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Abstract— Simulated analogical teaching method has a unique contribution in enhancing students’ learning. This study aims to analyze
effect of simulated analogies scaffold by group discussion method in improving students’ procedural understanding of some selected
formulas and problems 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
procedural understanding test (EMPUT) was used to collect data. The reliability of EMPUT was checked and found to be at about .86.
After checking all the necessary assumptions, an independent sample t-test was used to analyze the mean difference on students EMPUT
scores between groups and further the mean difference was achieved due to the effect of treatment answered by comparing the number
of achiever level of students between the experimental and control 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 EMPUT than the control group. The number of medium, high and very high achiever students were larger for experimental group
than the control group. Thus, it can be concluded that the use of simulated analogies scaffold by group discussion model improved high
school students’ procedural understanding of electricity and magnetism. So, from the finding of this study, it is recommended that other
science field teachers can use simulated analogies scaffold by group discussion method to improve students’ understanding to the desired
level.
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I. INTRODUCTION
Education has played a great role in improving human life to the optimal level. The quality of education predicts the development
of a nation in its all-rounded aspects such as the presence of multi-dimensional industries, manufacturing, health organizations, and
agricultural institutions, with high quality and quantity productions, and others. Therefore, the education sector in a nation led the
quality and productiveness of other sectors. Physics has also contributed to the prosperity of nations. Physics, as it is one of the
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pillars in the education system, played in creating awareness and equipping human beings with necessary knowledge, skills, and
attitudes to investigate the different aspects of nature, increasing creativity to solve problems that occurred in daily life situations.
Governments across nations put an intensive effort to improve their education system in general, physics education in particular
to their education curriculum being implemented in line with the real context of the technologically advanced world. Even though
efforts were made in improving quality of education, there were a big obstacle observed in the system regarding the decline of
students’ achievement and performance in science fields specifically in physics ([1], [2], [3], [4], [5] ). The reports all showed that
students’ understanding of physics at every education pyramid needs special attention.
Several studies across the world indicated that students’ physics achievement deteriorated [6] and they did not enjoy learning
physics ([7], [8]). In the Ethiopian context, grade 10th students’ Physics achievement mean score in the national examination was
very low as compared to the crude pass mark (50%). The report indicated by the Ministry of Education ([9], [10], [11]) showed that
high school typically grade 10th students physics achievement was the least and even very shocking (31.2% in 2010, 35.45 in 2014
and 29.43% in 2017).
Many studies were conducted to investigate factors that hinder students’ physics understanding. Teacher way of teaching physics
are inappropriate ([12], [13], [3], [14], [15]). These studies indicated that the instructional method used by physics teachers did not
enhance students’ Procedural knowledge as it was monotonous from the beginning to the end of the lesson.
Procedural understanding by students in their physics learning can be explained through test achievement where the test items
need their abilities to synchronize and use multiple physics formulas and reaching to the final correct answers. The level of
procedural understanding is also expressed by using an appropriate physics formula to solve physics problems as it is presented in
a different form ([15], [16]).
Understanding physics formulas are very important for learners to solve physics problems through an approach of mathematical
equations Some studies indicated that students in a rare case memorize physics formulas but after some time they failed to apply in
solving problems which were presented in a different approach as examples used in classroom teaching([17]. [18] also claimed that
high school students were unable to combine multiple physics formulas to solve physics problems that demand procedural
understanding.[15] indicated that the main problem observed in the physics classroom teaching is that physics teachers did not use
a teaching method that allow students to understand the presented content and objectives as desired. A study conducted by [19]
concluded that student’s physics teaching and learning at any school level be effective and meaningful if the teaching process is
scaffold by existing facilities, learner’s prior knowledge, and experience.
The above-aforementioned studies indicated that instructional strategies such as the lecturing method makes procedural
understanding difficult for students because of the monotonicity of the teaching method. The studies all were recommended that
investigating an effective and alternative physics classroom instruction is one of the research areas to be further studied. Therefore,
this situation can be overcome if appropriate active learning methods that can enhance students physics learning typically procedural
understanding to the optimal level.
Even though there are many factors that affect students’ physics procedural understanding, it is important to have an appropriate
teaching method that links student’s prior knowledge, prior experience and is implemented by physics teachers at high school level
in order to enhance students’ procedural understanding in physics in general, electricity and magnetism in particular.
Analogy-based instruction is one of the suggested active learning methods that focused both on declarative and procedural
knowledge ([20], [21], [22], [23], [24]). Procedural understanding in physics learning is about the development of cognitions that
needs students’ abilities to link prior knowledge, understanding, and experience with the new information to be learned [25]
Therefore, from the use of learners’ prior experience and understanding, analogy-based instruction is an alternative method of
teaching to facilitate physics learning.
From the point of view in using learners’ prior knowledge including students’ prior experience and understanding for the
learning of new contents in physics, this study was implemented an alternative physics classroom teaching method called simulated
analogies scaffold by a group discussion to improve high school students procedural understanding of some selected contents (
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electric force, electric field strength, electric potential, and potential energy, equivalent resistance of resistors connected in series
and parallel, resistance of wire, and magnetic field strength) at grade 10th level.
Analogy-based instruction is very helpful to make a synergy of familiar things, understanding, and thoughts with the new one
to be learned in a lesson. The effect of this instructional strategy was studied and reported by many researchers ([26], [27], [28],
[29]). But still, students’ physics achievement and their procedural understanding were not changed as expected. These studies were
come up with positive and negative effects of analogy-based instruction on students’ physics learning. The studies showed that
students have difficulties with procedural understanding due to the fact that students usually failed to identify the point where the
analogy breaks, and they were unable to see the analogy itself, simply remembered the analogy instead of the equation or physics
formula being learned. In this study, we used simulated analogies by scaffolding with group discussion method in the physics
classroom to treat the selected contents of electricity and magnetism at the high school level. The theory of social constructivism
guided the use of simulated analogies scaffold by group discussion method for treatment group in the learning of electricity and
magnetism.
Simulated analogies were first displayed by the physics teacher by the use of projectors and plasma television for students.
Students were taking individual notes and retrieving what they knew about the presented analogy individually, and soon the display
had finished, students discusses in a group of four to map similar attributes between the source domain( analogue) to the target
domain( new content to be learned) through the guidance of structural mapping theory. The teacher had a facilitation role during
group discussion by raising leading questions. Once similar attribute between the two domains were made, both students and the
teacher were identified the unmapped attributes presented in the analogy so as to indicate the breaking point of the simulated
analogy. Once, the mapped and unmapped attributes of the simulated analogies presented by the teacher were identified, students
were engaged and interact each other within the group and across the group so as to transfer the prior information, experience and
knowledge for the learning of new information and making meaningful knowledge. To this end, the simulated analogy scaffold by
group discussion method can fit with Ethiopian physics education system at high school levels.
Therefore, this study went to scaffold analogical reasoning instruction by a means of simulation 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’ Procedural 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’
Procedural understanding test between groups who were treated with simulated analogical reasoning scaffold by group discussion
over comparison groups who were learned the same contents of electricity and magnetism using conventional method.
II. MATERILS AND METHODS
For this study, a non-equivalent quasi-experimental method with pretest-posttest design was used to investigate the effect of
simulated analogies scaffold by group discussion on high school students’ procedural understanding of electricity and magnetism.
Grade 10th students who were found in Debte Tabor Town, South Gondar, Amhara Region, Ethiopia were used as a sample to
conduct the desired teaching model. Participant students from two high schools namely, Dagmawi Tewodros and Fert secondary
schools were selected randomly. One section grade 10th students from each high school were selected randomly for experimental
and control group. The participant grade 10th students from Tewodros secondary school were experimental groups who were used
simulated analogies scaffold by group discussion method whereas students form Fert secondary school were selected as control
group who learned treated the same contents of electricity and magnetism using conventional methods. Grade 10th students were
selected as a sample for this study due to their age level, 14 to 16 years old, be able to link prior understanding with the new
information presented through the use of analogies and in addition the contents of electricity and magnetism which are suitable to
use analogy based instruction are found with an in depth manner at this grade level. An instructional material was developed by the
researcher for teaching of selected contents of electricity and magnetism (electric force, electric field, capacitance, electric potential,
and electric potential energy, electric current, voltage, battery, resistance in series and parallel, resistance of a wire, magnetic field
and magnetic force) through the use of simulated analogies and presented in support of group discussion for experimental groups.
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TABLE I. Groups Intervention Procedures.
Group

Pre-Test

Treatment

Post-Test

Experimental Group ( EG)

O1

X

O2

Control Group ( CG)

O1

-

O2

O1: Pre-test used to see students’ Procedural Understanding level before intervention.
X: Simulated Analogies Scaffold by Group Discussion Method Used by EG only.
O2: Post-test used to see students’ Procedural Understanding level after intervention.
Electricity and Magnetism Procedural Understanding test (EMPUT) of 14 multiple choice items including remembering,
understanding and apply physics formulas to solve problems by adapted it from different standardized tests was used to collect data.
Pre-test was administered before the start of intervention for both experimental and control groups. After giving a training on the
designed instructional material about the implementation of simulated analogies and mode of delivering the contents through group
discussion for experimental group physics teacher, the intervention was made for a couple of 8 weeks. The simulated analogies
were presented 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 discuss the ways of implementing the designed simulated analogies in the
physics lesson. Then after the end of intervention, a post test of electricity and magnetism procedural understanding test (PostEMPUT) was administered for both experimental and control groups.
Once both the pre-test and post-test data of procedural 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, we found that none of them was not markedly violated, so that an independent sample t-test was used to test
the mean difference between the two groups statistically significant or not.
III. RESULT AND DISCUSSION
The sampled grade 10th students’ Pre-EMPUT and Post-EMPUT mean scores were collected before and after intervention. The
mean scores were indicated in the figure 1 below.

Fig. 1.

Students’ Procedural Understanding Pre and Post test Scores of Groups.

The above figure 1 indicated that there was a mean difference on Pre-test score of EMPUT between the experimental and control
groups. Thus, to check whether this mean difference was statistically significant or not the assumptions of normality and test of
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homogeneity of variance were checked and evaluated. 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 below.
TABLE II. Descriptive Statistics Of Pre- And Post-Emput Scores By Groups.
Pre-EMPUT Score

Post-EMPUT Score

N

M

SD

Skew

Kurtosis

M

SD

Skew

Kurtosis

EG

37

3.11

1.13

-.100

-.62

9.38

2.26

-.363

.678

CG

38

3.34

1.40

.031

-.80

4.47

2.46

.397

-.514

As can be seen on Table II above, the skewness and kurtosis of Pre-EMPUT scores for each group showed that the values were
found in the rage between 1 indicated that the test data were approximately normally distributed and hence this assumption was
not markedly violated. The test of normality by Shapiro-Wilks test of Pre-EMPUT score for each group were not significant,
W(37)=. 92, p= .054 for EG and W( 38)=.94, p=.057 for CG respectively which indicated that test data were approximately normally
distributed.
In addition, the assumption of homogeneity of variance was tested and satisfied using Levene’s F test, F (73) =2.83, p=.097
shown on table III below. It was hypothesized that there was no a statistically significant mean difference on Pre-EMPUT score
between the experimental group (M=3.112.97, SD=1.13) and control group ( M =3.34, SD=1.40). To test this null hypothesis, an
independent sample t-test was used and the results were reported below.
TABLE III. Levene’s test and Independent sample t-test results of Pre-EMPUT scores between Groups.
Independent sample Test
Levene’s Test
Pre EMPUT

Equal
variance
assumed

Test of Equality of Means

CI 95%

F

sig

t

df

sig

MD

SE

Lower

Upper

2.83

.097

.796

73

.428

.234

.293

-.351

.819

The independent sample t-test on Table III showed above that there was no a statistically significant mean difference on PreEMPUT score between experimental and control groups, t (73) =.796, p =.428. 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 procedural understanding.
After an intervention had made for the experimental group using simulated analogical reasoning scaffold by group discussion
in learning procedures of electricity and magnetism and control group was learned by any conventional method, a Post-EMPUT
was administered. The assumption of normality was not violated as skewness and Kurtosis is found in the range of  1 as shown on
table 1 above. Therefore, Post-EMPUT score data was approximately normally distributed. The assumption of homogeneity of
variance was tested and satisfied via Levene’s F-test, F=1.17, p=.283 as indicated in Table IV below. To examine the difference on
Post-EMPUT between groups significant or not, it was hypothesized that there was no statistically significant difference on the
mean Post-EMPUT score between experimental and control group. To test this null hypothesis, an independent sample t-test was
used and the results were presented below.

Vol. 30 No. 1 December 2021

ISSN: 2509-0119

150

Improving High School Student’s Procedural Understanding of Electricity and Magnetism Using Scaffold Analogical Reasoning
Instruction

TABLE IV. Levene’s Test And Independent Sample T-Test Result Of Post-Emput Scores Between Groups.
Independent sample Test
Levene’s Test
Post
EMPUT

Equal
variance
assumed

Test of Equality of Means

CI 95%

F

sig

t

df

sig

MD

SE

Lower

Upper

1.17

.283

-8.98

73

.000

-4.90

.546

-5.99

-3.81

The independent sample t-test was performed to compare the mean score difference on Post-EMPUT between experimental and
control groups. As predicted on Table IV, the experimental groups scored a statistically significant larger mean (M=9.38, SD=2.26,
N=37) than the control group ( M =4.47, SD=2.46, N=38), t(73)=-8.98, 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-EMPUT than the control group.
Cohen’s d was estimated at 2.08, which is much larger effect based on [30] guideline. The mean difference of the test score with
the 95% confidence interval around the difference between group means was relatively precise (-5.99 to -3.81). Therefore, the result
analysis asserted that the change in mean score for procedural understanding of electricity and magnetism achieved because of the
teaching method used by the experimental groups.
The mean scores of Pre-EMPUT scores for CG and EG were 3.34 and 3.11, and their Post-EMPUT mean scores were 4.47 and
9.38 as shown in the figure 1 above. 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:

%𝑃𝑜𝑠𝑡 %𝑃𝑟𝑒
100 %𝑃𝑟𝑒

〈𝑔〉

The normalized learning gain was found to be .11 for CG who were learning selected topics of electricity and magnetism with
a conventional method and .58 for EG who were treated with simulated analogical reasoning scaffold by group discussion method
in their learning of the selected contents of electricity and magnetism respectively. The normalized learning gain for CG .11 was
low and for EG .58 was medium [31]. From the mean normalized learning gain result analysis, it is possible to say that using
simulated analogical reasoning scaffold by group discussion help to enhance students’ procedural understanding of electricity and
magnetism than conventional method of teaching.
From the Pre-EMPUT and Post-EMPUT score which was changed in to percentage and counted the number of students who
achieved low( average score< 41%), medium( 41%Average score<61%), high( 61% average score<81% and very high( Average
Score 81%)[15]. The number of students in the experimental and control group achiever level was reported in the following Table
V below.
TABLE V. Students” Achiever Level In Pre- And Post- Emput Score Results.
Experimental Group( EG)

Control Group(CG)

Low

Medium

High

Very
High

Total

Low

Medium

High

Very
High

Total

Counted

36

-

1

-

37

36

2

-

-

38

PreEMPUT

(97.3%)

(100%)

(94.7%)

(5.3%)

Counted

1

9

20

7

37

25

12

1

PostEMPUT

(2.7%)

(21.6%)

(56.8%)

(18.9%)

(100%)

(65.8%)

(26.3%)

(7.9%)
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Experimental group students’ achiever level in their Pre-EMPUT score as indicated in table 5, were 97.3% of the total students
in this group found as low achievers and only one students (2.7%) found to be in the category of high achiever. Similarly, 94.7% of
students from the control group were found to be in the low achiever level and two students (5.3%) were medium achievers. But
after treatment, the Post-EMPUT score analysis showed that 0nly 2.7% of students from the experimental group found to be low
achiever, where as 21.6% were medium achievers, 56.8% became high achievers and 18.9% were found to be very high achievers.
The Post-EMPUT score analysis also indicated that 65.8% of students from the control group were still found under low achiever
category, where as 26.3% and 7.9% of students were found to be medium and high achievers respectively.

Fig 2. Achiever Level of Groups in their Post-EMPUT Scores.
As can be seen from figure 2 above, the number of low achievers in the control group were reduced from 36 to 25 (94.7% to
65.8%). After the learning of contents of electricity and magnetism using conventional method for this group, some of the low
achiever students ( 10) were moved up to medium and high achiever levels. That is the number of medium achievers were increased
from 2 to 12 (5.3% to 26.3%). Only one count (student) was found to be a high achiever. From the experimental group, only one
students was left as a low achiever (2.7%) where as the number of medium achiever students increased from zero to 9 after
intervention (21.6%) and the number of high achievers were increased from 2.7% to 56.8% and the number of very high achiever
students was found to be 18.9%. Therefore, the effect of using simulated analogies scaffold by group discussion visibly enhanced
the number of medium achievers dominantly, high and very high achievers with a better number than the control group who was
learned the same contents of electricity and magnetism which demands procedural understanding.
The purpose of this study was to determine whether or not simulated analogies scaffold by group discussion method improved
high school students procedural understanding in learning of some selected contents of electricity and magnetism at grade 10th
level in Ethiopian context. Several studies related to the effect of analogy based instruction on students’ physics formula usage and
understanding were studied and come up with controversy results. In this study, it was hypothesized that grade 10th high school
students who were treated the learning of some selected electricity and magnetism mathematical equations with simulated analogies
scaffold by group discussion showed a better understanding than students who learnt the same procedures with conventional method.
The result of test analysis showed that simulated analogies scaffold by group discussion method help students to had better
procedural understanding of selected mathematical equations of electricity and magnetism than control groups. This result is
consistent with other previous research findings in that analogical reasoning method can facilitate students’ procedural
understanding ([32], [33], [34], [35]).
The finding of this study revealed that students’ procedural understanding of some selected physics formulas in relation to
electricity and magnetism in high school level 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 learners to visualize the
similarities of analogy and the new physics formula to be learned [36].
Several studies also showed that when analogies were supported by either other instructional strategy or plat forms creating a
good environment for students to visualize the anlogy, students abilities of understanding abstract contents increased([27], [28],
[37]) which supported the finding of this study as the mean score of students procedural understanding after treated with simulated
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analogies used for linking the analogue with the new target physics formulas to be learned and make that link by forming a structural
mapping through group interaction with a significant amount.
The result of this study showed that simulated analogies scaffold by group discussion method enhances students’ problem
solving using appropriate formulas by creating an opportunities for visualizing the common features between the new physics
procedure to be learned and the analogy presented and helping students to see the analogies.
IV. CONCLUSION
This study showed that simulated analogies had improved high school students’ procedural 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 bring a better students’ procedural understanding in their learning. This
study has indicated that when simulated analogies scaffold by group discussion method used systematically, students’ procedural
understanding of different contents of electricity and magnetism improved more. From the finding of this study, it is recommended
that other science subject teachers can use simulated analogies scaffold by group discussion method in their classroom teaching so
as to improve students understanding. For further studies, this studies open a gate for researchers to look at the effectiveness of
analogical reasoning method blending with other type of active learning methods for learning of other branch of physics and other
science fields such as chemistry and mathematics.
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