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Abstract. The rapid advancement of the latest technology, the absence of interactive
multimedia in schools, and the inferior ability of students’ mathematical representation
creating an alternative breakthrough in developing Android-based learning applications. The
purpose of the research was to improve the ability of students” mathematical representation
through Android Challenge-based Learning. The quasi-experimental, held at Bandung. It
involved 79 students, 39 experimental classes and 40 control classes. The findings indicated
that there an increased ability of mathematical representations of students with Android-based
Challenge-based Learning than students in the control group. There was no difference in the
performance of mathematical representation between students with Challenge-based Learning
based on Android and conventional learning based on mathematical prior knowledge in the
high, medium and low categories. There was interaction in the types of challenge-based
learning between the student with Android applications and expository learning based on prior
knowledge of mathematics in the high, medium, and low on the ability of students
mathematical representation. Challenge-based learning based on Android facilitated the
process of conflict, discovery, social interaction, and reflective processes of students so that the
ability of mathematical representation is improved while the material easily understood and
exciting.
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1. Introduction

The challenge of the industrial revolution era 4.0 requires professional teachers to understand the
application of Information and Communication Technology (ICT) which is utilized to increase
competitiveness in society. Using Android mobile apps is one of the prospective technologies in the
future that has high flexibility and portability as a learning media, especially in mathematics learning
where several materials require strong understanding. Therefore, Android mobile apps can be used as
representative learning media and can facilitate students to review material learning whenever and
wherever students need it[1]. Android mobile apps as high-quality learning medial 2].

The reality of the observations in schools is that almost all students can use an Android smartphone
device for entertainment purposes such as social media, playing games and watching videos. As stated
by [3], that even though students often spend their time playing Android smartphones, the Android-
based media of mathematics learning is still difficult to find in schools and not many teachers can
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implement Android in mathematics learning. Based on the Mobo Market survey (Indonesia Mobile
Data Report Mobo Market, 2015.p 17) the most downloaded types of mobile apps by smartphone
users are games that reached 43.71%. This indicates that today's smartphones haven't been widely
used in the mathematics learning process, but only for entertainment. From the observations, 83,7%
students of Bandung State II Madrasah Aliyah were mostly used Android as their smartphone
operating system.

The use of smartphones in learning is not optimal yet and could affect a student’s achievement.
Following the observation, the side effect of using mobile phones on student achievement shows that
students will he more accomplished if they can minimize mobile phones outside of learning
activities[4]. This confirms that smartphones owned by students are underutilized in learning. One of
the mathematics subjects that is suitable to be taught using Android learning media is geometry
material.expressed that geometry involves a lot of spatial visualization objects related to the
characteristics of geometry and measurement of flat plane areas and geometry.

The implementation of Android mobile apps must consider the operating system. In this study,
Android mobile apps contain learning content consisting of teaching materials, student worksheets,
quizzes, and calculators. This calculator is an upgrade from the existing one. The implementation of
Android mobile apps as a medium for learning mathematics will make it easier for students to achieve
learning goals in the fields of cognitive, atfective, and psychomotor|5].

One of the cognitive abilities in mathematics is the ability of mathematical representation. Indicator
of representation ability as one process standards, [6] sets the standard of representation that is
expected to be mastered by students during learning in school, namely: (1). Make and use
representations to recognize, write or record, and communicate mathematical ideas; (2). choose, apply,
and translate mathematical representations to solve problems; (3). use representation to model and
interpret physical, social, and mathematical phenomena. Representation is a model or form that is used
to represent a situation or problem to facilitate the search for solutions. The importance of this ability
isn't balanced yet with the student's conceptual ability.

Based on interviews with the mathematics teacher of Madrasah Aliyah Negeri II Bandung, the
ability of mathematical representation of most students still needs to be facilitated. Empirically this
ability is identified and analyzed in a preliminary study. The test results from 76.9% of 39 students
having a hard time representing pictorial essay problems into images, having a hard time representing
schematic sin angle areas and phytagorous theorems in trigonometry .

[7]States that there are two types of representations related to students' success in solving
mathematical problems, namely (a) pictorial representation, visually displaying objects described in
the story, and (b ) schematic representation, describing the spatial connection in the subject. According
to Goldin [8], representation is a configuration that can represent something in several ways. For
example, a word can represent a real-life object, a number can represent the size of geometry, or the
same number can represent a position on a number line. To be able to communicate something, a
person needs representation in the form of pictures, graphics, diagrams, and other forms of
representation. In line with Li's opinion[9]the structure of language in mathematical activities includes
external communication such as written and oral representation of symbols, word, graphics, and
images. Mathematical abilities associated with communication skills in each process of mathematical
activities that involve external communication such as written representation abilities and oral
representations in graphics, words, symbols, and images. Representation ability is a mathematical
ability by expressing mathematical ideas (problems, statements, definitions, etc. in various ways).

The complexity of the problem can be seen in students' mathematical representation ability, the
advancement of science and technology. One effort to facilitate it is to pack the content in Android
mobile apps through challenge based-learning. Android applications that encourage students to learn
from assignments. teaching materials, and learning projects. by constructing contextually stimulated
divergent problems, which challenge students to explore their projects in front of the class.

The application of challenge-based learning consists of three important parts: problem-based
learning, contextual learning, and project-based learning. Challenge-based learning with Android
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applications is seen as learning that can implement the demands of students to work hard using the
power of thought when faced with a problem situation that is contrary to the cognitive structure,
during the process of learning mathematics. [10] States that teachers as facilitators must prepare
problems to build students' skills in solving challenging problems to get the best solution, this
condition can't rely solely on problem submission from students but rather requires direction by
providing continuous training. As expressed by Harel Guerson that in Philosophy two ways are carried
out in the mathematics teaching and leaming process, namely the way of understanding such as
theorem, evidence, problem and solution, the second is the way of thinking to develop thinking skills.
[11]Syntax of challenge-based learning with Android application based includes: (1) The big idea, (2)
Essential questions, (3) The Challenge, (4) Guiding questions, (5) Guiding activities, (6) Guiding
resources, (7) Solution, (8) Assessment, (9) Publishing.

In addition to empirical reality, there are other factors that can contribute to mathematical
representation ability, such as mathematical prior knowledge categorized into three: high, medium and
low, with consideration of the varied abilities of Aliyah Madrasah students from state junior high
schools, private, Madrasah Tsanawiyah, and also from Islamic boarding schools. So that there is a
need for the mathematical prior knowledge test, which is a prerequisite for entering the stage in the
next material concept, in this case, the categorization of mathematical prior knowledge functions as a
control variable, to determine treatment differences in each category of student’s abilities during the
learning process.

2. Method

The research method used was a quasi-experiment. The independent variable is Android-based
Challenge-based Learning. The dependent variable is the students' mathematical representation
ability. Also, there are control variables, namely mathematical prior knowledge which are divided into
the high, medium and low category. A quasi-experimental design is a nonequivalent control group
design. Data source from the population is all students of class XI of the science department in
semester 2018/2019 which consists of 6 classes: class XI IPA 1, XI [PA 2, XI [PA 3, XI IPA 4, XI
IPA 5, and XI IPA 6. Samples are taken through simple random sampling techniques, selected from
population members that conducted randomly regardless of the social class that exists in the
population, and data sources that used as research subjects are students of class XI [PA 4 and class XI
IPA 6. Research at Madrasah Aliyah Negeri II Bandung involving the experimental class, one class
using Android-based Challenge-based Learning is class XI IPA 6 which consists of 39 students and
control class with expository learning is class XI IPA 4 which consist of 40 students. PKM test
instrument, mathematical representation ability test, data analysis of Independent t-test, two-way
ANAVA test.

3. Result and Discussion

The difference in the achievement of mathematical representation ability between groups of students
who carried out challenge-based leaming with Android applications and those who get expository
learning, data processing results of mathematical representation ability tests are obtained from pretest
and posttest scores which are then obtain n-gain for student’s mathematical representation ability test.

Table 1. N-gain Statistical Description

Learning Mean Std.Deviation
CBL based Android 0,57 0,28
Expository 0,14 0,29

According to the data in Table 1 shows that the average n-gain of the mathematical representation
ability test from students who carried out @ allenge-based learning with Android applications with the
score result of 0.57 in the high category is better than students who carried out expository learning
with a score of 0.14 in the medium category.
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After going through a series of capability test mathnatical representation is normally distributed
and has a homogeneous variance. The independent t-test is then carried @t. The results of the
independent t-test for the mathematical representation ability test are presented in Table 2.

Table 2. Calculation of the t-test
t-test for Equality of Means

T dF  Sig. (2-tailed) Mean
Difference
-6.688 77 000 -43047

The results of the t-test with the help of SPSS can be seen in Table 2 with the Sig. (2-tailed) which is
0.000 <0.05, then HO is rejected. meaning that there is a difference in the increase in mathematical
representation ability between students who carried out challenge-based learning with Android
applications and expository learning.

To see the difference in achievement of the ability of mathematical representation based on PKM
between classes that took challenge-based learning with Android applications and classes that took
expository learning, results of the mathematical representation ability test were obtained from the
posttest scores which then obtained the n-gain test scores of students's mathematical representation
ability then differentiated based on the PKM score in the categories of high, medium and low.

Table 3.PKM Statistical Data
Challenge Based Learning

. Expository
PEM based on Android
Mean SD Mean 5D
High 56.6 26.26 65.89 14.28
Medium 72.85 20.69 48.36 17.16
Posttest
Low 68 14.2 46.67 17.1
Overall 69.64 20.61 5175 17.94

After going through a series of capability test Mathematical representation is normally distributed
and has a homogeneous variance. Furthermore. the two-way ANOV A test is shown in Table 4.

Table 4. ANOVA Test Calculation

Source df F Sig.
PKM 2 304 738
CLASS 1 6.031 016
PKM * CLASS 2 4.668 012

Based on the two-way ANOVA calculation, the following results are obtained: If students have a
Sig score of 0.738> 0.05, then Hy is accepted. This means that there is no significant difference
regarding the achievement of students' mathematical representation ability based on mathematical
prior knowledge(PKM) in the high, medium and low categories. This is because the mathematical
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prior knowledge test was carried out at the first meeting, where the students weren't ready for a sudden
test. During the PKM test, students' condition isn’t conducive and they’re unable to focus when
working on the questions. Some of the students worked on the questions recklessly and didn’t try to
get high scores. Some students with high mathematical prior knowledge test scores didn't pay attention
durinfleamning, so some students get n-gain scores and no significant increase in their scores.

Both the experimental class and the control class are classes with different student characters so that
leamning factors didn’t have a significant effect on improving students' mathematical representation
abilities. According to the previous experiment [12], mathematical prior kiffwledge have an impact on
students’ mathematical communication skills. [13] Expressed clearly that there is a significant
influence between mathematical prior knowledge of students ofmathematics learning outcomes.

In table 4, if it shows sig. score 0.016 <0035, then Hy is rejected. This means that there are
significant differences in the student’s achievement of mathematical representation ability between
classes that carried out challenge-based leaming with Android applications and classes that use
expository learning. This shows that learning factors have a significant influence on improving
students' mathematical representation abilities. Learning has a Sig. score 0.012 <0.05, then Hy is
rejected. That means, there is interaction with challenge-based learning with Android applications and
expository learning with the level of PKM (high, medium, low) towards students' mathematical
representation abilities. Interaction plot differences in student's mathematical representation abilities
are presented in Figure 1.
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Figure 1. Interaction Plot

Figure 1 Interaction between leamning type (CBL with Android applications and Expository) and
PKM in high, medium, and low categories on students' mathematical representation abilities. Based on
Figure 1. it shows that.

a. Classes that carried out Android-based challenge-based learning with the PKM category are
better than the high and low categories and better than the classes that carried out expository
learning with high, medium and low PKM categories.

b. Classes that carried out Android-based challenge-based learning with low PKM categories are
better than high categories and better than those who carried out expository learning with high,
medium, and low PKM categories

¢. Classes that carried out Android-based challenge-based learning with PKM categories with high
PKM categories are no better than the moderate and moderate categories are better than the class
using expository learning with the medium and low PKM categories.
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There is an interaction between the learning type challenge-based learmming with Android
applications and expository learning with students PKM level (high, medium, low) towards students'
mathematical representation abilities. According to research [14], [15]that multimedia-assisted
challenge-based learning helps in expressing ideas that can bring the cognitive conflict to a lighter
level. Research [16], [17]of that leaming is done in a social constructivist way, creating, and
developing knowledge through assignments, not the result of receiving information from the instructor
only, even in professionally moderm-day can't just rely on self-acquired knowledge, the involvement of
teachers and students to reconstruct the concept of learning material to deal with conflict and the
practice of completing continuous tasks is needed, to meet the challenges. The results of [2] show that
learning with Android mobile apps is possible to be used as a medium of mathematics learning based
on a contextual approach to facilitate students in understanding the concepts. The convenience in
understanding material is supported by research [18], [19], [20]which states that the use of images.
animation, and sound can help students understand complex material. Learning media is good to
support interactive learning because the software has more supreme ability compared with other
software in displaying media, graphic combination, animation, sound, and has interactivity with the
users [20].

@ Conclusion

There are differences in the achievement of mathematical representation ability between students who
carried out challenge-based learning with Android applications and students who carried out
expository learning. There is no difference in the achievement of mathematical representation ability
between students who carried out challenge-based leaming with Android applications and expository
learning based on mathematical prior knowledge in the high, medium and low categories. There is an
interaction effect between challenge-based learning with Android applications and expository learning
as well as mathematical prior knowledge categories (high, medium. and low) to students' mathematical
representation abilities.

References

[11 A Jihad, W. Susilawati, and N. Sobarmingsih 2018 Improving Mathematical Understanding
Ability Student Through Study of Mobile Learning Mathematics based on The Android JOP
Conf.Ser. Mater. Eng 434.

[2] Y.F.Basya, A F. Rifa’i, and N. Arfinanti 2019 Pengembangan Mobile Apps Android sebagai
Media Pembelajaran Matematika berbasis pendekatan Kontekstual untuk Memfasilitasi
Pemahaman Konsep.J. Pengemb. Pembelajaran Mat.111-9.

[3] H. H. Batubara 2017 Pengembangan Media Pembelajaran Matematika berbasis Android untuk
Siswa SD/MLJ. Madrasah Ibtidaivah3112-27.

[4] I.R.Nugroho and B. Ruwanto 2017 Pengembangan Media Pembelajaran Fisika Berbasis Media
Sosial Instagram Sebagai Sumber Belajar Mandiri Untuk Meningkatkan Motivasi dan
Prestasi Belajar Fisika Siswa Kelas XI SMAE-Jurnal Pendidik. Fis.6 6.

[5] Matsun, D. Ramadhani, and I. Lestari 2018 Pengembangan Bahan Ajar Listrik Magnet Berbasis
Android Di Program Studi Pendidikan Fisika IKIP PGRI Pontianak/. Pendidik. Mat. dan
IPA9199-107.

[6] E. Permana, A. Desrianty, and Rispianda 2015 Rancangan Pengisi Daya dengan Panel Surya
(Solar Charging Bag) Menggunakan Quality Function Deployment (QFD)J. Online Inst.
Teknoligi Nas.34.

[71  A. Farug, I. Yuwono, and T. D. Chandra 2016 Representasi (Eksternal-Internal) pada
Penyelesaian Masalah MatematikaJ. Rev. Pembelajaran Mat.1 2149—-162.

[8] R. Diani, Yuberti, and S. Syafitri 2016 Uji Effect Size Model Pembelajaran Scramble dengan
Media Video terhadap Hasil Belajar Fisika Peserta Didik Kelas X MAN 1 Pesisir Barat,” J.
Pendidik. Fis. Al-biruni52268.

[9]1 E. Surya and S. N. Istiawati 2017 Mathematical Representation Ability in Private Class XI




Young Scholar Symposium on Science Education and Environment 2019 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1467 (2020) 012010 doi:10.1088/1742-6596/1467/1/012010

[10]

[11]

[12]
[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

SMA YPI Dharma Budi SidamanikJ. Saung Guru 8 2.

P. Hikkinen, S. Jarveld, K. Mikitalo-siegl., A. Ahonen, P. Niykki, and T. Valtonen 2016
Preparing teacher-students for twenty-first- century learning practices (PREP 21): a
framework for enhancing collaborative problem-solving and strategic learning skillsTeach.
Teach.232 1-16.

W. Susilawati, I. Maryono, and S. Maimunah 2018 The development of Adobe Flash-based
Interactive Multimedia to Enhance Students * Mathematical Communication SkillsfOP Conf.
Ser. Mater. Eng. 434.

R. Wahyu, Y. Putra, and A. S. Pamungkas 2019 Pengembangan Bahan Ajar Gamifikasi
Matematika Siswa MTs/PPMI12 1.

P. Hevriansyah and P. Megawanti 2016 Pengaruh Kemampuan Awal Terhadap Hasil Belajar
Matematika/KPM2137-44.

Susanto, N. ratna Dewi, and A. Irsadi 2013 Pengembangan Multimedia Interaktif Dengan
Education Game Pada Pembelajaran IPA Terpadu Tema Cahaya Untuk Siswa
SMP/MTsunnes Sci. Educ. J. 2 1.

T. Andhiesta kurnia fikri rosandi and I. Supardi 2016 Pengembangan Multimedia IPA Berbasis
Flash Dosen Program Pascasarjana Universitas Negeri Surabayal. Pengkaj. ilmu dan
pembelajaran Mat. dan IPA 42 76.

I. Blackman, C. De Crespigny, and S. Parker 2006 Mapping self-confidence levels of nurses in
their provision of nursing care to others with alcohol and tobacco dependence, using Rasch
scalinglnt. Educ. J.73245-258.

M. G. Simkin and W. L. Kuechler 2005 Multiple-Choice Tests and Student Understanding:
What Is the Connection?Decis. Sci. J. Innov. Educ.3173-98.

Abdurrahman, Liliasari, A. Rusli, and B. Waldrip 2011 Implementation of Multi-Representation
Based Learning to Increase Mastery of The Concept of Quantum PhysicsCakrawala
Pendidik.1.

L. Widianingtiyas, S. Siswoyo, and F. Bakri 2018 Effect of Multi Representation Approach in
Physics Learning on Cognitive Abilities of High School StudentsJ. Penelit. dan Pengemb.
Pendidik. Fis.11.

S. Furwati, Sutopo, and S. Zubaidah 2017 Conceptual Understanding and Representation
Quality on Newton’s Laws through Multi-Representation Learning/. Pendidik. Sains5380—
88.




Improving Students’ Mathematical Representation Ability
Through Challenge-Based Learning with Android Applications

ORIGINALITY REPORT

11, 124 5w 3

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

9%
* repository.iainkediri.ac.id

Internet Source

Exclude quotes On Exclude matches <3%

Exclude bibliography On



