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ABSTRACT

—: This study aimed to design and implement analogies for teaching the concepts

of electron configuration, Aufba’s principle, and electron excitation in 10th-grade chemistry, and to
investigate their effect on students’ motivation and learning -: This study used a quasi-experimental
design with a pretest-posttest control group. The statistical population consisted of 10th-grade students in
Malayer, Iran during the academic year 2024-2025. Among them, 50 students were selected through
convenience sampling and assigned to two groups of 25 participants in each; one group served as the
experimental group and the other as the control group. The experimental group was taught through analogical
instruction, while the control group received traditional teaching. Data collection instruments included
academic achievement tests (pretest & posttest) and a student survey designed to assess students’ attitudes.
Data were analyzed using SPSS version 26 with descriptive and inferential statistics. -: Levene’s test
and the Kolmogorov—Smirnov test confirmed homogeneity of variances with normal data distribution.
Cohen’s d effect size was 1.80, and Eta squared was 0.458, indicating a large and statistically significant effect
at the 95% confidence level. Survey results showed that 88% of the students rated this method as effective in
increasing motivation, 84% found it helpful in learning complex chemistry concepts, and 92% expressed
willingness to have this method applied in teaching other chemistry topics. _: The study
demonstrated that analogy can facilitate learning and enhance students’ interest in teaching complex chemistry
concepts.
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Extended Abstract

Introduction

One of the core principles of effective science instruction is helping students ‘make the unfamiliar
familiar’—that is, enabling them to connect new scientific ideas to their prior knowledge and real-life
experiences (Seiler & Huggins, 2018; Keri & Elbatarny, 2021). Many scientific concepts are abstract,
intangible, and cannot be easily visualized in the classroom. To overcome this challenge, science teachers
often rely on analogies that link unfamiliar concepts with familiar objects, situations, or processes already
embedded in learners’ minds (Nakiboglu & Taber, 2013).

Analogical reasoning has long been recognized as a powerful instructional strategy in science education.
The term analogy, derived from the Greek analogia, refers to a relationship of similarity or correspondence
between two entities in any domain—physical, conceptual, or symbolic. In educational contexts, it involves
mapping a familiar source (the analogue) onto an unfamiliar target (the scientific concept), allowing
students to grasp abstract phenomena better (Rahayu & Sutrisno, 2019a). In essence, analogical teaching
supports learning by comparing a known system with an unknown one, highlighting shared relational
structures and allowing for transferable inferences (Gokhan et al., 2012; Audu, 2024).

For an analogy to be effective, the familiar concept must be well-known to the learner and structurally
similar to the target idea. A good analogy is not only easy to remember but also helps construct accurate
mental models of scientific phenomena (Orgill & Bodner, 2004). Furthermore, analogical instruction
encourages students to build on their existing mental frameworks and fosters higher-order thinking skills
(Deborah, 2014). According to Saleem and Akbar (2022), analogies serve as a scaffold between known and
unknown domains, helping learners connect new information to their pre-existing knowledge through the
identification of relational patterns.

However, the use of analogies in science classrooms is not without risks. If poorly designed or
explained, analogies can lead to misconceptions or cognitive conflicts. For example, Motazaker &
Avazdokht (2015) note that an analogy used to explain atomic radius—comparing increased nuclear charge
to added firewood making a campfire hotter—may confuse students when they misapply the metaphor to
spatial positioning, believing electrons should move farther away from the nucleus due to ‘heat’. As Rahayu
and Sutrisno (2019a) emphasize, analogies must be carefully constructed, and their limitations clearly
communicated to avoid such conceptual errors.

Scholars recommend several strategies for maximizing the benefits of analogical instruction: selecting
analogies relevant to learners’ experiences, explicitly explaining the components and boundaries of the
analogy, and even using multiple analogies to represent a single concept (Brown & Salter, 2010). When
implemented effectively by trained teachers, analogies can serve as powerful tools for enhancing science
learning (James & Scharmann, 2007; Audu, 2024).

Despite the widespread research on the role of analogies in science education, few studies have
systematically designed, applied, and evaluated analogy-based instruction for specific chemistry topics,
particularly electronic configuration, sublevels, and electron energy levels. In Iran’s 10th-grade chemistry
curriculum, these abstract topics are introduced formally for the first time, presenting a significant cognitive
challenge for students. Traditional methods often fail to support meaningful learning in such contexts and
may contribute to students’ poor performance in science (Owolabi & Oginni, 2013; Ankeli et al., 2020).

Given the abstract nature of chemistry and the increasing demand for innovative instructional
approaches that support conceptual understanding, analogy-based teaching appears to be a promising
method. It provides a bridge between the macroscopic, submicroscopic, and symbolic levels of
representation in chemistry (Johnstone, 1993; Demircioglu et al., 2013). Therefore, the present study aims
to fill the gap in the literature by designing and implementing targeted analogies for teaching atomic
structure and examining their effectiveness in enhancing student motivation and learning outcomes in 10th-
grade chemistry.

Methodology

This study employed a quasi-experimental pretest-posttest design with a control group to examine the
effectiveness of analogy-based instruction on students’ understanding of electronic configuration and the
Aufbau principle. The study was conducted during the 2024-2025 academic year in Malayer, Iran. A total
of 50 tenth-grade students were selected through convenience sampling and randomly assigned to
experimental and control groups (n=25 each).
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The instructional intervention involved carefully designed analogies that linked abstract chemical
concepts to students’ real-life experiences. These included analogies such as: electron layers and sublevels
as hotel floors and rooms, the Aufbau principle as hotel management rules, electron energy as distance from
the school principal’s office, and electron excitation as homesickness in a distant city. The experimental
group was taught using these analogies, while the control group received traditional lecture-based
instruction.

Data were collected using two instruments: (1) an achievement test consisting of 10 items, and (2) a
Likert-scale survey designed to assess students'” perceptions of the use of analogies in learning. The content
validity of both instruments was confirmed by two chemistry education experts, and internal reliability was
measured using Cronbach’s alpha, yielding values of 0.85 and 0.78, respectively, based on Cronbach and
Shavelson (2004).

Both groups completed pre- and post-tests, and only the experimental group responded to the attitude
survey. Data were analyzed using SPSS 26, employing descriptive statistics (mean, standard deviation) and
inferential analysis (one-way ANOVA) with a significance level of 0.05 (p < 0.05)

Results and Discussion

This study investigated the effectiveness of analogy-based instruction in teaching abstract chemistry
concepts, particularly electronic configuration and the Aufbau principle, in a tenth-grade classroom. In high
school, students are first introduced to concepts such as electron shells and subshells, their filling order, and
differences in their energy levels—all of which are highly abstract and difficult for many learners to grasp
through direct instruction alone. In this study, simple analogies—such as a hotel, a principal’s office, and a
student away from home—were used to make these complex ideas more understandable to students.

A multi-story hotel was employed to introduce the structure of the atom. The nucleus was likened to
the hotel manager’s office. The energy levels (shells) were presented as floors of the hotel, and sublevels
as rooms on each floor, with electrons as guests. Each room (sublevel) had a specific capacity and a unique
address composed of the floor number and a letter (e.g., 4s). Visual representation (Fig. 1), combined with
questioning and hands-on activities, helped students gain a good understanding of electron distribution and
the sublevel filling order.

The number of floor — 4 4+0=4 4+1=5 442=6 443=7
Number of rooms per floor = floor number . - 2 3
First floor — one room 3+0=3 3+1=4 3+2=5 3+3=6
Second floor — two rooms . - 2

Third floor — three rooms 2+0=2 2+1=3

Fourth floor — four rooms . -

# The number on each room is its number 1+0=1

# The number on each room is the score for that room. .

Scoring method: Room number + Floor number

\.’
Fig. 1- The analogy comparing the structure of an atom to a hotel

Teaching the Aufbau Principle through the Hotel Management Analogy

To facilitate understanding of the Aufbau principle, a classroom game called ‘Hotel Management’" was
designed. In this activity, students placed electrons (guests) into sublevels (rooms) following specific rules
reflecting the Aufbau order. For example, in the electron configuration of Scandium, students first fill the
4s sublevel before proceeding to 3d. Repeated practice within this analogy helped students better
comprehend the energy hierarchy of sublevels. Beyond conceptual clarity, this playful approach increased
student engagement, motivation, and active participation in the learning process.

om

Electron Energy and the Principal’s Office Analogy

To explain the relationship between electron energy and its distance from the nucleus, the principal’s
office analogy was used. The nucleus was depicted as the office, centrally located within the hotel. Electrons
closer to the nucleus (inner shells) were described as having lower energy and being under greater control.
As electrons moved farther away (outer shells), they gained more freedom (energy) but became less stable.
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This analogy made the abstract relationship between energy and distance from the nucleus more tangible
and intuitively understandable for students.

Electron Excitation and the Homesick Student Analogy

To illustrate electron excitation, the analogy of a student or traveler away from home was introduced.
In this metaphor, the nucleus represents home, a place of stability and comfort. When an electron (student)
absorbs energy, it moves away from the nucleus (home), entering an excited and unstable state. The natural
desire to return home paralleled the electron’s return to its ground state, releasing energy in the process.
This analogy not only effectively conveyed the concept of excitation but also tied it to emotional
experiences such as homesickness, deepening student understanding, and personal connection to the
concept.

The statistical analysis (Table 1) revealed that the use of analogies had a significant positive effect on
students’ learning outcomes in electronic configuration concepts. The mean learning score in the
experimental group (M = 4.44, SD = 1.24) was notably higher than that of the control group (M = 1.96, SD
= 1.50). Independent t-test results showed a statistically significant difference between the groups (¢ = 6.36,
df = 48, p < 0.001). Levene’s test confirmed the homogeneity of variances (p = 0.153), and the
Kolmogorov—Smirnov test verified the normality of the data distribution.

Effect size calculations indicated a significant educational impact: Cohen’s d was 1.80, and Eta squared
(n?) was 0.458, meaning that approximately 45.8% of the variance in learning scores could be attributed to
the teaching method. These results confirm that analogy-based instruction had a statistically and practically
significant effect at the 95% confidence level.

Additionally, the attitude survey showed that 88% of students reported increased motivation, 84% found
the analogies helpful for understanding abstract chemistry concepts, and 92% expressed interest in using
this method for other chemistry topics.

Table 1. Results of a one-way ANOVA test on the effect of analogy use on learning electronic
configuration

Source of Sum of Degrees of Mean Square F Value p-value Eta Cohen’s d
Variation Squares Freedom Squared
Between 76.88 1 76.88 45.50 <0.001 0.458 1.80
Groups
Within 91.12 48 1.90
Groups
Total 168.00 49
Conclusion

The results of this study demonstrated that the use of analogy-based instruction had a significant and
meaningful effect on students’ understanding of electronic configuration concepts. Statistical analysis
showed that students in the experimental group, who were taught using analogies, achieved significantly
higher learning scores than those in the control group. With a large effect size (Cohen’s d = 1.80; 1> =
0.458), the findings confirm both statistical and significant educational relevance. The analogies designed,
such as hotel rooms for electron sublevels, the principal’s office for energy levels, and homesickness for
electron excitation, helped simplify abstract chemistry concepts and made them more accessible to students.
Moreover, 82% of students agreed that these analogies facilitated their understanding of electronic
configuration and electron energy concepts, and over 90% expressed interest in using such strategies for
other chemistry topics. Student feedback indicated that relatable examples encouraged deeper engagement
and created meaningful learning experiences. However, the study also highlights the importance of careful
design and explanation of analogies to prevent misconceptions. Teachers are advised to clarify both
similarities and limitations when presenting analogies. This approach shows promise not only in improving
conceptual understanding but also in enhancing overall science education quality.
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