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Introduction:-

Education in the 21 century is education in the era of the industrial revolution 4.0 which cannot be separated from
digital technology. Implementation of learning will be more effective and efficient with the help of technology.
Science is a scientific discipline that teaches science that is systematic and universally applicable which discusses a
set of data regarding natural phenomena obtained based on the results of observations, experiments, conclusions,
and theory development [1]. Science learning has a concrete role in advancing science and technology because
science learning contains processes that can build students' interest in science and technology and improve critical
thinking skills [2].

One of the skills students must have in the industrial revolution era is critical thinking skills. Critical thinking skills
are one of students' cognitive abilities [3]. Critical thinking skills are very important for students to be able to
compete with human resources around the world [4]. In fact, students' critical thinking skills in Indonesia are still
low, seen from the 2018 PISA score of 396 for science abilities and is ranked 71 out of 79 countries [5]. This low
critical thinking ability can be caused by the way the teacher conveys the material and teaching materials used by
students that are still not in accordance with the indicators of critical thinking ability [6]. Another reason is the use
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of teaching materials that are not yet technology-based which are still focused on presenting material so that students
have not been facilitated in training and honing their critical thinking skills in learning.

Teaching materials are all types of teaching materials that provide information to assist teachers/lecturers/teaching in
carrying out learning [7]. One example of teaching materials is textbooks. Textbooks can be compiled and
developed in digital or electronic formats with the help of online accessible technology called e-books. E-books
contain text, images, animations and other digital information with an attractive presentation to achieve the expected
learning objectives. Adding learning videos to E-books can eliminate boredom and keep students focused on
learning [8].

The multi-representational approach that is applied in a teaching material can be used as a way to improve critical
thinking skills in learning [9]. Multirepresentation is an approach to restate a concept in several ways or delivery
formats, namely verbal, pictorial, graphic and mathematical representations. The multi-representation approach
makes the appearance of the E-book more interesting and rich in context, making it easier for students to understand
and improve their mastery of concepts in various forms of representation [10], [11]. Learning with multiple
representations can improve students' abilities and cognitive skills in thinking and reasoning and solving
problems[10], [12]. The multi-representational approach in the E-book can be presented dynamically. Teaching
materials based on dynamic multi-representation make students able to understand concepts in more depth with their
multi-representational abilities, so that they can make students have skill to think critically.

Methods:-
This research based on development research using the ADDIE model that is the development of heat and transfer
E-bookbased on dynamic multi-representation to improve the critical thinking skills of grade VII junior high school
students. The design used in this study was experimental research with the One Group Pretest-Posttest design.
Conducting research in class VII E of SMPN 10 Jember for the 2022/2023 academic year consisting of 32 students.
This school was chosen because it has never used E-book teaching materials in its learning. Data collection was
carried out using a test instrument. The tests used in this study were the initial test (pretest) and the final test
(posttest) in the form of 15 description questions that had been adapted to indicators of critical thinking skills. The
effectiveness of the E-book is measured through the results of the pretest and posttest which are analyzed using the
gy, test with the following equation.
_ (Spost) — (Sp)

&~ (Smax) — (Sp)
The calculation results obtained are then interpreted according to the ng,, Ccriteria, that isg > 0.7is in the high
category, 0.3 < g < 0.7is in the medium category, and g < 0.3is in the low category [13].

Results and Discussion:-

The teaching material used is the result of the development of an e-book on heat and displacement based on dynamic
multi-representation. E-book contains concepts of temperature, expansion, heat, heat transfer, and their application
in everyday life. Before being tested for its effectiveness in improving critical thinking skills, the e-book has been
validated by 3 validators. The validation obtained from validator 1 is 87, from validator 2 is 91, and from validator 3
is 89, with an average validity score of 89 with a very valid category so that it is suitable for use as teaching material
and can be applied in learning. The test sheet used to test the level of students' critical thinking skills before and after
using the E-book was also validated first with a result of 91.94% with very valid criteria. After the product and test
instrument are said to be valid, they are feasible to be implemented in the field. The effectiveness of the E-book is
obtained by distributing pretest and posttest questions which consist of 15 essay questions that have been adapted to
indicators of critical thinking skills. The results of pretest and posttest questions from the students then analyzed
using the ng,;, calculation to determine the effectiveness of the heat and transfer E-book based on dynamic multi-
representation. Descriptions of pretest and posttest scores are shown in the following table.

Table 1:- Pretest and posttest scores.

Description Score Ng Category
Pretest Posttest

Average score 41,99 80,22 0,65 Medium

Highest score 70,31 92,19

Lowest score 26,56 60,94
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Table 1 shows the average pretest score obtained before using the E-book of 41.99 with the highest score of 70.31
and the lowest score of 26.56. The posttest average score obtained after using the E-book was 80.22 with the highest
score of 92.19 and the lowest score of 60.94. The average value of the final test has increased compared to the
average score obtained by students in the initial test, namely with a difference of 38.23. These results indicate that
there has been an increase in students' understanding of heat and its displacement material so that teaching materials
are said to be effective. The n,,, value is 0.65 and is included in the medium category. It can be concluded that the
E-book of heat and transfer based on dynamic multi-representation is effectively used in learning to improve
students' critical thinking skills with medium improvement. In accordance with Santoso et al. that the increase in
student learning outcomes using e-books is higher than students using printed books[14]. Supported by the opinion
of Reizal et al. that effective teaching materials can improve students' abilities and learning outcomes so that the
quality of learning becomes better[15].

Table 2:- The results of achieving indicators of critical thinking skills.

Indicators of critical thinking | Average score N-gain Kategori
skills Pretest Posttest

Interpretation 55,46 87,5 0,72 High
Analysis 44,53 78,38 0,61 Medium
Inference 21,87 83,2 0,78 High
Evaluation 29,68 66,79 0,53 Medium
Explanation 49,6 83,59 0,67 Medium
Self regulation 47,65 91,4 0,84 High

Table 2 shows the average pretest and posttest scores and the n,,;, value for each indicator has increased. The self-
regulation indicator has the highest ng,;, value of 0.84 in the high category while the evaluation indicator has the
lowest n-gain value of 0.53 in the medium category. The existence of a dynamic multi-representation display is
another advantage in this E-book. Presentation of material in the E-book has been prepared using a multi-
representational approach or dynamic representation of material including: 1) Representation of text, images,
graphics, and mathematics with a moving (dynamic) display; 2) audio visual representation through learning videos
from YouTube contained in the E-book; 3) detailed and clear visualization of material makes it easier for students to
understand the material; 4) the animated videos presented are easy to play back so they can adjust the level of
student understanding. The multi-representation-based E-book that was developed is feasible to implement because
it succeeds in making students understand the concept of the material by providing dynamic visualization[16]. The
effectiveness of multi-representational dynamic E-book teaching materials based on heat and displacement is also
supported by relevant studies. Research conducted by Asda& Andromeda also states that the use of integrated multi-
representational teaching materials is effective in improving student learning outcomes with a high level of
effectiveness category[17].

Conclusion:-

The e-book of heat and transfer based on dynamic multi-representation is effective for improving students' critical
thinking skills based on an ng,;, of 0.65 which is included in the medium category. These results indicate that there
has been an increase in students' understanding of heat and displacement material so that the E-book of dynamic
multi-representation based heat and displacement teaching materials is said to be effective and can be used in
learning.
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