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ABSTRACT

Background and Objectives Chemistry is one of the experimental sciences in which many students
experience difficulties and develop misconceptions during learning. Therefore, identifying and addressing
these misconceptions is crucial for effective chemistry education. The present study aimed to identify
eleventh-grade students’ misconceptions about the concepts of isomerism and the nomenclature of
hydrocarbons using a conceptual assessment approach. Metheds: This study was fundamental in nature,
and data were collected through a descriptive survey method. The statistical population included all
eleventh-grade students in the experimental sciences and mathematics tracks in schools in Tehran and other
cities of Tehran Province during the 2024-2025 academic years. The study sample consisted of 265 female
students and 283 male students, selected randomly through convenience sampling. Data were collected
using a diagnostic test containing eight multiple-choice questions. The validity of the test was confirmed by
15 chemistry professors and teachers, and the reliability was established using Cronbach’s alpha coefficient
(oo =0.84). Data analysis was conducted using IBM SPSS Statistics version 26. Findings:It is recommended
that the content related to isomerism and hydrocarbon nomenclature in the 11™-grade chemistry textbook, as
well as teachers’ instructional methods, be reviewed carefully and with special attention. Conclusion: The
results showed that 16.9% and 11.9% of eleventh-grade students held misconceptions about the concepts of
isomerism and hydrocarbon nomenclature, respectively. The most common misconceptions in isomerism
were related to identifying isomerism in functional groups, while in hydrocarbon nomenclature they were
associated with recognizing the main carbon chain. The findings also indicated no significant difference
between male and female students in terms of their average misconceptions regarding these concepts.

Keywords: Conceptual evaluation isomerism, 11" grade students, misconceptions, nomenclature of
hydrocarbons.
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Extended Abstract

Introduction

Chemistry, as an experimental science, encompasses complex concepts, extensive calculations, and
diverse chemical compounds. Due to the difficulty of chemistry, many students face misconceptions when
learning it. Misconceptions are one of the reasons for lack of learning and lead to serious problems in
students’ learning in chemistry. Misconceptions are preconceived notions, unscientific beliefs, simple and
unfounded theories, and sometimes conceptual misunderstandings that a person believes in; but they seem
scientifically correct. Such incorrect concepts can be stored in students’ memory for a long time and may
even be transferred to the future. Researchers believe that misconceptions should be identified and
eradicated in early childhood to provide students with the opportunity to acquire appropriate scientific
knowledge; otherwise, incorrect beliefs will accompany them until university education and will cause
problems in their learning. Organic chemistry or carbon chemistry is a subfield of chemistry that aims to
scientifically study the structure, properties, and reactions involving substances containing carbon and
hydrogen atoms. This study includes examining the physical, chemical, and reactivity properties of these
substances to understand their behavior. Researchers believe that organic chemistry is one of the most
difficult subjects that students in every country must learn as part of their scientific and future career
needs. Isomerism and hydrocarbon naming are two critical topics in organic chemistry education. In
organic chemistry, isomers are molecules with the same molecular formula, but their structure is different,
or the way the atoms are arranged together in these molecules is different. Hydrocarbons are also organic
compounds that contain carbon and hydrogen atoms in their molecular and structural formula. Isomeric
compounds have different chemical and physical properties. Recognizing the isomerism of organic
compounds and knowing their different chemical and physical properties is of great importance in 11%
grade chemistry books. In addition, naming hydrocarbons, especially alkanes, is an essential topic in 11%
grade chemistry books. A study conducted by our research group showed that no research has been
reported so far to identify students’ misconceptions about the concepts of isomerism and naming
hydrocarbons using the conceptual assessment method. In addition, examining the effect of the gender of
11" grade students on their level of misconceptions in the concepts of isomerism and naming
hydrocarbons makes this research work stand out compared to other studies conducted in the field of
investigating misconceptions. Therefore, the present study aims to explore the misconceptions of 11%
grade students about the concepts of isomerism and naming hydrocarbons.

Methodology

This research is based on a fundamental purpose, and its data was collected using a descriptive survey
method. The statistical population of this research includes all eleventh-grade students in experimental and
mathematical subjects in schools in Tehran and the cities of Tehran province in the academic year 1403-
1404. The statistical population includes 56,288 students (37,021 in Tehran and 19,267 in the cities of
Tehran province) of which 548 students were selected as samples using the Creasey and Morgan (1970)
table. Using a convenience sampling method, the statistical sample included 265 female and 283 male
participants randomly selected from 17 schools.

Results and Discussion

The results obtained from conducting diagnostic tests on the concept of isomerism, and the percentages of
students' responses, were arranged into four categories: full understanding, partial understanding, incorrect
understanding, and no understanding, and they were, then, analyzed. Table 1 shows the frequency and
percentage of students’ responses to the questions on hydrocarbon isomerism. Figure 1 also shows the
abundance of students’ responses to the questions on hydrocarbon isomerism.

Table 1- Abundance and Percentage of Students’ Responses to Questions about Hydrocarbon Isomerism

First question Second question Third question Fourth question Total
Level of Percentage Percentage Percentage Percentage Percentage
understanding
Full 58.4 320 70.8 388 58.0 318 44.9 246 58.0 1272
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Figure 1- Abundance of students’responses to isomerism of hydrocarbons questions

According to Table 1, among the answers given, approximately 58% of students showed complete
understanding, 16.5% showed partial understanding, 16.9% showed misunderstanding, and 8.6% showed
no understanding. Among the questions, the most misunderstanding was related to the fourth question,
which aimed to identify isomerism in functional groups. Students who held misconceptions about this
question answered it without counting the number of hydrogen and oxygen atoms, focusing solely on the
carbonyl functional group (C=0) and counting the number of carbon atoms. Also, according to the data in
Table 1, among the questions, the least misunderstanding was related to the third question, which aimed
to define isomerism. Students who misunderstood this question answered it without counting the number
of carbon and hydrogen atoms and only considered the carbonyl functional group (C=0) instead of the
alcohol functional group (-OH).

The results obtained from the diagnostic test on the concept of naming hydrocarbons, as well as the
percentage of students' responses, were categorized into four groups: complete understanding, partial
understanding, misunderstanding, and lack of understanding, and then analyzed. Table 2 shows the
frequency and percentage of students' responses to the questions on naming hydrocarbons. Figure 2 also
shows the abundance of students' responses to the questions on naming hydrocarbons.

Table 2- Abundance and Percentage of Students’ Responses to Questions on Naming Hydrocarbons

First question Second question Third question Fourth question Total
Level of Percentage Percentage Percentage Percentage Percentage
understanding
Full 72.4 397 61.1 335 66.6 365 70.6 387 67.7 1484
understanding
Partial 4.6 25 21.5 118 16.6 91 11.4 62 13.5 296
understanding
Misunderstandi 14.2 78 12.5 68 10.6 58 10.2 56 11.9 260
ng
Lack of 8.8 48 4.9 27 6.2 34 7.8 43 6.9 152
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Figure 2- Abundance of students' responses to hydrocarbon naming questions

According to Table 2, among the answers given, 67.7% of students showed complete understanding,
13.5% showed partial understanding, 11.9% showed misunderstanding, and 6.9% showed no
understanding. From among the questions, the most misunderstanding was related to the first question,
which required identifying the main chain. The students who had misunderstandings in this question did
not correctly identify the main chain and considered the ethyl group a branch. Also, according to the data
in Table 4, among the questions, the least misunderstanding was related to the fourth question, which was
asked to identify the location of the side branch at the beginning of the main chain. Students who had
misunderstandings in this question did not correctly identify the main chain and considered both ethyl
groups as branches.

Conclusions

This study investigates eleventh-grade students’ misunderstandings of isomerism and hydrocarbon
naming concepts. The level of students’ understanding of these two concepts was assessed using the
conceptual assessment method. An analysis of the responses to the test questions revealed that 16.9
percent of students misunderstood the concept of hydrocarbon isomerism, while 11.9 percent
misunderstood the concept of hydrocarbon naming. Therefore, it can be concluded that 11" grade
students misunderstand these concepts and that attention and precision are needed in teaching the
concepts of isomerism and hydrocarbon naming. The studies also showed no significant difference
between the misunderstandings of female and male students in the mentioned concepts. According to the
findings of the present study, it is suggested that when planning and writing textbooks, challenging
concepts such as isomerism and hydrocarbon naming, which may cause misunderstandings among
students, be examined. Using diagnostic and formative assessments will help teachers become aware of
students’ views and beliefs and help them resolve existing misunderstandings. Choosing appropriate
teaching methods by teachers can be effective in reducing misunderstandings. The findings of this study
can help curriculum planners, authors of chemistry textbooks, and chemistry teachers to work towards
improving the quality of the teaching-learning process of isomerism and hydrocarbon naming concepts to
prevent such misunderstandings.
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