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Abstract—The existence and use of technology can be a means of maximiz-
ing the potential of students' thinking abilities, including the ability to solve
problems. Learning that utilizes cellular technology that contains material in
science-math stories becomes one of the ways of| El'uing technological devel-
opments in leaming activities. The study used a pretest-postiest control group
design with more than one experimental group. There were two experimental
groups from two schools that experienced learning with science-math stories
based on digital learning as digital literacy media, and one control group from
another school who carried out literacy activities using reading books in the
class and the library. The use of science aalh stories based on digital learning
as a digital literacy media can improve problem-solving skills for elementary
school students. The main content in the form of realistic fiction illustrated sto-
ries with adventure themes that raise environmental problems to be solved be-
comes the main strategy in improving the ability to solve the problems of ele-
mentary school students.

Keywords—Science-math stories, digital learning, elementary school students,
problem-solving skills

1 Introduction

Advances in technology and information in the globalization era need to be bal-
anced with the development of all matters relating to education as an effort to improve
the intelligence of the nation's next generations. The most important role of education
is to prepare the laborers in the future and the community to face challenges at that
time [1],[2]. Only people with renewal can compete. Speigel [3] said that when faced
with global competition and access to information and technology-based, there will
always be a need for self-renewal. National education also implies the development of
various aspects, especially the ability to think as a provision in the future. Guiding and
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directing the younger generation to be smart is also one of the main goals of education
[4].

Educational programs by applying HOTS have resulted in benefits on national
standardized tests, on metacognitive measures, in problem-solving, and even in aver-
age grade points [5]. The ability to solve problems refers to the skills possessed by
someone to apply previously acquired knowledge to a new one in an unknown situa-
tion. Solving problems is a real effort by using the knowledge, skills, and understand-
ing possessed to find solutions to a problem at hand [6]. For elementary school stu-
dents, the ability to solve problems is used to find solutions to new problems in the
school environment and community environment based on experience through appro-
priate strategies [7], [8]. Processes that involve the ability to solve problems become
key processes in learning activities that are done by the students, especially in the
realm of science and mathematics [9]. Elementary school students with good prob-
lem-solving skills will be able to develop concepts early so they can carry out tasks
and develop skills even though they have not been taught [10].

The urgency of problem-solving skills can be fulfilled by making innovations re-
lated to the delivery of education. This can be done in several ways but one of them
can be done through the application of media supp()rt learning activities. Support-
ing media in learning activities are all things that are used during the teaching and
learning process in communicating learning resources inside and outside the class-
room [11], [12]. The use of supporting media in the leaming activities is one way to
increase the ability to develop students' potential in the global era with all technologi-
cal developments.

Characteristics of elementary school students' thinking abilities are different from
adults. According to Piaget [13], the age of the elementary school students ranging
from 7 to 11 years is at the stage of concrete operational thinking abilities. The think-
ing process at this stage involves the use of logical reasoning stages replacing intui-
tive reasoning, but only in concrete situations. They have the skills to do the classifi-
cation but have not been able to solve abstract problems. At this stage, students need
media that have concrete interesting content. One technological device that can be
used as a learning medium to meet the needs and according to these considerations is
cellular technology.

Learning media that utilize cellular technology with the concept of cellular learning
or digital learning enables students to make dynamic, visual representations of the
situation they faced [14]. The use of technology in learning can improve students'
mathematical abilities [15], [16]. Also, both students and teachers are currently able to
operate and even have personal cellular technology devices. So it can be assumed that
it is easier for teachers to utilize digital devices to support learning for students. An
important part of digital learning is that learners are digital and are not limited to spe-
cific locations [17]. In making use of supporting media in learning activities based on
digital learning, media designers must consider various characteristics of mobile de-
vices and cellular learners to design good media [18],[19]. Thus, it can be interpreted
that cellular technology is a supporting medium that has the potential to be utilized in
learning and is easily adapted and made according to the characteristics of students.
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Digital learning-based media is developed as interactive multimedia that combines
several types of media into a more attractive whole with diverse content. As delivered
by previous research that multimedia is a series of diverse media in the concept of
appearance or program of learning independently [20]. Multimedia is supported by
interactive concepts that also involve and enhance their interest in learning in a stu-
dent-centered environment [21].

Stories that contain science-math material or science-math stories can be a way g
delivering material according to the characteristics of elementary school snts to
improve their problem-solving skills. Stories for elementary school students should be
designed with an environment that will help students to think at a higher level [22].
Stories can also help develop imagination and gain satisfying new experiences [23].
This new experience is the basis for students in improving their problem-solving
skills.

2 Literature Review

The concept of science-math is realized through the display of the material in the
form of realistic fictional adventure stories that raise environmental problems. A chil-
dren's fairytale presentation with scientific content entitled “Prince Nara and Time
Traveler”. Through interactive dialogue and role models, characters or characters can
provide examples in the problem-solving process. In a learning medium in the form of
stories, characters and characterizations provide a model picture for students. Figures
are the characters/actors in the story [24]. Meanwhile, characterizations of the picture
of people who play a specific role include habits and properties possessed [25]. The
figure in this science-math story is a human child who plays an environmental hero.
This is because the age of the elementary school students more easily interacts with
pictorial stories if the characters or the figures are humans, not animals [26]. The
figures and the characters in the story are all good. This is because the supporting
developed media in the learning activities will be used by students independently. So
the developer anticipates students imitating the bad characters or behaviors of the
characters because of the meaning of the story. The characters in this story include
Prince Nara, Aldino, Raja Maheswara, Professor Afro, Almira, and environmental
fighters as supporting characters. The characters are adjusted to the characteristics of
4th-grade elementary school students, namely two-dimensional cartoon characters
with anime types to make them look more realistic. The science-math story consists of
3 parts containing science and 2 parts containing mathematics which can be accessed
via 5 link buttons on the table of contents view as shown Figure | below.
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Fig. 1. Initial display of Digital Learning-Based on Science-Math

Parts of the story contain science-math material and direct students to solve prob-
lems in each part of the story before proceeding to the next section. The first part of
the story titled “Meet the Aliens” tells the story of Prince Nara rescuing aliens who
turned out to be humans from the future. This section contains material on science
about the factors that cause environmental damage. The second part titled "Equatorial
Biodiversity " tells the story of prince Nara who shows the diversity of natural wealth
belonging to the Equator State to his best friend Aldino from the future. This section
contains material on science about the parts of plants and their usefulness in preserv-
ing nature. The third section entitled "Seeds for the Future" tells the story of Aldino's
efforts in preparing seeds to be brought into the future to tackle environmental pollu-
tion. This section contains material on mathematical content about the least common
multiple. The fourth section entitled “Environmental Fighters” tells about Aldino's
efforts to gather people who care about the environment around him. This section
contains mathematical content material about the smallest common factor. The last
section titled “Aldino Natural Environmental Preservation™ tells the results of Al-
dino's efforts to save the environment from environmental damage. This last part
concludes the results of the collaboration and efforts made in overcoming the damage
to the natural environment. In eal part of the story, there is a "Do you know?" which
contains a summary of learning material according to the needs of students in improv-
ing their competence. Improving the ability to solve problems in students is directed
through the illustration of problems in the story as well as various alternative solu-
tions to problem-solving based on theories learned in the application.

Science-math stories and other supporting contents are made in the form of appli-
cation software with the ".apk" format titled "Citraloka Adventure" which can be used
on Android type mobile devices. The use of digital technology is considered as saving
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money, saving time, and providing useful information so that it impacts people's hab-
its or way of life [27]. The development of cellular technology in people's lives has
the potential for new teaching and learning patterns [18]. The science-math story was
developed based on several aspects of digital leaming, namely 1) the simplicity of the
application packaging, 2) the suitability of the display screen, 3) direct feedback, 4)
the availability of features and functions, 5) the use of icons and guides, 6) segmenta-
tion, 7) age and user experience suitability, 8) direct manipulation, and 9) user inter-
face metaphor [28].

Science-math learning based on digital learning, in general, can be interpreted as a
story developed by giving students facilities to actively learn that emphasize
knowledge and process skills by applying elements of digital learning. The concept of
learning through science stories based on digital learning is an independent literacy
learning concept. Especially elementary school students in the fourth grade of 9-12-
year-old have physical and mental skills and abilities that have developed rapidly. The
age range makes it possible to receive a variety of interesting literature to improve
their abilities, including the ability to solve problems [24] [29]. The application of
science-math stories based on digital learning is done by considering the production,
circulation, and acceptance of meaning to maximize the functioning of the media in
general [30], [31] . Thus, science-math learning stories based on digital learning can
support efforts to improve the ability to solve problems in fourth-grade students at the
elementary school level if implemented optimally through literacy activities.

3 Methods

The study was conducted using a pretest-posttest control group design technique
with more than one experimental group developed by Johnson and Christenses [32].
Researchers used two experimental groups and one control group. There were two
experimental classes, each group consisting of 30 students and 23 students. Mean-
while, in the control class, there were 26 students. The following class characteristics
were used as the research study. The study involved 79 the fourth-grade elementary
school students in Yogyakarta as research subjects. School selection was based on
certain criteria, namely: having an A accreditation, implementing a school literacy
program, and having digital equipment facilities to support learning activities. Deter-
mination of the sample used as research subjects were using simple random sampling
technique with the assumption that all fourth classes in schools with the same charac-
teristics have the same opportunity to be selected as research subjects [33]. The fol-
lowing are the characteristics of the class groups selected as subjects of science learn-
ing based on digital learning.
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Table 1. The Characteristics of the Experiment and Control Classes

Ages (Years)
Type of Classes 9 10 1 12 Total
M F M F M F M F
Experiment | 1 2 7 10 5 4 1 - 30
Experiment 2 - 9 [ 2 3 2 1 23
Control - 3 9 7 2 5 - - 26
Total 1 5 25 23 9 12 3 1 79

Literacy activities in the experimental group used supporting media based on digi-
tal learning science-math stories. Meanwhile, the control group carried out literacy
activities using reading books in the classroom or the library without using science-
math learning stories based on digital learning. The three classes together carried out
pretest activities carried out before treatment and posttests carried out after receiving
treatment related to the measurement of problem-solving skills. Pretest and posttest
are in the form of a written type of limited response test items. This test is proposed to
limit the content of answers and forms of students' written responses [3a This test is
intended to provide student direction and facilitate scoring. This written test is used to
measure the ability to solve problems before and after the literacy process takes place
using science learning based on digital learning. The limits used in the test lead to
indicators of problem-solving ability.

The instrument used in the m@ll‘emem of the ability to solve problems in the
form of items in the test sheet the ability to solve problems in the form of description.
The questions consist of two questions about the science-math that are examined with
the stages of problem-solving in each problem [13], [34], [35]. The instrument is a
series of synthesis type questions that require students to mix points from the material
being studied and then form it in a new form or new pattem [36]. The following de-
scription is the scoring criteria by indicators of the ability to solve problems in science
and Mathematics content.

Table 2. The Indicators of the Ability to Solve Science and
Mathematics Content Problems

) Scoring Descriptions Score
Indicators " "
Science Content Mathematies Content
r late th b Describing the various conse- 'Writing down the numbers that will be
I;::m ale the prob- quences that are relevant to the  |calculated after analyzing the problem 10
) problem in the story
Develtfpm_g the Describing information that is Caleulating and searching for prob-
strategies in prob-  known to produce an appropriate e S 10
3 . lems solving strategies correctly
lem-solving solution
Explotine possible ‘Writing down the reasons and Determining the comect calculation
*PIOEINg pos linking the solutions with the methods along with the reason and its 15
strategies S S
materials being studied solution
Evaluating the effect Making conclusions based on Writing the conclusions about the
f the problem accompanied by appropriate solution to the problem based on the 15
solution theories or effects results of the count.
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Data to determine the effectiveness of the product obtained from the results of the
assessment of the ability to solve the problem then analyzed using t-tests. The in-
crease elch dependent variable can be determined by independent sample t-test and
paired sample t-test. An independent sample t-test was conducted to determine differ-
ences in the ability to solve problems in the experimental class with the control class.
Meanwhile, paired sample t-tests were conducted to determine differences in prob-
lem-solving abilities and character responsibilities in the experimental class before
and after literacy activities were carried out using digital learning based on the sci-
ence-math stories.

4 Results and Discussion

4.1  Data collection and analytical work

To find out the difference in the ability to solve problems in students who are liter-
acy activities using science-math learning stories based on digitelﬂeelming with stu-
dents who do not use an independent t-test using posttest dellgThc following is a
recap of the results of the independent t-test calculation of the results of the posttest
problem-solving ability.

Table 3. Recap of Independent T-Test Results Posttest Results Ability to Solve Problems.

Type of Classes Conditions Significance level P
Experiment | [Postiest
0000 005
ntrol (Posttest 0 0
Experiment 2 (Postrest
0000 005
|Com.m| Paosttest fo p

Based ()lme table, the calculation of the independent t-test ability to solve prob-
lems in the experimental class 1 with the control class and experimental class 2 with
the control clel#howed a significance value <0.05, which is 0.000. Thus, it can be
concluded that there are differences in the ability to solve problems between students
who take literacy activities using science learning stories based on digital learning and
students who do not use science stories based on digital learning.

Next, a paired t-test analysis was performed to determine differences in the ability
to solve problems in the experimental class before and after lhﬂlcrilcy activities
were carried out using science learning based on digital learning. The following is a
recap of the results of the paired t-test calculation of the ability to solve problems.

Table 4. Recap of Paired t-test Results Ability to Solve Problems.

Type of Classes Conditions Significance level P
Experimem 1 Pretest 0.000 005
Experiment | Postiest
Experiment 2 Pretest

0000 005
Experiment 2 Postiest fo p
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Based on the table, the paired t-test calculation of problem-solving ability in the
two classes of experimental conditions pretest and posttest shn.*ed a significance
value <0035, which is 0.000. Thus, the results can be drawn that there are differences
in the ability to solve problems in students before and after participating in literacy
activities using science-math based on stories based using digital learning.

4.2 Discussion of findings

The result of the study showed that the whole activities, content, and features of the
science-math stories based on digital learning directly to the improvement of prob-
lem-solving stages, namely 1) formulating the problem, 2) developing a problem-
solving strategy, 3) exploring possible strategies, and 4) evaluate the effect or effects
of problem solutions. The storyline and the examples of how the characters solve the
problems encountered in the story are the main factors causing an increase in the
ability to solve problems.

The construction of science-math learning will involve students in various skills
upgrades. The science process skills for elementary school level include skills in ob-
serving, classifying, measuring, communicating, predicting, and inferring [37].
Meanwhile, basic math skills lead to students' ability to connect mathematics with
various disciplines, think critically about the content, and communicate key compo-
nents of mathematical concepts [38]. Mathematical basic abilities also become the
basis for students to build good procedural abilities to solve mathematical and contex-
tual problems [39]. Mathematical basic abilities also become the basis for students to
build good procedural abilities to solve mathematical and contextual problems

The science-math learning based on digital learning provides learning experiences
for students in addition to conventional learning conducted by teachers in the class-
room. The media also includes material and enrichment questions that are appropriate
to learn in school and can be studied again to support student literacy activities. The
concept of digital learning makes it possible for students to record their reflections on
something through text, images, and audio, the product developed also contains text
content in the form of stories along with material summaries, illustrated images in the
form of two-dimensional cartoons, and then‘m)ngs and accompanying music as
supporting media audio content [40]. Digital learning has the potential to facilitate
and enhance collaboration between students to access, discover, discuss, share envi-
ronmental concerns through features in it and argue about environmental issues [41].
The media was developed in the form of a native app that is an application created
and compiled with a programming language to run specifically on a particular OS, in
this study the Android OS [42].

The science-math stories based on digital learning are created with complex varied
contents that include various activities that enhance problem-solving skills. As stated
by Zheng & Zhou (2006) that media that can be used as a support in improving prob-
ICITI-S(mlg skills is also complex to contain all the competencies required by stu-
dents. Critical thinking often involves the ability to interpret information and make
decisions in the form of solutions based on that information [44]. Thus, it can be in-
terpreted how to conduct a learning environment that is conducive to improving the
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ability to solve problems by providing information to students to be studied in the
process of finding a solution. Elementary school students can solve a little complex
problem as long as the problem is concrete and mm:stmct [45]. Thus, it can be inter-
preted how to conduct a learning environment that is conducive to improving the
ability to solve problems by providing information to students to be studied in the
process of finding a solution. Elementary school students can solve a little complex
problem as long as the problem is concrete and n@strﬂcl [46]. Thus, it can be inter-
preted how to conduct a learning environment that is conducive to improving the
ability to solve problems by providing information to students to be studied in the
process of finding a solution. Elementary school students can solve a little complex
problem as long as the problem is concrete and not abstract.

The main content is in the form of adventure stories that raise environmental prob-
lems to train students to improve their problem-solving skills. An adventure story is
one type of realistic fiction to raise something that becomes a problematic community
life. This type of story is being loved by 10-year-old children and can help to develop
imaginations and gain satisfying new experiences [23]. The figure in this science-
math story is a human child who plays an environmental hero. This is because ele-
mentary school-age students more easily interact with pictorial stories if the figures or
characters are humans, not animals [26]. Science-math stories with adventure themes
and child characters as heroes in the adventure are characteristics that can enhance
problem-solving abilities. As stated by previous study that one way to provide learn-
ing that can improve students' abilities is to use stories [47].

By learning about environmental problems, students can consider choices, identify
alternatives, communicate, and ask the best questions, analyze inputs, and make deci-
sions in the future [48]. These abilities support students in carrying out the stages of
solving problems. The ability to solve problems becomes one of the key competencies
developed in this media because students need to deal with changes, uncertainties, and
phenomena that exist in the world [49]. For the students, the ability to solve problems
is used to find solutions to problems that occur in the school environment and com-
munity environment based on the experience they have [7]. By increasing the ability
to solve problems through this media, students can meet their needs in improving their
competencies, especially in the field of science-math, because science-math materials
are based on circumstances, events, and phenomena that occur in nature.

This media becomes an interactive support media that can be used independently
containing illustrated stories about realistic fictional adventures about environmental
problems supported by theme songs and story accompaniment music as well as quiz-
zes or exercises in problem-solving. Through a series of stories supported by practice
questions or quizzes, students are given examples and directions in solving problems.
Conditioning the imagination process in the age of elementary school students when
they are reading science-math stories is supported by illustrated images. Stories with
illustrated pictures or commonly referred to picture stories are created by combining
text with illustrations in clarifying and conveying story content to students [24], [25],
[50]. The emergence of picture illustrations in picture storybooks is to provide an
extension of the meaning of the storyline and the images used are usually flat or fixed
[51]. Thus, two-dimensional cartoon images are considered to be appropriate illustra-
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tions in science-math stories. The ability of cartoons is very large to attract attention,
affect the attitudes and behavior of someone [52].

Science-math stories based on digital learning make science-math stories with the
help of two-dimensional illustrated images become the main content. With a series of
words in the story, the material is presented in verbal form. Meanwhile, using pic-
tures, the material is presented in the form of images [53]. But as multimedia, this
media also unites other supporting content besides the main content. Assisted by chil-
dren's songs as theme songs, musical accompaniment of stories, problem-solving
exercises, and material learning, science-math media stories can be used as intermedi-
aries by the stages of development of the age of the elementary school students. The
songs related to material and musical accompaniment can provide effectiveness in
learning, thinking, and remembering skills, therapeutic effects such as awareness and
self-expression, and aesthetics [54].

The next appropriate supporting content is the tasks/questions of reasoning and
quizzes. As stated by previous research that learning activities based on digital learn-
ing generally consist of learning resource components and activities which include
accessing information, supporting information, and caualting [55]. Through assign-
ments /questions and quizzes on the developed media, students are expected to be able
to carry out learning activities independently. These assignments/questions help
teachers apply learning activities outside the classroom using digital learning-based
media [56].

However, the efforts to improve problem-solving for students do not only through
the media of science-math stories based on digital learning. Teachers and parents need
to be involved to provide experiences that develop children's curiosity and thinking
patterns in solving problems. Enhancing problem-solving ability that is caused by this
media has not been able to fully form new habits on the students' level in elementary
school. The ability to solve problems requires time to develop optimally, but quantita-
tively the results of tests that show improved results have demonstrated the effective-
ness of digital learning-based media as well as research conducted by Yang [57].
Also, limited time makes the basic abilities and environment that students haa not
been able to optimally form new habits for students to solve problems. The goal of
problem-solving ability is not to form new habits, but rather to develop approaches to
think and handle challenging situations [58]. Also, limited time makes the basic abili-
ties and environment that students Bvc not been able to optimally form new habits
for students to solve problems. The goal of problem-solving ability is not to form new
habits, but rather to develop approaches to think and handle challenging situations.

5 Conclusion

The scm:c-melth stories based on digital learning are effectively used in literacy
activities to improve the ability to solve the problem of the fourth-grade students in
state elementary schools in Yogyakarta, based on experimental results through effec-
tiveness testing through independent t-test analysis, and paired t-test. Efforts to im-
prove the ability to solve problems effectively can be done by applying science-math
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stories based on digital learning in literacy activities for elemeelry school students.
Digital literacy media in the form of applications with content in the form of realistic
fictional adventure stories, two-dimensional cartoon illustrations, summaries of the
material contents in science-math, thema()ngs, and storytelling music support be-
come one of the strategies in improving problem-solving skills in elementary school
students. The representation of the problem in the stories as well as the explanation of
various alternative solutions based on the material learned in the application helps
students improve their abilities. Utilization of science-math stories based on digital
learning should be done according to the direction of the teacher in collaboration with
parents to maximize their use in student literacy activities.
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