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Abstract: The electricity and magnetism course consists of combined conceptual material from
the concepts of electricity and magnetism and has a broad coverage. Theoretically explaining that
electrical phenomena and their properties is an important part of teaching physics at various
levels, then electricity is an area of physics that students find much more difficult to understand
than mechanics. This electricity material, especially the dynamic electricity sub-topic, is one of
the mandatory subjects which is classified as difficult and has abstract characteristics. Analogy is
considered a way that can help students visualize abstract concepts and assimilate new knowledge
to existing cognitive structures. In education, where research on analogies should focus on their
role in the learning process rather than emphasizing cognitive transfer between unfamiliar and
familiar domains. Understanding by utilizing analogies is included in higher level thinking
compared to direct memorization. This is one of the higher order thinking skills, namely scientific
process skills, because in an effort to improve them, students need to find, interpret and assess
evidence in various conditions encountered and are known as procedural, experimental skills and
scientific investigation abilities. The aim of this research is to train analogy strategies in practicing
science process skills and students' understanding of concepts in electrical circuit material. The
trial was carried out on a limited basis on prospective science teacher students at one of the
universities in Indonesia with data collected in the form of implementation of the use of analogy
strategies in practicing science process skills and students' understanding of concepts.
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INTRODUCTION

In this century of revolution 4.0, students must master basic skills. According
to[32]important skills that must be mastered in the 21st century (critical thinking and
problem solving, creativity and innovation, collaboration, and communication), a person
must also master the technological, information and communication literacy needed in
various aspects of life. The world of education has carried out various learning
innovations to develop various skills that support this. The main aim of science education
in Indonesia is to help students develop higher order thinking skills to enable them to face
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the challenges of everyday life through activities using higher order thinking skills such
as critical, reasoning, reflective and scientific process skills.[2]. Science Process Skills
(KPS) are defined as logical and rational thinking skills used in science[10]. Science
process skills can maximize students' active involvement in learning, helping students
understand how the rules of learning should be carried out permanently[12].

The urgency of the science process skills that students must have is not matched by the
reality in the field. In line with several journals which show that Indonesia's 2018 PISA
for science performance is ranked 71st, with results below the average score of OECD
countries and several partner countries such as Peru and Brazil, and experiencing a
decline from the average score for Indonesia's science performance in PISA 2015[38].
These results are in accordance with the facts in the field that indicators of process skills
have not been developed as competencies that must be honed among students, so it is rare
to find students solving problems in learning. Based on the National Science Education
Standards (NSES), inquiry involves observing, proposing answers, explaining,
predicting, and communicating results.

Science Process Skills, identification of assumptions, use of critical and logical thinking,
and consideration of alternative explanations[30]. One study also reported that students'
critical analysis power is still low because students are still trapped in mere memorization
and memorization[2]. This causes the information received by students to be easily
forgotten and lost, so methods or strategies are needed to train these skills in students in
the learning process.

Reasoning is one of the most significant components of science process skills. In previous
research, it was known that an image can influence a person's reasoning abilities. A
drawing can be seen as a tool to promote reasoning abilities of a solution and
communication skills[16]. Reasoning explains concepts with models and relationships,
making predictions or drawing results supported by data[33]. From the explanation
above, it is known that the use of analogies in the form of images or human activities can
make it easier for students to analyze an event.

Based on the description above, it is necessary to carry out research to determine the
effect of analogy strategies which can improve conceptual understanding and train
students' science process skills. Apart from that, this research aims to produce an article
published in reputable indexed international seminar proceedings.

METHOD

Science process skills cannot be separated from science practice and play a role in
learning in both formal and informal science content[29]. Broadly speaking, science
process skills are students' skills in understanding and mastering science which involves
mental, physical and social skills to develop concepts, principles or theories.[19]. Science
process skills are science skills in carrying out scientific methods that involve thought
and creativity. Science Process Skills are very important because students carry out the
process of finding, interpreting and assessing evidence in various conditions they face, so
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that learning can continue throughout life and become a provision for students' future.[7].
The way to measure students' Science Process Skills is that it can be done in the form of
written, oral and observation tests[31]. This is in line with[34] In his research, efforts to
determine the level of students' Science Process Skills required a process skills
assessment rubric as a guide in performance assessment.

Assessment of science process skills must also be assisted by providing visualizations
that are close to students, so that concepts that are abstract and difficult to understand can
become easier. According to[26]The application of analogies, especially abstract
concepts, is easier to assimilate with students' previous knowledge and allows students to
develop a more scientific understanding of concepts. Analogies can help learning by
providing visualization of abstract concepts, by comparing similarities in the real world
with the actual concept[13]. When learning to use analogies, care is needed to ensure that
students remember the concept of the material, not the analogy, by noting that analogies
are only an aid to understanding the concept, not content or process and not the actual
concept.[25]. It is hoped that the use of this analogy strategy can help students when
carrying out practical work on arranging parallel series electrical circuits, so that it can
help students' processing skills and increase their understanding of the concept.

This research uses a mixed methods method, with a concurrent embedded research

design[11]. The main product resulting from this research is the use of analogy strategies.
The concurrent embedded model method is presented in Figure 1[11]:

SR

KUAN: KUAN: Interpretasi
Data dan Data dan
Hasil . Posttest
Pretest Kualitatif
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~—

Figure 1 Concurrent embedded model method

RESULT AND DISCUSSION

Implementation of Learning

The learning process that has been carried out in the Electricity and Magnetism lectures
in the odd semester of the 2022/2023 academic year is offline. For three meetings on the

topic of Electrical Circuits, recapitulation data on the comparison of the mode of score
results for each aspect of the learning process are presented in Figure 2 below.
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Figure 2 Comparison of Score Result Modes for Each

Based on Figure 2, the comparison of learning implementation modes at each meeting
shows that there was an increase in the learning implementation score for 3 meetings.
The overall learning implementation mode for each aspect is dominated by a score of 4.
Based on the scores obtained at the second meeting in the second stage, the score
decreased while in the 7th stage the score remained the same. This shows that the
learning at 3 meetings has changed for the better.

Overall, at the first meeting the learning process was not fully implemented according to
the stages due to the lecturers' lack of ability to master class conditions and lack of
preparation. This results in students not being able to participate in learning well, apart
from that, another influencing factor is that students are not yet familiar with the
learning being applied. This is in line with[14], that a learning process that has not been
fully implemented and is not yet used to being accepted by students can cause students
to lack focus in the learning process. The implementation of learning that was less than
optimal also had a negative impact on student activities, as shown by the results of the
work on the student activity sheet (LKM) at the first meeting which was not optimal,
there were several sections that were not filled in. The aim of using LKM is as a
medium that supports learning activities. Aligned with[42], media use is an important
component of the learning process. Students' failure to complete worksheets is due to
the limited time available. This is in line with the weaknesses of learning according
to[1], that the freedom given to students is not always utilized optimally. Therefore, at
the next meeting the lecturer will condition the students to make optimal use of their
time.

In the second and third meetings, all indicators observed in the learning process were
fully implemented. Overall, the average score for the second meeting was 4. However,

105



International Conference on Teaching and Learning Proceeding
Faculty of Education and Teacher Training — Universitas Terbuka
UTCC, South Tangerang, Banten, November 18" 2023

Vol. 1, pg. 102 - 111
ISSN: 3046-549X

44N =
mmgZ
»» z
DAL ™M
ZIm?®
zZZ >
06z
» O
m
z
Oo >
Zr

at several stages there were several implementation indicators that were not coherent.
So in Graph 5.1, at the second meeting there were two stages of the learning process
with a score of 3, while at the third meeting there was one learning stage that had a
score of 3. This was due to the lecturer's lack of ability to master class conditions. The
implementation of all indicators of learning implementation supports the role of
students in participating in the ongoing learning process. Aligned with[36], one way to
increase student KPS is to carry out a learning process that actively involves students in
understanding concepts, not just memorizing them. So that ongoing learning should be
able to facilitate students to be actively involved.

Data from observations of the implementation of the learning process at the first, second
and third meetings showed that there was an increase in the role of students in
implementing learning using analogies and the role of lecturers was in accordance with
the learning steps used. The learning stage used is the inquiry step according to[22]
includes uncovering phenomena, focusing questions, planning investigations, carrying
out investigations, analyzing data, making conclusions, and communicating results. The
implementation of this inquiry model is in line with relevant research[35]regarding the
application of inquiry using analogy strategies, it is concluded that it is effective in
increasing KPS, apart from that it can also be useful in improving reasoning abilities,
understanding and scientific thinking. Applying inquiry, educators need to know some
of the weaknesses of this learning. This is in line with[35]that educators need to be
vigilant in implementing inquiry learning to minimize obstacles during learning
activities.

Students' Science Process Skills

The results of students' science process skills based on learning using analogy strategies
are as follows:

Table 1 Data from observations of students' science process skills

Skills science process Student Activities Percentage
4 3 2 1
Formulate the problem Provide a formula 1921692115 0
appropriate problem
Formulate a hypothesis Provide hypotheses correctly 11.5]57.71308| 0
Formulate variables Write down the variables according | 30.8 | 57.7 | 11.5| 0
study to the problem formulation
Collecting data Collect data from 7691231 0 0
problems found
Analyzing experimental data Analyze data according to |69.2|30.8| O 0
experimental results have been
done
Conclude Write the final conclusions from the | 76.9 | 23.1 | 0 0
results of the experiments that have
been carried out
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Based on data from table 1, the indicator of science process skills that is still difficult for
students to do is formulating hypotheses. The activity carried out by students is
formulating hypotheses correctly, because there are still those who get point 2 at 30.8%.
Another indicator is in formulating problems and formulating variables regarding MFI
activities, which still has point 2 at 11.5%. The percentage obtained for point 2 shows that
students' science process skills in the aspect of formulating hypotheses, formulating
problems and formulating research variables are less well-honed, especially in the aspect
of formulating hypotheses. Based on data from table 5.1, the results of observations of
science process skills, the percentage of students getting 3 points in several aspects of
science process skills, namely formulating problems, 69.2%, formulating hypotheses and
formulating research variables, 57.7% of students. Apart from that, the data shows that
there is a high percentage of results obtained in point 4, namely the aspect of collecting
data and concluding at 76.9% while analyzing data at 69.2%.

Based on this data, it is in line with relevant research[36]that the learning strategies
implemented can hone students' science process skills as proven by the results of
observations of aspects of the science process skills obtained which are in the high
category. Education through science by carrying out scientific processes through
problem-solving learning is part of developing learning in understanding science[13].
Scientific thinking is characterized by two main features, namely concepts and
processes[17], so that the development of students' understanding can also be facilitated
through these learning strategies.

Concept Understanding
After carrying out the learning process, the conceptual understanding of students who
have taken part in learning using analogy strategies in practicing students' science process

skills regarding Electrical Circuits is as follows:

12
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Figure 3 Pretest and Posttest Results Per Question

Based on the data in Figure 3, the average pretest results per question number were still
many who answered incorrectly and when the posttest increased, most of the scores were
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10. These results show that all students can carry out learning using analogy strategies
well. It can be seen that for each question number during the posttest the score exceeded
the pretest score, although there were still those who answered incorrectly with a score of
5 on questions 6, 7 and 8. Following are the results of the t test analysis of the students'
pretest and posttest results, which are presented in table 2,

Table 2 Table of significance of student pretest and posttest results

Std. .
Mean Std. Error | Lower | Upper t df Sig. (2-
Deviation tailed)
Mean
Concept -26,757 8,299 0.965 |-28,679 | -24,834 |-27,735| 73 0,000
Understanding
Pretest -
[Understanding
Posttest
Draft

Based on table 2, the output of the t test results, the sig value is obtained. = 0.000, which
means < a 0.05. Sig value. It can be concluded that there is no significant difference
before and after the analogy strategy is applied, so it is accepted that there is a significant
difference before and after the analogy strategy is applied [36]. Thus, it was rejected and
accepted, thus showing that there was a difference in student scores before the lecture
using the analogy strategy and after using the analogy strategy.

These results are in line with the analogy strategy that frees students to develop a variety
of innovative responses to support increased understanding of science[8]. Through the
strategy of studying various scientific phenomena that are investigated, students can
increase their understanding, argumentation and reasoning effectively by assuming the
functional structure of arguments to foster students' understanding of a concept.[24, 41].
Based on education through science related to oral, written, or symbolic/tabular/graphic
formats, it supports the development of understanding of the background or concepts of
a science [29]. In line with literacy as an important multidimensional concept[23].
Therefore, the analogy strategy facilitates students to provide a variety of innovative
responses to support increased understanding of scientific concepts.

CONCLUSION

Based on the results of the research conducted, it can be concluded that:

1. Implementation of the use of analogy strategies in learning experienced an increase in
the first, second and third meetings with the learning steps carried out by the lecturer
in accordance with the learning steps.

2. Students' science process skills have reached the high category, thus indicating that
students' ability to apply science process skills in learning is good.

3. Students' understanding of concepts when the analogy strategy was applied increased
from pretest to posttest, so there was a significant difference in scores

108



International Conference on Teaching and Learning Proceeding
Faculty of Education and Teacher Training — Universitas Terbuka

44N =
mmgZ
»» z
DAL ™M
ZIm?®

UTCC, South Tangerang, Banten, November 18" 2023
Vol. 1, pg. 102 - 111
ISSN: 3046-549X

ZZ >
[N
}ﬁ
m
z
Oo>»

Zr

REFERENCES

[1]

[12]
[13]

[14]

[15]

[16]

[17]

Adiputra, D.K. (2017). The Influence of Guided Inquiry Learning Methods and
Science Process Skills on Class VI Science Learning Outcomes at SD Negeri
Cipete 2, Curug District, Serang City. Journal of Education, 1(1), 22-34.

Adliani S, Wahab WSA. 1 Using Video to Improve Elementary School Students'
Speaking Skills. Pros Semin Nas Educator of Indonesian Language and Literature
I1. 2019;2:141-5.

Aguilera D, Ortiz-Revilla J. Stem vs. Steam education and student creativity: A
systematic literature review. Educ Sci. 2021;11(7).

Bowen P, Rose R, Pilkington A. MIXED METHODS-THEORY AND
PRACTICE. SEQUENTIAL, EXPLANATORY. 2017;(March).

Britt MA, Rouet JF, Durik AM. Literacy beyond Text Comprehension. Literacy
beyond Text Comprehension. 2017.

Clayton K, Murphy A. Smartphone Apps in Education: Students Create Videos to
Teach Smartphone Use as a Tool for Learning. Journal of Media Literacy
Education 2016; 8(2): 99-109.

Cho BY, Afflerbach P. Reading on the internet: Realizing and constructing
potential texts. J Adolescent Adult Lit. 2015;58(6):504—17.

DeBoer GE. Scientific Literacy: Another Look at Its Historical and Contemporary
Meanings and Its Relationship to Science Education Reform. Journal of research
In Science teaching 2000; 37(6): 582 — 601.

F. Creswell. Notes Queries. 1868;s4-1(25):577.

Falloon G. From digital literacy to digital competence: the teacher digital
competency (TDC) framework. Educ Technol Res Dev. 2020;68(5):2449-72.
Word. Analysis of Scientific Literacy Based on the 2006 National PISA Results.
Jakarta: Center for Research and Development, Ministry of National Education.
2007.

Grace A, Kemp N, Martin FH, Parrila R. Undergraduates' text messaging
language and literacy skills. Read Write. 2014;27(5):855-73.

Holbrook J, Rannikmae M. The Meaning of Scientific Literacy. International
Journal of Environmental & Science Education 2009; 4(3): 275-288.

Jannah AR, "Analysis of the Implementation of the Problem Solving Model in
Redox Material and Its Correlation with Students' Creative Thinking Ability at
SMAN Titian Teras H.Abdurrahman Sayoeti," Jambi University, 2022.

Jewett E, Kuhn D. Social science as a tool in developing scientific thinking skills
in underserved, low-achieving urban students. J Exp Child Psychol [Internet].
2016;143:154-61. Available from:http://dx.doi.org/10.1016/j.jecp.2015.10.019
Jufrida J, Basuki FR, Kurniawan W, Pangestu MD, Fitaloka O. Scientific literacy
and science learning achievement at junior high school. Int J Eval Res Educ.
2019;8(4):630-6.

Klahr D, Zimmerman C, Jirout J. Educational interventions to advance children's
scientific thinking. Science (80- ). 2011;333(6045):971-5.

109


http://dx.doi.org/10.1016/j.jecp.2015.10.019

International Conference on Teaching and Learning Proceeding
Faculty of Education and Teacher Training — Universitas Terbuka

0=
mmgZ
»» z
DAL ™M
ZIm?®

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

ZZ Q>

UTCC, South Tangerang, Banten, November 18" 2023
Vol. 1, pg. 102 - 111
ISSN: 3046-549X

[N
}ﬁ
m
z
Oo>»
z -

Kanniainen L, Kiili C, Tolvanen A, Aro M, Leppénen PHT. Literacy skills and
online research and comprehension: struggling readers face difficulties online.
Read Write. 2019;32(9):2201-22.

Ministry of Education and Culture, "Ministry of Education and Culture Promotes
Technology-Based Learning", [Online]. Available at:
https://www.kemdikbud.go.id/main/blog/2020/02/kemendikbud-
giikatanpbelajaran-berbasis-technology

Laugksch. Scientific Literacy: A Conceptual Overview. Rondebosch South
Africa: School of Educational University of Cape Town Private Bag. 2000.

Leu D, Forzani E, Burlingame C, Kulikowich J, Sedransk N, Coiro J, et al. The
New Literacies of Online Research and Comprehension: Assessing and Preparing
Students for the 21st Century With Common Core State Standards. Qual Read
Instr Age Common Core Stand. 2013;(March 2013):219-36.

Llewellyn, D. (2013). Teaching High School Science Through Inquiry and
Argumentation (second). Corwin a SAGE Company.

Miller JW, McKenna MC. World Literacy. World Literacy. 2016.

Miinchow H, Tiffin-Richards SP, Fleischmann L, Pieschl S, Richter T. Promoting
students' argument comprehension and evaluation skills: Implementation of two
training interventions in higher education. Zeitschrift fiir Erzichungswiss. 2023
OECD. Assessing Scientific, Reading and Mathematical Literacy: A Framework
for PISA. Paris: OECD Publishing. 2016.

OECD. PISA 2012 Assessment and Analytical Framework: Mathematics,
Reading, Science, Problem Solving and Financial Literacy. Paris: OECD
Publishing. 2013.

OECD. PISA 2015 Assessment and Analytical Framework: Science, Reading,
Mathematics and Financial Literacy. Paris: OECD Publishing. 2016.

Prasetyo D, Marianti A, Alimah S. Improvement of Students' science literacy
skills using STEM-Based E-Modules. J Innov Sci Educ [Internet].
2021;10(2):216-21. Available from: http://journal.unnes.ac.id/sju/index.php/jise
Roosyanti A. the Effect of Project-Based Learning Towards Science Literacy of
Elementary School Students. J Pen Science. 2020;7(2):54-9.

Rosdiana L, Sari DAP. Student Responses to Inquiry Model Learning Using
Animation. J Science Educator Researcher. 2017;1(1):33.

Safitri I, Pasaribu R, Simamora S, The Effectiveness of Android Application as a
Student Aid Tool in Understanding Physics Project Assignments, J. Indonesian
Science Education,2019; 8(4): 248-256.

Salmeron L, Stremse HI, Kammerer Y, Stadtler M, van den Broek P. Chapter 4.
Comprehension processes in digital reading. 2018;(July):91-120.

Saputro VCE, Wasis,Prastowo T. The Effectiveness of STEM-Based Guided
Inquiry Learning to Train Science Literacy of Physics. Stud Learn Teach.
2023;3(3):141-8.

Sari DK, Supahar, The Influence of Android-Based Isomorphic Physics (Forfis)
Application on Analogical Transfer and self-Diagnosis Skill of Students at Sma
Negeri 3 Kupang, J. Educator. IPA Indonesialndonesia 2018; 7(2): 154-161.
Sulistyani,Indana, S., & Sudibyo, E. (2022). Analysis of Effectiveness of Guided
Inquiry Implementation to Improve Students' Science Process Skills. IJIORER:

110



International Conference on Teaching and Learning Proceeding
Faculty of Education and Teacher Training — Universitas Terbuka

44N =
mmgZ
»» z
DAL ™M
ZIm?®

[36]
[37]
[38]
[39]

[40]

[41]

[42]

ZZ Q>

UTCC, South Tangerang, Banten, November 18" 2023
Vol. 1, pg. 102 - 111
ISSN: 3046-549X

[N
}ﬁ
m
z
Oo>»
Zr

International Journal of Recent Educational Research, 3(6), 672— 687.
https://doi.org/https://doi.org/10.46245/ijorer.v3i6.258

Ulmiah, N., Andriani, N., & Fathurahman, A. Study of Science Process Skills of
Class and Physics Learning.1-8.2013

Vézina S, Bélanger A. Are large surveys of adult literacy skills as comparable
over time as we think? Large-Scale Assessments Educ. 2020;8(1).

View of TEACHER PROBLEMS IN LEARNING MEDIA
DEVELOPMENT.pdf.

Wang L, Yuan Y, Wang G. The Construction of Civil Scientific Literacy in China
from the Perspective of Science Education. Sci Educ. 2022;(0123456789).
Warmath D, Zimmerman D. Financial Literacy as More than Knowledge: The
Development of a Formative Scale through the Lens of Bloom's Domains of
Knowledge. J Consum Aff. 2019;53(4):1602-29.

Widodo W, Sudibyo E, Suryanti, Sari DAP, Inzanah. The Effectiveness of
Gadget-Based Interactive Multimedia in Improving Generation Z's Scientific
Literacy. Indonesian Science Education Journal.2020; 9(2): 248-256
DOI:10.15294/jpii.v9i2.23208

Yulinda, R. Assistance in the Use of PhET Simulation Media in Middle School
Science Learning during the Pandemic. 3(3) 196-204.

111


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.15294%2Fjpii.v9i2.23208

