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longitudinal design to investigate the effect of early education on the occurrence of
misconceptions among ninth-grade students in Farzanegan girls’ schools in Tabriz and
compare it with the understanding of the same students in tenth-grade. For this purpose, the
topic of naming ionic and molecular compounds was selected.

Materials and Methods: The statistical population of this study was 37 ninth-grade female
students studying at Farzanegan School in Tabriz, selected using a convenience sampling
method. In order to control confounding variables and ensure the matching of groups, the same
students were used in two consecutive years. The measurement and data collection tool was a
researcher-made questionnaire consisting of 7 four-choice and descriptive questions about the
rules of naming ionic and molecular compounds, the validity of which was confirmed by
several experts. The reliability of the questions was 0.84 using Cronbach’s alpha coefficient

in SPSS software, and the significance coefficient of the data in the independent T-test for
RESEARCH ARTICLE total scores was 0.001 (p < 0.05)
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Extended Abstract

Introduction

In many educational systems, teachers are often focused on helping students meet predetermined standards. However, they
may not adequately assess the depth of student understanding. This approach emphasizes syllabus targets but neglects deep
conceptual learning. This can lead to a significant problem: the formation of misconceptions. These misconceptions arise from
a conflict between students’ prior knowledge and new scientific concepts. This issue is especially common in subjects like
science and chemistry. These subjects contain many abstract concepts and invisible models. Misconceptions can easily take
root here. If not corrected, they can become ongoing learning obstacles.

One contributing factor to these misconceptions could be the premature introduction of abstract chemical concepts, such as
covalent bonding and molecular compound nomenclature, at the ninth-grade level, where students’ cognitive development

might not be fully ready for such abstractions. While this approach may benefit some students and promote their deeper

learning, it can be counterproductive if it is not aligned with students’ cognitive levels and prior knowledge. Studies show that
accelerated teaching can sometimes enhance cognitive growth, but in other cases, it may lead to disengagement or the formation
of false beliefs.

This is evident in gifted schools that use methods like curriculum enrichment. Some teachers of the mentioned schools
prioritize covering extra content over ensuring thorough understanding. This approach may work for some students. However,
others who lack the foundational knowledge may develop misconceptions. For instance, teaching ionic and covalent compound
naming in ninth grade, before mastering the prerequisites, leads to confusion and incomplete learning. To reduce
misconceptions, educators should adopt active learning strategies. These include simulations, concept mapping, and diagnostic
assessments. Furthermore, identifying ‘threshold concepts’ is crucial. These are key ideas essential for progress. Pinpointing
these helps teachers identify student weaknesses and adjust their instruction.

Finally, accelerated learning can be useful in certain contexts. However, it carries the risk of creating misconceptions, if
implemented without considering student readiness. Therefore, educational systems must find a balance. They must accelerate
learning while also ensuring deep conceptual understanding. This balance is key to preventing the formation of false beliefs.

Methodology

The present study employed a descriptive-analytical longitudinal design. The study population consisted of 39 ninth-grade
female students at Shahid Madani National Gifted High School (Sampad) in Tabriz, selected through convenience sampling
based on inclusion criteria (such as shared educational background: all were in the same grade, had followed the same
standardized curriculum, and had been taught using similar methods and resources by their teachers). In the first year of the
study (ninth grade), participants were tested. Two students were excluded due to incomplete pre-test responses, resulting in a
final sample of 37 students whose data were analyzed. A listwise deletion method was applied to maintain consistency and
comparability of data across all stages and tests. One year later, the same test was administered to the same students in the tenth
grade to assess changes in their conceptual understanding.

The research instrument was a researcher-made questionnaire consisting of seven questions (a combination of multiple-
choice and open-ended items) focusing on writing chemical formulas and naming ionic and molecular compounds. Content
validity of the questionnaire was confirmed by experts (university professors and experienced teachers), and its reliability,

assessed using Cronbach’s alpha coefficient (o = 0.84), was measured in SPSS.
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To control for confounding variables, data were collected from the same group at two time points (ninth and tenth grades)
after the relevant instructional content had been taught. Quantitative data were analyzed using descriptive statistics (mean and
standard deviation) and inferential statistics. Given the normality of the data distribution (confirmed by the Kolmogorov-
Smirnov test) and the scale of data measurement, a paired t-test was used to compare the overall scores of students at two time
points (ninth-grade versus tenth -grade) and Bonferroni correction was used at a significance level of 0.007. Qualitative data
from semi-structured interviews were analyzed using qualitative content analysis (thematic analysis) to explore the underlying
causes of misconceptions in greater depth.

Results and Discussion

In this study, the effect of teaching resources early on the occurrence of misconceptions in ninth-grade students of the first
secondary school of Farzanegan schools was investigated in the topic of naming ionic and molecular compounds. The findings
of the present study, which were collected using a researcher-made questionnaire and interviews with ninth-grade students in
the first year of the study and the same students in tenth grade in the second year of the study, show that some
misunderstandings, such as the incorrect use of Greek prefixes in haming molecular compounds and confusing the rules for
naming ionic and molecular compounds, are widely prevalent among students in both grades. The results of statistical tests,
including the independent t-test, showed that although students in tenth-grade generally performed better than those in ninth-
grade, this improvement was very small for some specific misunderstandings. For example, in converting the charge of an ion
to a subscript in formulating ionic compounds, only 21% improvement was observed, which is unacceptable given the elapse
of one academic year and additional training. These findings confirm that chemical misconceptions, especially in the areas of
formulating and naming, are very persistent and require specific educational interventions.

Analysis of students’ responses to test questions revealed worrying patterns of persistent misconceptions. In the question
related to identifying the type of bond in chemical compounds, although the percentage of correct answers in tenth-grade
(48.64%) increased slightly compared to ninth grade (45.94%), at the same time, the selection of incorrect options in tenth-
grade showed a significant increase. This indicates that formal education has not only failed to completely eliminate existing
misconceptions, but in some cases has led to the reinforcement or even the creation of new false beliefs.

Examination of other questions also indicated profound challenges in understanding basic concepts. In the naming questions,
although students’ performance had improved somewhat in the tenth-grade, more than 40% of them still failed to answer key
questions correctly. In particular, the mistake in distinguishing between the naming rules for ionic and molecular compounds
and the incorrect use of Greek prefixes were identified as the most common misunderstandings. In contrast, in the question
related to identifying constituent ions in chemical compounds, a 21.62% improvement was observed in the ability to convert
the charge of an ion to a subscript, which, although positive, is not sufficient to achieve full mastery. Collectively, these findings
emphasize the need to review teaching methods and emphasize teaching conceptual differences with active strategies.

In terms of methodology, the present study has taken an important step towards a deeper understanding of students’ learning
problems by systematically identifying and categorizing misunderstandings. The classification presented in this study, which
categorizes misunderstandings into three main areas of understanding the structure of compounds, formulating, and naming,
can be a valuable basis for designing remedial educational programs. Accordingly, seven types of misunderstandings were
identified and extracted in students’ responses to the questionnaire questions, 5 of which were due to students’ lack of mastery
of the course content in the same or previous grades. Thus, they did not have the necessary familiarity with the structural
features of ionic compounds and how ionic and molecular compounds are formed, they were not familiar with the names of
polyatomic ions, the shape and name of some elements, as well as the electric charge of ions and how to convert the charge of

ions to subscripts, and most importantly, they used the rules of naming molecular compounds in naming ionic compounds and
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were unable to understand the differences in these compounds and their naming. Therefore, according to the results obtained,
it is suggested that teachers should try to strengthen the reasoning power of learners by conducting group discussions in the
classroom, providing examples and useful information, using active teaching methods, using conceptual questions in tests to
internalize knowledge in the minds of students and develop problem-solving skills in them. Receiving education with course
resources prematurely and inappropriately to the mental and physical development of students is one of the most important
reasons for educational misunderstandings. Studying non-course resources in the classroom due to their incompatibility with
the conditions and characteristics of students’ learning and their lack of mental preparation, and the lack of competition among
some students to receive materials outside the textbook, causes incorrect mental images and lack of interest in learning in them.
Using course resources related to higher educational levels in education increases the volume of materials and deprives learners
of the opportunity to review and repeat more and consolidate what they have learned. The results of the present study are
consistent with the findings of Badrian (2016), Badrian et al. (2014), Shekarbaghi (2013), Hobidin (2014), and Shalper (2018).
The findings of these studies also point to the need to revise the curriculum and educational materials in order to reduce
educational misunderstandings. The findings of this study can help teachers, curriculum planners, textbook writers, and
education activists to take steps to improve the quality of the teaching-learning process and eliminate students’ educational
misunderstandings in the topic of naming compounds.

Conclusions

This study shows that early teaching of ionic and covalent compound naming to ninth-grade students without ensuring
prerequisite knowledge of the periodic table, compound properties, and bonding mechanisms resulted in seven distinct types
of misconceptions. The most significant errors included confusion between naming conventions and misapplication of covalent
compound rules to ionic compounds. Statistical analysis (at a significance level of 0.001) revealed a significant performance
gap between ninth- and tenth-grade students, confirming the negative impact of developmentally inappropriate early teaching.
These findings, consistent with similar research, emphasize the need to: avoid early presentation of content, focus on
foundational concepts, use active teaching methods, and align curriculum design with students’ cognitive abilities all of which
are critical to preventing cognitive barriers and ensuring proper retention of knowledge.

In this context, it is suggested that teaching with teaching resources ahead of schedule in the classroom should be avoided
and that educational design be made in accordance with the learning abilities of students. It is better for teachers to teach the
principles, concepts, and properties of ionic and molecular compounds to students in the ninth grade and to postpone
familiarization with the naming of chemical compounds, which is not part of the syllabus of the ninth-grade science textbook,
to the next year.

One of the most important limitations of this study is the lack of control over the variable ‘instructor or teacher’. Given that
teaching in the ninth and tenth grades is carried out by different teachers, it is not possible to separate the effect of ‘timely
education’ from ‘the effect of teaching style and specific abilities of the teacher’. Therefore, the results of this study could be
affected by this factor, and its generalization requires studies that control for this variable. On the other hand, other limitations,
such as accessible sampling and the statistical population being limited to female students in a specific city, challenge the

generalizability of the results.
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