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Abstract

This research aims to solve some common problems faced by learners, namely difficulties in
understanding materials with abstract ideas and the lack of problem-solving skills. Mobile-based
interactive learning multimedia as an innovation in educational setting is a self-learning media that the
learners can use both in school and at home to help them understand the materials easily, minimize
learning difficulties, and increase their problem-solving skills. This is a Research and Development
(R&D) with the APPED model. The subjects of this research were the 10" grade students of the
Vocational Program of Computer and Network Technology at SMK Negeri 1 Tulung Klaten (State
Vocational School 1 of Tulung, Klaten). The data analysis technique was done through the descriptive
quantitative. The results showed that the mobile-based interactive multimedia learning was feasible
with the Very Good category. The mobile-learning-based interactive multimedia learning was
effectively used with a percentage of 77.85% and the difference in significance, based on the
Wilcoxon Test on the pretest posttest of 0.000 it indicates that there is a difference in the increase in
problem-solving skills while learning using the mobile-based interactive multimedia learning.
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1. Introduction

This development has also penetrated the education world, one of which supports
the learning process (Ardianti et al., 2017; S. Saputra et al., 2020). Responding to this
development, teachers have to master technology to develop ICT-based learning materials
as learning media (Ali & Maksum, 2020; Arfinanti, 2018). Technological development
significantly influences the development of learning media (Anwariningsih & Ernawati, 2013;
Gil-Flores et al.,, 2017; llmiani et al.,, 2020). Technological development has changed
conventional learning into interactive learning, which means that current learning should use
various media in learning activities (A. T. Y. R. Dewi & Negara, 2020; Masniladevi et al.,
2017). Learning media can make the learning process more optimal. A good learning
process is to use learning media; for without learning media, a learning process will be
passive and boring (Anggraini & Sartono, 2019; Muliasari & Linda, 2020). ICT development
has not yet been used optimally as a learning medium, even though learning media is an
essential component that supports successful learning (Argarini & Sulistyorini, 2018). In
addition to making the learning process optimal, learning media also aims for students to
shape their own concepts and enable independent learning (Hanik et al., 2018; Owon, 2019).

Learning media is a solution for students to understand the explanation given and
make learning quality (Krisnawati & Marahayu, 2020; Wahyu et al., 2020). As an educator, a
teacher has to provide learning media that help students understand the material, and stick
in their memory for a long time (Saputra et al., 2020; Suranti et al., 2017). However, the facts
found is that teachers lack the will to learn and use technology as media that can support
learning; they even are only fixated on textbooks as the only learning source. The learning
media that is still limited to books will make the material presentation dense and produce
unattractive appearance, thus will make students bored with learning (Handayani et al.,
2018; Kimianti & Prasetyo, 2019; Priatna et al., 2017). The textbooks are tiresome since
there is no exciting interaction and only listening. How important it is nowadays to use
technology in learning activities (Banindro, 2019; Masnuna et al., 2020). One use of
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technology in learning is the use of interactive learning media. Interactive media is a medium
that facilitates the delivery of information more innovatively and effectively (Rahmadianto &
Melany, 2018; Suarsana et al., 2018). The use of technology through interactive media is
one of the deliveries of information that easily attracts attention (Primamukti & Farozin, 2018;
Putera et al., 2020). The learning process is more exciting and fun through interactive
learning media (Hakim et al., 2018). Therefore, the development of technology and the great
potential of students in using technology must be optimized by teachers, especially as
interactive learning media, so that students are interested, motivated, and feel happy in
learning.

The current learning at SMK Negeri 1 Tulung of Klaten, especially in the basic
programming subject, has used media to support the learning process. The media or
teaching materials used are still limited to job sheets developed by the teachers. In this case,
the use of learning media has not been obtained optimally. Whereas in the 2013 curriculum,
teachers are required to utilize technology and use various media. As a matter of fact,
teachers have not been able to use various media in the learning process. Furthermore, an
initial search conducted on the Computer and Network Engineering (TKJ) expertise program
showed that all students owned smartphones; during the learning process, many students
were busy with their smartphones. The data from observations and interviews showed that
most of the students stated that basic programming was a complex subject to understand
and required problem-solving skills. For example, when given a question, students found it
difficult to relate it to the materials that had been taught. This indicates that the problem-
solving skills of students was still low. The use of problem-solving-oriented interactive
learning multimedia will lead students to find problem-solving independently and provide a
substantial experience in problem-solving.

This situation shows that smartphones negatively influence students because they
enjoy playing with their gadgets more than reading books (Synnott, 2018; Widjayanti et al.,
2019). Adolescent learners lately tend to use electronic media more than printed media or
books (Aeni & Yusupa, 2018; Fonda & Sumargiyani, 2018). According to such reality,
researchers want to optimize the use of learning media under the needs and characteristics
of students, that is, by utilizing mobile technology and developing it into interactive learning
media, therefore students can feel the positive impact of using their smartphones. The
mobile learning-based learning media can make students linger and comfortable studying the
materials (Nuryadi et al., 2020; Purwanto et al., 2019).

Another problem that arises is that students are often difficult to remember and
understand the materials and linking them with the questions given (Bahari et al., 2018; Dewi
et al., 2014; Melinda et al., 2018; Prehanto et al., 2021). One of which is in the basic
competence of applying the use of functions and creating program codes using functions.
This is due to the lack of understanding of students applying the material into programming
languages, the lack of teaching materials used, and the unavailskills of teaching materials
that can be used independently to make it easier to remember and understand the materials
that have been studied. These difficulties need to be minimized through mobile-based
interactive learning multimedia that can be used independently, and to increase
understanding related to basic programming subjects (Jabar & Ahmad, 2018; Molina et al.,
2018; Umarella et al., 2019). The learning multimedia developed is feasible according to
material and media experts, and the use of Android-based learning multimedia is effectively
used as learning support for students that can be used anytime and everywhere
(Hendriawan & Muhammad, 2018; Molina et al., 2018).

Several previous studies have enhanced this, learning media can improve student
problem solving (Ambarwati, 2019; Safitri, 2019; Wigati, 2019). STEM-based multimedia
being feasible in learning to grow students' skills to solve problems (Sari & Apriyantika,
2020). Based on the description above, the general purpose of this research is to produce
mobile-based interactive multimedia learning to improve problem-solving skills, which is one
of the supporters of independent learning. In particular, this research aims to determine the
feasibility and effectiveness of mobile-based interactive multimedia learning to improve
students' problem-solving skills.
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2. Method

This is development research using the APPED model, consisting of five stages: (1)
analysis and initial research; (2) design; (3) production; (4) evaluation; (5) dissemination
(Surjono, 2017). The feasibility analysis was obtained through the assessments of experts
and practitioners using questionnaires covering aspects of learning design, material
substance, software, visual communication, and benefits. The effectiveness analysis was
obtained by analyzing student learning outcomes and whether or not there was an increase
in problem-solving skills. Mobile-based interactive learning multimedia was said to be
effective if the average score of all students reached the Minimum Completeness Criteria
(KKM), which was 275, and the Wilcoxon test results showed a significant increase in
problem-solving skills between before and after using mobile-based interactive learning
multimedia. The test assessment referred to the scoring guidelines with a maximum score of
200 and a maximum value of 100. The formula below was to calculate the problem-solving
skills test score (Rohani, 2010). The data analyzed were the results of the pretest and
posttest. The improvement in problem-solving skills can be seen from the difference in
pretest and posttest scores, which were calculated using this formula (Meltzer, 2002). The
standard gain value obtained was then converted into standard gain, referring to David E.
Meltzer's criteria as shown in Table 1.

Table 2. Standard Gain Criteria

Interval Criteria
g>0,70 High
0,3<g>0,70 Medium
g<0,3 Low

(Meltzer, 2002)

3. Result and Discussion

Results

The resulting product was first tested for feasibility to determine the suitskills and
quality of the material and appearance presented. The assessment was carried out by
material and media experts and also practitioners. The assessment given by the learning
material expert in terms of learning design got a value of 4.46, and from Substance
Materials, it got a value of 4.50, so it got an excellent qualification. The assessment given by
practitioners in terms of learning design got a value of 4.34, and from Substance Materials, it
got a value of 4.50, so it got excellent qualifications. The scores were then converted into
assessment categories, which are presented in Table 3.

Table 3. Assessment Category of Material Experts and Practitioners

Aspect (Score)

Learning Design Material Substance Benefit
Respondent % Category % Category % Category
Material Expert 93,91 Very Good 90 Very Good 96,66 Very Good
Practitioner 86,95 Very Good 90 Very Good 90 Very Good
Average 90,43 Very Good 90 Very Good 93,33 Very Good
Xrotal 91,25
Category Very Good

The assessment given by the Material Expert, from Learning Design got a score of
93.91% (very good) and Material Substance 90% (very good). The assessment given by the
Practitioner, from Learning Design got a score of 86.95% (very good) and Material
Substance 90% (very good). The assessment given by media experts in terms of Software is
4.57 and Visual Communication is 4.87. The assessment given by the Practitioner in terms of
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Software is 3.42 and Visual Communication is 3.80. The scores were then converted into
assessment categories, which are presented in Table 4.

Table 4. Assessment Category of Media Experts and Practitioners

Aspect (Score)

Software Visual Communication Benefit
Respondent % Category % Category % Category
Media Experts 91,4 Very Good 93,3 Very Good 97,5 Very Good
Practitioner 68,5 Good 76,0 Good 82,5 Good
Average 80,0 Good 84,6 Very Good 90,0 Very Good
Xrotal 84,88
Category Very Good

The assessment given by Media Experts, in terms of software, is 91.4 (very good),
and Visual Communication is 93.3% (very good). The assessment given by the Practitioner,
in terms of software, is 68.5 (good), and Visual Communication is 80.0% (very good). The
display of the resulting mobile-based interactive learning multimedia product can be seen in
Figure 1.
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Figure 1. Display of mobile-based interactive learning multimedia product

After the product was declared feasible based on the assessment of experts and
practitioners, field trials were carried out to determine the effectiveness of mobile-based
interactive multimedia learning to improve problem-solving skills. The results are based on
the calculation of the posttest value, which is 77.85% (Completed) and the Pretest is 44.12%
(Uncompleted). Meanwhile, the effect of mobile-based interactive learning multimedia for
improving problem-solving skills was obtained from the pretest and posttest gain values,
17,1% (High), 82,9% (Medium), 0,0% (Low). Student responses were discovered based on
the questionnaires given after the learning activities. Visual Communication (4,17), Software
(4,10), and Benefit (4,11), so get very good category. The product's effectiveness was found
based on the comparison of the pretest and posttest results. The average posttest result
obtained was 77.85, which was above the KKM, so that the learning mastery results were
achieved. The analysis of differences in problem-solving skills was carried out using the
Wilcoxon (Related) test on the pretest-posttest value, and the Asymp. Sig. (2-tailed) value
0.000 was obtained. This value was smaller than the 0.05 significance level, which indicated
a difference in learning problem-solving skills using mobile-based interactive multimedia
learning.
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Discussion

The development of this problem-solving-oriented mobile-based interactive learning
multimedia used the APPED development model, which consisted of five stages of
development: (1) initial analysis and research, (2) design, (3) production, (4) evaluation, and
(5) dissemination. In the initial analysis and research, the main problems that needed to be
considered and handled in learning were identified, including the use of technology-based
learning media that was not optimal, and the common problem-solving skills of students.
Based on the study conducted, a problem-solving step was designed to develop mobile-
based interactive multimedia learning oriented to problem-solving skills. Furthermore, a
mobile-based interactive learning multimedia design was carried out at the design stage, and
research instruments such as product assessment sheets, problem-solving skill tests, and
student response questionnaires. At the production stage, mobile-based interactive learning
multimedia and research instruments are arranged based on the designs that have been
made so that a product prototype is produced. First, the mobile-based interactive multimedia
learning was structured using a problem-solving approach that directed students to solve
problems. These results reaffirmed what had been obtained in previous research; research
showed that the use of Android-based learning multimedia effectively supported student
learning (Hendriawan & Muhammad, 2018; Iimi et al., 2021). In line with this, research also
showed that using STEM-based multimedia was feasible to be applied to grow students'
problem-solving skills (Ngabekti et al., 2019; Roberts et al., 2018; Sari & Apriyantika, 2020).
Problem-solving skills as part of the thinking process in the completion step, and providing
solutions was one of the important aspects that had to be applied in learning activities to
make students own problem-solving skills as needed in current and future conditions
(Dooren et al., 2019; Jayanti et al., 2018; Oztiirk et al., 2020).

Second, the learning environment using smartphones allowed students to explore
material quickly and easily, and encouraged students to learn to be critical and selective in
choosing existing information according to the problems given (Hendriawan & Muhammad,
2018; Nisa’, 2020; Synnott, 2018). Mobile-based learning media that is packaged in an
attractive and varied way can make students comfortable in learning the materials (Churchill
et al., 2013; Purwanto et al., 2019). This confirms what has been expressed by Ambarwati
(2019), which states that learning using technology can attract the interest and attention of
students, and can improve problem-solving skills. The students responded very positively in
learning the developed mobile-based interactive multimedia learning. This indicates that they
could already enjoy the way of learning that was applied (Churchill et al., 2013; Darmaji et
al., 2019; Majid et al., 2012). In the beginning, they found it a bit difficult to follow the lesson
because they had never learned to use mobile-based interactive multimedia learning.
However, after several meetings, the students began to enjoy and learn independently.
Through mobile-based interactive learning multimedia, they became more interested in
learning and doing the assigned tasks because the basic programming concepts presented
could not be separated from their lives. Multimedia interactive learning increasingly has
advantages compared to conventional learning media when combined with maobile
technology (Gluzman et al.,, 2018; Mustagim, 2016; Nopriyanti & Sudira, 2015). The
collaboration between interactive multimedia learning and mobile technology makes students
more interested in learning basic programming.

The advantages of mobile-based interactive multimedia learning compared to
conventional learning media (Wigati, 2019). The results of this study indicate that the use of
android-based learning media can improve students' problem-solving skills. Problem-solving
skills are bits of intelligence of thinking (Dooren et al., 2019; Oztiirk et al., 2020; Sumirattana
et al., 2017). No wonder that the students who take the problem-solving-oriented mobile-
based interactive multimedia learning are better than those who take lessons with common
learning media, such as job sheets, because they are taught how to solve problems
coherently, and understand each problem-solving flow. The learners finally understood and
realized that basic programming played a very important role in life, especially in improving
logical thinking skills, developing systematic thinking, practicing careful detail, and improving
problem-solving skills (Effendi & Hendriyani, 2020; Misla & Mawardi, 2020; Parto, 2011).
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When they were given a simple project related to the calculation process, they were excited
and challenged to complete the project. They were taught to understand every program flow,
from opening a new worksheet for the first time, writing program code, understanding every
line of program code, until executing the program. If there were errors, the students were
asked to find out the error, and presented the solution in class before their mates (Ikhsan et
al., 2017; Mahardika et al., 2017; Suwatra et al., 2019).

Consequently, learning in the classroom is more interesting based on above
description. The students will be more motivated to learn because they learn about basic
programming material, and prepare and hone programming skills more deeply. They also
produce a simple calculation product from the learning applied, which requires concepts in
basic programming in the process. Learning will be more meaningful if students know the
benefits of learning basic programming in real life. Thus, learning basic programming is
studying for exams and learning to use it in everyday life. The last stage is the dissemination.
However, this research did not reach the dissemination stage. As a consequence, the
mobile-based interactive multimedia learning product had been submitted to the school.

4. Conclusions and Suggestions

Based on the data analysis above, it can be concluded that the developed mobile-
based interactive multimedia learning has met the criteria of being feasible and effective. The
feasibility is based on the assessments of experts and practitioners, covering aspects of
learning design, material substance, visual communication, software, and benefits. In
contrast, the effectiveness is seen from the results of student learning achievements, which
result in differences in the improvement of learning problem solving abilities using mobile-
based interactive multimedia learning.
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