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Abstract
Students of any level always find concepts of geometry to be challenging. Poor
conceptual knowledge is the cause of poor performance in geometry. In the current
study, grade eight students' comprehension of geometry concepts was improved by
the use of analogies as a teaching method. The research study was quasi-experimental
in nature and employed a Nonequivalent Control group design. The sample of the
study consisted of two intact groups: the experimental (N = 33) and the control (N =
35). The schools included in the sample were selected randomly from among high
schools where the researcher could seek permission to conduct the study. The tool
was a self-developed achievement test based on a chapter from the eighth-grade math
textbook. According to the study's findings, students were able to define and clarify
geometrical concepts in their own terms, as well as connect and apply those concepts
to everyday situations, by using analogies. This demonstrated unequivocally that the
pupils' grasp of the concepts of geometry was developed through the usage of
analogies.

Keywords: Analogies, Concept understanding, Concepts of Geometry

Introduction

Merriam-Webster online dictionary and thesaurus says that an analogy is the act of
comparing two things that are similar in some manner, usually for the purpose of explanation
or clarity. Originating in ancient mathematics, the term analogy denotes the equality of two
ratios (Loc, 2015). It is a two-word relationship that contrasts two objects that are unlike in
other ways but share one or more characteristics. Put otherwise, analogical reasoning is the
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mental transfer of meaning from one subject (the source) to another (the target). An analog
from which conclusions or explanatory frameworks are derived is called the source or base.
It is the more recognizable or tangible field. The target is an analog from which conclusions
are being drawn. It's a more ethereal or unfamiliar domain. For instance, the plumbing
system is the more physical and therefore more recognized domain in the analogy "an electric
circuit is like a plumbing system," making it a source domain. However, electric circuits are
less well-known or abstract, making them target domains (Gentner & Smith, 2012).

An analogy is a nonliteral comparison across knowledge domains that appear to be
superficially diverse (Zook, 1991). This type of resemblance occurs when the same set of
relationships remains true for various things (Gentner, 1998). Its purpose is to determine
which features of one thing—also referred to as the source, base, or known domain—are
comparable to which features of another—also referred to as the target or unknown domain.
According to Gentner (1983) and Gentner & Gentner (1983) a structural mapping between
the source and the target domain is what is meant by an analogy. Although there are
differences between the source and target domains, structure mapping reveals similarities in
the relational structure of the base and target domains. Analogies are an effective teaching
tool. An attempt was made to employ this in the current study as well to develop knowledge
of the geometric concepts.

Objectives of the Study

Following were the objectives of the study:

1. To determine the elementary students' baseline comprehension of geometry
concepts.

2. To determine how well elementary students grasp geometry concepts through the
use of an analogy-based teaching model.

Literature Review

Several research support the idea that using metaphors and analogies is a more effective way
to promote conceptual transfer and understanding (Shana, & El Shareef, 2022; Gray, and
Holyoak, 2021; Fotou, & Abrahams, 2020; Hidir, & DIDIS, 2018; Pitterson, Perova-Mello, &
Streveler, 2018; Khan, & Mahmood, 2018; Khan, & Mahmood, 2017; Lee & Sriraman, 2011;
Calik, Okur, & Taylor, 2011; Michael, 2003). Analogies are useful tools for teaching concepts
because they allow one to compare the unknown with the known (DiDI$ and Hidir, 2019).
Frequently used analogies in teaching are verbal, pictorial and personal. A verbal analogy is
a piece of writing or spoken representation that is skillfully woven into the text. It is up to the
reader to make the appropriate comparison. One kind of visual depiction that is typically used
in conjunction with spoken explanation is the pictorial analogy. It enables a teacher or the
author of the textbook to visually emphasize the desired qualities of the analog. In the
personal analogy students feel as though they have become the object. This analogy can be
used to relate abstract concepts to more relatable, daily life ideas (Thiele & Treagust, 1992).
Students who comprehend the intricacies of analogies are able to acquire superior
intellectual comprehension (Fotou & Abrahams, 2020; Hidir & DIDIS, 2018; Mason, 1994).
Additionally, a strong association was shown between the analogy's intended goal and mental
comprehension of the scientific material (Braasch, and Goldman, 2010). This brings us to the
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conclusion that analogy serves as a structural foundation for rearranging current knowledge
in addition to facilitating assimilation of new information. Mason (1996) asserts that the
following uses of analogies are beneficial when evaluating the role of analogical reasoning in
restructuring scientific knowledge: (a) coding and organizing new knowledge; (b) accessing
and retrieving previously stored information; (c) creating anomalies within a conceptual
framework; (d) dispelling misconceptions; and (e) creating new schemata.

Analogies may lead to Misconception

Many studies support the idea that using analogies frequently may results in
misunderstandings (DIDIS, 2015; Duit, Roth, Komorek, and Wilbers, 2001; Taber, 2001;
Treagust et al., 1998, 1994; Thiele and Treagust, 1994; Harrison and Treagust, 1993, 2000).
Analogies can be "double edged swords" (Glynn, 1994); depending on the situation, an
analogy can both help and hinder learning. Duit (1991); Glynn, Duit, and Thiele, (1996) [as
stated in Duit, Roth, Komorek, & Wilbers, (2001)]also demonstrated that analogies may not
provide the expected outcomes and may even cause students' thought and learning processes
to be misguided. According to Thiele and Treagust, pupils might not be able to distinguish
analogy from the information they are sending because it may be a more extensive
component of application. They go on to add that some students will focus on irrelevant
details in the parallel and draw broad conclusions about the target material, while others will
recall the similarity but forget the content (1992).

Dealing with the Misconception

When analogies are used improperly, they might lead to misunderstandings (Ryan, 2006).
They are only misleading when there is a possibility that students won't be able to find a
suitable relevant analogy, won't see the similarities between the taught target domain and
the source domain, and won't see the points at which the analogy falls apart (Pitterson, et al,,
2018; Haglund, 2013; Coley, & Tanner, 2012; Braasch, & Goldman, 2010). When applied
methodically, analogous instructions help students eliminate misconceptions about a
concept (BM de Almeida, Salvador, & Costa, 2014; Dilber & Duzgun 2008). Potential risks can
also be reduced by teaching students how and when to apply analogies and what to do in the
situation that the applied model is unable to accomplish their goals (Gokhan, Dilber, Senpolat,
& Duzgun, 2012; Ryan, 2006). Additionally, educators need to thoroughly inform students of
the similarities and differences between the source and target domains and assist them in
finding appropriate parallel analogies. When applying an analogy does not produce the
expected outcomes, students need to be taught how to use alternative methods. The teacher's
constant observation and direction will prevent students from making mistakes. A
methodology was proposed by Glynn, Yeany, and Britton (1991) to optimize the usage of
analogies and decrease misinterpretation. This methodology requires a teacher to do the

following:

i. Introduce the target concept (to be taught).

ii. Present the source or base concept, which will be utilized to illustrate how the target
concept is similar.

iii. Carefully consider the pertinent aspects of both the source and the target concept.
iv. Point out the similarities.
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V. Point out the differences.

Vi. Make inferences.

The following is a concise summary, organized into different sections, summarizing the
findings of earlier research:

i. Motivation: Students are motivated in the classroom when analogies are used.
Students are prepared for the process with a number of relevant analogies drawn from their
personal experiences. They take part in the procedure themselves. This raises their degree of
motivation (Benkoski & Greenwood, 1995).

ii. Promotion of Visualization Process: By drawing relevant parallel analogies from
their own experiences, students can also initiate and facilitate the visualizing process in the
classroom (Thiele & Treagust, 1994; Iding, 1997).

iii. Concept Understanding: Use of analogy in the teaching-learning process places
special emphasis on understanding of concepts. It enables students to redefine various
concepts in their own words by analyzing and synthesizing different examples (Gay, 2008).
They perform better and show increased immediate and delayed recall and long term
retention Halpern, Hansen, & Riefer, 1990; Newby, Ertmer, & Stepich, 1995; Staple and
Spears 1996; Venville & Treagust, 1996; Venille & Treagust 1997; Dahl & Moreau, 2002).
Students in a study improved their understanding of the concept of capacity by using
analogies (Szetela, 1980). Additionally, Halpern, Hansen, and Riefer (1990) attest that
learning the concept of capacity through analogy is more beneficial.

Students can relate and apply concepts they have learned to real-world situations by using
analogies (Middleton, 1991; Thiele & Treagust, 1994; Venville & Treagust, 1996; Gabel, 2003;
Ramos, 2011). In a study, students were instructed to illustrate biological concepts using
topics from daily life in a diagram using sheets of paper and pencils. They created these kinds
of sketches:

. Cell (containing organelles): a city with streets, shops, and a government.

. Reproduction: To make fresh cookies, combine cookie dough and chocolate chips.

. Alcohol and drug use: these substances pollute the environment and generate
environmental concerns;

° Body system: factories that process and transport materials (Middleton, 1991).

Using analogies helps students find relationships among different pieces of knowledge
(Silkebakken & Camp 1993), which can help make concepts easier to understand (Halpern,
Hansen, & Riefer, 1990), as well as serve as a guide for concept formation (Nersessian, 1998).
Students can also analyze various concepts and identify similarities and differences for the
purpose of explanation and can give various relevant meaning to concepts (Ramos, 2011).
In addition to teaching students new ideas, effective use of analogy allows them to view
previously taught material in a different way (Middleton, 1991). They can create their own
interpretation of the concepts (Stepich & Newby, 1988) or come up with fresh, and new idea
about the concept (Dahl & Moreau, 2002).

Methodology

This study was quasi-experimental in nature and used a non-equivalent control group design.
Two intact groups of eighth-grade students from two boys' high schools were selected
randomly as sample of the study. Selected schools were representative of typical government
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high schools. They were representative in terms of amenities, the school setting, the
socioeconomic standing of the pupils, their family history, the qualifications of the instructors
and the procedures involved in hiring and promoting them, and the availability of audiovisual
aids.

Instrument

A self-developed achievement test in geometry was the study's instrument. The generated
items served as representations for the geometric concepts. Additionally, all levels of
cognitive domain of Bloom's taxonomy were taken into consideration when developing the
items. The instrument's items included questions designed to assess students' factual
understanding of geometry concepts, their ability to apply their knowledge of geometry to
problems from outside of books, and their ability to relate their understanding of geometry
to real-world situations.

Table 1

Comparison of control and experimental groups before treatment on items related to the
Concepts of Geometry

Total Group N  Mean SD t df p
Scores
Pretest: Sum of items Control 35 31 1.05 -.07 66 .88
related to the Concepts 97 Experime 33 33 1.08
of Geometry ntal

Table 1 compares the mean scores of the experimental and the control group before
treatment, on items related to the concepts of geometry. Since the result of Levene's Test for
Equality of Variances was larger than.05 and had a significance value of.88, so equal variance
was assumed. The p-value for both control and experimental group was .88 [N = 35, Mean =
.31 and SD = 1.05 for control group and N = 33, Mean =.33, SD = 1.08 for experimental group.
t value for both control and experimental groups was t (66) = -.07 at p >.05]. As p value was
greater than .05 so there was statistically no significant difference between the groups on
items involving the Concepts of Geometry before treatment.

Table 2

Comparison of control and experimental groups after the treatment on items related to the
Concepts of Geometry

Total Group N Mea SD t df p Eta
Score n 2
s
Posttest: Sum of items Control 35 37.6 6.85
related to the Concepts 97 9 - 344 0 .96
of Geometry 90.7 .51 45.6 0 0
Experime 33 3 1
ntal

Table 2 presents a comparison of the mean scores of experimental and control groups on
Concepts of Geometry items after the intervention. Since Levene's Test for Equality of
Variances yielded a value of significance equal t0.00, which was less than.05, so equal
variance was not assumed. The p-value for both control and experimental group was .00 [N
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= 35, Mean = 37.69 and SD = 6.85 for control group and N = 33, Mean = 90.73, SD = .51 for
experimental group. t value for both control and experimental groups was t (34.40) =- 45.61
at p < .05]. As p value was less than .05 so there was statistically significant difference
between the groups after treatment in items related to the Concepts of Geometry, with Etaz=
.96. The experimental group performed better than the control group on items related to the
Concepts of Geometry.

Conclusion and Discussion

The study's findings indicated that, on items pertaining to Concepts of Geometry, students of
equal ability in the experimental group fared better than those in the control group, with a
greater effect size. Since the design and other arrangements addressed all potential risks to
internal and external validity, it is possible that the experimental group's improved
performance was a result of the teaching strategy that used analogies.
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