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ABSTRACT

This study aims to develop an electronic module based on Problem Based Learning (PBL) as an implementation
of information and communication technology in learning media for students of class XI-Science which tested
by the validity and feasibility test in order to improve student’s science process skill. The method in this research
used research and development (R & D) with ADDIE model (Analysis, Design, Development, Implementation
and Evaluation). The e-module was developed with five stages according to PBL which are: organizing
problems, learning task, investigation, result development, analysis and evaluation. The developed e-module was
validated in material aspect about heat and temperature subject by the material experts and gained score of
82.20%, the validation in media aspects by the media experts gained score of 75.78%, and the average score of
the whole aspects by the learning experts was 94.36%, while the results of experiments at school by educators
and students obtained scores of 86.31% and 80.78%, these scores mean that the e-module was categorized as
very good. Based on the pre-test and post-test of students’ science process skill with this e-module, the
calculation of n-gain test was 0.6 which means moderate category.
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1. INTRODUCTION

Scientific learning required a process that can stimulate students to learn through various real problems in
everyday life. The problem is often associated with knowledge that has been or will be studied. According to a
research conducted by Serevina (Serevina, 2017), experience-based learning strategies which is an example of
scientific approach can increase senior high school students’ learning outcomes. Another learning model that
uses a scientific approach is Problem Based Learning (PBL). PBL is an instructional (and curricular) learner-
centered approach that empowers learners to conduct research, integrate theory and practice, and apply
knowledge and skills to develop a viable solution to a defined problem (Savery, 2015).

The PBL model is an effective way to engender a range of important skills such as communication skills,
teamwork, enquiry-based learning, peer-learning, project management, collaborative and individual innovation
and creativity (Lawlor, 2015). The inefficiency of traditional methods to aid in development and strengthening of
these particular student abilities was the main reason to start considering and adopting various instructional
approaches, including PBL (Wilder, 2014). PBL turned out to be highly effective, especially at highest levels of
academic performance (demanding application and analysis skills) in which there are found substantial
differences with regard of group of control (Suarez, 2017).
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Since the implementation of The Revised 2013 Curriculum based on the results of the need of the teachers in
some high schools, almost all respondents attempted to carry out the demands of the curriculum. But there are
still obstacles in the implementation, one of which relates to teaching materials. Based on the result of student
need analysis shows from 35 respondents students, 77% of students think physics is difficult, 85,7% student
have difficulties in learning, 91,4% student have interest if teacher display software / simulation / animation /
video / ppt in physics learning. And it turns out 85.7% of students feel more understanding learning physics
concept by displaying software / simulation / animation / video / images / ppt. The average student now has a
laptop / mobile phone, making it easier access related to the use of such digital tools.

These problems required a learning that can provide students to stimulate independent learning and find the
physics concept of the problem. Providing issues related to the daily life can facilitate students to understand the
concept so that students feel happy by learning physics. It is a part of learning with a scientific approach.
According to Stockwell (Stockwell, 2015), a blended teaching approach, which uses video assignments in
advance of each class to stimulate interest in the topic and provide foundational knowledge, coupled with
lectures having in-class problem solving, is a more effective strategy for science education compared with
traditional approaches.

Based on the results of these observations, it is deemed necessary to develop a teaching material in the form of a
digital module to stimulate students to learn independently and find the physics concept of the problem. So that
students feel challenged to study physics and finally students will feel happy by learning physics.

One of the important thing in the learning process is the teaching materials. An example of teaching materials is
a module. Teaching material is made to be able to transfer the message of learning from the teacher to the
students so as to stimulate thoughts, feelings, interests and the willingness of students to learn. The module is
part of the teaching material in printed form. Digital module is good to be used in some abstract subjects in
Physics. A research conducted by Shurygin (Shurygin, 2016) stated that the obtained results prove the
importance and effectiveness of the developed electronic educational courses in the study of physics in the
context of improving the efficiency of students' independent work when competency approach is used for
training bachelors that enhances their competitiveness. According to Hill (Hill, 2015), a designed online
resources used as pre-instruction can make a difference in students' conceptual understanding and
representational fluency in physics, as well as make them more aware of their learning processes.

This e-module activity is one of the teaching materials that demands student’s independency to find a concept.
This is supported based on the results of a research conducted by Febrianti (Febrianti, 2017) which shows that
the developed physics digital modules is suitable for use as self-learning materials for students.

In a research conducted by Yulianti (Yulianti, 2017) the improvements in students' cognitive learning outcomes
who have learned using the PBL physics worksheets are higher than those who are not. According to a research
conducted by Isna (Isna, 2017), the application of PBL-based modules is highly recommended in physics
learning since it can improve the students learning outcomes as well as their scientific attitudes. A research
conducted by Gaikwad (Gaikwad, 2014) also stated that the students accepted the E-learning activity well as
they perceived it to be innovative, convenient, flexible and useful. The interactive e-learning module in
pharmacology was moderately effective and well perceived by the students. Based on the information from the
preliminary study, it can be synthesized that a physics e-module based on PBL can be an alternative in
presenting physics learning materials.

2. RESEARCH METHOD

The research used research and development method with consideration in accordance with the objective in this
research is to produce product in the form of performance assessment instrument. The method used is ADDIE
(Analyze, Design, Develop, Implemention and Evaluation) which was formulated by Reiser and Mollenda. The
ADDIE method is adapted to the assessment instrument development procedure. In general, this research
consists of five stages, namely Needs Analysis, Instrument Design, Instrument Development, Implementation,
and Evaluation. In general can be described below:

2.1 Analysis (analisis) : Needs Analysis
This stage is to analyze the need for development of teaching materials and analyze the feasibility and
development requirements. The development of teaching materials is preceded by the problems in the
existing learning which is not relevant to the needs of the target, learning environment, technology, student
characteristics etc.
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2.2 Stage Design: E-module Design
The results of the needs analysis will determine the product design to be developed. Product design should be
realized in the form of pictures or charts. The product design stage involves determining the module
component, the concept of delivery and the materials organization, the type of tasks assigned, the evaluation
questions, the drawings, the articles, the examples, as well as the module layout. This stage will produce the
initial product design in the form of a module which the preparation of product assessment instruments has
been created to be a guide in designing the product.

2.3 Stage Develop: E-module Development
At this stage contains the realization activities of the product design. In the design stage, the conceptual
framework of the application of the teaching material has been prepared. In the development stage, this
conceptual framework is realized to be a ready-to-implement product.

2.4 Stage of Implementation: Trial
At this stage the developed design is implemented in real situations in the classroom. During the
implementation, the design of the teaching material that has been developed is applied to the actual
conditions. The material is delivered in accordance with the developed teaching materials.

2.5 Evaluate Stages: Evaluate
The evaluation stage is a process to see whether the learning system being built is successful and in
accordance with the initial stage or not. The evaluation stage can occur in each of the four stages above. The
evaluation in each of the four stages is called formative evaluation, because of its purpose for revision needs.
Evaluation is a process to provide value to the learning process.

3. E-MODULE BASED ON PROBLEM BASED LEARNING (PBL)

E-Module based on Problem Based Learning is a digital-based teaching materials that are designed
systematically and interestingly include the processes of the learning phase of Problem Based Learning in the
material description stage and evaluation that can be used independently by the students in accordance with the
expected competencies. Stages of the PBL model according to Fathurrohman (Fathurrohman, 2015) related to
the teacher’s behaviors in the learning process is as in the table below.

Table 3.1. Stages of Learning PBL

Stage Of Learning

Teacher Behavior

Stage 1: Teachers inform learning objectives, describe key needs, and motivate students to
Organize students into | engage in problem-solving activities that they choose themselves.

problems

Stage 2: Teachers help the students to define and organize learning tasks that are related to
Organize students to learn | the problem.

Stage 3: Teachers encourage students to gather appropriate informations, carry out

Assist in independent and
group investigations

experiments, seek explanations and solutions.

Stage 4:
Develop and present works
and exhibitions.

Teachers assist the students in planning and preparing appropriate work outcomes
such as reports.

Stage 5:
Analyze and evaluate the
problem-solving process

Teachers help the students to reflect on the investigations and the processes that
they use.

(Source: Fathurrohman, 2015)

The e-module was developed with Adobe Animate CC application. Adobe Animate CC is an excellent program
for creating dynamic content that can be played on all media and even platforms. Adobe animate CC comes with
a number of tools for creating graphics such as Photoshop to create graphical content. It comes with a new
motion editor, WebGL for animation, supports file projection and HTMLS extensions, supports Action Script
3.0, is more flexible, dynamic and easier to create animations than ever before. The display of E-module based
on Problem Based Learning per sub chapter can be seen in the following table:
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Table 3.2 E-Physics Module Display in Learning Activities

Information

View E-Module

Concept Maps for 1 basic competence

g ronianiian § MATER! PEMBELAIARAN

Fombie -

Introduction and Concept Maps of the learning
process

4 Permasalahan |

Stage 1 : Problems

(1 Stage 1 Problem Based Learning (PBL).
[1  Form of problems presents for students to
observe and explain hypotheses.

4 Tugas Belajar |

Stage 2 : Learning

[1 Stage2 Problem Based Learning (PBL).

[1 Learning source that align with the
materials that are taught in class.

[J There is a session for student to ask
questions.

9 Melakukan Penyelidikan Il

Untuk dapat menjawab permasalahan di atas, maka lakukanlah
percobaan berikut!

ALAT DAN BAHAN

1. Cangkir Kopi Hitam 8. Air Kopi Panas
2. Cangkir Kopi Putih 4.. Termometer
LANGKAH PERCOBAAN

1. Siapkan semua alat dan bahan yang diperlukan!
vang sudah dij an ke kedua gelas.

an suhu pada
h 2-3 sebanyak 3 kali, dan
abel pengamatan

Stage 3 : Inquiry

[0 Stage 3 Problem Based Learning (PBL).
[J  Simple inquiry activities related to the
problems in stage 1

ngembangan Hasil|

Stage 4 : Development of Result

[1 Stage 4 Problem Based Learning (PBL).

[J  The form of presentation and
development of results accompanied by
answers to problems in the form of
descriptions, simulations etc.
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[1 Stage 5 Problem Based Learning (PBL).

[] Contains results of data processing and
verification of whether or not the
hypotheses is true. Answers are found in
the analysis and evaluation.

Stage 5 : Analysis and Evaluation
Solution to problem

(Source: own source)

4. DATA ANALYSIS TECHNIQUE
The data or information that has been collected is selected and grouped according to the classification of
work assessment and answering the questionnaire.
1) Instrument Validation of material experts, media, teachers and students

Authentic assessment of the given questionnaire refers to the benchmark values used on the basis of
the assessment of the technical criteria of data analysis used in reference to the benchmark reference
assessment and this conversion in the form of a scale. Assessment of conversions on a scale will
determine the degree of validity of the tool. The scale is used as follows:

Table 4.1 Scale Assessment Instrument Research for material experts, media experts, learning experts,
teachers and students

No. Answers Score
1. Very good 4
2. Good 3
3. Enough 2
4. Not Good 1

(Source: Sugiyono, 2013)

The data obtained then calculated the percentage of the score as follows:

. Gained Score

¥ Maximum Score

Percentage Score = * 100%

The scores are obtained and measured by using the interpretation of the score for the likert scale, as

follows:
Table 4.2 Interpretation of Likert Scale Scale
Precentage Interpretation
0% - 25% Very unfeasible
26% - 50% Unfeasible
51% - 75% Feasible
76% - 100% Very Feasible

(Source: Sugiyono, 2013)
2) Science Process Skills Instrument
The science process skill instruments are measured using science process skill tests and science
process skill sheets. Data obtained from the written test processed as follows:

a. Score
Each student's score is determined by counting the correct answers. Scoring method is based on
the rights only method, which is the correct answers are scored one and wrong answers or items
that are not answered are scored zero. Scoring is calculated using the following provisions (Munaf,

2001):
S=*rR L. eq. 1
Score = number of correct answers
R = The correct student answers

b. Calculating the mean
To calculate the mean value of test scores both pretest and posttest, used the formula:
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2
X:

o eq. 2

X = average score or value of x; xi = scores or grades of students to i
n = the number of students
c. Determining the gain value
Gain is the difference between the initial test score and the final test score. The gain value can be
determined by the following formula:

G=5,-5,

......... eq. 3

G = gain; S¢ = post test score; S; = pre test score

d. Determine the normalized gain value
Normalized gains are a comparison between the actual gain scores obtained by students with the
maximum gain scores that are the highest gain scores that students might gain (Hake, 1997). To
calculate the normalized gain value and classification it will be used equation as follows:

The normalized gains of each student (g) are defined as:
(%S, —%S,)
g =
(100—%S))

..eq. 4
g = the gain is normalized
S; = score post test
Si = score pre test
The normalized gain average (<g>) is formulated as follows:
("%o<S, >-%<S,>)
<g>= —
(100- A)<S" > eq. 5

(g) =normalized gain average

(S¢) = the average post test

(S;) = the average pre test

The obtained <g> values are then interpreted in accordance with Hake (1997) as in Table 5.3
below:

Table 4.3 Interpretation of Normalized Gain Values

Normalized Gain Interpretation
(Category)
0,00 <g < 0,30 Low
0,30 <g 0,70 Moderate
0,70 <g <1,00 ngh

(Source: Hake, 1997)

5. FINDING AND DISCUSSION

E-modules must be able to overcome the limitations of time, space, and sensory power for student and teacher or
both of them (Widodo, 2008). It is used to improve and develop student’s skills. The e-modul based on the
problem based learning is able to improve the students ability especially the basic of science-level proven with
the n-gain results is 0,6 which is in the moderate skills category.

E-module is an interactive learning material, where students not only read the text but also see the animation of a
process resembling the actual process so as to facilitate students' understanding (Susilana, 2009). The e-module
based on Problem Based Learning provides a diverse display of animation, simulations that students can run to
facilitate students understanding of the materials presented.

The e--module material is divided into 3 sub chapters namely temperature and measurement, substances, heat
and heat transfer. Each material is presented according to the stages of Problem Based Learning that includes:
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problems, tasks of learning, investigation, development of results, and analysis and evaluation of problem
solving.

Teaching materials presented on the e-module based on Problem Based Learning is equipped with video,
animation, simulation and v-lab that support the material. Such e-modules can make students learn visually, even
more with the interactive audio in the presentation. The developed e-module can provide motivation and passion
for students to learn (Widodo, 2008).

This e-module comes with a question exercise consisting of 5 items. After being given practice questions, there
are also questions for the formative tests. The formative test is presented in each sub chapter with the aim to
measure the extent of student understanding and the development of the students' science process skills in each
sub chapter. The questions presented require students to understand the concepts contained in each sub-chapter
of the e-module. And in the last part there is a cognitive test of the science process skills. There’s also a list of
references to that was used in the development of this e-module. After this e-module is completed, product
evaluation is performed. The evaluation aims to determine whether the e-module is feasible to use or not. Based
on the material, media and the learning experts evaluation result, this e-module is interpreted as very good and
feasible to use.

The research data can be used to analyze the quality of the developed physics e-module based on PBL. The data
was obtained from the validation and field tests. The developed physics e-module based on PBL was validated
by physics material experts, learning media experts and learning experts. The results of these assessments are
used as a data to be analyze the developed e-module so that it becomes a viable product. Based on the validation
results from media experts, materials experts and learning experts as well as the field tests on educators and
students it can be stated that the developed e-module is feasible to be used in learning. The validation test sheet
by the material expert contains 17 indicators that include the quality of the content and the language. The data
obtained are as follows:

Table 5.1 Validation Test Results by Material Experts

No. Measured Aspects Percentage Interpretation
1. Quality of content 85.23% Very good
| 2. | Language | 79.17% | Very good |
Average of all aspects 82.20% Very good

The histogram of e-module validation test results by physics material experts are as follows:
Validation Test Results by Material Experts
86.00%

85.00%
84.00%

Q os

g 007 Quality of

g 81.00%- Content

g 80.00% M Language

o 79.00% maverage of all
78.00% aspects

77.00%
76.00%-

Figure 5.1 Histogram Test Results by Material Experts

From the graph of the validation result done by the physics experts, the average percentage of overall aspect
achievement is 82.20%. based on Likert-scale interpretation, the figures show that the developed e-module in
terms of quality of content, language and completeness of e-module is considered very feasible to be used as
independent materials

Next is the assessment provided through a media expert validation test sheet. The validation test sheet by the
media experts contains 21 items of statement from 4 aspects, namely content suitability, accuracy of E-module
contents, E-module and Language Benefits. The data obtained from the media expert learning is as follows:
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Table 5.2 E-module Validation Test Results by Media Experts

No. Measured Aspects Percentage Interpretation
1.  content of e-module 75.00% Good
| 2. | e-module accuracy | 75.00% | Good |
3.  language 68.75% Good
| 4. | Interesting E-module | 87.50% | Very good |
Average of all aspects 75.78% Good

The histogram of e-module validation test results by physics learning media experts shows that the developed e-

module in terms

of content conformity, e-module accuracy, linguistic and display design is considered very

feasible to be used as a learning material independently.

Validation Test Results by Media Experts
100
B content of e-
module

o m e-module accuracy
. language

: M Interesting E-

- module

- B Average of all

- aspects

Figure 5.2 Histogram Test Results by Media Experts

Wwom o= W
3

=R Wk

The next assessment is provided through the learning experts validation test sheet. The validation test sheet by
the learning expert contains 25 points of the five stages that are in accordance with the stages of Problem Based
Learning (PBL), namely: organizing the problem, organizing the students to learn, assisting the experiment,
developing and presenting the results and analyzing and evaluating the problem. The data obtained from the
learning experts are as follows:

Table 5.3 E-module Validation Test Results by a Learning Expert

No Measured Stages Percentage Interpretation
1. Organizing students for problems 95.31% Very Good
| 2. | Organize students to learn | 93.75% | Very Good |
3. Help to experiments 90.63% Very Good
| 4. | Develop and present results | 93.75% | Very Good |
5. Evaluation and analysis of problem solving 95.83% Very Good
| 6. | Compliance with Stages of Problem Based Learning | 96.88% | Very Good |
Average of all stages 94.36% Very Good

The histogram of e-module validation test results by physics learning experts are as follows:

Percentage

Validation Test Results by a Learning Expert

ggggi organizing students for
96.00% problems

05.00%, M organize students to learn
94.00% : 54 36— help to experiments
93.00% — _ develop and presents
92.00% results

91.00%
90.00%
89.00%
88.00%
87.00%

. evaluation and analysis of
problem solving

—_ campliance w'th stages ot

problem based learning

measured stages average of all stages

Figure 5.3 Histogram Validation Test Results by a Learning Expert
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From the graph of validation result done by the physics learning expert, it is obtained the average percentage of
overall achievement of 94.36%. Based on Likert-scale interpretation, the figures show that the developed e-
module in terms of aspects covering the stages of organizing the problem, organizing students to learn, assisting
in the investigation, developing and presenting the results, and analyzing and evaluating the problem are
considered very feasible to be used as independent learning materials .

The results of the field test on the educators and students. The assessment is provided through experimental
teacher test sheets and student questionnaires. The field test sheet contains 23 items from 4 indicators. The data
obtained from educator experts are as follows:

Table 5.4 E-module Trial Results by Teachers

No. Measured stages Percentage Interpretation
1. quality of content 85.23% Very Good
| 2. [ language | 87.50% | Very Good |
3. accuracy of content 85.00% Very Good
| 4. | E-module view | 87.50% | Very Good |
Average of all stages 86.31% Very Good

The histogram from the field trial results by teachers expert is as follows:

Validation Test Results by Teachers

88.00%
87.50%1T— .
o 87.00%T— M quality of content
b0 86.50% M language
E 86.00% accuracy of
o 85.50% content
& 8.00%7 B e-module view
84.50%
84.00% average of all

83.50%- stages

measured stages

Figure 5.4 Histogram Test Results on Teachers

From the graph of the field test conducted to the teachers experts we obtained the average percentage of overall
achievement of 86.31%. based on Likert-scale interpretation, the figures show that the developed e-module in
terms of aspects including content quality, language aspect, content accuracy and display aspect are considered
very feasible to be used as independent learning materials.

The next assessment is given through a test sheet for students in the form of questionnaires. The field test sheet
contains 20 items from 4 indicators. The data obtained from expert students for large group trials are as follows:

Table 5.5 Results of E-module Trial by Students

No. Measured Aspects Percentage Interpretation
1.  Content of E-module 86.61% Very good
| 2. | E-module presentation | 84.07% | Very good |
3. E-module completeness 87.42% Very good
| 4. | Language | 64.92% | good |
Average of all stages 80.78% Very good

The histogram of the field trial results of the students are as follows:
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Trial Results by Students

IOO'OE% M Content of E-maodule
gggg;: E-mocule
o Presentation
g“' ;gjgg;: _E-rmocule
S 50.00% completeness
£ 40.00% Mlanguage
8- 30.00% Maverage of all slages
20.00%
10.00%
0.00%

measured stages

Figure 5.5 Histogram Results of Trial against Students

From the graph of field test results to high school students obtained average percentage achievement of 80.78%.
Based on Likert-scale interpretation, the figures show that the developed e-module is viewed from aspects
including quality of e-module content, presentation technique, e-module completeness are considered very good
to be used as a learning material independently even if the language aspects are only considered good.

E-module effectiveness test aims to see the effectiveness of the use of the developed e-module in improving the
ability of students' science process skills. The effectiveness test is measured with student learning outcomes of
31 students through the pre test and the post test. The pre test is given to the students in the form of multiple
choice questions of 24 questions before the start of learning. While the post test is given in the form of the same
problem with the pre test and is done after the student used e-module based on Problem Based Learning during
the learning process.

The instrument used has been through the process of validity and reliability test. The highest pre test score is
62.50, the lowest is 20.83, and the average score is 40.19. While the highest post test score is 91.67, the lowest is
58.33, and the average is 75.81. Overall seems to be increasing. The following comparison of pre test and post
test results.

Comparison of Pre test and

Post test
80
60
40 7581 B Pre test
20 Post test
0

Science Process Skill

Figure 5.6 Histogram Comparison of Pre test and Post test

Based on the calculation of the n-gain test shows that the magnitude of the increase before and after the students
learn with the developed e-module get the results of 0.6 with a moderate interpretation.

CONCLUSION

The research was limited on heat and temperature subject in order to improve students’ science process skill. The
research was conducted at grade XI-Science of Islamic High School, Cipasung, Singaparna, West Java,
Indonesia, in 3rd Semester, 2017. Based on the results of research that has been done, it can be concluded that
the E-module based on Problem Based Learning (PBL) on the subject of heat and temperature is feasible to
improve students’ science process skill for high school students. This is based on feasibility test by material
experts, media experts, learning experts and physics teachers. The scores obtained from material experts is
82.20%, from media experts is 75.78% and from learning experts is 94.36% while the results of the field test by
the educators and the students obtained a percentage of 86.31% and 80.78%. The calculation of the n-gain test
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shows that the magnitude of the increase before and after students’ learning. The students who learn with the
developed e-module get the ascension results of 0.6 with a moderate category.
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