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Absract: Developing statistical thinking skills is an important need in the industrial era 4.0 and society 5.0.
Where the availability and openness of data is not limited by space and time. Statistical thinking is very
important to help students focus so they can consume educated and accurate information. Statistical thinking is a
way of understanding the complex world by describing it in relatively simple terms. This research aims to
improve students' Statistical Thinking abilities by using Android application-based learning media. The method
used in this research uses the literature study method. Data collection was carried out through literature reviews
from several relevant studies, then continued with content analysis. The results of this research show that in
general the use of Android-based E-Modules can improve statistical thinking abilities. The use of Android-
based E-modules also increases students' learning activities to become more active during the learning process.
Apart from that, another positive impact is the acceleration and improvement of students' mathematics skills.
The mobile characteristics of Android applications provide opportunities for students to re-study material they
have not mastered anywhere and at any time.
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Introduction

The concept of the Society 5.0 era was first conveyed by Japanese Prime Minister Shinzo Abe by encouraging
the role of humans in overcoming progress in the Industrial Revolution 4.0. In this 5.0 era, humans are required
to have more problem-solving abilities, critical thinking abilities, and creative abilities (Nurjanah et al., 2021).
The priority of this era is the ability of society to adapt to the future by having HOTS capabilities(Higher-order
thinking Skills) to think complexly, hierarchically, and systematically in everyday life. The availability of high-
level technology has become a trend for automation and data exchange during the Industrial Revolution 4.0 as it
is the Internet of Things (loT) and artificial intelligence (Ellitan, 2020). Along with this progress, it has an
impact on life throughout the world which is full of turmoil and full of uncertainty. With the presence of the era
of society 5.0, it can be a solution to existing problems (Sugiono, 2020).

The fundamental principle in the era of Society 5.0 is the role of humans together with the technology that
has been created. Humans create a balance between economic progress and solving social problems through an
interconnected system between the virtual world and the real world(Ellitan, 2020). The relationship between the
Industrial Revolution 4.0 and the era of society 5.0 is the use of big data. Big data that follows the development
of the Society 5.0 erais foundin various fields, such as the use of technology wearable (Sugiono,
2020). Wearable technology isa device Internet of Things (IoT) found on smartphones physically worn by
individuals to track, analyze, and send personal data. This device is commonly used to assist communication
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and navigation activities in everyday life. But then, it was transformed into a technology for collecting big data
information contained within smartphones.

Furthermore, the era of Society 5.0 is also related to data analysis using high-performance computers to solve
the issue of environmental change, a smart city that is safe, comfortable, and efficient. So this needs to be
adapted to the world of education in Indonesia. Education currently faces many challenges in meeting 21st-
century learning targets. The current challenge is a call to integrate Information and Communication
Technology (ICT) into learning activities. 21st-century learning habits can be seen in the increasing use of
technology. There is a structured movement to apply a combination of humans and technology in life so that the
world of work requires people who can take the initiative, think critically, and be creative and capable of solving
problems (Batubara, 2018). Teachers as important agents in the learning process are the main potential for
scientific development. Teachers must always explore their potential to improve the quality of learning. There
are many ways to improve the quality of learning, including using learning design (Komariah et al., 2018) that
involves technology.

In the era of digitalization, the government requires Information and Communication Technology (ICT) subjects
in every school, then it is recommended to integrate technology into every learning process, including
mathematics learning. The application of digital technology in learning can help make learning more effective
and interesting, presenting events that rarely occur, and showing events that can make it easier for students to
understand abstract material (Anita & Nugraha, 2022). The presence of technology can help students improve
their problem-solving abilities.

Branca states that problem-solving skills are the core of mathematics learning (Creswell, J.W. 2014). Applying
statistical problem-solving or decision-making skills requires statistical thinking. Thought terms statistics were
first created by Wilks in a presidential speech at the forum American Statistical Association (Wilks, 1951),
when he quotedWells that “Statistical thinking will one day be as necessary to every citizen as the ability to read
and write!” (Coleman, 2013). Statistical thinking skills are not only needed when students are studying but are
needed when someone makes decisions (Meylasari, 2020). NCTM (2020) includes the content of data analysis
and probability into one of five standards which include number operations, algebra, geometry, measurement,
and data analysis and probability.

Several higher-order thinking skills such as asking questions, making interpretations and estimates, reasoning,
critical thinking, drawing interference, metacognition, the ability to detect inadequate reasoning, problem
reasoning skills, and making mental calculations and estimates are also included in statistical thinking abilities.
Statistical knowledge helps in the decision-making process and in solving real-world problems involving data.
However, the reality in the field is that students have difficulty learning statistics. According to previous
research, the source of secondary school students' difficulties is teaching unrelated statistical concepts and
procedures, learning without real examples, and also prioritizing memorization over conceptual understanding
(Cakmak & Durmus, 2015; Ben-Zvi & Garfield, 2008). According to Ben-Zvi and Garfield (2008), conceptual
learning is necessary for the development of statistical thinking because conceptual learning involves
understanding and interpreting data as well as making conclusions from the data found.

Statistical thinking is not just about carrying out statistical calculations or defining concepts, but this requires
interpretation, reasoning, deduction, and making generalizations about data (Mooney, 2002; Ben-Zvi &
Garfield, 2008). Therefore, statistical thinking requires more than just knowing concepts and procedures and
doing calculations. Considering that statistical data plays a large part in modern daily life, it is important to
develop statistical thinking while studying mathematics at school. Statistical thinking is the ability to describe,
organize, present, analyze, and interpret data as well as apply an understanding of statistical concepts in
everyday life by providing critical evaluations and making generalizations (Gal, 2002). If statistical thinking
skills are high then understanding of the definition of statistical objects and attention to statistics are also good
(Aizikovitsh-Udi et al., 2016).

Statistical thinking can develop students' critical thinking, especially on how to receive information, manage the
truth of information, and provide comments (Aizikovitsh -Udi, 2016, 2017; Lizarelli et al., 2020). Moreover, it
relates to students' creativity in solving problems with various solutions (Akaike, 2010). This is also able to
develop students' reasoning in decision-making and helps build a basic understanding of statistical material
(Garfield et al., 2015). In this case, understanding students' statistical thinking in general and examining
students' stages of statistical thinking, in particular, is very important to inform learning practices, especially
problem-solving activities in the classroom, which can continue to be improved to support the development of
students' thinking (Marlissa & Widjajanti, 2015; Sopamena et al., 2018). Observing students' statistical thinking
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processes can be done by giving students problems so that the cognitive processes that occur can be observed
directly (Lailiyah et al., 2020).

Statistical thinking is everything a statistician does, including summarizing data, solving statistical problems,
drawing conclusions through procedures, and explaining interpretations of results (Chance, 2002). Hogg et al,
2000) defines statistical thinking as the ability to formulate appropriate questions about data, how to collect
effective data to answer them, and how to summarize and interpret information, and come to conclusions.
Mooney and Edwar (2002) define statistical thinking as describing data, organizing it, summarizing it,
representing or displaying it, analyzing it, and interpreting it.

According to Chan and Ismail (2014), statistical thinking is the ability to understand the statistical process as a
whole and apply statistical understanding to real problems by providing criticism, evaluation, and making
generalizations in terms of describing data, organizing data, representing data, analyzing and interpreting data.
This is in line with the opinion of Ulusoy and Altay (2017) who state that there are four processes/constructs in
statistical thinking based on the framework of Jones et al. (2000) namely describing data, organizing data,
representing data, analyzing and interpreting data. The first process, describing data, shows that someone can
completely read the data presented in the data display. The second process, data organization, and reduction,
reveals that one can group data into classes in various ways and can explain the size concentration, and
distribution of the data. The third process, data representation, states that someone can present the data with
various data displays. The fourth process, analyzing and interpreting data, shows that someone can provide
contextual responses and make conclusions or predict population/sample characteristics based on data (Ulusoy
& Altay, 2017). In this research, statistical thinking refers to students' cognitive activities that reveal the ability
to understand how to describe, organize reduce, represent analyze, and interpret data, which is implemented in
real problems.

Statistical Thinking involves critical evaluation and analysis of statistical research results. Gomez-Blancarte et
al (2021) also agree that statistical thinking involves a comprehensive understanding of statistical concepts and
processes, including the rationale behind various methods of data analysis and the context of statistical research
conducted. Abbiati et al (2021)highlight in their research that statistical thinking differs from mathematical
thinking in that it focuses on the variability and production of data and relies heavily on one's interpretation and
critical judgment. Delmas (2004) defines statistical thinking as a person's ability to know when and how to
apply statistical knowledge and procedures effectively and efficiently. This application involves a good
understanding of statistical concepts and methods and using them appropriately in different situations. The
ability to integrate statistical conclusions with the context of a problem is an important aspect of statistical
thinking.

Statistical Thinking involves critical evaluation and analysis of statistical research results. Gomez-Blancarte et
al (2021) also agree that statistical thinking involves a comprehensive understanding of statistical concepts and
processes, including the reasons behind various data analysis methods and the context of statistical research
conducted. Abbiati et al. (2021) highlight in their research that statistical thinking differs from mathematical
thinking because it focuses on the variability and production of data and relies heavily on one's interpretation
and critical judgment. Delmas (2004) defines statistical thinking as a person's ability to know when and how to
apply statistical knowledge and procedures effectively and efficiently. This application involves a good
understanding of statistical concepts and methods and using them appropriately in different situations. The
ability to integrate statistical conclusions with the context of a problem is an important aspect of statistical
thinking.

Applying statistical thinking skills to a problem in mathematics learning activities is very important. Based on
the results of Kim's research (2020), students can understand mathematics learning optimally by using teaching
aids or learning media that are appropriate to their level of development. The use of media in the learning
process aims to make the learning process effective and efficient so that the quality of education can be
improved (Batubara, 2018). The use of learning media must adapt to student characteristics, where students
currently live side by side with technology. Android applications are one of the learning media choices that
every student is interested in nowadays because they are easy to use and can be taken anywhere. The use of
Android applications is intended to complement existing learning and provide opportunities for students to re-
study material they have not mastered anywhere and anytime (Nurwita et al., 2023). Using this Android
application can certainly provide students with a different experience in the mathematics learning process.

The choice of learning media needs to be adjusted to student characteristics because media can have a different
learning motivation influence on each student. Azkia et al. (2023). The closer the student's characteristics are to
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the media used, the higher the motivational influence generated by the media. Along with changes in progress,
technology has been created that makes human activities easier, one of which is the smartphone. Smartphones,
which were originally used as communication tools, now have more than their basic function. Various features
have been embedded, such as image and video processing, document processing, and others. The growth of
mobile devices, especially smartphones, has experienced very rapid growth from year to year. According to
www.sampoernauniversity.ac.id, there will be 167 million smartphone users in Indonesia in 2022. This number
is believed to continue to grow rapidly, especially in urban areas. Seeing the number of smartphone users,
Android-based learning (blended learning) will be very supportive (Fitriani et al., 2021).

Research conducted by Fitriani et al. (2023), obtained the results that students who were taught using the
blended learning learning model had a better rotation of cognitive conflict strategies than those taught through
conventional learning. Research by Indrapangastuti et al. (2021) also states that blended learning can
significantly improve learning achievement. Research by Fitriani et al. (2021) obtained results that e-book-based
blended learning integrated with YouTube in mathematics learning geometry material met the criteria of valid,
practical, and effective. Furthermore, the results of research by Setiawan et al. (2021), found that the average
student in Indonesia who uses blended learning effectively can improve their mathematical abilities. Therefore,
teachers are expected to be able to implement blended learning effectively. Educators are required to be able to
keep up with technological developments to improve the quality of education by continuing to innovate and be
creative. Teachers can develop technology-based, student-oriented learning systems and facilitate their needs
with learning activities that are challenging, active, creative, innovative, effective, and fun (Nurjanah et al.,
2021). This policy is used in the hope that it can have a better impact on the sustainability of education. The use
of technology in the 21st century is highly recommended in education so that teachers and students can adapt
and utilize technology in facing the industrial era 4.0 and society era 5.0.

The use of technology in education is very useful for facing future challenges. So blended learning must be used
in schools from now on. Baloran's (2020) research states that students and teachers must get used to blended
learning from now on to face future challenges. Learn from the COVID-19 experience, when learning methods
were suddenly shifted everyone was not ready to do blended learning. Therefore, blended learning will continue
forever, not because of COVID-19, but rather because it is a learning process that has positive benefits for
Indonesian education in the future. This has the positive impact that blended learning has become an option for
learning on campuses (Lapitan et al., 2021). In response to this, of course, there needs to be media that supports
learning so that it becomes more effective. Research by Setiawan et al. (2021) states that blended learning,
which is used effectively, can improve mathematical abilities. Therefore, the author provides a solution to
overcome this problem, namely by developing innovative learning media in the form of electronic modules (e-
modules) that can be used in blended learning. Research by Anik et al. (2019) states that e-modules are very
significant in improving student learning outcomes.

Based on the explanation above, developing e-modules for blended learning learning is believed to provide
better learning outcomes. Moreover, the e-module developed takes into account student characteristics in the
learning process. The difference between Android-based e-modules and other learning models lies in the stage
of preparing the detailed design section that integrates technology into the e-module. Apart from that, the e-
module was developed using an Android-based application, namely sketcware, so that the e-module can be used
on laptops as well as cell phones and Android online or offline. Furthermore, in the e-module, there is an
independent learning section with learning video facilities that train students to understand the material
independently or collaboratively, and each activity contained in the e-module has a problem-solving stage to
achieve statistical thinking skills so this becomes a novelty in the study.

Method

The method used in this research is literature/library study. Literature study is an activity to study the theories
underlying research, both theories relating to the field of science being researched and methodology.
Putrihapsari and Fauziah (2020)defines literature study as research carried out by reviewing various literature
studies required in the research. The purpose of using the literature study method in this research is as a first
step in planning further research by utilizing literature to obtain data in the field without needing to go directly.
The data sources used as references in this research are relevant library sources as primary data sources.
research data, research reports, scientific journals, books, theses, theses, dissertations, and even newspapers that
are relevant to the topic being discussed. After obtaining the data source as a reference, it is continued with
analysis of the literature review data which is carried out using content analysis. Content analysis is where the
researcher examines a text objectively to get an overview of the content as it is, without the intervention of the
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researcher(Ahmad J, 2018).In this case, the researcher conducts an in-depth discussion of the content of
information from a data source which requires setting time to read and examine the data so that he can find a
solution according to the topic being discussed. It is hoped that these results can answer the problem and be used
as a consideration in the scope of using Android-based e-modules to achieve the capabilities of
statistical thinking learners.

Results and Discussion

Mastering basic mathematical concepts is the basic foundation that students who study mathematics must have
in the future (Suhandri et al., 2017). This is intended so that students do not experience learning obstacles when
studying mathematics at a higher level such as studying statistics. However, existing facts show that many
students experience difficulties when they have to solve the problems they study (Hermaini & Nurdin, 2020).
This difficulty occurs because students do not understand the basic concepts that have been studied previously
so when faced with problems, students tend to be confused, and even forget which concept to use to find a
solution to the problem being faced. According to Ben-Zvi and Garfield (2008), several students' challenges in
understanding mathematical concepts, especially statistics, which can interfere with their statistical thinking
abilities include many statistical ideas and rules that are complicated, difficult, and/or counterintuitive. Teachers
find it difficult to motivate students to engage in calculating work in statistics learning. Many students have
difficulty with basic mathematics such as fractions, decimals, and algebraic formulas which interferes with
learning statistical content.

Based on the results of a survey conducted by Makmuri et al. (2021), it was found that learning using books
makes learning less interesting, mathematics lessons are still considered unpleasant and difficult lessons.
Limited media and learning resources are also considered to be one of the factors that cause students to have
difficulty learning. Azkia et al. (2023) stated that most students find it difficult to construct and visualize
mathematical problems (geometry and statistics). This material requires imaginative thinking to explore
relationships between points, lines, planes, and between data. Based on the problems and difficulties
experienced by students, learning media is needed.

Using learning media can make it easier for students and teachers to carry out learning activities. Learning
media has an important role in the student learning process because abstract learning materials can be made
concrete in learning using the animations presented (Kuswanto & Radiansah, 2018; Novianti, 2018; Shodikin,
2017). A good solution that can answer this problem is to use digital-based learning media. Azkia et al. (2023)
stated that digital-based learning media has a big influence on mathematics learning outcomes. Apart from that,
in line with research by Tumangkeng et al. (2018) where electronic learning media makes a greater contribution
than print media such as books. This is also in line with the results of research conducted by Tamur et al. (2020)
that the effectiveness of using mathematics applications provides an average effect size in the high category and
based on the results of research conducted by Wungguli and Yahya (2020) that digital-based learning media
makes it easier for students to understand abstract mathematical concepts. With the development of this learning
media application, it is hoped that it can create a learning atmosphere that is more practical, and fun and can be
accessed anywhere and at any time. This learning media application is presented in an attractive package, so it is
hoped that it can increase students' interest in studying mathematics. The learning media developed is an
Android-based application. So this learning media can be easily operated because students are used to using
smartphones in everyday life. This learning media is included in the e-module-based media category which uses
blended learning.

According to Tenmau et al. (2023) stated that Android-based learning media has advantages, namely:
applications can be run on all versions of Android, applications can be run on all screen resolutions, and
applications can be used anytime and anywhere. The existence of Android-based learning media can be an
alternative learning resource for students so it is hoped that students can be motivated to be enthusiastic about
learning. This learning media can motivate teachers to always explore their creativity in using appropriate
learning media so that it attracts students' interest and they want to learn in a class atmosphere that is fun,
effective, conducive, and active. Apart from that, research conducted by Muyaroah and Fajartia (2017), the
results obtained by Android-based learning media have advantages, namely: (1) the media has an attractive
design appearance for students, (2) it is easy to operate, and understood and understandable by students, (3)
students do not feel bored when using it, (4) can be used independently either at school or at home. Based on
relevant literature studies, the use of Android e-modules can improve students' thinking skills when compared to
other learning media, this is because Android modules have several advantages including a) broad application
and design prospects so that the delivery of material becomes more interesting and can increase student learning
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motivation, b) able to present movements to shape the learning experience of students, c) is flexible so that it
can be used anytime and anywhere (blended learning), and d) is more practical because it can contain materials,
assignments, learning videos and also direct learning activities (touch screen).

According to Hamzah et al. (2022) said that the use of Android-based e-modules is effective in improving
students' mathematics learning outcomes. According to Kartiko & Mampouw (2021), the Android application-
based E-module supported by LKPD is very effective in helping students achieve 85% complete learning of
mathematics material. according to Astuti et al. (2022) stated that the Android-based Statistics E-Module had a
statistically significant effect on students' mathematics learning outcomes. According to Dewimarni and
Rizalina (2022), Android-based statistics learning media (e-modules) are effective in improving statistics
learning outcomes. According to Rismayanti et al. (2022), a modular-assisted e-module on smartphone Android
is interesting and worth using and can improve the critical thinking skills of mathematical students. According
to Nurwita F, et al (2023), that android application-based learning media (e-modules) can improve the
mathematical problem-solving skills of learners. Learning outcomes also show a positive impact on accelerating
and improving students' mathematical abilities because the characteristics of Android application-based e-
modules provide students with the opportunity to re-study material they have not mastered anywhere and
anytime. This also cannot be separated from how to teach statistical material to support the abilities of statistical
thinking learners.

Based on research results (Hamzah et al., 2022; Kartiko & Mampouw, 2021; Astuti et al, 2022; Dewimarni &;
Rizalina, 2022; Rismayanti et al., 2022; Nurwita et al., 2023) the presentation of the material strongly supports
statistical thinking skills. The characteristics of the material presented from the results of these studies construct
the characteristics of statistical thinking skills according to Martadipura, (2012), namely, there are four
constructions, namely: (1) describe the display of data, (2) organize and reduce data, (3) representing data, (4)
analyzing and interpreting data. The characteristics of the results of the researchers above also apply the stages
of cognitive thinking to the SOLO model (Structure of the Observed Learning Outcome) from Biggs and Collis
(1991) and Jones, et al. (2000) divide the level of statistical thinking into four, namely: 1) Idiosyncratic; 2)
Transitional; 3) Quantitative; and 4) Analytical.

Statistical thinking is known as a cognitive action in which students engage in statistical tasks, such as
describing, organizing, summarizing, representing, and analyzing data (Mooney et al. 2001). This means
statistical thinking is a mental process that allows students to use statistical methods to describe, analyze,
evaluate, and make decisions, while the ability to think here means mental thinking, which arises from activities
carried out by students. The statistical thinking process is very important to answer future challenges so it needs
to be emerged to form flexible and organized mental processes carried out by students. The aim of applying
statistical thinking skills is to solve statistical problems and problems through the use of several skills of
induction, deduction, interpretation, and perception of relationships which refer to the ability to handle data
descriptively. Further than that is how to make decisions to apply them in everyday life.

Conclusion

The use of Android-based e-modules in mathematics learning is very urgent and crucial for teachers in the
industrial era 4.0 and society era 5.0. Previous research shows the advantages and capabilities of Android-based
e-modules that can improve students' mathematics learning outcomes, including statistical thinking abilities. The
need for students in guidance activities and dependence on learning assistance to understand concepts is still
very high. With Android-based e-modules, it is hoped that you can learn independently anytime and anywhere.
Thus, students' ability to define problems and direct them to find the answer/resolution of the problem given can
be realized. Android application-based e-modules can be a learning alternative that can be applied during the
distance learning period. Teachers can assist students through electronic teaching materials distributed to
students, learning media, or step-by-step guidance through Questions and discussions can be done online or
offline. Teachers need to design learning media well so as not to cause students to depend on the assistance
provided. The application of Android-based e-module learning to achieve statistical thinking skills in
mathematics learning using blended learning needs to be followed up.

Recommendation

The development of Android-based e-modules is very relevant to the Industrial Revolution 4.0 era, especially
during face-to-face and virtual learning. Therefore, the author recommends using Android-based e-module
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learning media so that statistical material can be developed. The use of LKPD to support blended learning needs
to be organized and planned well so that it can function as a tool for controlling students' learning progress as
well as an evaluation tool for indicators of students' achievement of statistical thinking abilities.
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