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Abstract: Simulated analogical teaching model has a novel contribution in enhancing
students’ learning. This study aims to analyze effect of simulated analogies scaffold by
group discussion model in improving students’ conceptual understanding of some
selected contents of electricity and magnetism at high school level. The study involved 75
grade 10th students from two different high schools, namely Dagmawi Twodros and Fert
high schools found in Debre Tabor Town, South Gondar, Amhara region, Ethiopia. A quasi-
experimental method with pretest posttest design was used in the study. An adapted
standardized test of electricity and magnetism conceptual understanding test (EMCUT)
was used to collect data. The reliability of EMCUT was checked using KR-20 and found to
be at about .81. After checking all necessary assumptions, an independent sample t-test
was used to analyze the mean difference on students EMCUT scores between groups.
From the result analysis, we found that experimental group who used simulated analogies
scaffold by group discussion method in learning of electricity and magnetism showed a
higher mean score of EMCUT than the control group. Thus, it can be concluded that the
use of simulated analogies scaffold by group discussion model improved high school
students’ conceptual understanding of electricity and magnetism.
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Introduction

Now a day’s, human being endeavor to have a modern life style which would come as a result
of the education system they had. Many countries in the glob have turned their view, attention and
efforts on ensuring the quality of education delivered to citizens by all levels of school as it be lower
school, secondary school and tertiary level schools. In due fact, nations have been made a number of
reforms in the education for achieving a better success by attaining it within a bounded framework.
One of the big issues for making reforms in education concerned by governments, academicians and
others who involved in the education sector is improving students’ academic performance in the field
(Barnes et al., 2018). Science education has also its own contribution in improving and modernizing
human life through the delivery of quality and scientific understandings in school learnings.

Physics is, one of the natural science fields, essential scientific discipline in science education
where students should learn as designed by the curriculum used in the school setting. Physics has
played its own role to build up students with multiple knowledge, skills and attitudes so as to under-
stand nature and solve problems they face in their life. To achieve this broad goal, governments in
any nation include an agenda in their curriculum on students must learn science subjects by integrat-
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ing each other and other subjects. To this end, students can use their understanding to solve prob-
lems they faced in their daily life and discover nature.

Efforts made in education reforms include a number of factors such as contextualizing text
books, improving performance and proficiency of teachers, organizing schools with facilities and
improving the teaching learning instruction (Benavot & Koseleci, 2013; ESDP, 2002; Freeman,
Marginson, & Tytler, 2019). These documents and reports indicated that governments have also a
great concern on improving the quality of instructional strategies used in schools by endeavoring it to
enhancing learners’ engagement, interaction and creativity. The reports were also showed that many
activities were implemented using projects facilitated in making a paradigm shift to link the
instructional strategies used for students learning become more of student-centered and encourage
teachers to consider involving students as a key actors for learning.

A number of studies and reports have been done and documented that students’ academic
performance were declining typically in sciences fields and mathematics (Council, 2013; Mullis &
Martin, 2017). In addition, many research findings claimed that students’ academic achievement was
reduced due to many factors. The factors that hindered students’ academic performance were
identified and reported as social economic status, daily study hours and accommodation trends, poor
teacher’s qualification, large class size, poor classroom teaching and learning environment in the
classroom, and inappropriate use of teaching methods (Maganga, 2016).

Good conceptual understanding of physics contents at secondary school level is a foundation
for students to proceed for further learning. But studies reported that most students still failed to
understand the concepts in science in general and in physics in particular (Alonzo & Gotwals, 2012;
Amin et.al., 2014; Babajide et al., 2018). Research findings also indicated that students had miscon-
ceptions in many electricity and magnetism contents (Dega et al., 2013; Guisasola et al., 2004;
Mekonnen, 2014). These studies showed that most students had difficulties and misconceptions on
the concepts of current, resistance, potential difference, sources of electrical energy, electric field,
and magnetic fields.

Ahmady et al. (2020) indicated that misconceptions and difficulties of understanding in science
are mainly arise from the teaching methods used by teachers in the science classroom. Ahmady et al.
(2020) also claimed that the poor teaching methods used by teachers was directly contributing for
students low academic performance in science subjects and the study also showed that the teaching
methods used by science subject teachers failed to inculcate students prior knowledge and
experience rather it focuses on knowledge retention that actually makes concepts difficult to
understand by learners.

Activities made by governments in their education agenda had been also focused on providing
appropriate physics instruction in the classroom but still students achieved a poor mark in physics in
all around the world (Awodun et al., 2014). Similar reports were presented on students poor per-
formance in physics typically concerned with low mark scores in national examination by Ethiopian
high school students (Minstry of Education, 2010; MoE, 2017; NLA, 2013; Tadesse, Manathunga, &
Gillies, 2018).

Multiple studies reported that different types of physics classroom instructions were
suggested and employed to improve the situation (Mekonnen, 2014; Noh et al., 2016; Omar, 2017,
Putri, 2017). But, still the findings of these studies reported that students typically in middle schools
and high schools did not show a significant improvement in their physics conceptual understanding,
achievement and motivation towards physics learning even if the focus of this study was on
conceptual understanding in the subject. The findings of the studies also claimed that the teaching
methods used by physics teachers in the classroom were not in apposition to include students’ prior
experience and knowledge to boost learning of new and abstract contents and concepts in physics to
the desired level.

The above mentioned studies claimed that the use of an effective classroom instruction is the
research area to be further investigated and coming up with a better instruction to help students in
their physics learning at any school level. Even though there are many factors that affect students’
physics concept understanding, it is essential to have an innovative learning method that encapsu-
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lates student’s prior knowledge, prior experience and implemented by physics teachers at high
school level in order to enhance students’ conceptual understanding in physics in general, electricity
and magnetism in particular.

Learning is increased when learners attempt to build explanatory answers for questions arose
during group discussion and interaction for the learning of new information. This can be achieved
due to the explanations given by students to use what they already now to learn the unfamiliar one
and linking the similarities between the old or familiar knowledge with the unfamiliar content to be
learned. Therefore, from the essence of using learners’ experience and prior knowledge, this study
was selected an alternative physics classroom teaching instruction called simulated analogical
reasoning scaffold by group discussion method to enhance students’ conceptual understanding of
the contents of electricity and magnetism at grade 10th level.

Analogical reasoning is common and taken as a human cognition. Everyone has used analogies
to explain and elaborate new information and phenomenon to others. Therefore, analogical
reasoning was used in physics classroom teachings, but still the problem of students’ difficulties of
conceptual understanding and low achievement did not alter as the optimal level. In this study, we
used analogy using a simulation plat form and blending it with group discussion in classroom physics
teaching. The theory of social constructivism guided the implementation of the scaffold analogical
reasoning method for the experimental group learning of the contents of electricity and magnetism.
During the presentation of contents using the designed instructional model, students were engaged
in the process to develop their cognitive abilities through group interaction with their group mem-
bers and the teacher. The teacher displays the analogy first and then students were participating and
engaged in connecting the base domain with the target domain by making a structural mapping.
Students were interacting with each other and with the teacher to make a clear mapping by trans-
forming similarities and avoiding the unmapped domains from the analogy and made generalizations
about the new concept to be learned with building a meaningful knowledge structures. So, in this
study we were hypothesized and tested whether the scaffold analogical reasoning can fit with the
Ethiopian physics education system that needs students to understand concepts included in the
physics text book or not.

Many studies indicated that analogical reasoning method had a positive impact on students’
physics learning (Brown & Salter, 2010; Cinyere & Madu, 2014; Cruz-Hastenreiter, 2015; Lambert,
2011; Lancor, 2014). But, these studies still claimed that students have difficulties on conceptual
understanding, and they usually failed to identify the point where the analogy breaks, and they were
unable to see the analogy itself, simply they remembered the analogy instead of the concepts being
learned. Therefore, this study went to scaffold analogical reasoning instruction by a means of simu-
lation and group discussion to tackle students’ physics learning problem. This study was aimed to
investigate the effect of simulated analogical reasoning scaffold by group discussion on high school
students’ conceptual understanding of electricity and magnetism at grade 10th level in Ethiopian
context. To achieve this research objective, it was hypothesized that there was no statistically mean
score difference on students’ conceptual understanding test between groups who were treated with
simulated analogical reasoning scaffold by group discussion over comparison groups who were
treated the same contents of electricity and magnetism using conventional method.

Methods

A non-equivalent quasi-experimental method with a pretest- posttest design was used for this
study. Grade 10th students found in Tewodros and Fert high schools found in South Gondar Zone,
Ambhara Region, Ethiopia were selected randomly as samples of the study. Students at this grade
level were selected as a sample for this study due to their age 14 to 16 years old believed to have
abilities to use logic, link prior knowledge to the new contents to be learned and the contents of
electricity and magnetism suitable to use analogies were found in depth manner at this grade level.
The syllabus for grade 10 physics prepared by the Ethiopian ministry of education showed that
students were expected to master the concepts included under the grade 10th physics text book and
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good understanding at this level believed to be the foundations for further learning. One section
from each school were selected using a random sampling technique. Grade 10th students from one
section in Tewodros high school was selected as an experimental group and one section from Fert
high school was selected as a control group. The Experimental group (EG) was treated with simulated
analogical reasoning supported by group discussion whereas the control group were treated by
conventional method for the learning of selected contents of electricity and magnetism.

Table 1. Groups Intervention Procedures.

Group Pre-Test Treatment Post-Test
Experimental Group (EG) (O] X (O))
Control Group (CG) 01 - 02

O1: Pre-test used to see students’ conceptual understanding level before intervention.
X: Simulated Analogies Scaffold by Group Discussion Method Used by EG only.
O,: Post-test used to see students’ conceptual understanding level after intervention.

Electricity and magnetism conceptual understanding test (EMCUT) of 14 multiple choice items
adapted from different standardized tests were used to collect data. Pre-test was administered
before the start of intervention for both experimental and control groups. After giving a training
about the instructional material for implementing simulated analogical reasoning scaffold with group
discussion to one physics teacher participated in the teaching of experimental group, the inter-
vention was made for a couple of 6 weeks. The simulated analogies were displayed by the physics
teacher through the use of plasma television found in the physics classroom. The researcher had
made a support for the physics teacher both in planning and implementation of the designed
simulated analogies in the physics lesson. Then after the end of intervention, a post test of electricity
and magnetism conceptual understanding test (Post-EMCUT) as was administered for both experi-
mental and control groups.

Once both the pre-test and post-test data of conceptual understanding of electricity and
magnetism were collected, coded and entered into SPSS version 26, assumptions of test statistics
were checked to evaluate a statistically significant mean difference in the pre-test and post-test
scores between the two groups was exist or not. By checking the assumptions of normality and
homogeneity of data, as we found that no assumption was not markedly violated, so that an
independent sample t-test was used to evaluate the mean difference between the two groups.

Results and Discussion

In this study, the list of simulated analogies used were simulated water flow from a reservoir
that falls on a wood cut machines, simulated earth’s gravitational field, electric field and associated
electric force between point charges simulation and text forms include gravitational field strength,
Newton’s law of universal gravitation, formulas of equivalent capacitance for series and parallel
combinations which were prepared in the form of power points and simulation. So, the teacher
display these analogies during the lesson in combination with the target concepts to be learned and
then students were going to made mappings from the simulated analogies towards the new content
to be learned. During mapping, students were engaged in group interaction and discuss about the
explanations they brought from about the anlogy to transfer attributes. Before the start of
implementing the instruction and after covering learning of the selected contents of electricity and
magnetism at grade 10th level by EG, Electricity and Magnetism Conceptual Understanding Test
(EMCUT) was administered as pre-test before treatment and post-test after treatment for EG and
CG. The result showed that both groups showed a better conceptual understanding score than their
pre-test score as shown in the Figure 1.
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Figure 1. Students’ Conceptual understanding Pre and post test scores of groups.

There was a mean difference on Pre-test score of conceptual understanding test between the
experimental and control groups. Here, an independent sample t-test was run to evaluate whether
the pre-test mean score of electricity and magnetism was statistically significant or not. The result
analysis was presented in Table 2.

Table 2. Descriptive Statistics of Pre-EMCUT scores by Groups.

Pre-EMPUT Score Post-EMPUT Score
N M SD Skew Kurtosis M SD Skew Kurtosis
EG 37 2.90 1.25 .55 .49 9.95 2.28 -1.42 -.32
CG 38 2.97 1.40 -.040 -72 5.68 2.11 -.089 1.61

The electricity and magnetism conceptual understanding pre-test data distribution on Table 2
were sufficiently normal for conducting an independent sample t-test with skewness<|+2.0| and
kurtosis <|+7.0| (Schmider, Ziegler, Danay, Beyer, & Biihner, 2010). In addition, the assumption of
homogeneity of variance was tested and satisfied using Levene’s F test, F (73) =1.01, p=.32 shown on
table 3 below. It was hypothesized that there was no a statistically significant mean difference on
Pre-EMCUT score between the experimental group (M=2.97, SD=1.40) and control group (M =2.89,
SD=1.25). To test this null hypothesis, an independent sample t-test was used and the results were
reported at Table 3.

Table 3. Independent sample t-test of Pre-EMCUT scores between Groups.

Independent sample Test

Levene’s Test Test of Equality of Means Cl 95%
Pre -EMCUT Equal variance assumed F sig t df sig  MD SE Lower  Upper
101 32 -26 73 .79 -078 31 -.69 .53

The independent sample t-test on Table 3 showed that there was no a statistically significant
mean difference on Pre-EMCUT score between experimental and control groups, t (73) =-.26, p =.79.
This indicated that we were not able to reject the null hypothesis. The result analysis revealed that
both the experimental and control group high school students were found on the same level of
electricity and magnetism conceptual understanding.

After an intervention had made for the experimental group using simulated analogical
reasoning scaffold by group discussion in learning the concepts of electricity and magnetism and
control group was treated by any conventional method, a Post-EMCUT was administered. The
assumption of normality was not violated as skewness<|+2.0| and Kurtosis < |+7.0| (Schmider et al.,
2010). Therefore, Post-EMCUT score data was approximately normally distributed as shown on Table
2 above. Besides the assumption of homogeneity of variance was tested and satisfied via Levene’s F-
test, F=.633, p=.429 as indicated in Table 4. To examine the difference on Post-EMCUT between
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groups, it was hypothesized that there was no statistically significant difference on the mean Post-
EMCUT score between experimental and control group. To test this null hypothesis, an independent
sample t-test was used and the results were presented at Table 4.

Table 4. Independent sample t-test of Post-EMCUT scores between Groups.

Independent sample Test

Levene’s Test Test of Equality of Means Cl 95%

Post -EMCUT  Equal variance assumed F sig t df sig MD SE Lower Upper
.633 .429 -840 73 .000 -4.26 .507 -5.27 -3.25

The independent sample t-test was performed to compare the mean score difference on Post-
EMCUT between experimental and control groups. As predicted on Table 4, the experimental groups
scored a statistically significant larger mean (M=9.95, SD=2.28, N=37) than the control group (M
=5.68, SD=2.11, N=38), t(73)=-8.40, p<.001, two tailed. So that we reject the designed null
hypothesis. That is the experimental group showed a statistically significantly larger mean in Post-
EMCUT than the control group. Cohen’s d was estimated at 1.94, which is much larger effect based
on Cohen (1992) guideline. The mean difference of the test score with the 95% confidence interval
around the difference between group means was relatively precise (-5.27 to -3.25). Therefore, the
result analysis asserted that the change in mean for conceptual understanding of electricity and
magnetism achieved because of the instructional teaching method used by the experimental groups.

The mean scores of Pre-EMCUT scores for CG and EG were 2.97, 2.89 and their Post-EMCUT
mean scores were 5.68 and 9.95 as shown in the figure 2 below. The two groups showed a better
mean score change after treatment. But to identify which learning method help groups to achieve a
larger mean, normalized learning gain {g) was calculated using the formula:

(g) = (%Post — %Pre)
9= 7(100 — %Pre)

The normalized learning gain was found to be .25 for CG who were treated with a conventional
method and .63 for EG who were treated with simulated analogical reasoning scaffold by group
discussion method in their learning of the concepts of electricity and magnetism respectively.

Mean Comparison for EMCUT

————
———

Pre-test Mean Post-test Mean

e (G e EG

Figure 2. Mean Comparison of Pre-test and Post —test scores of ENCUT by EG and CG.

The normalized learning gain for CG .25 was low and for EG .63 was medium (Hake, 1998).
From the mean normalized learning gain result analysis, it is possible to say that using simulated ana-
logical reasoning scaffold by group discussion help to enhance students’ conceptual understanding of
electricity and magnetism than conventional method of teaching.

The result of of this study indicated that simulated analogy scaffold by group discussion
method enhanced high school students’ electricity and magnetism contents conceptual understand-
ing. Many researches related to analogical reasoning instruction on students’ conceptual understand-
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ing in physics had come up with both positive and negative effects. In this study, we hypothesized
that high school students who were used scaffold analogical reasoning method showed better
conceptual understanding of different contents of electricity and magnetism than students who were
used conventionally designed instruction. The result of test analysis showed that simulated analogies
scaffold by group discussion method help students to had better conceptual understanding of
contents of electricity and magnetism than control groups. This result is consistent with other
previous research findings in that analogical reasoning method can facilitate students’ concept
learning (Gilbert & Justi, 2016; Hesti et al., 2017; Holyoak, 2012; Kola, 2017; Lancor, 2014).

The finding of this study revealed that students’ conceptual understanding of some selected
contents of electricity and magnetism such as the concept of charge, coulomb’s force, electric field
and its strength from a point charge, electric potential and electric potential energy, current, voltage,
resistance, combination of resistors, electromotive force, magnetic field and the associated forces
include in high school physics enhanced when simulated analogies were used in support of group
discussion method. The result of this finding was in accordance with the study carried out on the use
of analogies as it helps to increase learners mental process (Jonane, 2015; Zacks & Friedman, 2020).
The simulated analogical reasoning scaffold by group discussion method help students to structure
and integrate new information with past experiences so that they can retrieve from memory so as to
link with other concepts be learnt in another context. So, the simulated analogies scaffold by group
discussion implemented in this study help learners to encode knowledge in the form of
representations of abstract concepts in electricity and magnetism and construct a certain mental
models. The findings of this study indicate that the simulated analogies scaffold by group discussion
method enhances students to construct context free structural representations of the abstract
concepts of electricity and magnetism stated in the physics text book.

Many research findings showed also that when analogies were supported by either other
instructional strategy of platform creating a good environment for students to visualize the anlogy,
students abilities of understanding abstract contents increased (Ugur et al., 2012; Wang et al., 2016;
Zipke et al., 2019) which supported the finding of this study as the mean score of students
conceptual understanding after treated with simulated analogies used for linking the analogue with
the new target concept to be learned and make that link by forming a structural mapping through
group interaction with a significant amount.

Some research findings indicated that analogies by their very nature facilitates conceptual
understanding (Didis, 2015; Gilbert & Justi, 2016; Haglund, 2013). lloputaife (2016) and Star and
Stylianides (2013) were revealed analogy based instructions were effective for conceptual change
and later conceptual understanding appeared. Still there were other research parties claimed that
analogical reasoning instruction facilitate conceptual understanding and problem solving rather than
executing conceptual change first (Davies, 2014). This study finding supported the first and third
research finding categories. Through the process of implementation of the designed scaffold analo-
gical reasoning instruction we had found that using analogy modeled instruction be effective what
matters was ensuring the analogy be familiar to learners since analogues were a human cognition
and common to explain something new without any planned activities, and creating an environment
in which learners can see the analogy in a visible manner and link to the abstract concept to be
learned and facilitating students engagement with group discussion or other type of mechanism so
as to make meanings in collaboration with others.

Conclusion

The presented study showed that simulated analogies would affect students’ conceptual
understanding of contents of electricity and magnetism when it is scaffold by group discussion
method. The great efforts made in this study can contribute an information to the physics education
research community, physics educators and teachers about the use of analogies by scaffolding it with
technology and other active learning method to adhere a better students’ conceptual understanding
in their learning. This study has indicated that when simulated analogies scaffold by group discussion
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method used systematically, students’ conceptual understanding of different contents of electricity
and magnetism improved more. Therefore, other science subject teachers can also use simulated
analogies scaffold by group discussion method in their classroom teaching so as to improve students
understanding.
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