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ABSTRACT

Background and Objectives: The present research aims to examine the concepts that constitute the “ionic
bonds and ionic compounds” topic in high school chemistry. The relationships between these concepts are
discovered using structural equation modeling as a concept map. Methods: This fundamental research is
descriptive-correlational, and its statistical population includes all high school students in Qom, Varamin, and
Kuhdasht, Iran in the academic year 2014-2015, out of which 208 individuals participated using the
convenience sampling method. The tool was a researcher-made exam consisting of 35 four-choice items, the
validity of which was assessed using content and face validity, and the Cronbach’s alpha was calculated as
0.934. The data were analyzed using “Factor Analysis” and “Path Analysis of SPSS 21 and AMOS software.

Findings: After the factor analysis, 7 factors or concepts were extracted: naming of atoms, ions, and their
effect on reactivity; naming of ions and changes in ionic radius in periodic table; ionic bonding and properties
of ionic compounds; properties of ionic compounds and the definition of lattice energy; properties of ionic
compounds, their identifications, and factors affecting lattice energy; properties and characteristics of
polyatomic ions and ionic compounds; and lastly, the chemical formula of ionic compounds. In the final
experimental model, the correlation matrix for all direct and indirect relationships were calculated. The beta
coefficients for direct relationships were obtained in the range of 0.163 to 0.473. The fitting of the model was
evaluated using RMR, GFI, and AIC, obtaining the values 0f 0.032, 0.99, and 53.244, respectively suggesting
that the proposed model is appropriate. Conclusion: The model shows that seven specific concepts are
effective in learning this topic. This model indicates which concept directly or indirectly influences the
learning of other concepts, and which concept serves as a prerequisite and facilitates understanding other
concepts.
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Extended Abstract

Introduction

Sperry, Nobel Prize winner, published the outcomes of his research on the cerebral cortex. According
to the outcomes of Sperry’s research, the left hemisphere is for analytical skills; logic, language, words,
analysis, and numbers are governed by the left brain. The right hemisphere is for emotions and creativity;
correlations, images, imagination, holistic thinking, dimensions, and colors are governed by the right brain.
In the early 1970’s, Tony Buzan, who used the studies of Sperry as a basis, developed the Mind Mapping
technique which enabled the use of the right lobe and left lobe of the brain together (Balim, Evrekli, &
Aydin, 2006). It should be ensured that mind mapping is systematically and clearly structured. The steps in
creating mind mapping are as follows: a) studying a reading text from a source book, b) determining
relevant concepts, c¢) sorting the concepts embedded in the text hierarchically, starting from the most
inclusive to specific concepts, d) arranging the sorted concepts on paper by placing the most inclusive
concepts at the top, and ¢) connecting the concepts with conjunctions (Utami, Yuliyanto, & Hidayah, 2021).
Several theories can explain the effectiveness of concept maps. First, concept mapping was initially linked
to meaningful learning, a concept formulated by Ausubel within the framework of his subsumption

(assimilation) learning theory .Second, since concept maps contain graphical elements and sometimes
symbols and pictures, Dual Coding Theory (DCT) is relevant to understanding the effectiveness of
concept mapping. According to DCT, information can be stored in two distinct but interconnected
coding systems: a verbal system that deals with language and a non-verbal system that deals with
information concerning nonverbal objects i.e., images and symbols (Anastasiou, Wirngo, & Bagos, 2024).
Third, John Sweller (2020) and his colleagues developed Cognitive Load Theory (CLT), to explain the
functioning and usefulness of concept mapping. The starting point of The CLT is that there is limited
working memory to code information. The limitations of working memory can be circumvented by
organizing schemas (mental frameworks) of knowledge that allow students to work on complex material
without exceeding their cognitive capacity (Kirschner & Hendrick, 2020).

Methodology

The present research is fundamental and descriptive-correlational. The data collection tool was a
researcher-made exam consisting of 35 multiple-choice questions. Initially, a table of objectives-content for
the topic of ionic compounds was designed based on Bloom’s levels of learning. After this table was
approved with content validity by 7 experts, several multiple-choice questions were created, which were
revised and adjusted based on the feedback from seven experienced specialists. By examining the difficulty
coefficients, discrimination, and the overall Cronbach’s alpha coefficient after removing each question,
inappropriate questions were eliminated, resulting in a final test comprising 35 multiple-choice questions.
The validity of this exam was assessed using content validity, and its reliability was evaluated using
Cronbach's alpha method, yielding a value of 0.934, indicating excellent reliability. The statistical
population of this research included all high school students in Qom, Varamin, and Kuhdasht, who were
studying in the fields of experimental sciences and mathematical and technical sciences. A total of 208
students voluntarily participated in this research and took the test. For the correct answer of each test item,
number 1 was assigned, and for incorrect answers, zero was assigned. These data were analyzed using
factor analysis of SPSS, resulting in the extraction of seven main factors for this topic. In collaboration
with a group of experienced teachers, university professors, and chemistry education researchers, in the
next stage, a theoretical model was designed in consultation and collaboration with senior chemistry
education experts based on these seven factors. The analysis of the findings of this research was conducted
using path analysis (structural equation modeling). To discover and formulate the model of structural
relationships for the topic, the correlation matrix of all the concepts was first calculated. Then, using the
results of statistical calculations, the empirical model was developed, and both direct and indirect
relationships were measured. Finally, the model fit was examined using AMOS software.

Results and Discussion

After conducting the exam, the students’ answer sheets were analyzed using factor analysis, and seven
main factors were obtained. These factors include:
Concept 1: Properties of ionic compounds, their identification, and factors affecting lattice energy,
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Concept 2: Nomenclature and electron configuration of atoms, ions, and their impact on reactivity,

Concept 3: Chemical formula of ionic compounds,

Concept 4: Properties and characteristics of polyatomic ions and ionic compounds,

Concept 5: Nomenclature of ions and changes in ionic radius in the periodic table,

Concept 6: Properties of ionic compounds and the definition of lattice energy,

Concept 7: Ionic bond and properties of ionic compounds.

Then, the initial theoretical model of this research for these seven factors was designed based on the
opinions of eight chemistry education experts. In the next stage, using path analysis and structural equation
modeling, the final empirical model for the topic of ionic compounds was obtained (Figure 1). As shown
in Fig. 1, "Nomenclature and electron configuration of atoms, ions, and their impact on reactivity" is the
first and fundamental concept and prerequisite of the topics that students learn, and it is the primary
educational objective that should be taught. The arrows indicated in Fig. 1 demonstrate that "Ionic bond
and properties of ionic compounds” directly influence learning four other concepts or factors.
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Fig. 1- Empirical model for ionic compounds topics

Table 1- Matrix of Correlation Coefficients of Direct and Total Relationships Concepts

Direct Relationships Total Relationships

Relationships of concepts Estimated Estimated

t P t P

Value Value

CONCEPT 2— CONCEPT 7 0.240 3.947 P<0.01 0.240 3.934 P<0.01
CONCEPT 2 — CONCEPT5  0.219 3.447 P<0.01 0.268 4.178 P<0.01
CONCEPT 7 - CONCEPT 5  0.203 2.899 P<0.01 0.203 29 P<0.01
CONCEPT 5 —» CONCEPT4  0.190 228  P<0.05 0.190 2.289 P<0.05
CONCEPT 7 -» CONCEPT4  0.252 2.939 P<0.01 0.290 3.372  P<0.01
CONCEPT 2 -» CONCEPT4  0.193 2465 P<0.05 0.304 3.897 P<0.01
CONCEPT 7 - CONCEPT6  0.184 2.634 P<0.01 0.163 2910 P<0.01
CONCEPT 5 - CONCEPT3  0.318 3.479 P<0.01 0.372 4.033 P<0.01
CONCEPT 4 -» CONCEPT3  0.280 3.686 P<0.01 - - -
CONCEPT 4 —» CONCEPT6  0.163 2.933 P<0.01 0.163 2910 P<0.01
CONCEPT 7 -» CONCEPT3  0.239 2.502 P<0.05 - - -
CONCEPT 6 -»> CONCEPT 1 0.041 0.355 P<0.05 0.041 0.356 P<0.05
CONCEPT 3 - CONCEPT1  0.338 3.954 P<0.01 0.338 3.93 P<0.05
CONCEPT 2 — CONCEPT 1  0.473 4351 P<0.01 0.735 6.743  P<0.01
CONCEPT 4 - CONCEPT1  0.301 2.993 P<0.01 0.402 4.02  P<0.01
CONCEPT 5 — CONCEPT 1  0.336 2.814 P<0.01 0.520 4369 P<0.01

Table 1 shows the direct and total impact of each factor on other factors based on the estimated value
(correlation coefficients matrix b), t and significance level P values. If the estimated value of the relationship
between two concepts or factors is larger, learning the first concept has a greater impact on learning the
next concept. For example, the coefficients of knowledge regarding the nomenclature and electron
configuration of atoms, ions, and their impact on reactivity with knowledge of Ionic bond and properties of
ionic compounds are (0.240 = b & P < 0.01). Because the significance level is less than 0.01, learning this
concept impacts the learning of "lonic bond and properties of ionic compounds" with 99% confidence level.
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Similar results can be extended to other information in the table. Based on the data in the table 1, all
relationships between variables, except for the relationship "lonic bond and properties of ionic compounds
with the chemical formula of ionic compounds, " are significant at a significance level of less than 0.05.
This means that learning the independent variable (concept 1) affects the learning of the dependent variable
(concept 2).

Table 1 presents 20 relationships between 7 factors derived from factor analysis. Except for three cases,
all other relationships are statistically significant at a 95% confidence level with a significance level of less
than 0.05, indicating that the independent variable (Concept 1) affects the dependent variable (Concept 2)
in terms of learning.

Finally, to assess the overall fit of the final empirical model, ten different statistical indices were used,
and their values are presented in Table 2. By observing these index values and comparing them with the
acceptable range for each index, it can be concluded that the final model is validated according to all these
indices, thus indicating that the model has a good fit.

Table 2- Model fitness indices

Index Amount Acceptable Domain Results
y2/df 1.449 <2 Model Approved
Absolute RMR 0.032 Close to zero Model Approved
GFI 0.99 >0.9 Model Approved
AGFI 0.943 >0.9 Model Approved
TLI 0.957 >0.9 Model Approved
Relative YOUTH 0.991 >0.9 Model Approved
CF1 0.990 >0.9 Model Approved
RMSEA 0.047 <0.05 Model Approved
Modified PCLOSE 0.455 >0.05 Model Approved
AIC 53.244 =) Model Approved
Conclusion

In the experimental model of ionic compounds, the factors of nomenclature and the electron
configuration of atoms and ions, and their impact on reactivity are prerequisites for other factors. After
familiarizing with the nomenclature and electron configuration of atoms, ions, and their impact on
reactivity, and understanding how metals and nonmetals achieve stable configurations, the knowledge of
Ionic bond, and the properties of ionic compounds is presented. This factor is a prerequisite for learning
four concepts, which are: the nomenclature of ions and changes in ionic radius in the periodic table, the
properties and characteristics of polyatomic ions and ionic compounds, the properties of ionic compounds
and the definition of lattice energy, and the chemical formula of ionic compounds. If learners understand
the concept of Tonic bond and can explain how this type of bond forms, then they can justify the properties
of ionic compounds based on such bonding. Knowing the knowledge of Ionic bond and the properties of
ionic compounds leads to learning the nomenclature of ions and changes in ionic radius in the periodic
table, which is a prerequisite for learning the concepts of properties and characteristics of polyatomic ions
and ionic compounds and their chemical formulas. By knowing the nomenclature of monatomic and
polyatomic ions, the learner can write the chemical formula of ionic compounds. The knowledge of the
properties of ionic compounds and the definition of lattice energy is a prerequisite for learning the concept
of identifying them and the factors affecting lattice energy in crystals. Knowing that one of the important
factors in the formation of a crystal is its lattice energy, which depends on the charge and radius of the ions,
the learner can compare the lattice energy of ionic compounds and, through its value, identify the bond
strength in ionic compounds. Based on this model, learning the properties of ionic compounds, identifying
them, and the factors affecting lattice energy in crystals is not a prerequisite for learning other factors. By
comparing the two experimental and theoretical models of this research, it can be said that the theoretical
model presented at the beginning of the article is confirmed by the experimental model obtained. Therefore,
it can be concluded that the experimental model obtained is a suitable structural model of the learner's
knowledge in this lesson. Additionally, proper attention should be paid to this map.
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