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Abstract: This study aims to determine the influence of implementing a science e-module based on guided
inquiry with the flipped classroom strategy to improve junior high school students' science process skills. The
research used is pre-experimental with one group pretest-posttest research design to determine the improvement
of students' science process skills in one group without any comparison group. The research sample is grade
eight junior high school students at SMP Gresik, Indonesia, with a total of 30 students that consist of 15 males
and 15 females. The research instruments used are tests (pretest-posttest), observation (students' activity sheets),
and survey (students' response questionnaire). The data collection techniques used are written, observation, and
survey methods. The results of the tests are analyzed using the N-Gain calculation, which obtained 0.66, which
is included in the medium category. The result of the observational analysis towards the improvement of science
process skills has a very good category with a percentage of 94.8%. Meanwhile, the student response survey
analysis has an average presentation of 96.7% in the very good category. The results of this study indicate that
implementing a science e-module based on guided inquiry with the flipped classroom strategy can effectively
improve junior high school students' science process skills.
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INTRODUCTION

Science learning has characteristics that can
develop students' science process skills and can
stimulate student creativity [1]. In science learning,
some activities focus on the learning process with
direct experience [2]. Science process skills have
shared types that can be developed in students. Types
of science process skills for the junior high school
level are basic processes with six aspects:
observation, classifying, predicting, measuring,
concluding, and communicating [3].

Schools' science learning uses only teachers'
books during the learning process. It impacts the
limited information obtained by students so that they
cannot help students understand science material, as
for other sources that teachers can apply to support
the learning process, one of which is the module [4].
Research modules can supplement learning resources
for students, which are expected when using modules
to facilitate learning in the classroom or
independently [5].

Based on an interview with one of the science
teachers at a junior high school in Gresik and the
research that has been carried out, the science
learning method that is often used is lectures [6].
Lecture learning is easy for teachers because they do
not need special tools and activity designs. Teachers
can fully control the class and deliver the material
broadly and clearly. However, this method makes
students passive and bored, so it is still not optimal in
improving students' thinking skills and activeness,
which impacts low science process skills [7].
Meanwhile, the teaching materials used are teacher
and student handbooks. In contrast, the features

contained in the books to guide students to carry
out activities that can develop thinking skills are
not well applied by teachers in learning activities
due to the absence of laboratories and lab tools.

Based on the interviews and other
previous research [8], it is said that teachers still
develop low science process skills for students in
science learning, especially in the vibrational
materials. Students are less able to solve
problems, as evidenced by the students' low
scores every year. Based on this, it shows the
need for efforts to realize science learning that
can develop students' thinking skills. It is
necessary to apply teaching materials in the form
of modules that suit student needs in electronic
modules.

The electronic-based module applied to
this study has self-instructional characteristics,
which means that there is only one material
charge, namely vibration matter. Self-contained,
which means all the components of the material
are in the module. Stand-alone means that
modules can be accessed or used alone and do not
depend on other media. User Friendly means easy
to use and adaptive, so it is not difficult because it
is adjusted to the character of students [9]. In its
use, the e-module can be accessed anywhere and
anytime offline [10]. It makes it easier for
students and teachers to carry out learning
activities in different places. In addition, this e-
module contains experimental activities that use
simple tools that can be made and practiced by
yourself at home, with these learning activities
not constrained by limited practicum tools.
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Regarding improving the science process's
skills, one of the important aspects is the selection of
learning models. Therefore, the learning model
applied is guided inquiry because the stages of
learning are effective in training students to improve
science process skills [11]. The research explained
that guided inquiry is effective as a facility to train
students' science process skills through learning
stages consisting of observing, formulating problems,
making  hypotheses,  designing  experiments,
conducting  experiments, and collecting and
analyzing data [12]. Based on these learning stages,
the guided inquiry learning model is suitable for
improving science process skills because the learning
stage provides opportunities for students to be active
such as in experimental activities. This statement is
supported by existing research [13], explaining that
science process skills can be obtained and developed
with students involved in scientific activities. In the
guided inquiry learning model, students are required
to conduct investigations that have the potential to
increase the ability of science process skills.

This research applies the flipped classroom
strategy as a learning innovation aiming to improve
learning time efficiency, student engagement, and
interaction between students and teachers. Flipped
classrooms can increase self-regulated learning or
independent learning of students. With the increase
in self-learning, students are considered ready when
they will receive learning in the classroom [14].
Flipped classroom strategy forms students more
ready to accept the subject matter when in class
because students are required to have initial
knowledge before learning begins [15]. Based on this
description, research was carried out by applying a
guided inquiry-based science E-module on vibration
material at a junior high school in Gresik, aiming to
improve students' science process skills.

RESEARCH METHODS

The type of research used is pre-experimental
with the One Group Pretest-Posttest Design research
design to determine the improvement of students'
science process skills in one group only without a
comparison group. The subject of this study was a
guided inquiry-based science electronic module with
a flipped classroom strategy to improve the science
process skills of junior high school students on
vibrational material. It was tested on grade eight
students at Gresik Junior High School, which totaled
30 students, consisting of 15 students and 15 female
students.

The e-modules used have been validated from
research developed using a research and development
method approach (Research and Development) with
the flow of research: 1. Knowing the potential and
problems, 2. Data collection, 3. Compiling product
designs, 4. Product validation, 5. Product revision,
and 6. Limited trials. The validation results are
shown in the following Table 1.
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Table 1. E-module validation results

Component  Percentage  Criteria

Content 97 % Very valid
Language 100 % Very valid
Presenting 98 % Very valid

Instruments

The instruments in this study consisted of
tests (Pretest-Posttest), observation (student
activity sheets), and surveys (student response
questionnaires). The test instrument contains 10
vibrational material essay questions with the
cognitive realm of C4. The test aims to know the
student's ability to solve science process skills-
based questions. The results of the student's
written test can be seen through the score
obtained by the student, which is a maximum
score of 100.

Table 2. Student science process skills test

indicators
Indicators Question number
Observe 1,2
Formulating the problem 3,4
Drawing up hypotheses 5,6
Interpret data 7,8
Conclude 9,10

The test validity test using Pearson's
Product Moment correlation technique resulted in
a rcount > rtable at a significance level of 0.05,
which was declared valid. The reliability test was
carried out with alpha Cronbach analysis and
obtained a significance value of 0.649. The value
of . > 0.6 concluded that the test instrument was
reliable.

The observation instrument contains an
assessment of student activities based on aspects
of science process skills with a score of 1 to 4
points. Science process skills include making
observations, conducting experiments,
interpreting data, concluding, and communicating
results. The survey instrument is in the form of a
student response questionnaire that has 17 points
of statements. The available answer choices are
yes and do not match Guttaman's assessment
criteria.

The data collection techniques used are
test, observation, and survey methods. The test
aims to measure student learning outcomes and
science process skills before and after applying
the electronic science module. Observation
determines and measures the practicality of
applying the Science E-module to learning
activities. Questionnaires are given to find
students' responses after using the science E-
module as teaching material during learning on
vibration material.
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Data Analysis
The data analysis techniques used in this
study are as follows:

1. Analysis of learning outcomes

It can be known by using the gain score
formula by calculating the average post-test score
minus the average pre-test score divided by the
maximum value minus the average pre-test score to
determine the improvement in learning outcomes.
Three categories of numerical score gains are
shown in Table 3.

Table 3. Numbered Score Gain Criteria

Score Criteria
(<g>)>0.7 High
0.7>(<g>)>0.3 Medium
(<g>)<0.3 Low

2. Observation analysis of learners" science
process skKills

An observation sheet for science process
skills is used to determine students' science process
skill value. In this observation sheet, a range of
values ranging from 1 to 4 points are used as a
measure of the level of science process skills
contained in the science E-module. The indicators
of assessment of science process skills used can be
seen in Table 4.

Table 4. Indicators of science process skills

Assessment
Make observations Observation
Drawing up hypotheses Observation
Measure Observation
Interpreting data Observation
Conclude Observation
Communicating results Observation

Indicators

The percentage value of science process skills
is calculated using the equation of the number of
scores obtained divided by the maximum number
of scores, then multiplied by 100%. The criteria for
students' science process skills after using the
Science E-module by applying a guided inquiry
learning model are grouped into five categories
[16].

Table 5. Activity criteria Science process skills

Percentage of activity (%) Criteria
81-100 Very well
6180 Good
41 -60 Enough
21-40 Less
0-20 Very lacking
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3. Learner Response Analysis
Analysis of learners' responses was
analyzed using the Guttaman scale expressed in
the form of a question. The results of the
completed questionnaire are then calculated
according to the following criteria:

Table 6. Guttaman score criteria

Choice/Answer Score

Yes 1
No 0

How to find out the response by using the
percentage of each choice of statements
calculated by the equation formula the number of
learners answering yes divided by the sum of all
learners then multiplied by 100%

The criteria for interpretation of the learner's
response score, namely:

Table 7. Learner response score interpretation

criteria
Percentage (%) Criteria
0-20 Very lacking
21-40 Less
41-60 Enough
61-80 Good
81-100 Very well

If the percentage of the learner's response
>81%, then it means that the learner responds
well to the learning model applied [17].

RESULTS AND DISCUSSION
This study used an electronic module as
additional teaching material for students by

applying a guided inquiry learning model and a

flipped classroom strategy that contained

vibration material in class VIII-A, which
amounted to 30 students and lasted for three days.

Here is a summary of research activities that have

been carried out:

a. The first day, a pre-test was carried out to
measure the ability of students' science
process skills before the implementation of
the electronic science module

b. The second day carried out three face-to-face
learning in the sub-section of the class VIII
vibration material for the even semester. This
learning applies the flipped classroom
strategy so that before learning in class
through the WhatsApp group, researchers
provide information and teaching materials
related to vibration material to students to
learn independently at home. The following is
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a summary of the guided inquiry learning process
by applying electronic modules:

Filling Student worksheet

In this activity, students in groups work on
activities in the E-module by applying a guided
inquiry model, namely making observations related
to a problem presented, compiling hypotheses, and
compiling pro?lerp’zormulations.

Figure 1. Students make problem formulations and
construct hypotheses
Measuring
In this activity, students conduct experiments
according to the stages of the experiment in the
module and then interpret the data of the
experimental results.

A P

Figure 2. Students perform pendulum experiments

Communicate results

In this activity, students present the results of
the data and conclusions obtained after conducting
the experiment.

Figure 3. Students present the results of the
experiment
Science process skills
Process skills data are obtained from cognitive
test sheets in the form of pre-tests and post-tests, as
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well as observations of science process skills
activities and students carried out during learning.
Furthermore, the data were analyzed based on the
achievement of classical science process skills
and every aspect and improvement of science
process skills obtained through signification and
the category of improvement using the N-gain
score on a classical scale and every aspect.

1. Cognitive Test Results Science process
skills

Cognitive tests of science process skills
are carried out before and after the application of
the science e-module with a guided inquiry
learning model in the form of pre-test and post-
test. The following can be seen as the results of
descriptive statistical analysis using the SPSS
v.25 application, namely:

Table 8. Descriptive statistical results

Descriptive Statistics Scores
Pre-test Post-test
N 30 30
Range 35 30
Minimum 40 70
Maximum 75 100
Std. Deviation 9.523 8.039
Median 57.50 85.00
Modus 65 85
Variance 90.690 64.626
Mean 57.00 84.83

Table 8 shows that the test was followed
by 30 students who obtained minimal score
results when the pre-test was 40, and the post-test
was 70. Then the maximum score of students
during the pre-test is 80, and the post-test is 100.
Furthermore, the Standard Deviation value at the
pre-test is 9,523 while the post-test is 8,039.
While the mean value on the pre-test is 57.00,
and in the post-test, it is 84.83. Based on these
results, it can be seen that there is a classical
increase in the mean pre-test and post-test science
process skill values in each student.

The recapitulation of the science process skill
completion value of students of cognitive test
results is stated in Table 9.

Table 9. Student science process skill completion score

Pre-test Post-test
Scores Number of Percentage Number of Percentage Category
students (%) students (%)
>70 4 13 30 100 Complete
<70 26 87 0 0 Incomplete

Description: Minimum Completion Criteria (MCC) is 70
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Table 9 shows that out of 30 students who
took the pre-test, as many as 13% or four students
obtained a minimim completeness criteria score
based on the provisions of the school 70. Meanwhile,
87% or 26 students get less than minimum
completeness criteria scores. Meanwhile, the results
of the post-test scores showed differently; namely, as
many as 100% or 30 students got the complete
category of minimum completeness criteria scores.

Before learning, students are given facilities
in the form of an electronic science module in which
there is material about vibrations, student activities,
learning videos, and quizzes. Students are given a
briefing to study the electronic module in advance so
that students have preliminary knowledge of the
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material to be studied when in class. This is
aimed at utilizing the existing time while still
maintaining the quality of student learning, so in
this study, a flipped classroom strategy was
applied. It is one way to minimize direct
instruction by teachers so as to increase
interaction between students and teachers. In
addition to that, the learning time in class
becomes efficient so that learning is of higher
quality [18].

Students' pre-test and post-test scores were
also analyzed according to the achievement of
each aspect of science process skill shown in
Table 10.

Table 10. The achievement of students' science process skills in every aspect

Science process skills

achievement

Indicators Pre-test (%) Category Post-test (%) Category
Observe 69.0 90.0 Very well
Formulating the 67.5 87.5 Very well
problem
Structuring Hypotheses 60.0 Enough 86.7 Very well
Interpreting the Data 27.5 70.8 Good
Conclude 61.0 89.2 Very well

Average 57.00 Enough 84.83 Very well

Table 10 shows that the achievement of the
highest aspect in the pre-test results is the observing
indicator, which is 69.0%, while the lowest
achievement obtained by the indicator interprets the
data, which is 27.5%. Similar to the pre-test results,
the highest aspect achievement in the post-test results
is the observing indicator, which is 90.0%, while the
lowest achievement is obtained by the indicator
interpreting the data, which is 70.8%. Although the
highest and lowest indicators in cognitive test results
are the same, there is an increase in the average
percentage.

2. Results of Observation of Student Skill
Activities

In addition to the results of cognitive test
scores, the science process skill of students is also
observed through observation of science process
skills activities during learning. The observation
of the activity of science process skills is
analyzed by referring to each aspect of science
process skills which can be seen in Table 11.

Table 11. The average achievement of students' science process skill activity scores

Indicators Achievement (%) Criteria
Observation 95.8 Excellent
Measure 95.1 Excellent
Structuring Hypotheses 94.4 Excellent
Interpreting the Data 92.4 Excellent
Conclude 96.5 Excellent
Communicating results 94.5 Excellent
Average 94.8 Excellent

Table 11 shows the overall achievement of the
average science process skill activity score of
students in each aspect got a percentage of 94.8%,
which is categorized as very good. The highest
percentage of achievement, 96.5%, is found in the
concluding indicator. Meanwhile, the lowest
achievement of 92.4% is found in the indicator
interpreting the data. According to the results of the
existing percentage, it is in accordance with the

science process skill test scores that show the
most achievement in the indicator interpreting the
data, which is 70.8%.

Science process skills improvement

Increased science process skills of
students after the implementation of electronic
modules with the application of guided inquiry
learning models and flipped classroom strategies
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on vibrational materials. This is evident in the
presence of paired t-test results against pre-test and
post-test test scores of science process skills. Before
that, a normality test was carried out a determinant if
the data obtained was normally distributed. The
results get a significant level of >0.05, which means
that the existing data is normally distributed. Then, a
paired t-test was performed using SPSS v.25. The
following are presented the results in the following
Table 12.

Table 12. Paired t-Test Results

Mean t df Sig. (p)

Pretest- -27.8333 -18.203 29 0.000
Posttest

Table 12 shows that the t-test was performed
using SPSS v.25, the signification level (a) =5%. The
results show that if the signification value is
0.000<0.05 so that HO is rejected and Ha is accepted
[19], so it can be said that there is a significant
difference between the pre-test and post-test values
of science process skills.

In addition, to find out the category of science
process, skill improvement can be obtained through
the N-Gain score. The N-Gain test score for each
student's science process skill increase was obtained,
and the average gain index <g> was 0.66, which is
included in the moderate category. In the learning
that was attended by 30 students, as many as 46.7%
or 14 students experienced an increase in science
process skill with high categories, as many as 50.0%
or 15 students experienced an increase in moderate
categories, and 3.3% or one student experienced an
increase in low categories.

Learner Responses

The response questionnaire is a response and
input by students to the implementation of learning
in class VIII-A using a guided inquiry-based science
e-module with flipped classroom strategies on
vibration material. The following is presented a table
of the average percentage of student responses
answering "Yes" to the positive statements given on
the student response questionnaire after learning.

In Table 13, the average percentage of student
responses answering "Yes" to a positive statement in
student response questionnaires was 96.7%, which
had excellent criteria. All students of junior high
school in Gresik, totaling 30 students’ feel motivated
and do not feel burdened by the existence of the
electronic science module, and the learning model
applied. This is known from the percentage of
statements that electronic modules can motivate
learning science and do not feel burdened by the
existence of e-modules by obtaining an average
percentage of 93.3% and 96.7%. Students assume
that during learning, this electronic module is able to
provide knowledge on the vibration material more
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broadly and encourage students to play an active
role during the learning process. This is shown
from the percentage statement that e-modules can
make students feel curious and increase
knowledge of vibrational materials, and students
are active in the learning process who get a
percentage with excellent criteria. In addition,
students also think that the learning process
applied can improve science process skills during
learning, such as observation skills, making
problem formulations, compiling hypotheses,
experimenting, making  conclusions, and
communicating results. The statement refers to
the average percentage of learner response
guestionnaires in statements number 6 to 17 that
get excellent criteria.

Based on the presentation of the results
above, table 7 shows the occurrence of improved
science process skills, as evidenced in the
student's cognitive test scores, namely the
average percentage of pre-test and post-test,
classically obtained a value of 57.00 while on the
average post-test a score of 84.83 was obtained.
In the cognitive test questions on science process
skills, participants were given questions that
required students to be able to hypothesize and
think abstractly. In accordance with the cognitive
theory by jean Piaget who posits that the
cognitive abilities of students at the junior high
school level are in the formal operational stage, at
this stage, students are able to carry out
systematic calculations, abstraction thinking,
creative thinking, and concrete experiences [20].

In addition, the results of the activity of
science process skills during the overall learning
have an average achievement in each aspect of
science process skill is 94.8% which is
categorized as excellent. The indicator concluded
that it got the highest achievement score, which is
an average of 96.5%, thanks to the excellent
category. An example of the concluding activity
is that students are asked to make a conclusion
from the results of a simple pendulum
experiment, namely the relationship between the
length of the rope and the magnitude of the
frequency and period of vibration. Meanwhile,
the lowest achievement is found in the indicator
interpreting the data at 92.4%. These results are
in accordance with the science process skill
cognitive test scores, which show the lowest
achievement found in the indicator interpreting
the data at 70.8%. In the two results of the
analysis, it can be seen that students are less able
to analyze experimental data and connect the data
to each other and expose the data into simpler
statements, for example, in the form of graphs
and tables. Because in the science process, skill
test questions indicators interpret the data,
students are asked to analyze a problem related to
vibration and analyze a graph and table to
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determine the relationship between the frequency and
period of a vibration which aims to expand the
student experience in order to develop the knowledge
gained. In line with the opinion [3] that in science,
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obtained through the application of basic science
process skills because starting from a simple idea,
students can develop it into new and complex
ideas.

expanding learning through experience can be
Table 13. The average percentage of student response questionnaire responses
No Assessment aspects Number of Percentage (%) Criteria
answers Yes Average

1  Electronic modules can motivate learning science 28 93.3 Excellent

2 You don't feel burdened using electronic modules 29 96.7 Excellent

3 This electronic module can increase knowledge 28 93.3 Excellent
related to vibration materials

4 This electronic module can make you take an active 29 96.7 Excellent
role in the learning process

5  This electronic module can make you more curious 28 93.3 Excellent
about vibrational materials

6  This electronic module can help you in connecting 29 96.7 Excellent
materials with everyday life

7 The presentation of phenomena in the applied 30 100 Excellent
electronic modules is contained in everyday life

8  This electronic module can help you solve problems 28 93.3 Excellent
scientifically

9  This electronic module helps you in scientifically 30 100 Excellent
designing experiments

10 This electronic module helps you scientifically infer 28 93.3 Excellent
data

11 This electronic module helps you communicate 29 96.7 Excellent
scientific data

12 The language inside the electronic module is clear 29 96.7 Excellent
and easy to understand

13 Images, video, audio, and animation in this 29 96.7 Excellent
electronic module provide ease in understanding the
material

14 This electronic module can help you in working 29 96.7 Excellent
individually or in groups

15 "Application of Concepts" that are in the electronic 30 100 Excellent
module according to the material studied

16 You feel happy when learning to use electronic 30 100 Excellent
modules and applied learning models

17  Applied electronic modules can improve your skills 30 100 Excellent
in learning science

Average 96.7 Excellent

Based on the scores of students' cognitive interpreting, making conclusions, and

tests and the scores of the results of observations of
student activities during learning, it can be said that
there is an increase in student science process skills
on vibrational material. The improvement of science
process skills is influenced by the application of
guided inquiry-based e-modules, which is evident
from the achievement of each aspect of science
process skill on the overall cognitive value has
increased, as shown in Table 10. This is influenced
by the learning stages in the guided inquiry, which
spurs active student involvement during learning in
activities such as determining problem formulation,
compiling hypotheses, conducting experiments,

communicating the results of experiments, with
these activities being able to train science
process, skill students. Research-guided inquiry
makes students more active during the learning
process who not only receive knowledge and just
hear explanations from the teacher, but students
gain knowledge with direct experience [12]. The
improvement of science process skills is also
influenced by the application of flipped
classroom strategies which make the explanation
time from the teacher less because previously
students have studied the material to be taught at
home so that the interaction between students and
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teachers is more and the activeness of students who
are able to practice thinking skills during learning is
more improved. The flipped classroom strategy
realizes that students are better prepared to receive
material when the class takes place because students
are required to have initial knowledge before
learning begins [15].

The increase in science process skills of
students was also evidenced by the existence of a
response questionnaire that showed an average
percentage of "yes" answers of 96.7%, with excellent
categories. Based on this, most students think that
learning using an electronic module of science based
on guided inquiry on vibration material can increase
students' ability to carry out scientific activities that
make students active so that they are able to develop
student science process skills [21].

Based on the results of the N-Gain score, the
increase in science process skill obtained a score of
0.66, thanks to the moderate category. This can be
caused by the unfamiliarity of students practicing
learning science process skills because they have
never been trained in science process skills to
students [22]. This is evidenced by the pre-test value,
which shows that the science process skill
achievement of students is categorized as sufficient
before the inquiry-based science electronic module is
guided. Science process skills can be mastered by
learners if the aspects in them are taught repeatedly
on an ongoing basis, which can make students
accustomed to applying them. It is very necessary to
repeat or practice habituation because the
relationship between motivation and response will
closely go if used frequently, and vice versa will
decrease or disappear if rarely or never used [23].

Based on the various things that have been
described, the conclusion that can be conveyed is that
the increase in the science process skills of students
after the implementation of the inquiry-based science
electronic module is guided by a flipped classroom
strategy on vibrational materials. The improvement
of science process skills can be carried out with
guided inquiry that invites students to find and
understand concepts [12]. As well as the application
of e-modules to become a medium for achieving the
improvement of science process skills because the
convenience and material in it can arouse the
attention of students. The electronic module is an
innovative device that can influence the increase in
interest and motivation of learning students [24].

CONCLUSION

There was a significant increase in the science
process skill of eight-grade students at junior high
school in Gresik after the implementation of a guided
inquiry-based science electronic module with a
flipped classroom strategy on vibration material,
namely the average percentage of pre-test scores of
57.00% to 84.83% on the average post-test value.
The improvement of students' science process skills
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has an N-Gain index score of 0.66, thanks to the
moderate category. This can be due to the
unfamiliarity of students practicing learning
science process skills. Based on this, to improve
science process skills in students in science
learning, it is necessary to be trained repeatedly
and continuously with additional teaching
materials in the form of guided inquiry-based
science e-modules with flipped classroom
strategies. After the implementation of this
research, the suggestions that can be submitted
are. The application of a guided inquiry learning
model to improve science process skills should be
carried out for a relatively long time because
students are not used to scientific activities. So,
researchers should then manage time better for
the learning process to run effectively. Before
class learning, researchers should have shared a
list of student groups for experimental activities
so that it does not take a long time when dividing
groups. It is necessary to pay attention to the
readiness of the media and equipment needed for
learning to take place optimally.
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