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Abstract

The low of students’ critical thinking skills and cognitive learning outcomes can be caused by
learning difficulties. One of the causes is the lack of availability of learning resources that are relevant
and easily applied. The aim of this research is to produce a Problem Based Learning-based e-module
based on the results of research that is valid, practical, and effective. The development model used is
ADDIE with stages are analyze, design, develop, implement, and evaluate. The resulting e-module is
very valid and very practical with the validation value by content expert=100%, learning
expert=98,65%, field practitioners=92,85%, and then the value of practicality=86,99%. The result of
quade’s rank analysis of covariance test with p-value is 0,000<a (a=0.05) and the result of ANCOVA
test with p-value is 0,000<a. The conclusion is Problem Based Learning-based e-module based on the
results of research can improve critical thinking skills and cognitive learning outcomes of students.
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1. Introduction

The 21% century is a globalization and internationalization era (Fong et al., 2014;
Osman & Marimuthu, 2010) and human being will face global competition and problems;
thus, it is important for each human being to have the 21 century skills (Pheeraphan, 2013a;
Sahin, 2009a). The main skill must be owned by students in the 21 century includes critical
thinking (Adi et al., 2017; Thompson, 2011) for it is related to problem solving process
(Friedel et al., 2008) occurred in daily life, at work, and all other life aspects (Slameto, 2014).
The critical thinking skill is also a foundation for other skills.

Graduate profile of students from biology education’s program of Malang State
University is expected to be able to master basic biology theoretical concept integrated with
the use of logical, critical, systematical, and innovative thinking through IPTEKS (science and
technology) approach to analyze various problems in biology field. Achievement of graduate
profile of biology education’s program of Malang State University (UM) equipped with critical
thinking skills could be applied in Human Anatomy and Physiology course. Critical thinking
skills have the same achievement elements to the qualification of graduate profile of biology
education’s program of UM and CPMK of Human Anatomy and Physiology, i.e. it demands
students to be able to formulate, analyze, and solve problems (Ristekdikti, 2015).

Learning in Human Anatomy and Physiology course is expected to create students
who are capable of mastering concept, solving problems and applying technologies through
research-based approaches and have good critical thinking skills, high cognitive learning
outcome as well as capable of constructing concept based on facts found in daily life. Facts
in field, however, indicate that: learning is still conducted using presentation and discussion
(71%) and there is no indication of a learning process that trains critical thinking skills and
electronic teaching materials are not available; students’ critical thinking skill is in moderate
level with average of 69.67; students’ cognitive learning outcome is in low category with
average of 51.67; and students experience difficulties in learning (100%), the reasons
include 62.5% students state that the content is abstract and complex and 22% state that it is
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hard to apply the concept in daily life. One of contents that is hard to understand is
circulatory system (22.6%).

Results of need analysis of students also indicate that learning has not equipped with
a more contextual teaching material. Learning sources used mostly refer to
sources/references given by lecturer, namely: LKM (student worksheet) (22.6%), handouts
and scientific articles (19.4%). Learning strategies conducted include discussion-presentation
(71%) and laboratory practice (67.7%). Results of need analysis on lecturers also suggest
that teaching materials used in Human Anatomy and Physiology course comprise text book,
LKM, and handouts, whereas methods often used are discussion, presentation, and question
and answer.

Efforts could be done to cope with the problems include providing teaching materials
suitable to technology development and that are capable of improving students’ learning
interest and make students to be active and think critically. The results of the student needs
analysis show that students demand a concise teaching material yet contains important
concepts that support content understanding, easy to access, sharpens critical thinking skills,
interesting, and presents detail and relevant content. Based on the analysis of student
needs, students also want a learning strategy, namely learning based on research results by
using electronic teaching materials based on case studies or daily life phenomenon and
laboratory practice. It is known previously that students have used printed modules based on
research results but not electronic based, therefore students prefer learning strategies based
on research results using electronic teaching materials based on case research / everyday
life phenomena because according to (Saputro, 2009) e-module is more practical to carry
anywhere, is durable, and the e-module can be equipped with audio and video so that
students are interested in using it. Another rational reason for the importance of developing
an e-module is because usually the time for face-to-face hours during lectures is not optimal,
therefore electronic teaching materials are needed to help students’ study independently at
home in order to understand lecture material. The results of preliminary studies to students
on the use of electronic teaching materials are also in accordance with the profiles of
graduates of the biology education study program, namely skilled in using software and
hardware to analyze and solve biological problems and utilize the latest technology to
develop life skills in the XXI century.

Development of module based on research results is one of activities that could
expand content applicatively (Primiani, 2018). A module that will trigger an effective learning
process could be applied with contextual-based learning to provide current information and
improve critical thinking skills (Parmin & Peniati, 2012). A module that meets the criteria is a
PBL-based module. It is supported by results from a preliminary study on students where
51.6% students choose a problem-based learning using PBL-based teaching materials as a
desired learning strategy. The PBL-based module could facilitate students to focus on
problem solving (Borhan, 2014; Wong & Day, 2009) through identification and investigation
activities, present a systematic learning experience, and facilitate a constructive and self-
directed learning process (Direktorat Tenaga Kependidikan, 2008).

The PBL-based e-module presents problem as a stimulus based on real events in
daily life. The real events are related to research results of single garlic (Allium ssativum)
potential on male mice circulatory system that are loaded on the connecting to the problem
section of the PBL model syntax. This research was conducted to produce a PBL-based
circulation system e-module based on the results of research on the potential of single garlic
extract (Allium sativum) on the blood pressure of male mice to improve critical thinking skills
and student cognitive learning outcomes that are valid, practical, and effective.

2. Method

The PBL-based circulatory system e-module based on research results was
developed using ADDIE development model through stages are analyze, design, develop,
implement, and evaluate (Branch & Kopcha, 2014). The ADDIE stages are elaborated in the
following section.
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The analyze stage aimed to identify problems that caused gap in learning process.
Determination of problems to be studied was conducted by filling questionnaires on learning
process by the lecturer of Human Anatomy and Physiology course as well as students who
had taken the course. The questionnaires result was compared to the ideal condition of the
expected learning and followed by identification of gap occurred. Questions were also given
to measure students’ initial critical thinking skills and cognitive learning outcome. The critical
thinking skills were measured using essay tests in the form of analysis and cases, whereas
the cognitive learning outcome was measured using objective tests on circulatory system.
The e-module development was conducted to achieve instructional goals, namely compiling
a PBL-based circulatory system e-module based on research results of single garlic extract
potential and testing the e-module validity, practicality, and effectiveness to students’ critical
thinking skills and cognitive learning outcome. The targeted audiences included students in
fourth semester of biology education study program at Malang State University in academic
year of 2019/2020 who were taking Human Anatomy and Physiology course.

The design stage was intended to verify the expected product design and formulate
an appropriate testing method. In this stage several activities conducted, namely: task list
preparation, performance purpose preparation, and testing strategy preparation by designing
and preparing validation sheets, practicality test sheets and effectiveness instruments
(pretest and posttest questions to measure students’ critical thinking skills and cognitive
learning outcome).

The develop stage aimed to develop and validate the e-module. The stage was
started with producing content in the e-module including the research results of single garlic
(Allium sativum) extract potential on male mice blood pressure. The stage required
supporting media in producing the e-module and developed the e-module instruction for use
for lecturers and students. The developed e-module would be validated by content expert,
learning expert, and field practitioner expert. Next, response questionnaires were given to 15
students who had taken the Human Anatomy and Physiology course. The questionnaire
distribution aimed to obtain suggestions, opinions, and comments from the students prior to
trial stage. Following the questionnaire distribution, a trial was conducted to 27 offering
students from biology education study program of UM of 2018 academic year who were
taking the Human Anatomy and Physiology course. The trial was intended to find out the
practicality of the developed e-module.

The implement stage was done by using a PBL-based circulatory system e-module
based on research results. It was conducted by preparing lecturer to implement lecture using
the developed product. Student preparation was also performed by identifying and observing
class, arranging implementation schedule, distributing e-module, and preparing other
technical matters needed to support the implementation.

The evaluate stage aimed to learn about the e-module weaknesses as a base for
improvement. The stage was done in every stage of the ADDIE development. Evaluation
was conducted to give assessment on the product quality. It was done by determining
evaluation criteria for data obtained from product validity, practicality, and effectiveness tests
in improving students’ critical thinking skills and cognitive learning outcome. Next,
instruments were selected to test the e-module validity, practicality, and effectiveness. The
final stage of evaluation was analyzing the evaluation results. The descriptive-qualitative
analysis technique used to analyze suggestions, opinions and comments from the validation
sheets, student response questionnaires, and learning syntax achievement sheets. The
guantitative data analysis used to process quantitative data obtained through data collection
instruments on validation questionnaires and practicality instruments in the form of
percentage. In addition, parametric difference test and non-parametric test used to test
whether or not there was a difference in the mean of dependent variable between two groups
by controlling other variables that had influence on the dependent variable.

The research data in the development of PBL-based circulatory system e-module
based on research results included qualitative and quantitative data. The qualitative data
sources consisted of suggestions, opinions, and comments for improvement from validators
and students. The quantitative data sources were in the form of validators’ assessment
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questionnaire scores and practicality scores by students as well as results of non-parametric
analysis (quade’s rank analysis of covariance) and parametric difference test (analysis of
covariance). Instruments in the research data collection consisted of need analysis
questionnaires, questions to learn about students’ initial critical thinking skill and cognitive
learning outcome level, expert validation questionnaires, preliminary trial/practicality
questionnaires, and pretest and posttest questions to measure students’ critical thinking skill
and cognitive learning outcome level.

The research data analysis of the development of PBL-based circulatory system e-
module based on research results consisted of descriptive-qualitative, quantitative, and
parametric difference test and non-parametric test. The qualitative data analysis technique
was conducted by grouping information in the form of suggestions, opinions, and comments
for improvement from validators and students as a practicality test subject.

The critical thinking skills and cognitive learning outcome were given score based on
each assessment rubric and the total score obtained was calculated. The data were then
tested for the normality using Kolmogorov-Smirnov and homogeneity using Levine test. If the
data were normally distributed and homogeneous, then it followed by analysis of covariance
(ANCOVA). If the data were not normally distributed or not homogeneous, however, then the
non-parametric difference test was conducted, which was a Quade’s rank analysis of
covariance.

3. Results and Discussion
Results
Analyze

The analysis result of questions to measure the students’ initial critical thinking skill
and cognitive learning outcome level indicated that the critical thinking skill was in medium
category and the cognitive learning outcome was in low category. It showed the importance
of critical thinking skill and cognitive learning outcome improvement efforts for the students in
Biology Education’s Program of Malang State University in Human Anatomy and Physiology
course.

The low students’ critical thinking skills and cognitive learning outcome could be
connected to difficulties in learning experienced by the students (results of need analysis by
students). The difficulties caused by several factors, among others, the content was abstract
and complex (62.5%), it was hard to apply the concept to daily life (22.6%), lack of teaching
materials that were relevant and easy to apply in daily life (19,4%), less effective learning
process (16,1%), and concept taught was a comprehension in nature (12,9%). One of the
most difficult concepts to understand was circulatory system (22.6%). Learning sources used
mostly referred to sources/references given by lecturers, which were LKM (student
worksheet) (22.6%), handouts and scientific articles (19.4%). Learning strategies applied
during learning were discussion-presentation (71%), and laboratory practice (67.7%). Results
of need analysis for lecturer also suggested that teaching materials used in the Human
Anatomy and Physiology course were text books, LKM, and handout, whereas methods
often used included discussion, presentation, and question and answer.

Based on the need analysis results by the students, they wanted a learning source
that is concise but contains important concepts that supports content understanding, easy to
access, sharpens critical thinking skills, interesting, and presents detail and relevant content.
Learning strategies desired by the students were those that based on research results by
using electronic teaching materials based on case studies or daily life phenomenon and
laboratory practice. The results of need analysis for lecturer also stated that they never used
electronic modules in teaching and learning activities nor developed a research-based
teaching material. Therefore, the PBL-based circulatory system e-module based on research
results of single garlic extract potential was developed to improve students’ critical thinking
skills and cognitive learning outcome.

The instructional goal was to compile a PBL-based circulatory system e-module
based on research results and to test the e-module validity, practicality, and effectiveness on
student critical thinking skills and cognitive learning outcome. The research targeted
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audiences were students in the fourth semester of Biology Education’s Program at Malang
State University in academic year of 2019/2020 who were taking the Human Anatomy and
Physiology course. The product development was conducted in May 2019 - March 2020.

Design

Result of work plan that had been conducted included syllabus (Rancangan
Perkuliahan Semester), lesson design (Satuan Acara Perkuliahan), and test questions on
critical thinking skills and cognitive learning outcome along with their rubrics. Result of the
testing strategy preparation stage was in the form of instruments to be used to test the
validity, practicality, and effectiveness of the developed e-module.

Develop

In this stage, the development was started by producing the e-module content and
research results used as problems in the PBL syntax in each learning activity. The e-module
was created using Microsoft Office Word 2013 and Microsoft Office Power Point 2013 in a
PDF form and it could be accessed by the students through UM’s Sipejar
(http://sipejar.um.ac.id/my/). The stage also loaded pictures to support the content, the e-
module instruction for use, validation results, results of the students’ response and results of
the e-module practicality.

The validation results by the content expert were in terms of content feasibility aspect
(content and questions on critical thinking skills and cognitive learning outcome), content
presentation feasibility aspect, and language feasibility aspect. The three aspects were very
valid and could be used in learning. The e-module had several advantages, namely: it could
help in understanding circulatory system and its content was easy to understand and could
be used as an additional teaching material in teaching and learning process. It could be
concluded that the pretest and posttest questions could be used in learning with a little
revision.

The validation results by the field practitioner expert suggested that the e-module was
very valid according to the aspects of language feasibility, content feasibility, presentation
feasibility, and problem-based learning assessment. A conclusion could be drawn that the e-
module could be used in learning with revisions. The results of validation by learning experts,
namely media (e-module) from the aspects of graphics, presentation, language, and aspects
of the e-module have been very valid. The conclusion from the results of media validation is
that it can be used in learning with small revisions. The results of validation by field
practitioner experts, namely the e-module from the aspects of language feasibility, content
feasibility, presentation feasibility, and problem-based learning assessment aspects have
been very valid. The conclusion obtained from the results of the validation by field
practitioners is that the e-module can be used in learning with revisions.

The results of response questionnaire recapitulation for 15 students suggested that
the e-module was very practical based on the aspect of ease of use, learning time
effectiveness, and benefit. There were suggestions, opinions, and comments, however,
regarding the use of color that would be better if it added with red color so as it would be
more contextual (red: blood, arteries and blue: veins) and more interesting instead of only
blue color. In addition, picture layout should be considered.

The result of trial conducted on students who were taking the Human Anatomy and
Physiology course indicated that the e-module was very practical based on ease of use,
learning time effectiveness, and benefit aspects. Suggestions, opinions, and comments from
the trial included the MS Word-form file should be given to the students so they could work
on their assignment without re-arranging the learning activity column layout that became a
mess after converting the pdf-form into word-form and instruction sentences in the learning
activity should be clear so the students could understand them.

Jurnal Pendidikan Indonesia (JPI) | 569


http://sipejar.um.ac.id/my/

JPI, Vol. 9 No. 4, December 2020
p-ISSN: 2303-288X, e-ISSN: 2541-7207 DOI: 10.23887/jpi-undiksha.v9i4.25647

Implement

This stage was conducted by implementing the PBL-based circulatory system e-
module based on research results in experimental class. The researcher acted as a lecturer
in the circulatory system content in Human Anatomy and Physiology course at the
experimental class. In the control class, on the contrary, it was the lecturer of the course
himself who conducted the lecture.

Socialization activity was done prior to the implementation so that the students
prepared to participate in the learning. The experimental class used syllabus and lesson
design that had been validated by the learning expert. The students were provided with e-
module through UM’s Sipejar prior to face to face meeting in each learning activity. They
could read the content, work on the LKM and the formative tests, and watch videos related to
problems in the LKM when they accessed the e-module. Learning activity in the control class
was done using lecture method, presentation, and discussion by the course lecturer. Meeting
was conducted twice for each class. Pretest was done in the first meeting, whereas posttest
was in the second meeting in the end of learning.

Evaluate

The validity value by the content expert in the content feasibility aspect that consisted
of 41 assessment items was 100% with very valid category. In the question content feasibility
aspect that comprised 30 assessment items the score was 100% with very valid category.
Likewise, the validity score was 100% percent with very valid category in the content
presentation aspect that consisted of 10 assessment items. In addition, it was also 100%
validity score with very valid category in the language feasibility aspect. The overall validation
result from the content expert was 100% with very valid category. The content expert also
validated the pretest and posttest questions with score of 100% in very valid category.

The learning expert validated media (e-module), the validity score in the graphic
aspect that had 10 assessment items was 97.50% with very valid category; presentation
aspect that had 7 assessment items was 100% with very valid category; language aspect
that had 6 assessment items was 100% with very valid category; e-module aspect that had
14 assessment items was 98.65% with very valid category. The overall validation result of
the media (e-module) was 98.65% with very valid category; 4) the pretest and posttest
guestions had validity score of 99.10% with very valid category.

The validation results by the field practitioner expert indicated validity value in
language feasibility aspect that had 7 assessment items of 92.85% with very valid category;
in content feasibility aspect that had 5 assessment items of 90% with very valid category; in
presentation feasibility aspect that had 10 assessment items of 95% with very valid category;
and in problem-based learning aspect that had 6 assessment items of 91.67% with very valid
category. The overall validation result from the field practitioner expert was 92.85% with very
valid category.

The result of response questionnaire recapitulation from 15 students on the three
major aspects (ease of use, learning time effectiveness, and benefit aspects) was very
practical with practicality score of 88.50%. The result of trial conducted on students who were
taking the Human Anatomy and Physiology course on the three major aspects (ease of use,
learning time effectiveness, and benefit aspects) was very practical with practicality score of
87.04%.

The results of the students’ critical thinking skill evaluation could be elaborated as
follows. Mean of the pretest in the control and experimental classes was 46.2 and 37.6,
respectively. Mean of the posttest score in both classes was 52 and 76.9, respectively. It
implied that differences between the pretest and posttest scores of both classes were 5.8
and 39.3, respectively. The result of Quade’s rank analysis of covariance test for the
students’ critical thinking skills obtained a p-value=0.000<a (a=0.05). It could be inferred that
there was a significant difference in the critical thinking skills between the students in the
experimental class and those in the control class.

The results of the students’ cognitive learning outcome evaluation are described as
follows. Mean of the pretest in the control and experimental classes was 56.67 and 62.59,
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respectively. Mean of the posttest score in both classes was 58.48 and 75.92, respectively. It
implied that differences between the pretest and posttest scores of both classes were 1.81
and 13.33, respectively. The result of analysis of covariance (ANCOVA) obtained a p-
value=0.000<a (a=0.05). The conclusion is that there was a significant difference in the
cognitive learning outcome between the students in the experimental class and those in the
control class.

Discussion

The final result of this development research is a PBL-based circulation system e-
module based on the research results of the potential of single garlic extract to improve
students' critical thinking skills and cognitive learning outcomes. The e-module is the latest
innovation from the print module. (Direktorat Tenaga Kependidikan, 2008) describes the
characteristics of the module, namely self-instructional, stand alone, adaptive, and user
friendly. Based on the needs analysis questionnaire given to students, students agree that an
e-module based on Problem Based Learning (PBL) is developed to improve students' critical
thinking skills and cognitive learning outcomes. (Krisanti & Mulia, 2016) state that PBL can
facilitate several skills such as independent learning, interdependent learning, deep learning,
assessment, critical thinking, teamwork, time management, and problem solving (Krisanti &
Mulia, 2016). In PBL learning, the problems presented are problems that occur around or in
everyday life, therefore the development of a PBL-based circulation system e-module is
based on the results of research on the potential of a single garlic extract.

The PBL-based circulation system e-module based on the results of research on the
potential of single garlic extract to improve critical thinking skills and student cognitive
learning outcomes has been tested for its validity, practicality, and effectiveness so that it can
be used in Human Anatomy and Physiology courses. The study of the validation results,
practicality, and effectiveness of the e-module that has been developed will be discussed in
more detail as follows.

Study on the Validity of PBL-based Circulatory System E-module based on Research
Results

The aspects that were validated by the material expert validator were the feasibility of
the content (material and critical thinking skills questions and cognitive learning outcomes),
the feasibility of content presentation, and the feasibility of language. (Direktorat Tenaga
Kependidikan, 2008) states that products that are suitable for use in learning are valid in
terms of the aspects of content feasibility, content presentation, and language feasibility
(Direktorat Tenaga Kependidikan, 2008). The validation result by the content expert on the
three aspects was very valid and could be used in learning with revision. The advantages of
e-module based on the opinion of material experts are that it can help in understanding the
circulation system and the contents of the e-module, is easy to understand and can be used
as additional teaching material in the teaching and learning process. In accordance with
(Permendiknas, 2010) which states that the subject matter in modules must be able to make
students learn independently, so that modules are written and presented in such a way as to
facilitate student understanding. The developed e-module contains the results of research,
so that the problems presented are problems that occur around or in everyday life. Therefore
the e-module can help students understand the circulation system.

The media (e-module) validation result was very valid and could be used with a little
revision. The e-module that was assessed from its graphic aspect regarding layout, font,
color, pictures, and display had a very valid criterion. A good e-module has attractive display
with combination of color, picture shape, and clear title (Asyhar, 2011; Direktorat Tenaga
Kependidikan, 2008). (Putri et al., 2007) also suggested that a module must present display,
design color, font type and size, and language that attract students to read. The e-module
aspect includes self-instructional, stand alone, adaptive, and user friendly, including the very
valid category. The e-module developed has met the characteristics of self-instructional,
which includes clear learning objectives, learning materials are packaged in specific activity
units, examples and illustrations that support the clarity of learning material exposure, there
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is an evaluation to measure student understanding, and contains material required. The e-
module has met the characteristics of stand alone, that is, it does not depend on other
teaching materials/ media, or does not have to be used together with other teaching
materials/ media. Although at the visiting and revisiting stage the problem lecturers allow
students to search and collect information from various sources. As (Arends, 2012) argues,
teachers must assist students in gathering information from various sources, and teachers
must ask questions so that students can think about problems and about the types of
information needed to arrive at defensible solutions. The e-module developed has met
adaptive characteristics, that is, the e-module itself has adapted to developments in science
and technology. The e-module can be used anywhere and anytime, if it is connected to the
internet or wifi. The e-module is easily accessible, via smartphone or laptop. The e-module
has also met the characteristics of user friendly, where every instruction and information on
the e-module helps and makes it easier for students to use it. Apart from being equipped with
instructions for using the e-module, each learning activity is accompanied by instructions in
familiar and communicative language when read by students.

The field practitioner expert validator stated that the e-module was very valid in terms
of language feasibility aspect, content feasibility, presentation feasibility as well as problem-
based learning assessment aspect. In the language feasibility aspect, the e-module had
used language suitable to the students’ thinking development levels; standardized words;
and appropriate spelling, grammar and scientific name writing; however, link between
sentences in one paragraph to another should be more coherent. The content feasibility
aspect was good as well as the presentation feasibility aspect since the concept was
coherent, the e-module component had completed, the evaluation questions were in
accordance with the CPMK, and the students had good involvement in the learning. As
regards PBL assessment aspect the developed e-module was very good since instruction
and assignments presented on the LKM in the e-module was in accordance with the PBL
stages.

Study on the Practicality of PBL-based Circulatory System E-module based on
Research Results

The results of response questionnaire recapitulation from 15 students who had taken
the Human Anatomy and Physiology course (small group test) indicated a very practical
criterion. It showed that the developed e-module was user friendly. It is in line with (Nieveen,
1999) that the developed product must be easily used by anyone. The assessment of e-
module practicality by the students in a small group test was intended to provide
suggestions, opinions, or comments for the developed e-module improvement. It is
consistent with studies by (Lasmiyati & Harta, 2014) and (Nurjanah et al., 2016) that small
group test or readability test aims to evaluate a module product that has been revised
according to expert validation. It also aims to obtain data in the form of opinions, critics, and
suggestions on the module content and display that uses instrument of questionnaire on
students’ responses to the module (Rufii, 2015).

Further, trial stage performed to 27 students who were taking the Human Anatomy
and Physiology course to learn the developed e-module practicality. In this stage practicality
test questionnaire was used with three major assessment aspects, namely: ease of use,
learning time effectiveness, and benefit aspects. The results of the students’ response
questionnaire recapitulation indicated a very practical criterion. It implied that the developed
e-module was very practical to use in learning.

Study on the Effectiveness of PBL-based Circulatory System E-module based on
Research Results

Results of data analysis using Quade’s rank analysis of covariance suggested that
there was a difference in critical thinking skills between the students in the experimental
class and those in the control class. Average score obtained by the students in the
experimental class was higher than in the control class. It could be inferred that the PBL-
based circulatory system e-module based on research results of single clove garlic extract
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potential could improve the students’ critical thinking skills. It is in line with several previous
studies, among others, students’ critical thinking skills experienced an increase through the
application of problem solving-oriented e-module (Suarsana & Mahayukti, 2013) learning
using IPA module was proven effective to improve students’ inquiry skill and critical thinking
skills; module was effective to empower students’ critical thinking skills (Nugroho et al., 2017)
and module could train students to think critically either directly or indirectly (Naswir & Johari,
2015)

Results of data analysis using a hypothesis testing of analysis of covariance
(ANCOVA) indicated that there was a significant difference in the cognitive learning outcome
between the students who learned using PBL-based circulatory system e-module based on
research results (experimental class) and those who did not use the e-module (control class).
Average score obtained by the students in the experimental class was higher than those in
the control class. It could be inferred that the e-module could improve students’ cognitive
learning outcome. The finding is consistent with (Preeti et al., 2013) and (Winarti et al., 2015)
stating that the use of PBL-based module was proven to be able to improve students’
cognitive learning outcome.

Learning outcome is a benchmark of student learning success and it conveys to what
extent the success of learning system provided (Rohwati, 2012). Cognitive learning outcome
is related to students’ ability to accept and understand learning content. Learning activity
using PBL-based e-module had impact on students’ understanding improvement in
circulatory content. The application of PBL-model learning could improve students’ learning
outcome in various studies (Pangestuningsih, 2013; Rahayu et al., 2013).

4. Conclusion and Recommendation

The PBL-based circulatory system e-module based on research results was very
valid and very practical. The result of the content expert validation was very valid, the
learning expert was very valid, the field practitioner expert was very valid, and the e-module
practicality was very practical. The e-module could also improve students’ critical thinking
skills and cognitive learning outcome.
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