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ABSTRACT

Itis known that the 'electronic structure of atoms' in material physics is microscopic. This atomic structure has
an abstract and complicated concept, therefore good analogy skills are needed to study comprehensively.
This research develops a free analogy-based material physics module to supply analogy skills to prospective
physics teacher students. Module development uses the 4D model namely Define, Design, Development and
Disseminate. The feasibility aspects are required based on the presentation, content, and grammar. Data
obtained from expert assessment and trials using questionnaires, interviews, and tests. Increased student
analogy skills were analyzed using normalized N-gain. The results obtained are: (1) the characteristics of the
module that has learning steps such as teaching with analogy models, namely: introducing the concept of
targets, reviewing the concept of analogies, identifying the relevant nature of targets and analogies, mapping
analogies with targets, identifying analogies that are not relevant to targets, and make conclusions, (2)
module quality on atomic electronic structure material developed is categorized as feasible, (3) modules are
proven to increase mastery of the concept of atomic electronic structure (N-gain = 54%) and analytical skills
prospective teachers physics (N-gain = 56%). The development of physics modules based on free analogies
can be applied to other learning, such as biology, chemistry, and mathematics to explain abstract material.

Keywords: Free Analogy Methods; Material Physics; Module Development

INTRODUCTION

Learning in physics education is a lear-
ning situation that is engineered by the depart-
ment to facilitate the prospective physics teach-
er in storing information provided by lecturers.
In essence, physics learning can function as
a product, process and attitude. Physics as a
product is the result of research by scientists.
Physics as a process is the steps used to orga-
nize knowledge through observing, classifying,
hypothesizing, and concluding activities. Phy-
sics as an attitude is a result that arises regar-
ding the scientific activities of students such as
honesty, respect for the opinions of others, and
curiosity. The concept of physics, especially in
advanced physics, discusses many abstract
concepts. Therefore, effective and efficient
learning methods or strategies are needed so
that abstract physics concepts can be under-
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stood properly.

Prospective physics teachers in the
fourth semester receive lectures about the
electronic structure of atoms. This concept is
including a material physics lecture which con-
sidered as an abstract concept. The results of
interviews in the field indicate that prospective
physics teachers tend to have difficulty in un-
derstanding the material of electronic atomic
structures due to its abstract characteristics.
During this time, prospective physics teachers
learn through textbooks, but the textbooks have
not helped much in overcoming their difficulties
in understanding the concept. In general, pros-
pective physics teachers do tend to experience
difficulties in understanding abstract material,
with learning resources that provide very few il-
lustrations and drawings, and who have to me-
morize (Knoll, Horton, Krull, & Dittmar, 2015;
Erokten & Gokharman, 2013; Linsey, Mark-
man, & Wood, 2012; Mellor, 1968). It appears
that prospective physics teachers need physics
learning books/modules that are able to portray
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abstract material to be more real. One method
that can be used is the analogy method.

The analogy method is a method that
can be used to visualize subject matter that
is abstract, organizes the learner’s thoughts
about a meaningful topic, so that learning takes
place effectively. A useful method is a method
that builds the knowledge of prospective phy-
sics teachers and encourages them to actively
participate in learning (Chemistry & Ganesha,
2014; Chan, Paletz, & Schunn, 2012; Sari-
kaya, 2007; Walsh, Howard, & Bowe, 2007).
The analogy method is based on the theory
of constructivism that connects old knowledge
with new one (Stonys, Sapragonas, & Mockus,
2016; Grandas, 2015; Erdo, 2014; Loc & Uyen,
2014;). The use of analogy designs can be
done in a structured way. The analogy method
can not only be applied in the form of learning
methods, but also can be applied in the pre-
paration of learning modules. Analogy used in
learning will shape the knowledge of prospec-
tive physics teachers, through the relevance
between analogies and targets (Chan et al.,
2012; Schiff, 2009; Linsey, Wood, & Markman,
2008; Linsey, Laux, Clauss, Wood, & Markman
, 2007; Gentner, Holyoak, & Kokinov, 2001; Mo-
ney, 1991). Analogy can also be formed spon-
taneously by giving students freedom in choo-
sing analogies used in learning (Bio, Suardana,
& Kirna, 2014; Chemistry & Ganesha, 2014;
Suja, 2014; Linsey et al., 2008; Chang, Tsai,
& Chen, nd; Cokelez & Dumon, 2005; Wang,
Wang, Kollman, & Case, 2006; Mizuguchi, Ta-
kata, lkeda, & Nakashima, 2005). One analogy
method that is easy to use is the free analogy
method. The free analogy method is a learning
method that provides flexibility to choose ana-
logies to be used in learning and does not de-
pend on certain scientific principles (Harrison &
Jong, 2005).

Based on the description that has been
delivered, the purpose of this study is to de-
velop a free analogy-based material physics
module to equip the analogy abilities of pros-
pective physics teachers.

METHOD

This research is an Educational Rese-
arch and Development (R&D) to produce a
free analogy-based learning module on mate-
rial physics on the concept of atomic electronic
structure and test the effectiveness of these
products in improving the analogy abilities of
prospective physics teachers. This develop-

ment research refers to the Thiagarajan model
which consists of four stages called the 4D mo-
del. The four stages are the stages of define,
design, develo, and disseminate. The sample
in this study consisted of 20 candidates for phy-
sics teachers in the third semester. Data collec-
tion instruments in this study used a question-
naire, interview guidelines, and tests.

The define stage is carried out by filling
out a questionnaire, interviewing and studying
the literature. At the design stage, the draft
analogy-based material physics module is
freely compiled based on the data define stage,
and then tested the validity of content, presen-
tation, and language. The development phase
is carried out by testing a small class to correct
module readings and a large class test is also
conducted to see the response of the prospec-
tive physics teacher to the use of the module
and the ability of the analogy of prospective
teachers. Disseminate stage is the phase of
the dissemination of material physics modules
based on free analogy on a broader scale as in
Fugure 1.
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Figure 1. Steps for 4D model
RESULTS AND DISCUSSION

Stage of Define

The initial study of the define phase
consists of literature study, field studies, and
analysis of module design requirements. Field
studies conducted with interviews to obtain in-
formation about the learning of material phy-
sics on the concept of atomic electronic struc-
ture. Literature study is carried out by collecting
supporting materials related to the free analo-
gy method and the implementation of the free
analogy-based material physics lecture module
design.

Furthermore, based on the results of the
analysis from previous studies, prospective
physics teachers still have difficulty in under-
standing the material of electronic atomic struc-
tures (Linsey, Laux, & Clauss et al, 2007). This
is in line with the results of this define stage
study which shows that prospective physics te-
achers need an appropriate method to convey
the concept of the electronic structure of atoms
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to their students.

The analogy method is a method used
in explaining abstract or microscopic material.
This is in line with Prastowo’s opinion which
revealed that Analogy can help students in
understanding the material (Prastowo, 2011).
According to him, misconceptions occur be-
cause most analogies only explain the relevant
things between targets and analogs, without
explaining the irrelevance between targets and
analogues. Misconceptions can be corrected
through an appropriate analogy (Cruz-Has-
tenreiter, 2015; Devecioglu-Kaymakci, 2016).
Based on this opinion, the analogy presented
in a learning material needs to pay attention to
the steps that are important in composing an
analog.

Stage of Design

This stage is the product design stage in
the form of a free analogy based material phy-
sics learning module. Modules are based on
Surahman (2010) cit. Prastowo (2013) in the
structure that contains the least elements: mo-
dule title, general instructions outlined in basic
competencies, subjects, achievement indica-
tors, references, learning strategies that exp-
lain the approaches, methods, steps that must
be used in the learning process, instructions
for physics teacher candidates to understand
the steps, learning activity sheets and module
materials.

The results of the design phase, a free
analogy-based material physics learning modu-
le consists of: cover page, Francis page, Pre-
face, table of contents, module position map,
glossary, introduction, learning, evaluation, bib-
liography and answer key. Modules are made in
such a way with pictures, examples, exercises
and evaluations that serve as supplementary
material, and make it easier for prospective te-
achers to learn the material independently. This
module has the following characteristics: the
learning steps in the integrated module are free
analogy methods, the module can be used to
study independently or in groups, the concepts
in the module are designed in a simple way so
that it makes it easier for prospective teachers
to understand concepts. Analogy is displayed
at the end of each material discussed.

Instructions for using the module are gi-
ven to prospective teachers and for lecturers.
Prospective teachers are required to study and
read sequentially from the beginning to the
end, and do each task in the module. As for
lecturers, in order to help prospective teachers

understand the material in the module. Mate-
rial preparation that has been done in modu-
le compilation is to integrate the free analogy
method. The material that is in the module
includes: Atomic orbitals, Structure of atoms
with many electrons, Bonds in solids, Trend of
atoms in the periodic table, and Introduction
to energy bonds. The analogy method freely
connects analog concepts and targets. The
steps in compiling an analogy are as follows:
(1) introducing the concept of targets / targets,
(2) reviewing analogous concepts, (3) identi-
fying the televant nature of targets and analo-
gues, (4) mapping analogous similarities with
targets, (5) identifying analogous properties
which is not relevant to the nature of the target,
and (6) makes conclusions (Yanti, Kuswanto, &
Mundilarto et al, 2019). The use of visualization
through analogies overcomes concerns about
students’ misconceptions through the lack of
a good understanding of the analogy of featu-
res that are relevant from analogues to targets
(Fathurohman, 2014). Following are examples
of sub-chapters on atomic electronic structure
material that discuss atomic orbitals in physics
modules based on free analogy.

Introducing the target concept

The target concept used is the energy
radiation absorbed by the atoms which causes
electrons to move from lower energy (n smal-
ler) to higher energy orbits (n larger). Conver-
sely, radiation energy (in the form of photons) is
emitted when electrons move from high-energy
orbits to lower-energy orbits.

Review the analogy concept

The concept used as an analogy is the
transfer of tennis balls up or down stairs. The
ball can be on the stairs to anywhere but not
possible in the area between the steps. The
step from the lower step to the higher step is
a process that requires energy, and vice versa

Identify relevant analogies and targets

Describing concept of atomic orbit trans-
fer by the transfer concept of tennis balls going
up to the stairs.

Mapping anology that is relevant to the tar-
get

Tennis balls function as atoms, while
stairs act as atomic orbitals. Identifying analogy
that not relevant to the target concept. Analogy:
Moving a tennis ball on each stair has the same
distance from one stair to the other
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Target: electron transfer, the amount of energy
involved in the transfer of electrons from one
orbit to another depending on the difference in
energy levels from initial to final states.

Conclusion

Electrons move from lower energy orbits
to higher energy. Radiation energy (in the form
of photons) is emitted when electrons move
from high-energy orbits to lower energy or-
bits. The amount of energy involved in electron
transfer depends on the difference in energy
levels from the initial and final states.

Stage of Develop

The stage begins with the validation of
the first draft of the module The results of the
validation of the material physics module based
on a free analogy before and after a revision
are explained in Table 1.

The module revision is based on the vali-
dator’s suggestion so that a second draft of the
module is ready to be tested in a small group of
10 teacher candidates. Module testing is an im-
portant part of research and development after
the module draft is validated. It aims to deter-
mine whether the free analogy-based material
physics module that is developed is feasible to
use.

Module testing consists of two stages:

small class trials and large class trials. The
small class trial involved 10 prospective phys-
ics teachers to assess the readability which in-
cluded the writing on the module, the language
used, the module helped to understand the ma-
terial, the completeness of images in the mod-
ule and the attractiveness of the module.

The results of the readability question-
naire of material physics module based on a
free analogy show good categories with some
input, among others, there is still a lack of let-
ters in writing words in the module, the loca-
tion of the image is still incorrect, and there are
unclear sentences and have been revised as
in Table 2.

Table 2. Revisions after First Trials

Input Revision

There is an improper Fixed the
placement of images placement

There are several mi- Revise incorrect writ-
stypes ing on the module

images

The results of the small class trial were
then revised, so that a third module module
which was subsequently tested in a large class
was obtained. Large class trials was involving
20 prospective physics teachers in the third
semester of 2016. This large class test was

Table 1. Results of Validation and Module Revision

Sources of Validation Validation Result

Revision

Lecturer 1

Lecturer 2

Peers

Provide a phenomenon of daily life
in the discussion at the beginning
of the module

Concept maps are adapted to the
rules for making concept maps

The image on the module cover
needs to be removed

Not yet acknowledged the expert
validator and consultant in the fore-
word.

There are a lot of repetition of sen-
tences

Need exercises questions

Black and white images on the cov-
er should be replaced with colored
ones

Students should be given space to
answer questions in the experiment

The phenomenon of daily life is
given in the discussion at the be-
ginning of the module

Improve the concept map in ac-
cordance with the rules of making
concept maps

Change the module cover image
and discard the image that has
nothing to do with the discussion.

Give acknowledgment to expert
and consultant validators in the
foreword.

Improve the module section with
proper sentences.

Providing excercises question

Replace the black and white mod-
ule image on the cover with a col-
ored image

Provide space for students to an-
swer questions
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conducted to determine the effectiveness and
response of prospective physics teachers to
the use of free analogy-based material physics
modules. Classes with analogy-based learning
are better in learning outcomes than those in
groups that do not use analogy learning (Fikri,
Wiyanto, & Susilo, 2012). This was also simi-
larly expressed by Alvira, Hidayah, & Chusniah
(2016) who stated that the use of analogies in
learning facilitates the learning process to be
more effective. The results revealed that the
material physics module based on free analo-
gies was effectively used in the learning pro-
cess.

Data on the results of the response,
prospective physics teachers agreed to learn
using a free analogy-based material physics
module. The results of the questionnaire show
that the module writing can be read clearly, the
completeness of the pictures in the module is
good, the module can help understand the sub-
ject matter, the module is well packaged, and
the language used is easy to understand.

The response of the prospective phy-
sics teacher to the free analogy based ma-
terial physics module stated that 95% of the
physics teacher candidates were happy while
participating in the learning activities, 95% of
the physics teacher candidates understood the
atomic electronic structure material better, 85%
of the physics teacher candidates stated the
free analogy based material physics module
could help in learning process, 95% of pros-
pective physics teachers who learn to use a
physics module based on a free analogy, agree
that the concept of atomic electronic structures
becomes easy, fun, and greatly increase kno-
wledge about analogies, 85% of prospective
physics teachers agree that the modules deve-
loped already well.

The ability of the analogy of prospective
teachers was analyzed using the gain test to
see the difference between the posttest and
prettest values and then to determine the inc-
rease the N-gain formula was used. The results
showed that the average pretest, posttest, gain,
and N-gain values are presented in Table 3.

Table 3. Average scores of Pretest, Posttest,
Gain, and N-gain analogy abilities of prospec-
tive teachers.

N  Pretest Posttest gain
20 36.00 7222 36.22 0.49

N-gain Categories

Moderate

Learning using analogy can improve
learning outcomes (Loc & uyen, 2014). Lear-
ning to use analogies can improve conceptual
understanding (Dilber, 2012; Toedtanya & Wut-
tiprom, 2017). This is in line with the results of
analytical ability analysis through a description
test in the form of multiple choice questions of
10 questions participated by 20 students. In
table 3 shows that the ability of the analogy
of prospective teachers in the pretest data is
still not good. The low average score of pre-
test teacher candidates is because the teacher
candidates have not been taught in depth the
electronic structure of the atom, so that the te-
acher candidates have difficulty in working on
pretest questions. The average posttest score
is quite high compared to the average pretest
score; this is because prospective teachers
have been taught material about the electro-
nic structure of atoms through a free analogy-
based material physics module.

Research by Alvira, Hidayah, & Chusniah
(2016) shows that understanding analogies will
be optimal when the analogies and concepts
learned are appropriate. The use of pictorial
analogy models is effective for improving stu-
dent learning outcomes in static electricity and
retention occurs either partially (per dimension
of knowledge) or as a whole (Djudin & Grap-
ragasem, 2019; Jonane, 2015). This is evident
from the average gain value of student learning
outcomes of 36.22 and for the value of N-gain
of student learning outcomes of 0.49 in the
medium category. Achievement of increasing
cognitive learning outcomes of students is not
achieved optimally because when working on
assignments on the module, some prospective
teachers do not follow procedures in determi-
ning analogies and concepts. Thus resulting in
understanding the analogy of the module there
are parts that are less precise.

Stage of Disseminate

At this stage the distribution was carried
out in 3 tertiary institutions which had physics
education study programs. The distribution
was carried out to the physics lecturer and the
respondent questionnaire was given. From the
results of the deployment, the lecturer gave
an assessment of the development of a free
analogy-based material physics module on the
concept of atomic electronic structures. The
results of the assessment and responses of
physics lecturers are included in the excellent
category.
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CONCLUSION

The results showed that the material phy-
sics module based on a free analogy consisted
of: cover page, francis page, preface, table of
contents, module position map, glossary, intro-
duction, learning, evaluation, bibliography and
answer key. Modules are made in such a way
accompanied by pictures, examples, exercises
and evaluations that serve as a complement
to the material and make it easier for students
to learn the material independently. The free
analogy-based material physics module can
improve the mastery of the concept of electro-
nic atomic structure (N-gain = 54%) and can
improve the analytical ability (N-gain = 56%)
of physics teacher candidates. Assessment of
the prospective teacher’s response, 91% of the
respondents agreed that the physics teacher
candidates liked to use the material physics
module based on a free analogy, easy to learn
the material, made it easier to learn, added
knowledge, the module was well developed.

Suggestions in this study are intended
for prospective physics teachers and other re-
searchers. For prospective physics teachers
who will use analogy-based material physics
modules, they must first understand the ana-
logies used in the module. This is to avoid mis-
conceptions in understanding material through
analogy. For other researchers, the results of
this study can be used as a reference for de-
veloping similar research, especially research
into the development of physics modules. Re-
searchers can develop modules with different
learning model characteristics and materials.
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