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ABSTRACT

Physics learning is inseparable from experiments. Some teachers have not been able to provide
experimental tools in schools. One of the materials that requires experimental tools is Pascal's Law. The
solution provided is in the form of developing a Pascal's law experimental tool using the R & D method.
The development is using the ADDIE model which consists of the stages of analysis, design, development,
implementation, and evaluation. The aim of this research is to investigate the results of the
implementation of the Pascal's law experimental tool. Data collection instruments with pre-test, post-
test, student worksheet, and student response questionnaires. The sample was taken from one class of
20 class 11 physics students at West Java. The questions on the pre-test and student worksheet totaled
7 items and 10 questions respectively. The student response questionnaire consisted of four aspects,
namely aspects of ease of use, attractiveness, efficiency, and suitability of the material. Overall, the
indicators totaled 11 items which were distributed using Google Form to students. The results of the
analysis show that there is a change in the results of the students' pre-test and post-test with an N-Gain
of 0.24 (low category). The results of the student response questionnaire analysis are 79.51%. This
indicates that the tools developed are practical and can be used in learning physics, especially Pascal's
law. Future research is expected to be able to see a comparison of student learning outcomes using the
Pascal's law experimental tool directly with a virtual experiment with PhET.
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INTRODUCTION

The Indonesian government is improving the quality of education by implementing the
Independent Curriculum (Rohmadi, 2022; Hamdi, 2022). Implementing the Independent
Curriculum is a government effort to restore learning after the Covid-19 pandemic (Natashia
& Abadi, 2022; Septiani et al., 2022; Hasibuan et al., 2022). Many studies have revealed the
occurrence of learning losses during online learning (Sabates et al., 2021; Schuurman et al.,
2021). The Independent Curriculum will help restore and improve student competence
(Vidieyanti et al., 2022; Nelisma, 2022). To achieve maximum results, there are nine guidelines
that must be completed, namely the basic framework, curriculum structure, learning
outcomes, teaching tools, reinforcement projects, assessment learning, operational curriculum,
mechanism, and evaluation. These guidelines are being implemented by the government,
teachers, students, boards of education, and the community.

Physics learning is often considered difficult for students because learning physics is
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related to real and abstract natural phenomena (Astra et al., 2015; Sadiah, 2021). Previous
research reveals that students find difficulties in learning physics. Some of the reasons are that
the teacher does not use interactive learning media in teaching, the teacher does not familiarize
students with discovering concepts, the teacher only uses the lecture method in learning and
so on (Japar et al., 2020; Telaumbanua et al., 2021). The proper method used by the teacher to
explain Pascal's law material is the experimental method. Physics learning is more appropriate
if students practice a lot of experimental activities (Anggerni & Yohandri, 2022). Experimental
activities can train students' mastery of concepts, scientific skills, and scientific attitudes
(Yulyanti & Pratiwi, 2022). Therefore, teachers should have solutions to make physics learning
meaningful and fun for students.

Experimental activities can be carried out if the experimental tools and materials are
available. In fact, only a few schools and teachers can provide experimental tools like Pascal's
Law. Although, Pascal's Law simulation in PhET software is often used as an alternative to
learning. But teachers can make simple experimental tools to make it easier for students to
understand the concept of Pascal's Law. The advantage of using experimental tools is that
students have real experience in measuring and retrieving experimental data. In addition,
several scientific skills can be trained in students, such as science process, creativity, critical,
problem-solving, collaboration and other skills. Thus, experimental tools have an important
role in improving students” skills.

Many previous studies have developed experimental tools, especially Pascal's law. First,
research by Reski et al. (2022) reveals that Pascal's law teaching aids are worth trying out in
schools. The research is still in the validation stage. Second, Rofiqah et al.'s (2022) research
discusses the development of Pascal's hydraulic law press teaching aids for class VIII students
at junior high school. Similar to previous studies, the teaching aids developed are still at the
validation stage. The validation results and student responses are 83% material validation,
88.3% material validation and 86.5% student responses. Third, research by Maliasih et al.
(2015) also discusses the development of hydrolytic kit teaching aids and worksheets. The
research results show an increase in students' concepts with an N-gain value of 0.65 (moderate
category). Finally, the research by Pangke et al. (2021) shows that differences in the N-gain
values in the small and large group tests are 0.90 and 0.92, respectively. This shows that the
teaching aids developed can improve student learning outcomes in the concept of Pascal's law.

Based on previous research, there are some deficiencies, namely that there are no
teaching aids developed for understanding the concepts of high school students. In addition,
most research is still at the product validation stage, so it is necessary to develop visual aids
for high school students that have been validated and tested on students. This study aims to
develop experimental tools to improve students' understanding of Pascal's law material. The
uniqueness of this research produces effective learning media and relevant student
worksheets that make it easier for students to understand Pascal's law. In addition, this study
describes the results of product development, deficiencies, and implications for further
research.
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METHODS

This study applied a research and development (R & D) method (He et al., 2021; Schiiler-
Meyer et al., 2019). The form of development carried out was the development of Pascal's law
experimental tool. The development model used was the ADDIE model, which stands for
analysis, design, development, and evaluation (Davis, 2013; Widyastuti & Susiana, 2019). The
analysis phase was carried out to determine the students' constraints in learning Pascal's law.
The design phase aims to design teaching aids that will be developed based on the problems
found in the field. The development stage is important before the tool is tested on students.
Next is the implementation stage to determine whether the tool can increase student
understanding. Finally, the evaluation stage is needed to see the deficiencies from the previous
stage that must be corrected.

* Investigating students' obstacles in learning
Pascal's law

» Sketching the tools
» Designing the tools

« Internal trials
« Revision

« Implementing the tools to schools

* Analyzing students' responses

Figure 1. The ADDIE Model (Source: Molenda, 2015)

This study took a sample of 20 students in a high school in West Java. The sample
consisted of 10 males and 10 females. Students were taken from different economic
backgrounds. In addition, samples were taken from students who had previously studied
Pascal’s law material at both the junior high and high school levels. At the time of research,
students had just studied Pascal's law material a week before the research was conducted.
However, some students said they had forgotten the equations in Pascal's law. At that time,
the school was still using the 2013 curriculum in learning, especially in class X. Each student
was given a Student Worksheet to make it easier to do the experiments.

The data collection instrument used pretest and posttest assessment sheet. A pretest was
given to determine students' initial skills before conducting experiments; meanwhile, post-
tests would show students' skills after conducting experiments with experimental tools
developed. Pretest and post-test questions in the forms of multiple choice and essay. Multiple
choice questions consist of two items and essays of 4 items. These questions were taken from
the results of research on the development of Pascal's legal assessment instruments that had
previously been published. The data that has been collected was analyzed using Microsoft
Excel and displayed in graphical form.

After conducting the experiment, students were given a practical questionnaire to see
their responses after doing the experiment. The practicality questionnaire consists of 4 aspects:
easy to use, attractive, efficient, and suitability of the material. The total number of
questionnaires was 11 indicators which were distributed through Google Form to students.
The questionnaire was given online through Google Form.
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RESULTS AND DISCUSSION

Results

Results of the Analysis Stage

The first stage in this research is problem analysis. The problem is related to students'
obstacles in learning Pascal's law. The results of interviews and observations with one of the
physics teachers at the research school indicate that no real Pascal's law experimental tool is
available in the laboratory. In addition, the results show that some students still experience
misconceptions about Pascal's law material, as mentioned in the background. The
development of this experimental tool is expected to increase students' interest in learning
physics.

Results of the Design Stage

The second stage in this research is the design of the tool. At this stage, the criteria for
tools and materials are also considered because this tool is a form of development from
previous research. The tools and materials used include glass syringes, acrylic glue,
sandpaper, bottle caps, pipettes, hose clamps, weights, scissors, acrylic, and hoses. All of these
materials are in accordance with the project development design.
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Figure 3. Initial Design

The initial design of the tool can be seen in Figure 3. The design of the tool uses the usual
Microsoft PowerPoint. Initially, researchers will develop two sets of tools, each consisting of 2
pairs of tubes. The first set consists of 1 tube with different diameters and oil fluid. The second
set consists of a larger weight mass, and the fluid is water. After that, an initial prototype is
made, as shown on the left. However, in this case, constraints are found on the capillary pipe,
so the pipe is replaced with a plastic pipe, not a capillary pipe.
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Results of the Development Stage
At this stage, the tool is tested internally. The trial of the experimental tool does not only
look physically but also at it in terms of conformity with Pascal's law.

:\“‘ - v : — e ', e

Figure 4. Pascal's Law Experiment Tool

The final results of the development of the experimental tool can be seen in Figure 4. Based on
the suggestions and input from the supervisor, the original piston from the plastic injection is
replaced with glass syringe to reduce the frictional force between the piston and the tube. In
addition, previously, the force on the second cross-sectional area is given a load but replaced
with a dynamometer. This aims to obtain more accurate data, prove the concept of Pascal's
law, and make it easier for students to measure the force on each piston cross-section.

Results of the Implementation Stage

The next stage is the use of tools that have been developed for schools. The sampling
students have studied Pascal's law before. To find out the student's skills, seven questions are
given as a pretest. Then, after conducting the experiment, processing the data, and concluding
the experiment, the students are given the same question again as a posttest. The results of the
students' pretest, posttest, and N-Gain analysis can be seen in Table 1.

Table 1. Analysis of Students” Pre-test dan Post-test

Student Gender  Pre-test Post-test N-Gain Category
S1 P 90 90 0.00 Low
S2 P 80 85 0.25 Low
S3 P 80 90 0.50 Medium
S4 P 90 90 0.00 Low
S5 L 85 90 0.33 Medium
S6 P 80 95 0.75 High
S7 P 80 95 0.75 High
S8 P 70 80 0.33 Medium
S9 P 75 75 0.00 Low

S10 L 70 80 0.33 Medium
S11 L 75 85 0.40 Medium
S12 P 75 85 0.40 Medium
S13 P 75 80 0.20 Low
S14 P 65 80 0.43 Medium
S15 P 65 75 0.29 Low
S16 P 90 80 -1.00 Low
S17 L 60 65 0.13 Low
S18 P 85 65 -1.33 Low
S19 P 75 80 0.20 Low
520 L 75 85 0.40 Medium
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Pre-test 77
Post-Test 82.5
N-Gain 0.24

The results of the two tests show a difference, although not significant. The average
pretest and posttest scores of students are 77 and 82.5. The N-Gain calculation results obtain
0.24 in the low category. However, it can be seen that the maximum and minimum scores of
the students are 90 and 60. If we look again, there are two students who receive high N-Gain
categories, 8 students who receive medium N-gain categories, and 10 students who receive
low N-Gain categories. The students” N-Gain scores varied quite a bit, ranging from -1.33 to
0.75. A total of three male students obtains N-Gain in the medium category while two other
male students are in the low N-Gain category. Meanwhile, for female students, two students
receive N-Gain in the high category. Four female students are in the medium category, and
the remaining students are in the low N-Gain.

This implementation is equipped with worksheets to make it easier for students to obtain
experimental data. A worksheet is designed as attractive as possible for one Pascal's law
experiment. The worksheet is equipped with 10 data analysis questions. The results of the
worksheet analysis can be seen in Figure 5.
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Figure 5. The Results of Students” Worksheet Analysis

The results of processing student data on the worksheet can be seen in Figure 5. Three
questions were answered correctly by all students. This question relates to the identification
of independent, dependent and control variables in the experiment. The other two questions
deal with graph interrogation and experimental conclusions. All students have answered
correctly so that the points get full points on the three questions. However, in question number
2, which is related to the factors that affect the pressure in a closed system, only 50% of them
are correct. It is necessary to apply the concept of pressure in closed and open systems to
students.

The title of the worksheet designed is Pascal's Law Experiment Student Worksheet.
Then, it is followed by student identities such as student name, absent number, class, and
day/date of experiment. After that, the experiment aims to investigate the factors that affect
the pressure in a closed system and determine Pascal's law equation from the experimental
results. The tools and materials consist of props developed and variations in load (5 grams, 10
grams, 20 grams). Then, work instructions are given to facilitate students in retrieving data.
The observation table consists of two tables for the same cross-sectional area and different
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cross-sectional areas. Students are asked to complete the calculated force column, the force
measured by the spring balance, and the calculated force must be on a large cross-sectional
area, followed by data analysis and conclusions, which consist of 5 questions each.

Results of the Evaluation Stage
The last stage is the evaluation stage of the tools that have been developed. At this stage,

11 indicator questionnaires were distributed to determine the practicality of the tools
developed based on student responses. The questionnaire consists of 4 aspects, as shown in
Figure 6.

100
90 79,17 79,17 78,47 81,25
80
70
60
50
40
30
20
10

Percentage (%)

Easy to use Interesting Efficient conformity
with content

Indicator

Figure 6. Student Questionnaire Analysis

Figure 6 shows the results of the practicality questionnaire analysis on the development
of experimental tools. In the questionnaire, four aspects were given: easy to use, attractive,
efficient, and suitability of the material. This aligns with Dwijayani's (2019) research that
learning media can increase students' interest in learning. There are a total of 11 indicators in
the questionnaire, namely, three indicators for ‘easy to use’, three indicators for ‘attractive’,
three indicators for ‘efficient’, and two indicators for ‘suitability of the material’. The aspects
of easy-to-use and attractive obtained the same percentage of 79.17 in the practical category.
While the efficient aspect obtained the lowest percentage, namely 78.47%. But the difference
is not too significant with other aspects. The highest aspect is obtained with a percentage value
of 81.25% in the practical category. The analysis results of the average of the overall aspects
are 79.51% in the practical category. Thus, the developed Pascal's law experimental tool can
be used in physics learning.

Discussion

One of the learning media development models is the ADDIE model. The ADDIE model
stands for analysis, design, development, and evaluation (Budoya et al., 2019; Almelhi, 2021).
Several stages of developing learning media with the ADDIE model are the analysis, design,
development, implementation, and evaluation (Spatioti et al, 2022).

The analysis stage is the first step in finding the problem to be solved. This analysis can
be obtained from the results of interviews and observations at schools (Samudro et al., 2022).
The analysis carried out relates to student learning outcomes, teacher learning media, learning
models, and so on. Student learning outcomes can be obtained from daily, midterm, or final
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semester scores. Then, these values can be analyzed to determine whether there are
misconceptions. Therefore, the analysis stage needs to be done to understand the urgent
problems found in the field.

The second stage is the design stage of the tool to be developed. Tool development
means similar tools already exist. However, its weaknesses are analyzed and used as
innovation for further development. In the previous stage, an analysis was carried out, and
the tools, materials, and the right design were determined. Learning media that are designed
must follow the concepts of physics and are useful for facilitating teachers in delivering
learning material (Caleon et al., 2023). The teacher plays a very important role in determining
the right learning media to increase student learning outcomes (Nevrita et al.,, 2020;
Puspitasari, 2019). The tools and materials used must consider the security and safety of
students in learning. Thus, the design stage becomes the initial solution to the problems that
have been found.

The next stage is the tool development stage. The designs that have been designed are
then developed into tools that are ready to use (Rosmiati & Siregar, 2021). The tools developed
were first tested internally. This aims to find out whether there are still deficiencies in the tool
itself. In addition, trials are also carried out by taking initial data internally and calculating
how many deviations occurred. From this stage, the tool development stage must be tried out
so that students can get good experimental results.

After that, the stage of implementing the tool in schools (Sriwahyuni et al., 2021). The
implementation stage is supported by pretest and post-test questions, worksheets, and tools
developed. Pretest questions are given before conducting the experiment, while post-test
questions are given after conducting the experiment. Meanwhile, worksheets are given to
students to guide students in retrieving data (Kadir et al., 2020; Yau & Mok, 2016). The results
of the N-gain analysis show that student learning outcomes increase after conducting
experiments with Pascal's law experimental tool. However, the results do not improve
significantly. This is because the tool developed is only one, so students cannot do experiments
with repetition.

Student Worksheets are used to support the application of Pascal's law experimental
tools. In addition, worksheets help students collect data, process, and visualize experimental
results. In other words, worksheets make it easier for teachers and students in the learning
process (Basuki & Wijaya, 2018; Asrizal et al., 2019). The worksheets used previously have
been adjusted to the basic competencies of learning. Furthermore, the worksheet is corrected
according to the direction of the supervisor. The worksheet includes the title, student name,
group name, experiment objectives, tools and materials, data tables, data analysis, further data
analysis, and conclusions. Each student is given a worksheet for the smooth running of the
experiment.

The last stage is the tool evaluation stage which involves students (Iswati, 2019). The
results of student responses indicate that the designed experimental tool is easy for students
to understand so that students can improve their understanding of the Pascal concept. This
aligns with the opinion of Misbah et al. (2018) that a good worksheet can be used and
understood by students well. Several questions are also asked in the worksheet to determine
students' understanding of the concept. Worksheets can increase students' interest and
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creative skills (Hekmatulaini et al., 2020; Ubuz & Erdogan, 2019; Chien & Chu, 2018).
However, on the efficient aspect, not all students obtain accurate data in reading the spring
balance scale. Worksheets and experimental tools have been designed according to Pascal's
law material.

In general, students can distinguish between independent, dependent, and control
variables. The independent, control, and dependent variables are mass, water, and spring
balance, respectively. Most students also already know the factors that affect the pressure in a
closed system, such as the mass and force exerted on the piston after conducting experiments.
However, in describing the graph of the relationship between the force on the first cross-
sectional area and the second cross-sectional area in the experiment with different cross-
sectional areas, almost all students are wrong. When interviewed, students said that they were
not used to making graphs and visualizing data in graphs. Incorrect graphic images result in
errors in interpreting the data in the next question. Furthermore, student errors in reading the
measurement results follow the questionnaire students filled out.

This research has several drawbacks. First, experimental tools are limited to a few masses
of objects, so experimental tools are needed that are more flexible with large loads. Second,
experimental tools are still being tested on a small sample scale, so larger trials are needed for
one or two classes. Third, experimental tools can only be used manually on Pascal's law
material and only one type of fluid. In further research, it is suggested that there be research
related to comparing student achievement by learning with direct experimental tools, such as
Pascal's law, with virtual experimental tools, such as PhET simulations.

CONCLUSION

Pascal's law experimental tool should be used by teachers in deepening students' physics
concepts. Based on the research results, it is known that there are differences in student
learning outcomes before and after using the tool. These results are indicated by obtaining an
N-Gain of 0.24 in the moderate category. The results of student responses also show that the
tools developed are easy to use, attractive, efficient and follow Pascal's law material. The
average student response rate is 79.51% in the practical category. This shows that Pascal's law
experimental tool that has been developed can make it easier for students to understand the
concept of Pascal's law. In addition, students can also know the factors that directly affect the
pressure on a closed system.
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