatial pretest-posttest which contains 6 multiple choice
questions related to spatial-visual intelligence. A trial
was conducted at Hangtuah 5 Senior High School class
XI F-3 with 27 students.

Table 7. Results of Molecular Shape Test

Description Pretest Posttest
Maximum Score 30.00 100.00
Minimum Score 0.00 70.00
Avarage 19.63 80.37
N Gain High

The pretest and posttest results for the topic of
molecular shapes in the class exhibited a significant
improvement in learning outcomes. This is evident from
the average score of 19.63 in the pretest and 80.37 in the
post-test. The M-Learning approach demonstrated a
high level of effectiveness, as indicated by the N-Gain
value of 0.76, which falls within the high criteria range.
Based on these results the Android-based M-Learning
can be declared effective because it can help students to
improve learning outcomes in terms of pretest posttest
competence. This is supported by research conducted by
Hsin-Kai Wu and Priti Shah (2004), and Aziz Tamami
(2020), namely the use of a media that presents
transformations between 2D and 3D can improve
student learning outcomes. This is because the use of
visualization of molecular shape material can improve
students' spatial-visual intelligence. The following is a
graph of increasing learning outcomes based on Table 7

SRR

MS MIM MZH NZY NSI NSA NAM PDWN RAR RFGP VB] WFR YAW

m Posttest Molecular Shape

Figure 8. Graph of Improved Learning Outcomes Based on Pretest Posttest Molecular Shape
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The pretest and posttest results for spatial visual
abilities in the class showed a remarkable improvement
in learning outcomes. This is evident from the average
pretest score of 24.69 and the posttest score of 95.06. The
utilization of M-Learning demonstrated a high level of
effectiveness, as supported by the N-Gain value of 0.93,
which meets the criteria for high effectiveness. The
specific results can be observed in Table 8.
100.00100.00100.00

100.00100.00100.00 100.00100.00100.00

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

AAZ AAR AA AGM ADP CLK CMA DAP DI DWR DPA HF

W Pretest Visual Spasial

83.33 83.33 83.33 83.33
50.
33.38 33. 33 33.38 33.
16. 16.64 16. 16.64 16. 16.
Aol
1s
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Table 8. Results of Visual Spatial Test

Description Pretest Posttest
Maximum Score 50.00 100.00
Minimum Score 0.00 83.33
Avarage 24.69 95.06
N Gain High

100.00100.00100.00100.00 100.00100.00 100.00100.00100.00100.00

83.33 83.33 83.33-83.33
50.
33. 33. 33.38 33. 33.38 33.38 33.3 33.
16. 16.
0.0 I 0.0 0.0 I
LN

MS MM MZH NZY NSI NSA NAM PDWN RAR RFGP VB] WFR YAW
W Posttest Visual Spasial

Figure 9. Graph of Improved Learning Outcomes Based on Pretest Posttest Visual-Spatial

Based on Table 8 the Android-based M-Learning
developed can be declared effective because it can help
students to improve learning outcomes in terms of
visual-spatial pretest posttest. The results from Table 8
are also supported by Nisa's research (2021), namely that
visualization media for molecular shapes are developed
to be able to improve student learning outcomes. The
Figure 9 is a graph of increasing learning outcomes
based on Table 8.

This research shows that the results obtained are in
accordance with previous research, researchers
increased the range of use of a computer software
developed by Aziz Tamami (2020) to become an
Android application that can be used only with the help
of an Android smartphone. This is also supported by
research by Amirullah & Susilo (2018), android-based
M-Learning can be used independently, thus enabling
students to obtain information related to molecular
forms of material anywhere and at any time without
being limited by space and time.

Conclusion

Based on the data analysis and discussion results, it
can be interpreted that Android-based M-Learning in
the molecular shape sub-material can be used to
improve students' visual-spatial intelligence, which
effectively increases student learning outcomes. In the
molecular shape test and visual-spatial, each obtained

an N-Gain of 0.63 - 1 with moderate and high feature
scores.
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