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Abstract

This research was based on the mismatch between the expectation of learning and the study
result of IPA on Junior High School. That is why it needs efforts to improve the quality of the
teaching and learning process by developing the learning instruments, which are eligible with
the mean of IPA and the Graduation Competency Standard on Junior High School. The research
purposed to describe the eligibility and effectiveness of the learning instrument of IPA on Junior
High School, which is developed in the oriented inquiry by the virtual laboratory to practice the
student’s science process skills. The research is the development research that adapts the Kemp
model. The development of learning instruments such as lesson plans, student worksheets, and
assessment sheets. The research subject is the students of class 7 and 8, IX grade on Junior High
School 5 Kendari. The implementation planning in-class uses one group pretest and post-test
design and data analyzed descriptively. The research results are the learning instruments are
eligible to be used, suitable student worksheets, and the student’s handbook shows that the
content and appearance are interesting. The lesson plan did well, and most students’ activity is
how to solve a problem. The completeness of the results of the study are well done. Character
attitude and social interactive are good. Students’ response fir the learning is positive. The
summarize of IPA, which is developed, effectively practicing the science process skills for
Junior High School students.
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INTRODUCTION

Alberta Education (2004) explained that the science process skills are the skills students learn when
they make a scientific inquiry. The skills of the process are observation, classification, inferencing,
forecasting, communicating, measuring, using numbers, interpreting data, conducting experiments,
controlling variables, formulating hypotheses, defining operationally, and formulating models (Alonso
and Finn 1979). Thus these skills need to be trained in students in science learning (Nikmah and
Ellianawati 2019). The skills are included in the cognitive, affective, and psychomotor aspects related
to the use of individual intelligence or effectiveness or scientific work or learning outcome that enables
success in the learning process with the various way in the school’s method or model application
(Amaluddin et al. 2019; Harianto et al. 2019; Nursalam et al. 2020; Sejati et al. 2016a, 2016b, 2020).

The science subjects of the technology group aim to have the following abilities: (1) Establish a
positive attitude towards science by realizing the order and beauty of nature and glorifying the greatness
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of God Almighty; (2) Fostering a scientific attitude that is honest, objective, open, resilient, critical and
can cooperate with others; (3) Develop experience to be able to formulate problems, submit and test
hypotheses through experiments, design and assemble experimental instruments, collect, process, and
interpret data, and communicate the results of the experiments verbally and in writing; (4) Develop
reasoning skills in thinking inductive and deductive analysis using the concepts and principles of
science to explain various natural events and solve problems both qualitatively and quantitatively; (5)
Mastering the concepts and principles of Natural Science (IPA) and having the skills to develop
knowledge, skills and attitudes of confidence as provisions for continuing education at a higher level
and developing science and technology; (6) Mastering the basic concepts of science that directly
support the achievement of competency program expertise; (7) Applying the basic concept of science
to support the application of expertise program competencies in daily life; (8) Applying the basic
concept of science to develop the ability of the expertise program at a higher level (MGMP Fisika
Surabaya 2013).

Based on the description of the objectives of the science subjects above, it is increasingly evident
that science as part of science is a collection of scientific products and consists of processes and
attitudes. Thus in learning, science should be oriented to an approach that gives more opportunities for
students to develop their ideas by providing a problem that must be found a solution.

For the last few years, the Government of Indonesia has and continues to try to finance educational
development programs. One program to develop modern teaching methods in primary and secondary
schools over the past few years has emphasized the involvement of students in active learning through
inquiry-oriented activities (Aktamis 2008). In line with this, stated in the background of content
standards, the standard of competence and essential competencies of SMP for science subjects relates
to how to find out about natural phenomena systematically, so that science is not only mastery of a
collection of knowledge in the form of facts, concepts, or principles but also a process of discovery.
“Inquiry-based teaching is another model of instruction that has been developed to teach students how
to think” (Arends 2012). According to (Hidayati 2015; Hidayatiet al. 2017; Sukariasih et al. 2019)
guided inquiry emphasizes students finding their knowledge. According to (Nasruddin et al. 2020),
guided inquiry makes students more active in the learning process (Ropii, Hardyanto, and Ellianawati
2019).

According to the quotation above, inquiry-based teaching is one of the learning models developed
to teach students how students think (using their mental processes). Inquiry processes can occur if
learning mainly uses experimental methods (Pyatt and Sims 2012). But in reality, this method is not
easy to implement. The experimental approach also has drawbacks that make it difficult for most
teachers to implement it. Regarding the lack of experimental methods, namely: requiring a laboratory
with adequate equipment and materials, students often have to play in their experimental groups if they
are not properly monitored and require relatively longer study times, including time to prepare tools
and materials (Kurniawan dan Endah 2010). One solution to overcome this weakness is to use virtual
laboratories for the process of experimentation (Efstathiou et al. 2018), such as Physics Education
Technology (PhET) simulation media. PhET is a solution that is responsive to the development of
learning technology (Finkelstein, Perkins, Adams, Kohl and Podolefsky 2004). The University of
Colorado developed phET at American Boulder (the University of Colorado at Boulder) to provide a
virtual laboratory simulation of MIPA teaching and learning that facilitates teacher’s and student’s
learning (Keller, Finkelstein, Perkins and Pollock 2005).

Based on the explanation above, it can be understood the nature of science and how science learning
should be done. However, what happened in the field was still far from what was supposed to be done,
especially in the State Middle Schools in Kendari City, where there were several problems: (1) Science
Teachers still often use traditional (informative) methods, where science teaching is emphasized
memorizing formulas, concepts, or certain types of issues so that students’ involvement in using their
mental processes in learning is lacking, (2) Practical activities are very rarely done. This is due to the
minimal practicum tools/ materials and the unavailability of science laboratories, (3) The average grade
of the IPA semester exam of class IX students is still below the determined Minimum Completeness
Criteria (KKM) value. According to (Sejati et al. 2019; Sejati et al. 2020), the students’ characteristics
in conventional learning are the students’ position as a learning object, recipients of information or
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matters, and passive without feedback. According to (Sejati et al. 2017), conventional methods are
lectures, discussion, questions, and answers.

Based on the findings above, the researcher proposed an idea to solve the problem by orienting
science/ science learning to inquiry. Inquiry activities make students more involved in their mental
processes in learning and trained to carry out science process skills. In connection with the science/
science laboratory’s unavailability, the researchers proposed using a virtual laboratory using PhET
interactive simulation media. The use of PhET interactive simulation media is also following the
student majors chosen as research objects, namely the Information and Communication Technology
(ICT) department, to easily do it (McKagan, Perkins, Dubson, Malley, Reid, LeMaster and Wieman
2008).

To facilitate learning as proposed above, researchers see the need to develop the learning tools
needed. The development of this learning device is also deemed necessary because as far as the
researcher’s knowledge has not been done, the development of inquiry learning tools has not been done
with PhET media to practice the science process skills of junior high school students. The inquiry
approach/ model is still rarely applied by science/ science teachers because of compiling learning tools
that illustrate learning steps with inquiry approaches/models.

METHODS

This research is research and development (R&D), which is adapt to the ADDIE model. In the pre-
experimental treatment phase, it will be tested in 3 (three) groups of class categories (high, medium,
and low) based on the average value of the National Final Exam or Ujian Akhir Nasional (UAN) IPA
from the population in the last two years. The procedure for developing research includes developing
learning devices and the implementation or experimental stages in the classroom. According to (HL et
al. 2020), in the research and development, the development result must be implemented or tested in
the subject of research, in the case of education topic are students.

Stage of Development of Learning Devices. At this stage, the development of inquiry-based
learning tools is carried out using the K13 curriculum: Syllabus, Learning Implementation Plan or
Rencana Pelaksanaan Pembelajaran (RPP), Student Activity Sheet or Lembar Kerja Siswa (LKS), and
LKS keys, indicators, and rubrics of science process skills to be observed. Before the learning device
test, device validation was carried out by a team of experts, teachers, and students. Stage of
Implementation in the Class

o . Stage of Try-Out, at this stage teachers, conduct reel teaching in their respective schools,
and the observers are teachers of other lesson study participants based on agreed-upon schedule
sharing, accompanied by core teachers and researchers. The focus of observation is students’
science process skills during learning. The trial results are reflected and corrected, and the
experimental learning tool, then validated by the Expert Team.

o . Stage of Implementation (Experiment) at this stage of the study, the teachers at the school
designated as the research location were used as model teachers, while the observers were the
core teachers and other selected lesson study teachers.

This development research was carried out at state junior high schools in Kendari City, Southeast
Sulawesi. The population of this study was all-state junior high school students in Kendari City. The
study sample used a purposive random sampling technique.

Data obtained using descriptive analysis. According to (Sejati et al. 2020a, 2020b) the purposive
sampling is a process that puts the sample on purpose. According to (Dambhuri et al. 2018; Kasnar et
al. 2020; Prasetyo et al. 2020; Sejati et al. 2019), the descriptive data analysis technique was popular
and sharp to describe the qualitative or quantitative research data with various equipped like
percentage, detail survey, or research back analysis in parameter. To determine the validity of the media
developed, the Cochran Q-Test was used. In this method, respondents are given closed questions,
namely questions whose answer choices consist of yes and no. The calculated Q value is determined
through the Cochran Q-Test (Hoaglin, DC 2016).
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RESULTS AND DISCUSSION

Devices developed, reviewed and assessed, or validated by experts and practitioners competent in
their fields are implemented in trials with 13 indicators assessment. The analysis of the media
validation instrument was carried out by asking respondents to try to operate the PeTH software and
then record their responses through the validation instrument regarding the media, which included the
responsibilities of the media. The show aspect is the design and use of use, the use of attractive media,
refers to the effectiveness of the media, interactive, image presentation and animation. This lever
instrument supervised by four respondents who were competent in terms of media and virtual
laboratories. The results of the Q Cochran test for media lever instruments can be seen in the following
analysis.

item
n 1 2 3 4 5 (3] 7 3 9 10 11 12 13 Ri
1 1 1 1 1 1 1 1 1 1 1 1 1 1 13
2 1 1 1 1 1 1 0 1 1 1 1 1 1 12
3 1 1 1 1 1 1 1 1 1 1 1 1 1 13
4 1 1 1 1 1 1 1 1 1 1 0 1 0 11
ci a a 4 [ alal|l al 3 a a a 3 a 3
cit 16 16 16 | 16 | 16 | 16 9 16 16 16 o 16 9
P(%)| 100 | 200 | 200 [100 100|200 75 (100 [100| 200 | 75 [100| 75
Kriteria| B B B B B B CB B B B CB B CB

k |Zn| k1 |ZCi| (zZci)’| Zci*| R | ZRi | ZRi’ Q  |rerataP (%) |Keterangan
13[4 12 |49 201 | 187 | 169] 49 603 | 1058824 | 943 Baik
13| 4 144

13| 4 169

13| 4 121

FIGURE 1. Analysis of the Cochran Q -Test of media validation

The learning tool was tested on 30 students of Class VII, VIII, and IX of Junior High School 5
Kendari. In summary, the implementation of the Learning Implementation Plan during the trial can be
seen in FIGURE 1 below, and the picture sample of the developing product can be seen in FIGURE 2
below.
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FIGURE 2. (a) Diagram of observation aspect, (b) Diagram of frequency of matching aspect
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FIGURE 3. (a) Electrical experiment using PhET simulation, (b) Parabolic motion using PhET simulation

From the diagram analysis in FIGURE 1 (a), it can be seen that Observer 1 and Observer 2 have the
same completeness criteria of Learning Implementation Plan in all aspects of 13 indicators of
accomplished and each observer evaluates 1 item of unaccomplished elements carried out. FIGURE 1
(b) shows the frequency of matching between the two observers, which is 19 item matching
frequencies. This development media trial was conducted on 30 students. The student learning
outcomes can be seen in the following TABLE 1.

TABLE 1. Results of Students Individual and Classical Completeness Analysis of Science Process Skills during Trials

Grade Frequency Classical Completeness
Complete 28 93.33%
Uncomplete 2 6.67%

The minimum score of standard criteria of completeness is 75. The results showed that classical
completeness was 93.33%, meaning that two students were still incomplete from 30 students. Two
students are still having difficulty managing variable controls, carrying out experiments, and making
graphics. So the solutions of both students are that these two students need additional special treatment
such as improvement or enrichment to guide to complete graduation standards. According to (Sejati et
al. 2019), the treatments in guiding people can increase their participation. The analysis of student
responses to Student Books and Student Worksheets, learning processes, and process skills can be
briefly seen in TABLE 2 below.

TABLE 2. Results of Analysis of Student Response during Trials.

NO DESCRIPTION OF THE QUESTION ASSESSMENT
1 Interest in Components: Very Interested Less Not
interested Interested interested
Subject Matter 50 50 0 0
Student Worksheet (LKS) 25 50 25 0
Exercise with simple KIT 100 0 0 0
Learning atmosphere 50 50 0 0
Teacher's teaching style 62.5 375 0 0
Average 48 44 8 0
Percentage (%) 92 8
2 Updates for Components : Very Update Less Not Update
Update Update
Student Worksheet (LKS) 25 375 25 125
Process skills training 100 0 0 0
Learning atmosphere 100 0 0 0
Teacher’s teaching style 25 75 0 0
Average 60 30.0 75 2.5
Percentage (%) 90 10
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NO DESCRIPTION OF THE QUESTION ASSESSMENT

3 Ease of Understanding Components: Very Easy Easy Less Easy  Not Easy
Student Worksheet (LKS) 0 62.5 375 0
Teacher’s teaching style 125 87.5 0 0
Average 125 72.5 15.0 0
Percentage (%) 85 15

4 Updates in the process skills component Very Update Less Not Update

Update Update

Using Tools 100 0 0 0
Experiment 87.5 0 0 125
Formulating problem 0 87.5 0 125
Formulating hypotesis 0 87.5 0 125
Determine of manipulation variables 0 87.5 0 125
Determine of response variables 0 87.5 0 125
Determine of control variables 0 87.5 0 12.5
Determine the operational definition of the variable 0 87.5 0 125
Planning an experiment 25 75 0 0
Do an experiment 25 75 0 0
Arrange the data 75 25 0 0
Interpreting the data 75 25 0 0
Conclude the result of an experiment 75 25 0 0
Average 35.6 57.7 0,0 6.7
Percentage (%) 93 7

5 Ease of following the process Very Easy Easy Less Easy  Not Easy
Using Tools 125 87.5 0 0
Observation 0 100 0 0
Communicating results 0 75 25 0
Formulating problem 0 87.5 125 0
Formulating hypotesis 125 87.5 0 0
Determine of manipulation variables 12.5 50 375 0
Determine of response variables 0 62.5 375 0
Determine of control variables 0 25 50 25
Determine the operational definition of the variable  12.5 87.5 0 0
Planning an experiment 0 50 50 0
Do an experiment 0 62.5 25 125
Arrange the data 0 75 25 0
Interpreting the data 0 75 125 125
Conclude the result of an experiment 0 75 25 0
Average 4.464 70.536 21.429 3.571
Percentage (%) 75 25

6 Interest in using Innovative Learning _Very Interested Less Not interested

interested Interested

Applied to the next subject 100 0 0 0
Applied to other subjects 100 0 0 0
Average 100 0 0 0
Percentage (%) 100 0

7 Clarity in Activities Very Clear  Clear Less Clear  Not Clear
Teacher’s explanation during the Teaching And 25 75 0 0
Learning Process (Kbm)
Teacher guidance when working on worksheets 375 62.5 0 0
Average 31.25 68.75 0 0
Percentage (%) 100 0
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TABLE 2 shows that 92% of students felt interested in the component (teaching material,
worksheet, learning atmosphere, and the way the teacher taught), while 8% of students expressed a
lack of interest. Students’ responses to the component’s renewal indicate that 90% of students declare
new. While 10% of students stated that they were not new

Students’ response to the renewal of the process skills component shows that 93% of students state
new things. While 7% of students stated, it was not unique. Thus, almost all students say that the
process skills component is unknown. Some 85% of students respond that the component skills process
is easy to follow as long as learning activities occur, while 15% of students state that the skills
component of the process is challenging. According to (Nasruddin et al. 2020), the strengths of guided
inquiry are that students are more active in the learning process that affects their learning outcome.

Students’ response to interest in using the inquiry model with PhET media if applied to the next
subject and applied to other lessons is 100%. The student’s response to the teacher’s explanation when
the teaching and learning took place and the teacher’s guidance while working on the student
worksheets stated that 100% was clear. The problems faced by researchers during the learning process
in small group trials and alternative solutions can be seen in TABLE 3 below. One of the problems is
some students get bored. This result is different from Reeves and Crippen (2021) positive outcomes
of Vlabs is to improved student motivation.

TABLE 3. Problems of Try-Out

Meeting Type of Obstacle Alternative Solution
1 e  Students are not accustomed to conducting e  Provide special time to
the stages of inquiry, so there are some explain the stages of
students who still have difficulties during inquiry.
learning and need more time to explain it. Providing assistance /
e Some students still have difficulty guidance.
working with PhET media. More activating
e  During learning the teacher tends to give a students through
lot of explanation, so students tend to be question and answer.
passive. Provide special time to
e  There are some students who have not train using a measuring
been able to use actual measuring devices. instrument.
Arrange seating.
2 e There is one group whose tools are not Immediately repaired
functioning, so learning is somewhat
disrupted.
3 e  Some students get bored. Giving motivation.

Students tend to be busy when doing
practice questions

Remind students not to
be too crowded.

CONCLUSION

The conclusions from the research where the development of the tool used in this study obtained
criteria valid, effective, and efficient by showing the value of science process skills and the excellent
response of students.
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