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ABSTRACT

Experiments are needed in science learning. However, the instruments used cost high; thus, it is difficult to find,
especially in rural areas. The purpose of this study was to develop a low-cost tool for science learning. This sci-
ence experiment has been successfully developed from inexpensive common materials. Research and Develop-
ment design employing Gall and Borg Model was used in developing the science instruments. Analysis, design,
fabricate, validate, revising, and implementation were the steps in producing the devices. Observation sheet and
questionnaire were used for evaluating and validating the instrument. The subject of this study was students of
SMPN 1 Sigi, Sigi Sub Province, Central Sulawesi. After designed and fabricated, the devices were validated by
two judges to know the practicality and convenience. The tools were set up to demonstrate the expansion concept
of gas and liquid; also, to establish the presence of hydrostatic pressure inside the fluid. The N-gain analysis was
performed to know the increase of student understanding after employing the instruments in science learning.
The results showed that student understanding was increased by about 30.13% after using devices in science
learning. In other words, the designed tools were succeeded in introducing the concept of gas and liquid well and
in establishing the fact that the higher hydrostatic pressure of the fluid is discovered in a deeper location inside the
liquid. Based on the success, the devices were socialized to other science teachers in the area.
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INTRODUCTION

Science learning involves the wuse of
abstract concepts (Rakbamrung et al., 2015).
It is , therefore, essential to make use of experi-
mental methods that can be well understood. Un-
derstanding the concept of science will be a very
challenging task for students if it is taught only
by using a teacher-centered learning method. In
the paradigm, the students are taught to physical-
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ly observe the phenomena being studied (Aguilar
et al., 2017; Arista & Kuswanto, 2018; Saehana
et al., 2018).

Complete laboratory instruments are
required to enhance science learning in class-
rooms for the reason that almost all scientific
concepts are associated with real-life phenomena
(Carvalho-Santos et al., 2013). However, not all
schools have the completeness of the practicum,
especially those in rural areas of central Sulawesi
(Indonesia). It, therefore, takes the creativity of
teachers to design simple instruments, ensuring
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science can still be taught (Richie & Kuswanto,
2015; Saleh & Mazlan, 2019). On the other hand,
students’ motivation to the study science is still
low (Alivernini & Lucidi, 2011; Ali et al., 2018).
Thus, the instruments must not only be able to
assist learning, but also boost the students’ lear-
ning interest.

Scientific instruments used in observing
and demonstrating science phenomena in ru-
ral areas should be, of course, made of low-cost
materials. It can be designed and constructed by
taking advantage of used tools such as electronic
devices or other locally available materials (Ali et
al., 2018; Bakhtibaeva et al., 2016). The necessary
development process such as designing, testing,
and validating have to be done before the science
instruments can be applied in the learning pro-
cess (Hanif & Winarno, 2019; Hill et al., 2015;
Juleha et al., 2019).

Rediansyah et al. (2015) have designed a
scientific instrument for the concept of electric
fields, making use of a mosquito racket and baby
oil. This instrument has successfully revealed the
presence of static electric fields for similar and
different types of charge. Moreover, Widiyat-
moko et al. (2011) have also been successful in
assembling unsophisticated spectrometers from
simple materials and digital cameras to show the
diffraction phenomena and the light spectrum.
The electromagnetic effect was also demonstrated
with a relatively simple instrument (Koudelkova,
2016; Ivanov & Nikolov, 2016). However, other
science instruments for science concept such as
thermal expansion and pressure has not been de-
signed and applied in learning. Those concepts
are necessarily understood by students referring
to the 2013 curriculum. In the rural area of Cent-
ral Sulawesi (Indonesia), thoughts of expansion
and hydrostatic pressure are taught utilizing the
teacher-centered learning method. The unavai-
lability of instruments in a laboratory gives the
teacher no access to the necessary practice tools.
Nevertheless, both concepts can be taught using
some readily available simple equipment (Parap-
pilly et al., 2015; Rakkapao et al., 2013). Therefo-
re, research on the development of science expe-
rimental equipment from the materials available
around us is significant to do, considering the fact
that the results obtained can be used to improve
the quality of science learning.

Through the course of this paper, we de-
veloped science instruments from everyday mate-
rials intending to improve the junior high school
students’ understanding about expansion and
hydrostatic pressure at school in the rural area of
Central Sulawesi, Indonesia. The result of this
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study is expected to enhance science education
in Central Sulawesi of Indonesia. This research
is also a preliminary study for the development
of simple, practical equipment for other scientific
concepts.

METHODS

The components used in making scientific
instruments can be easily found in the course of
everyday life. These components are a bottle used
for holding water, rubber tube, pipette, balloon,
and hose. The tools and materials were assemb-
led, as illustrated in Figure 1 to 4. Research and
Development design with Gall and Borg Model
were adopted in developing the science instru-
ments (Ali et al., 2018; Arends, 2012; Borg &
Gall, 2003). The production steps include prob-
lem analysis, design, fabrication, validation, re-
vision, and implementation. Once created, the
scientific tools were then calibrated and verified
by two experts to know the practicality, conveni-
ence, and quality of the device. The instrument
was calibrated by comparing with standard me-
asurement in a physics laboratory. Validation was
carried out by measuring the physical parameter
in the experiment, which has resulted in relevant
data. Questionnaires were also used by the ex-
perts to judge the quality of the instrument to see
if all aspects of the device were in proper catego-
ry. Evaluations of the devices using observation
sheets were also carried out during the applicati-
on of the tools in science learnings. Moreover, the
test of thermal expansion concept and pressure
inside the liquid consisting of 10 items were ad-
ministered to the students, and an n-gain analysis
as written in Equation 1 was done.

(S posttest Spretest) / (Smaximum-s pretest) ( 1 )

Information:

= post-test score

= pre-test score
=maximum score (100)

posttest
pretest

maximum

RESULTS AND DISCUSSION

In this paper, a simple scientific experi-
ment was designed to show the thermal expansi-
on of liquid (water) as illustrated in Figure 1. In
this illustration, a bottle containing green liquid
was heated by a simple heater. The liquid then
expanded and moved up through a pipette. Figu-
re 1 shows the increase of liquid expansion in the
pipette due to a rise in temperature. At 50°C, the
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height of the expanded liquid in the pipette (1) was
3cm (as shown in Figure 1a). At 60°C, the height
rose to 4 cm (as shown in Figure 1b). Then, in
Figure 1c, the expanded liquid in the pipette had
risen to about 6 cm. Therefore, an increase in the
temperature results in a higher liquid expansion
(Tipler & Mosca, 2008).

Figure 1. The Scientific Instrument in Liquid Ex-
pansion Concept at Different Temperatures

In this paper, an experiment for thermal
expansion of the gaseous concept was also con-
ducted as illustrated in Figure 2. In this illustrati-
on, an extension of gas can be observed when the
bottle was heated. This experiment translates that
an increase in temperature (from 32°C to 60°C)
could increase the expansion of gas. Bubbles of
gas were observed to be vibrating and expanding
during this experiment (Hill, 2019; Kacovsky,
2019; Pluta & Hryniewicz, 2012).

Figure 2. The Simple Scientific Instrument in
Gaseous Expansion Concept: (a) Initial Condi-
tion of Gas Inside a Balloon (At 32°); (b) In-
crease in Gas Indicated by Partially Inflated Bal-
loon (At 50° C), and (c) More Inflated Balloon
(at 60°C).

An experiment showing the presence of
hydrostatic pressure in liquid is illustrated in Fi-
gure 3. In this experiment, four holes were pun-
ctured on a bottle, and covered with pieces of
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paper labelled 1, 2, 3 and 4. If the labelled paper
was released, squirting out water, this indicated
the presence of hydrostatic pressure. From the
observation, the distance travelled by the water
flow varies depending on the height of the hole.
The higher the hole from the base, the farther the
distance travelled by the jets of water.

B -
a
O
(2]
(1]

Figure 3. Scientific Instrument for Pressure on
the Liquid: (a) Design of Instrument; (b) Experi-
ment Showing the Liquid Pressure at a Vertical
Point; and (c) Experiment Showing the Liquid
Pressure at a Horizontal Point

The instrument designed in Figure 4 also
demonstrates the presence of hydrostatic pressu-
re in the liquid. The experiment done in this study
was practical and efficiently carried out this de-
monstration. It can be observed in Figure 4a that
before the funnel was dipped into the bottle, the
water level on both sides was the same (equilib-
rium condition). When the pipe was submerged,
there was an increase in the water on one side
(Figure 4b). Still, when the funnel was dipped
further down to the bottom, an increase in the
water level can be observed (Figure 4c). It could,
therefore, be concluded that the water in the bott-
le has hydrostatic pressure. The higher the water
depth, the greater the hydrostatic pressure (Balta
& Korganci, 2017; Bani-Salameh, 2017).

Figure 4. Scientific Instrument for Detecting
Pressure in the Liquid: (a) Initial Condition; (b)
Liquid Pressure Near the Surface; and (c) Liquid
Pressure at the Bottom of the Bottle

Material and instrument experts were vali-
dators who assessed the quality and feasibility of
the instruments from the aspect of design, quali-
ty and effectiveness of the instruments as shown
in Table 1. Overall, evaluation results concluded
that the instruments were in a “good” category
with an average value of 3.17.
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Table 1. The Validation Results

No Aspect Score Category
1 Practical 3.25 Good
uality and fea-
2 sQibﬂit;y 300 Good
3 Effectiveness 3.33  Very good
4  Convenient 3.00 Good
Average 3.17 Good

The instrument was tested to 7 senior high
school students. The test was done through question-
naires with a Likert scale and the results can be seen
in the Table 2. The obtained assessment results were
then analyzed and it was found that quality was very
good with an average value of 3.70.

Table 2. Results of Instrument Testing

No Aspect Score  Category

1 Instrument ap- 375  Very good
pearance

p  Quality of the 333 Very good
instrument
Motivation to

3 learn science 4.00 Very good
concept

4  Convenient 4.00 Very good
Average 3.70  Very good

Implementation of the Designed Scientific
Instrument

The scientific instruments have been designed
and can now be used in learning science. Some of
these trials have been conducted and yielded good
results. The trials were held in Junior High School,
as shown in Figure 5, and the experimental results of
the tools to 30 students were recorded in Table 3. The
students’ average score increased after experiencing
learning using designed instruments for both con-
cepts. By employing an n-gain analysis, it was found
that the mean score was 30.13%

Table 3. N-Gain Result after Scientific Instru-
ment Applied

Concept Average of N-Gain
Student Score (%)

Before After

Thermal Expan-  61.0 91.5

sion 29.89

Hydrostatic 63.0 94.0

Pressure 30.37

Mean 30.13
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In the dissemination process of the instru-
ments, we invited a few science teachers from
the rural areas of Central Sulawesi. Through
this process, information regarding methods
of learning science in Junior High Schools was
obtained. One of the significant challenges has
been the unavailability of scientific instruments
in schools. The teachers also stated that the
teacher-centered learning method was applied
in learning science in the rural area, and it has
resulted in low student motivation and learning
outcomes.

The instruments were then introduced
through demonstrations. The participants (te-
achers) gave remarks, stating that the scientific
instruments were easy to use as it has an attracti-
ve design and can be efficiently applied to scien-
ce learning. They were interested in the fact that
the devices were of recycled based materials. It
gives hope that science instruments designed
from recycled materials can overcome the lack
of scientific instruments in rural areas.

Figure 5. Implementation of Learning with the
Use of Scientific Instruments: (a) A Teacher Or-
ganizing the Students into Smaller Groups; (b)
the Teacher Demonstrating the Use of Simple
Science Media; (¢) Students Employing the Mod-
est Science Media for the Experiment; and (d)
Discussion between the Teacher and the Students.

Figure 5 shows the instrument experience
results in science learning at SMPN 1 Sigi. The
teacher gave pretest, and then the students were
organized in a small group following the coope-
rative learning model (Astra et al., 2015). Then,
the concept of thermal expansion and hydrosta-
tic pressure inside the liquid were demonstrated
by the teacher using the instruments. The experi-
ments were done by the student, and discussions
were also performed to know the concept (Bala-
mi, 2015). The posttest was given to the students
to understand their knowledge after following
the learning process.
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By employing n-gain formula, the improve-
ment of student knowledge was revealed. It was
found that their understanding of the concepts
increased by 30%. The students can understand
the concepts because of the observations, direct
experiments, and discussion performed during
the learning. This fact is in line the findings of
previous studies which stated that direct interacti-
on such as group discussion would enrich the stu-
dents’ knowledge as they transfer information to
others. As a result, the students’ understanding of
the concepts being learned increased significant-
ly (Syahrul & Setyarsih, 2015; Ulfa & Sugianto,
2015).

CONCLUSION

The scientific instruments have been suc-
cessfully made for thermal expansion and hydros-
tatic concept. The thermal expansion and hydros-
tatic pressure in the liquid can be established with
the use of these instruments. In this expansion
concept experiment, it was revealed that the de-
velopment of gas and liquid increased alongside
an increase in heating temperature. The designed
devices also succeeded in establishing the fact
that a higher hydrostatic pressure of the fluid is
discovered in a deeper location inside the liquid.
The instruments were then implemented in scien-
ce learning and familiarised with science teach-
ers in rural areas. The tools have been applied
in science learning for thermal expansion and
hydrostatic pressure concept in SMPN 1 Sigi. By
employing an n-gain analysis, it was found that
the student understanding increased by 30% after
using instruments in science learning. Developing
other low-cost devices for other science concepts
were needed to improve student understanding,
particularly those who live in rural areas.

ACKNOWLEDGMENTS

This work was supported by Decentraliza-
tion Research Grant from the Directorate Gene-
ral of Higher Education of the Ministry of Natio-
nal Education of the Republic of Indonesia in the
fiscal years of 2017 until 2019.

REFERENCES

Aguilar, A.M., Maldonado, R.F., and Navarro, L.B.
(2017). Liquid Oscillations in a U-tube. Physics
Education, 53(1), 1-6.

Ali, M., Supriyatman, & Saehana, S. (2018, March).
Recycled Material-Based Science Instruments
to Support Science Education in Rural Area at
Central Sulawesi District of Indonesia. In Jour-

245

nal of Physics: Conference Series (Vol. 983, No. 1,
p. 012051). IOP Publishing.

Alivernini, F., & Lucidi, F. (2011). Relationship between
Social Context, Self-Efficacy, Motivation, Aca-
demic Achievement, and Intention to Drop
Out of High School: A Longitudinal Study. The
Journal of Educational Research, 104(4), 241-252.

Arends, R. 1. (2012). Learning to Teach, (7th Eds.). New
York: McGraw Hill Company, Inc.

Arista, F. S., & Kuswanto, H. (2018). Virtual Physics
Laboratory Application Based on the Android
Smartphone to Improve Learning Indepen-
dence and Conceptual Understanding. Interna-
tional Journal of Instruction, 11(1), 1-16.

Astra, 1., Wahyuni, C., & Nasbey, H. (2015). Im-
provement of Learning Process and Learning
Outcomes in Physics Learning by Using Col-
laborative Learning Model of Group Inves-
tigation at High School (Grade X, SMAN 14
Jakarta). Journal of Education and Practice, 6(11),
75-79.

Bakhtibaeva, S. A., Berkimbaev, K. M., Turmambekov,
T. A., & Grinshkun, V. V. (2016). Use of Infor-
mation Technology in Teaching Semiconduc-
tors Physics. Indian Journal of Science and Tech-
nology, 9(19), 1-7.

Balami, Y. G. (2015). Relationship between Self-Effica-
cy Belief and Academic Achievement of Dis-
tance Learners in National Teachers Institute
(NTI) Adamawa State, Nigeria. International
Journal of Education and Practice, 3(2), 80-84.

Balta, N., & Korganci, N. (2017). Heat Convection at
the Density Maximum Point of Water. Physics
Education, 53(1), 30-36.

Bani-Salameh, H. N. (2017). How Persistent are the
Misconceptions about Force and Motion Held
by College Students?. Physics Education, 52(1),
1-7.

Borg, W., & Gall, M. (2003). Educational Research: An
Introduction. White Plains: Longman.

Carvalho-Santos, V. L., Mendes, T. C., Silva, E. C.,
Rios, M. L., & Silva, A. A. (2013). Using River
Locks to Teach Hydrodynamic Concepts. Euro-
pean Journal of Physics, 34(6), 1533.

Erina, R., & Kuswanto, H. (2015). Pengaruh Model
Pembelajaran INSTAD terhadap Keterampilan
Proses Sains dan Hasil Belajar Kognitif Fisika
di SMA. Jurnal Inovasi Pendidikan IPA, 1(2),
202-211.

Hanif, S., Wijaya, A. F. C., & Winarno, N. (2019). En-
hancing Students’ Creativity through STEM
Project-Based Learning. Journal of Science
Learning, 2(2), 50-57.

Hill, M., Sharma, M. D., & Johnston, H. (2015). How
Online Learning Modules Can Improve the
Representational Fluency and Conceptual Un-
derstanding of University Physics Students. Eu-
ropean Journal of Physics, 36(4), 36-42.

Hill, T. (2019). Physics for the Camper: Heat Trans-
fer in Sleeping Mats and Sleeping Bags. Physics
Education, 54(4), 045010.

Ivanov, D., & Nikolov, S. (2016). Pencil and Paper



246

Demonstration of the Hall Effect. Physics Edu-
cation, 51(4), 045013.

Juleha, S., Nugraha, I., & Feranie, S. (2019). The Ef-
fect of Project in Problem-Based Learning on
Students’ Scientific and Information Literacy
in Learning Human Excretory System. Journal
of Science Learning, 2(2), 33-41.

Kacovsky, P. (2019). The Visit of a Thermal Imaging
World in One Physics Lesson. Physics Educa-
tion, 54(4), 045011.

Koudelkova, V. (2015). How to Simply Demonstrate
Diamagnetic Levitation with Pencil Lead. Phys-
ics Education, 51(1), 014001.

Parappilly, M., Schmidt, L., & De Ritter, S. (2015).
Ready to Learn Physics: A Team-Based Learn-
ing Model for First Year University. European
Journal of Physics, 36(5), 055052.

Pluta, Z., & Hryniewicz, T. (2012). Thermal Expan-
sion of Solids. Journal of Modern Physics, 3(08),
793-802.

Rakbamrung, P., Thepnuan, P., & Nujenjit, N. (2015).
Use of a System Thinking Learning Force
and Motion Concept in Physics for Nurse
Course. Procedia-Social and Behavioral Scienc-
es, 197(2015), 126-134.

Rakkapao, S., Pengpan, T., Srikeaw, S., & Prasitpong,
S. (2013). Evaluation of POE and Instructor-
Led Problem-Solving Approaches Integrated
into Force and Motion Lecture Classes Using a
Model Analysis Technique. European Journal of
Physics, 35(1), 015016.

S. Saehana, M. Alj, S. Supriyatman / JPII 8 (2) (2019) 241-246

Rediansyah, H., & Viridi, S. (2015). Static Electric
Field Mapping Using a Mosquito Racket and
Baby Oil. Physics Education, 50(6), 690-693.

Saehana, S., Darsikin, & Wahyono, U. (2018, Febru-
ary). Analysis of Students’ Understanding on
Solar Eclipse Concept. In First Indonesian Com-
munication Forum of Teacher Training and Educa-
tion Faculty Leaders International Conference on
Education 2017 (ICE 2017). Atlantis Press.

Saleh, S., & Mazlan, A. (2019). The Effects of Brain-
Based Teaching with I-Think Maps and Brain
Gym Approach towards Physics Understand-
ing. Jurnal Pendidikan IPA Indonesia, 8(1), 12-21.

Syahrul, D. A., & Setyarsih, W. (2015). Identifikasi
Miskonsepsi dan Penyebab Miskonsepsi Siswa
dengan Three-tier Diagnostic Test pada Materi
Dinamika Rotasi. Jurnal Mahasiswa Teknologi
Pendidikan, 4(3), 67-70.

Tipler, P.A., and Mosca, G. (2008). Physics for Scientists
and Engineers. New York: Worth Publishers.

Ulfa, S., & Sugianto. (2015). Penerapan Model Pem-
belajaran Group Investigation Melalui Strategi
Problem Based Learning Terhadap Kemam-
puan Memecahkan Masalah Fisika SMA NU
Muallimat Kudus Kelas X. Unnes Physics Educa-
tion Journal, 4(1), 63-66.

Widiatmoko, E., Widayani, Budiman, M., Abdullah,
M., & Khairurrijal. (2011). A Simple Spectro-
photometer Using Common Materials and a
Digital Camera. Physics Education, 46(3), 332-
338.



