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Abstract

This study aims to develop interactive multimedia based on problem-based learning and to find out its
effectiveness against increasing critical thinking skills. This research uses a Research and Development
approach. The research data was obtained through the media validation sheet instrument by experts
and the critical thinking skills test instrument. Data analysis in this study used the independent t-test.
Based on the results of the media validation test by the expert shows that the interactive multimedia that
has been developed has the criteria of "Good". Then the product effectiveness test results using the
independent t-test showed that interactive multimedia based on problem-based learning proved to be
able to improve critical thinking skills in students. The results of this discovery have implications in
learning, namely to improve critical thinking skills in students, it can be done by using interactive
multimedia based on problem-based learning.
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1. Introduction

The rapid development of science and technology has an impact on the educational
process. Education is required to be able to develop and improve students to be able to have
various life skills, especially life skills in the 21st century. Therefore, students will be ready
to face the development of science and technology. One of the skills that can help students to
deal with these developments is critical thinking. Critical thinking is a basic skill that students
should master in the 21st century (Trilling & Fadel, 2009). Critical thinking is very important for
the curriculum in the future (Griffin, 2012).The reason is because critical thinking skills help
students to be able to think and function as responsible citizens in a world (Vieira & Tenreiro-
Vieira, 2014) and enable students to solve problems in the modern world (Ulger, 2018). Critical
thinking is the ability to solve a problem, analyze information and make decision (Nargundkar,
2014). Critical thinking skills help students to be able to evaluate various issues from a social
and environmental perspective, develop their analytical skills and make informed choices
in daily life (Mapeala & Siew, 2015). In conclusion, critical thinking is not just a high-level
activity to gain knowledge (Castle, 2006). It includes other intellectual thinking skills such as
reasoning, analysis, problem solving, reading comprehension, scientific thinking, creative
thinking, accurate assessment and decision making (Sarigoz, 2012). Through this skill,
students can analyze, evaluate, and make decisions about a problem appropriately. Therefore,
critical thinking skills should be improved in learning activities in the classroom.

Based on the results of the preliminary observations on grade V elementary school
students in Depok, Sleman Regency, critical thinking skills of students are still low. This can
be seen in the learning activities. Students have difficulties to analyze and find learning
materials. The low critical thinking in students is caused by the lack of available learning media
that can improve critical thinking skills. As in science learning activities, science learning has
an important role in fostering critical thinking skills, so that students' critical thinking skills in
science learning need to be improved. However, in reality the students' critical thinking skills
in science learning are still low (Budiana, et al., 2013). So that in science learning activities,
teachers should apply innovative learning strategy and instructional media so that learning
materials can be absorbed well by the students (Widiana, 2016).
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One of the efforts that can be made to improve critical thinking skills is through learning
innovation using interactive multimedia. The use of multimedia has an important role in the
learning process in elementary schools where the optimization of multimedia is able to
make learning activities be more effective (Diputra, 2016).

Giavrimis et al. stated that the implementation of
interactive multimedia with appropriate learning methods can improve critical thinking skills on
students (Giavrimis et al., 2011). The combination of interactive multimedia with a problem-
based learning approach can develop students' thinking skills (Gunawan, 2019). This shows
that interactive multimedia can not only be combined with learning methods, but can also be
combined with the right learning approach, namely the problem-based
learning approach. Problem based learning is a learning approach that can be used to improve
critical thinking skills (Goertel, 2018). PBL is a learning approach that has the potential to meet
the skills development needs of various student study groups (Joham & Clarke,
2012). Problem based learning is a learning approach that can improve student academic
achievement (Merritt, Lee, Rillero, & Kinach, 2017). It includes several stages such as
understanding, application, analysis, synthesis, and evaluation. Problem based
learning provides an opportunity for students to consider the facts obtained related to the
specific problems faced (Golightly & Raath, 2015). Problem based learning is a curriculum
model designed based on problems in real life in the surrounding environment (Glenview,
1997).

Research conducted by Ozturk et al., showed that problem based
learning can encourage students' ability to think critically, to be tolerant of other people's ideas,
and evaluate conflicting information before concluding a problem (Ozturk et al.,, 2008). In
addition, research conducted by Liu et al., showed that the use of multimedia with the problem-
based learning approach significantly increased students' knowledge and scientific attitudes
(Liu et al., 2018). Problem based learning can be applied to improve student skills in the
learning process and can also be applied to increase student learning motivation (Shinde &
Inamdar, 2013). Problem based learning has a strong influence on the learning process and
student achievement (Moallem et al., 2019).

Based on the explanation above, research and development of interactive multimedia
based on problem-based learning needs to be done in order for students to receive the subject
matter well. As it is stated by Diputra, the use of multimedia in learning makes it easier for
students to understand the subject matter through the presentation of various images and
videos about natural phenomena that are not easily observed by the human senses (Diputra,
2016). On the other hand, the implementation of problem-based learning can train students to
think critically, be right the students active and creative for students to experience for
themselves what is learned (Darsana, Son, & Country, 2013).

This study aims to develop a product in the form of interactive multimedia and
to determine the effectiveness of interactive multimedia that has been developed on critical
thinking skills. The results of this study are expected to contribute solutions to the various
problems that occur above and improve students' critical thinking skills in elementary schools.

2. Method

This study applied Research and Development (R&D) approach. This research was
conducted at 3 elementary schools in Depok, Sleman Regency and was carried out in the odd
semester of the 2019/2020 school year. This study used six stages of research adapted
fromthe Borg & Gall development model. The six stages included preliminary
studies, planning, develop initial product, product validation test and initial trials on a limited
scale, product revision, and product testing in the main field ( Borg & Gall, 1983). The design
used for product trials in the main field was carried out using the Quasi Experiment method of
the Nonequivalent Control Group Design technique. In this design, there is an experimental
class with learning treatment using interactive multimedia based on problem-based
learning and a control class with learning without using interactive multimedia.
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Table 1. Design nonequivalent control group.

Class Pretest Treatment Postest
Eksperiment O: X 02
Kontrol O3 (o)

To get critical thinking skills data, this study used a critical thinking skills test
instrument. Indicators of critical thinking skills used in this study are indicators of critical
thinking skills from the Test of Science Critical Thinking (TSCT) for Fifth Graders developed
by (Mapeala & Siew, 2015). Some of these indicators include comparing and
contrasting skills, sorting, and identifying cause and effect. The research data that has been
obtained in this study are then analyzed. Analysis of the data in this study included analysis of
data from the test try the product on a limited scale, data analysis results of the validation test
media by experts and analysis of test results. The effectiveness of the product is gained by
using test t independent.

3. Result and Discussion
Results

The product in the form of interactive multimedia based on problem based learning has
been developed. The steps used by researchers to develop this interactive multimedia use
adaptation of development research procedures by Borg & Gall. The following is the result of
developing interactive multimedia products based on problem based learning.
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Figure 1. Main page of interactive Multimedia based on PBL

Interactive multimedia based on problem based learning developed in this study has
six main menus such as guides on how to use interactive multimedia, learning goals, and
learning materials about the balance of the ecosystem. The material in this multimedia
equipped with video-related issues in daily life. The videos presented in interactive multimedia
are videos related to natural phenomena that are not easily observed by the human
senses. Some of the videos include videos of the process of the earthquake, the process of
landslides, summary of the material and quiz.
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Keseimbangan lingkungan dapat terwujud apabila
terjadi keselarasan dan keseimbangan antara komponen
biotik dan abiotik. Apabila terjadi gangguan pada kedua
komponen tersebut, keseimbangan lingkungan akan
terganggu.

Figure 2. Display of material in interactive Multimedia based on PBL

Interactive multimedia based on problem based learningin this study used
the Macromedia Flash 8 application. The material in interactive multimedia is prepared based
on problem-based learning designs and it is adjusted to the competencies to be achieved in
learning. It is related to ecosystem balance material in elementary school science subject
matter. This material is material that includes the factors that cause the balance of the
ecosystem and the efforts that can be made so that the balance of the ecosystem is
maintained.

After the interactive multimedia based on problem based learning has been developed,
the next stage is the interactive multimedia validation test. The following is the result of
interactive multimedia validation.

Table 2. Interactive multimedia validation test results

No. Rated aspect Score
1. Suitability of subject matter with multimedia 4
2. Programming quality 4
3. Text legibility 4
4, Color compability 4
5. Image quality 3
Total Score 19
Average 3,8

Category good

Percentage Eligibility 76%

Based on the results of the interactive multimedia validation test above, it can be seen
that the multimedia that has been developed has a score of 19 out of a maximum score of 25.
The average multimedia validation test results obtained a value of 3.8 from a value scale of 5.
After being converted into a percentage, it can be obtained a multiplication value of 76%. Thus,
it can be concluded that the interactive multimedia that has been developed has a "Good"
category.

After the product validation test has been carried out, the next step is to test the product
on a limited scale. Product trials on a limited scale in this study were conducted by asking
students to provide responses to interactive multimedia products that have been
developed. Data from product trials on a limited scale are used to improve the product. The
following are the results of product trials on a limited scale. Based on the results of product
trials on a limited scale, it can be seen that the multimedia that has been developed has an
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average student response score of 50.5 from a maximum score of 64. After being converted
into a percentage, it can be obtained a value of 78.91%. Thus, it can be concluded that the
results of product trials on a limited scale are in the "Good" category.

After the multimedia is tested on a limited scale, the next step is to revise the product
based on the results of the trial analysis on a limited scale. The revised product is then tested
in the main field. Product trials in the field were carried out in order to determine the
effectiveness of the product on improving critical thinking skills in students. This trial was
conducted using a quasi-experimental research design with the nonequivalent control group
design technique. Based on the results of the main field test, the experimental class pretest
average value was 54.2 and the control class average value was 57.9. Then the post-test
results obtained by the experimental class average value of 79.15 and the control class
average value of 67.2.
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Figure 3. Diagram of the results of the pre-test and post-test critical thinking skills

Based on the diagram above, it can be seen that the post-test results of critical thinking
skills in experimental class students who use problem-based learning -based interactive
multimedia have increased higher than the control class.

To determine the effectiveness of interactive multimedia based on problem-based
learning that has been developed, an independent ttest was conducted. The independent
t test was conducted in order to determine the significant difference between the post-test
scores of the experimental class and the post-test scores of the control class. To perform an
independent t test, this study uses the SPSS 23 application. Before conducting the
independent t test, first the pretest and post-test data were tested for normality and
homogeneity using the SPSS 23 application.

Table 3. Results of the Pre-test and Post-test Normality Test for the Experiment and Control
Group

Class _ Pretest _ _ Postest _
Sig. Decision Sig. Decision
Eksperiment 0,082 Normal 0,110 Normal
Control 0,445 Normal 0,097 Normal

The results of the normality test in table 3 above can be obtained by the pretest
significance value of the experimental class of 0.082 and the post-test significance value of
0.110. Meanwhile, the control class obtained a pretest significance value of 0.445 and a post-
test significance value is 0.097. Based on the normality test that has been carried out on the
pre-test and post-test data for the experimental class and control class above, it can be
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concluded that the significance value is more than 0.05. Therefore, it can have concluded that
that the pre-test and post-test data are normally distributed.

Tabel 4. Results of the Pre-test and Post-test of Homogeneity Test for the Experiment and
Control Groups

Data Significance Decision
Pretest 0,552 Homogeneous
Postest 0,943 Homogeneous

The results of the homogeneity test in table 4 above can be obtained from
the pretest significance value of the experimental class and the control class of 0.552. While
the post-test significance value of the experimental class and the control class is 0.943. Based
on the results of the homogeneity test, the pretest and post-test significance values were more
than 0.05. So it can be concluded that the data is homogeneous.

Table 5. Independent t Test Results

t-test for Equality of Means

df Sig. (2-tailed) Mean Difference

Postest value of Equal variances 38 ,000 11,95000
critical thinking assumed

skills Equal variances not 37,911 ,000 11,95000
assumed

Based on the T Independent test that has been carried out, a significance value of
0.000 <0.05 can be obtained. So it can be concluded that there is a significant difference
between the post-test in the experimental class and the post-test in the control class.

Discussion

Based on the results of the hypothesis testing that has been done, it can be seen that
there is a significant difference in critical thinking skills in the experimental class and the control
class. This proves that the use of interactive multimedia based on problem based learning
is effectively applied to improve students' critical thinking skills. The results of this study
showed that students who participated in the learning using interactive multimedia-based on
problem-based learning have the critical thinking skills better than the students who take the
learning without the use of interactive multimedia-based problem-based learning.

Integrating interactive multimedia with problem based learning for science learning is
efficient. Through the integration of these two things, it will be easier for students to understand
and link the concepts in science learning with everyday life. As it is stated by Asta et al., that
science learning is not only emphasizes the memorization of concepts, but rather to how to
make students able to associate the concepts of those in the surrounding environment (Asta
et al., 2015). However, there are several things that must be considered before integrating the
Problem Based Learning approach in interactive multimedia, including adjusting the material
to be taught. Material being taught in the classroom should be related to problems in everyday
life. The problem presented in problem-based learning is a description of a series of
phenomena that can be observed in the real world (Moallem et al., 2019).

The findings in this study are supported by the results of research conducted
by Ismail, et al., showing that the problem-based learning approach that is integrated into the
application development design for learning scientific terms has a positive effect on students'
critical thinking skills (Ismail, et al., 2018). Research conducted by Devi & Bayu showed that
the application problem based learning aided visual media had impacted critical thinking skills
and science learning outcomes of students in primary schools (Devi & Bayu, 2020). As it is
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stated by Fung & Liang that problem based learning has a contribution to critical thinking skills
(Fung & Liang, 2019). Critical thinking skills have a very important role for a person to be able
to play a role in social life. Critical thinking skills are one of the skills aspects that are very
important to be able to develop in the 21st century. These skills are needed to be able to
contribute as a member of society (Carlgren, 2013). Learning critical thinking skills helps
students to be able to select and process the information obtained. In addition, it also helps
students to find effective ways to achieve a goal and thus become better problem solvers and
decision makers (Lin, 2018).

The principle of problem-based learning is inquiry, deepening understanding of a
particular learning (Filipenko & Naslund, 2015). So that by applying learning with this approach
will make learning easy to understand and make students more active in the learning
process. This is because problem based learning is one of the approaches to student-centered
and interactive learning (Bijsmans & Schakel, 2018) and it is related to real life situations (Filho,
2018).

This research showed that the use of interactive multimedia combined with a problem-
based learning approach is effectively applied in the learning process specially to improve
critical thinking skills. Interactive multimedia can present a variety of problems related to the
phenomena of nature that are not easily observed by human senses such as the process of
earthquakes, landslides, and several other natural events or phenomena. The presentation of
these events in the learning process will support the principle of problem-based learning,
because the presented events are events that are easily observed. As it is stated by Moallem
et al., that the problem presented in problem-based learning is a description of a series of
phenomena that can be observed in the real world (Moallem et al., 2019).

With the presence of real events or phenomena in learning, it will help students to find
out the causes of these events. Besides that, it will also help students to find solutions to
problems that exist in the real world through critical thinking skills. Learning with a problem-
based leaning approach provides students the opportunity to learn to solve problems in real
life (Westwood, 2008). Thus learning will be more meaningful. As stated by Moallem et
al., (2019) that by implementing a problem-based learning approach, learning will be more
meaningful. This is because students learn their problems in everyday life (Moallem et al.,
2019). Problem based learning encourages students to learn about real-world problems as a
context for learning to think critically (Effendi & Hendriyani, 2019). The initial analysis of a
problem in problem-based learning serves to reactivate the knowledge that students already
have (Moallem et al., 2019). In addition, problem based learning has several advantages,
including encouraging self-direction in the learning process, preparing students to think
critically and analytically, empowering students to identify, find and use appropriate resources,
the problems studied are closely related to the real world and motivate. students, active
involvement in integrating information and skills in expressing ideas or opinions, improve
communication skills and social skills necessary for cooperation and teamwork (Westwood,
2008).

Based on the explanation above, this research has the implication that the application
of interactive multimedia based on problem based learning has a positive contribution in
improving students' critical thinking skills. The results of the analysis and findings in this study
indicate that there is a significant difference in critical thinking skills between the experimental
class using interactive multimedia based on problem-based learning and the control class. The
results of these findings indicate that the development of interactive multimedia based
on problem learning is proven effective to be applied in the learning process.

4. Conclusions and Suggestions

Based on the results of the discussion above, it can be concluded that interactive
multimedia based on problem-based learning that has been developed has good criteria based
on the results of the multimedia validation test. Then based on the analysis of product trials on
a limited scale, the developed interactive multimedia has a good category. The post-test
average score of critical thinking skills in the experimental class is higher than the control
class. In addition, based on the interactive multimedia effectiveness test based on problem-
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based learning using the independent ttest, it was proven that there was a significant
difference in the post-test scores of students' critical thinking skills in the experimental class
and the control class. Thus, interactive multimedia based on problem-based learning that has
been developed is proven to improve students' critical thinking skills. Therefore, as teachers
or educators, they should be able to use various media supported by appropriate learning
approaches to improve student learning outcomes, especially to improve 21st century skills.
We recommended future researchers about the development of interactive multimedia with a
more varied learning approach to improve 21st century skills on students.
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