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An Analysis of Scientific Articles on Mathematics

Misconception: A Bibliometric Research

Prepared by: Rana Jubraeil Aleifat
Supervised by: Dr. Ahmad A.S. Tabieh

Abstract

The purpose of this study is to conduct a bibliometric analysis of the research
published in the field of mathematics misconception in the period 1947 to 2023, to
identify the general knowledge structure and participation in research publication. An
analytical approach was used based on Scopus database data. This study used mixed
methods; quantitative method to summarize the articles using bibliometric analysis, and
qualitative method to analyse the content of the most cited papers on mathematics
misconception. An analysis of the data was conducted by analyzing the year of
publication, the type of publication, the title of the research product, the institution and
country where the researcher belongs, the number of citations, and the collaborative
interactions between authors and their affiliated institutions. Additionally, the most
frequently used keywords were analysed to identify the most common mathematics
misconception. There were 525 research papers related to mathematics misconception, of
which 447 were published in classified journals and 78 in conference proceedings indexed
in Scopus. Research publications related to mathematics misconception have clearly
increased over time, as one paper was published in 1947-1962 and 377 papers were
published in 2011-2023. Additionally, most researchers and educational institutions
publishing papers about mathematics misconceptions were from the USA, England, and
Turkey. The most cited papers were those belonging to American researchers. Among the
most common subtopics related to mathematics misconceptions were common
misconception, reconstructing understanding of mathematical concepts, and learning and
teaching about functions and graphs. Students, education, and teaching were the most
commonly used keywords. The qualitative analysis of the ten most important research
papers according to the number of citations showed the presence of (23) common
mathematics misconceptions, classified into four categories: general mathematics
misconception, algebraic mathematics misconception, trigonometric mathematics
misconception, and calculus mathematics misconception. This study recommends that
researchers should extend their investigations of bibliometric analysis to other fields of
education given the valuable insights gained from the bibliometric analysis conducted in
mathematics education.

Keywords: Mathematics Misconception, Bibliometric Analysis, Scientific Articles.
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CHAPTER ONE
Background and Significance of the Study

1.1. Introduction

The concepts serve as building blocks of knowledge, allowing students to relate
information to one another or to distinguish it from other information. Consequently, they
play an integral role in learning and thinking. Meaningful learning occurs when you fully

comprehend these concepts and establish connections between them (Julius et al., 2021).

As students experience mathematic concepts, they process information in ways that
may be incorrect; some may memorize directly, while others may interpret incorrectly,

all of which can cause misconceptions (Kadarisma et al., 2020).

A misconception is a mistake in understanding the concept or in interpreting its
meaning (Ay, 2017). A misconception encountered by a student during mathematics
classes can have a lasting effect on their understanding of mathematics in the future.
According to Kadarisma (2016), Mathematical concepts are not isolated but are

interconnected, so one mistake in a basic concept can lead to another mistake.

Mathematical education, as well as other disciplines, is the subject of many
national and international scientific research, reviews, and studies. In response to
scientific developments, the content of mathematics courses has varied, exposing various
perspectives on how mathematics education can meet the needs of a developing society.
A trend analysis of recent studies conducted in mathematics education will shed light on
short-, middle-, and long-term studies, as well as guide researchers and educators in

scientific debates. (Ozkaya, 2018)



Bibliometric analysis is an approach based on analysis that is often used in extensive
scientific research to examine and analyse data. The bibliometric analysis allows the
categorization of research development by articles, authors, and journals. Researchers use
bibliometric analysis for a variety of research purposes, including describing the field of
research, journal performance, research object collaboration, and exploring other

developments in research. (Sreylak et al., 2022)

The development of mathematics education from a bibliometric perspective has been
the main focus of discussion within the educational field. There is therefore a need for
updated data derived from bibliometric analysis in mathematics education. In contrast to
systematic review papers, bibliometric research involves analyzing published articles to

identify global patterns within a specific academic field (Phan et al. 2022).

Bibliometric citation analysis facilitates quantitative evaluation of prominent journal
titles, keywords, and the flow of publications in the academic context. Moreover, it
provides valuable insights into the academic community by visualizing interactions

between authors from diverse universities, institutions, and countries. (Julius et al., 2021)

1.2. Problem Statement

Many students pursue higher education after high school, but more than 40%
discover that they lack the skills to succeed in college courses, particularly mathematics.
Even though many math concepts are covered in middle and high school, some students
still face gaps in their preparation (Lee & Boyadzhiev, 2020). Often, misconceptions
about math can negatively affect students' performance, cause them to lose motivation for

math, and affect their willingness to dedicate more time to the subject.

There are many findings on mathematics education, especially on mathematics

misconceptions. Much research undertaken in bibliometric analysis in the field of



sciences. For instance, only a limited number of studies carried out bibliometric analysis
to map the global research landscape in the field of mathematics education. For example,
Julius et al. (2021) reported a bibliometrics analysis of research in Mathematics education
using the Scopus database. The researcher realized that there is a need for a bibliometric

analysis to analyse all the articles on mathematics misconceptions from various studies.

The scope and complexity of the research issues are broad since mathematics
education articles examine all concepts and domains related to mathematics. The
bibliometric analysis concerning mathematics education suggested carrying out
additional studies in this field while there are too many papers on this topic to be examined

by a limited number of studies (Julius et al. 2021).

1.3. Study Purpose

The purpose of this study is to analyse scientific articles on mathematics

misconceptions using bibliometric analysis from 1947-2023.

1.4. Study Questions

To achieve this goal, the study aims to answer questions related to two main sub-purposes:
A) Performance Analysis and benchmarking:
1) What is the journal publications’ trend in mathematical misconception over its
lifetime?
2) What is the journal citations’ trend in mathematical misconceptions and what
are the most cited papers?
3) Who are the most productive and influential institutions, and countries in

mathematical misconceptions publication?

B) Content analysis and road map for future research



1) What are the main thematic patterns in mathematical misconceptions?
2) What are the most frequent misconceptions used in the studies published in the

mathematics misconceptions research area?

1.5. Significance of the Study

As an actual effort to help in mathematics education, this research seeks to dig deeper
into the worldwide research trend in mathematics misconceptions, therefore, the results
of this study are expected to provide recommendations for further research and become
an evaluation in learning mathematics. Mathematics teachers can use this study to avoid
making these mistakes when teaching, training, and tutoring students. Curriculum
developers can also create mathematics content in a way that reduces the likelihood of

students making these mistakes.

Bibliometric analysis improves our understanding of science, which helps create
knowledge in a variety of fields, including education. This study has significant
importance for academics who are interested in bibliometric analysis. It is also beneficial

for mathematics teachers to examine research regarding misconceptions in mathematics.

1.6. Definitions of Key Terms

The study includes some concepts and terms that need to be clarified as follows:

Mathematic Misconception: Kshetree et al. (2021) defined mathematics misconceptions
as an individual’s understanding of a concept that deviates from the intended meaning
and comprehension in mathematics. The development of misconceptions in students can

be attributed to their previous inappropriate learning.

Procedurally, the main theme in mathematical misconceptions is analysed across

different fields including numbers, geometry, algebra, statistics, and measurements.



Bibliometric analysis: According to Norton (2000) bibliometric is the measurement of
texts and information. Furthermore, (Daim et al., 2006) state that examining, organizing,
and analyzing a large amount of historical data can be beneficial in finding hidden

patterns that could aid researchers in making decisions.

Procedurally, a bibliometric analysis is used in this research to analyse bibliometric

data from 1947 to 2023 on scientific articles on mathematics misconceptions.

1.7. Study Limitations and Delimitations

Study Limitations

Bibliometric analysis will analyse scientific publications indexed in the Scopus
database between 1947 and 2023 on mathematics misconceptions. The sources of the
articles are limited to those published in journals or conferences excluding books and

book chapters.

Study Delimitations

The techniques chosen and the choices made at each stage of the bibliometric analysis
are crucial because they affect the findings and conclusions made from the investigation.
Moreover, the bibliometric data from scientific databases like Scopus are not created

specifically for bibliometric analysis, therefore, they may contain minor errors.



CHAPTER TWO

Theoretical Framework and Review of the Literature

This chapter discusses the theoretical framework, as well as a review of relevant

theoretical literature and prior research.

2.1. Theoretical Framework

Mathematics education is a fundamental and universal subject in education that
encompasses various aspects, such as curriculum development, pedagogical approaches,
assessment, and the overall improvement of mathematical knowledge and skills in

students.

The field of mathematics emphasizes developing problem-solving skills, a crucial
skill throughout students' lives; techniques and approaches gained at school have an
important impact. Additionally, mathematics allows for the creation of meaningful
problems and the development of new dialogs. It is through abstractions that children
learn to understand relationships, recognize structure, reason about concepts, and debate

a statement's truth/falsity (Mishara, 2020).

Considering the growing focus on STEM (Science, technology, engineering, and
mathematics) education and careers, it’s critical to evaluate students’ understanding of
the fundamentals of science and mathematics throughout their education and to determine
any misconceptions, errors, or misunderstandings that may still exist. A lack of
foundational understanding at earlier ages is linked to misconceptions, errors, and
misunderstandings in higher grade levels. This is a crucial understanding for many
stakeholders in science and mathematics education, including classroom teachers, teacher

educators, policymakers, and researchers. (Neidorf et al., 2020)



Ersoy (2006) believes concept learning is important in mathematics, leading to
numerous misconceptions. The interconnected nature of mathematical concepts and the
spiral structure of mathematics curricula make defining any concept independently
difficult. Therefore, students with misconceptions from previous topics may incorporate

new misconceptions into the previous ones.

NCTM (2000) has confirmed that conceptual knowledge plays an essential role in
the acquisition of knowledge by learners. A procedure, that assists the learner in
implementing algorithms and mathematical skills, as well as determining the extent to

which the procedures followed by the learner are correct.

A misconception is part of a larger system of concepts used by individuals to interpret
daily experiences and understand them. Students establish connections between new
knowledge and their previous knowledge when they encounter new knowledge. In case
the new input conflicts with the existing knowledge, the existing knowledge needs to be
restructured. Unintentionally, students may develop misconceptions through
explanations, problem-solving, or presenting evidence based on incorrect reasoning.
Frequently, these misconceptions blend with others and errors, leading to a cycle of

misperceptions (Kurtulus & Tatar 2021).

Misconceptions are just as common as any other phenomenon. Almost any concept
has the potential to be misunderstood. However, it’s not just an error; it may occur due to
any mistake, but misconceptions may arise due to an inaccurate and incorrect
understanding of prior knowledge. Misconceptions occur in computations, algebra,
geometry, trigonometry, linear equations, quadratics equations, similar triangle relations,

functions, and almost any other area of mathematics. (McDonald, 2010)



Mathematics concepts must be taught by teachers with accurate knowledge. Students
should be protected from being misled by using appropriate methods and techniques in
learning environments. Misconceptions can be prevented by educators proactively if they
are familiar with them. Through scientific approaches and models, students can be
assisted in reorganizing and incorporating information by recognizing their
misconceptions, creating a discussion that encourages them to address these
misconceptions, and addressing misconceptions via discussions and discussions. (Unver

& Elci 2022).

The concept of bibliometrics was introduced by Pritchard (1969) as a new way to
conduct reviews. It has been used in a variety of research topics, including mathematics
(Phan et al. 2022). The bibliometric analysis is a convenient way to examine the
development of a research domain, including the topics and authors, based on social,
intellectual, and conceptual factors. This method has been applied to a variety of fields,
including strategic management, corporate social responsibility, medicine, and corporate

universities (Singh et al., 2020).

Many details about a source document are included in a bibliographic data collection,
such as the author, the nation, the keywords, the institution, the language, the publication
source, the year of publication, the references mentioned, the reference sources, and the
subject categories. After these data are gathered, a bibliometric analysis is carried out to
look at the connections between citations in scholarly journals. Publications are usually
examined in terms of the number of times they are cited elsewhere as part of the citation
analysis process. Comparing papers can also be done using co-citation ratios. (Drijvers

et al., 2020).



Science mapping, which looks at the connections between researchers, and

performance analysis, which assesses the contributions of researchers, are the two

primary subcategories of bibliometric analysis.

The next subsections provide

explanations of science mapping approach and performance analysis (Donthu et al.,

2021).
Bibliometric analysis
|
Main techniques Enrichment techniques
T I
Performance analysis Science mapping Network analysis
l f T
Publication-related metrics Citation analysis Network metrics
Total publications (TP) Relationships among publications Degree of centrality
Number of contributing authors (NCA) Most influential publications Betweenness centrality
Sole-authored publications (SA) Eigenvector centrality
Co-authored publications (CA) Co-citation analysis Closeness centrality
Number of active years of publication (NAY) Relationships among cited publications PageRank
Productivity per active year of publication (PAY) Foundational themes
Clustering

Citation-related metrics
Total citations (TC)
Average citations (AC)

Bibliographic coupling
Relationships among citing publications
Periodical or present themes

Citation-and-publication-related metrics
Collaboration index (CI)

Collaboration coefficient (CC)

Number of cited publications (NCP)
Proportion of cited publications (PCP)
Citations per cited publication (CCP)
h-index (h)

g-index (g)

i-index (i-10, i-100, -200)

Co-word analysis

Existing or future relationships among
topics

Written content (words)

Exploratory factor analysis
Hierarchical clustering
Island algorithm

Louvain method
Multidimensional scaling
Simple centers algorithm

Co-authorship analysis

Social interactions or relationships among
authors

Authors and author affiliations
(institutions, countries)

Visualization

Bibliometrix R o SciMat
Bibexcel o Sci2
Gephi

Pajek

UCINET

VOSviewer

Figure (1): Toolbox for the bibliometric analysis (Donthu et al., 2021)

Performance analysis

Performance analysis assess the contributions that different research entities have

made to a certain topic. This type of analysis, which is characterized by its descriptive

nature, is fundamental to bibliometric studies. Science mapping is commonly featured in
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reviews, even when there is no science mapping involved, as it is common for reviews to
present in-depth analyses of different research constituents (such as authors, institutions,
countries, and journals). In a sense, this presentation is analogous to the background or
profile of participants in empirical research (Ramos-Rodriguez & Ruiz-Navarro, 2004),

but with a more analytical approach.

Science mapping

The science mapping method examines the relationships between research elements,
focusing on their intellectual interactions and structural relationships. A science map is
created by analyzing citations, co-citations, bibliographic couplings, co-word analysis,
and coauthorships. In combination with network analysis, these techniques illustrate both
the bibliometric structure and the intellectual framework of the research field (Cobo et al.

2011).

Enrichment techniques

To enhance the results of applied analysis techniques in bibliometric studies, this
section introduces additional components that can be incorporated into fundamental
bibliometric analysis methods. There are three enhancement avenues based on network

analysis: network metrics, clustering, and visualization.

2.2. Literature Review

The researcher reviewed many earlier studies on bibliometric analysis and

mathematics education; the oldest to newest are listed below.

Behrens & Luksch (2011) conducted a bibliometric analysis of the mathematics
literature published between 1868 and 2008, using data from the Zentralblatt MATH
database. The results showed that there was an increase in the rate of publications per

year that reflects the growth of the mathematics community, author productivity has only
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changed slightly since the year 1870, and the percentage of single-authored papers has

declined from over 95% before 1930 to about 30% today.

Jimenez-Fanjul et al. (2013) analysed the production of mathematics education in the
Social Sciences Citation Index (SSCI) of the Web of Science. The study examined four
SSCI-indexed journals on Mathematics Education, comprising 1356 articles. A study was
conducted to identify the most important institutional collaboration networks. According

to the results, Research in Latin America ranks slightly higher than research in Europe.

According to Ersozlu & Karakus (2018), the study examined publications related to
math anxiety and contributed to its development. Bibliometrics was used to analyse 537
publications that were published in the Web of Science between 2000 and 2018. The
findings of this study suggest that math anxiety has often been investigated in connection
with motivation, self-efficacy, self-concept, and anxiety. In this discipline, journals such
as Frontiers in Psychology and Learning and Individual Differences are crucial, and the

University of Chicago is a major player.

Ozkaya (2018) analysed a bibliometric analysis of the scientific research published
in mathematics education between 1980 and 2018 from the source scanned in the Web of
Science, applying an objective approach derived from statistical analysis to examine the
structure of scientific knowledge and communication in the field, a total of 9841 scientific
research were found and analysed using Citespace software. The results showed that the
publications involving mathematics education increased from 1980 to 2018, the most
productive countries are the United States, England, and Turkey, the highest numbers of
citation bursts come from the US, Turkey, and Malaysia, and the words that are
commonly used in mathematics education research are mathematics, education, student,

and achievement.
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A study by Ramirez & Devesa (2019) examines 5633 publications that are linked to
mathematics education research and are listed in Scopus. According to the findings,
scientific productivity has increased exponentially, collaboration has increased over
individual work, cited references have had a higher impact over the last 20 years,
international collaboration has increased, publications in some internationally recognized
journals tend to focus on a smaller number of researchers, and 17 invisible colleagues

have emerged that represent scientific communities that share a common interest.

Domenech et al. (2019) presented a bibliometric overview of academic research in
STEM education. Visualization of similarities (VOS) viewer software was used to
visualize the bibliographic data. The findings suggested a rise in efforts dedicated to the
topic in recent years; however, the rate of citation growth had not paralleled this increase.
Furthermore, upon examining journals and research domains, STEM education research

exhibits a broad range of diversity.

Ha et al. (2020) evaluated the scientific results of STEM education in the Association
of Southeast Asian Nations (ASEAN) region, as indexed in the Scopus database from
2000-2019. A total of 175 publications were analysed from the Scopus database using
Bibliometrix, VOSviewer and Microsoft Excel. The study highlights that published work

represents 67.43% of all scientific output in this field over the past three years.

A bibliometric analysis of research on mathematics education from 1980 to 2020
aimed to present scientific information on the distribution pattern of journals in
mathematics education, the most active authors, nations, organizations, current research
topics, potential areas of international collaboration, and research directions in
mathematics education. There were 12670 articles in the Scopus database, and based on

the cumulative articles' performance indicator, there is likely to be an increase in
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publications. Problem-solving, professional development of teachers, and curriculum
development were the primary areas of interest for the discipline. Mathematical topics
such as algebra, proof, calculus, technology, geometry, and modeling received the most

attention (Julius et al., 2021).

The study by Kurtulus, and Tatar (2021) aimed to conduct a bibliometric analysis of
the published articles related to science misconceptions. To achieve this, a bibliometric
analysis involving 859 articles published in the fields of biology, chemistry, and physics
education between 1986 and 2019 was carried out, the scanned articles were analysed
using R-Studio program. The results indicate that science misconceptions have increased
since 2010. There have been the most publications on this topic in the Journal of Science
Education, while David F. Treagust has published the most articles on this topic. The
article published in 2012 by Furtak was the most cited. In addition, the findings show that
Korea and China are the country’s most open to collaboration, and that 'science' and

'students' are frequently used keywords.

Based on bibliometric analysis of 12,272 publications from WOS database, Djeki et
al. (2022) examined collaborations between authors, universities, countries, and reference
papers, and the African contribution to the field of e-learning using VOSviewer program,
The results of the study, authors, universities, and countries involved in e-learning rarely
collaborate, and the COVID-19 pandemic has had a substantial impact on e-learning.
According to the results, the United States, Spain, England, and China are the most

productive countries in e-learning.

A literature review was conducted using bibliometric analysis by Sreylak et al. (2022)
to describe the trend and development of research about mathematics concepts in

elementary schools in Indonesia. The bibliometric analysis outcomes from the relevant
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articles covered areas such as the understanding of mathematical concepts among
elementary school students, knowledge of preservice students and teachers regarding
these concepts, and possible ways of improving students' grasp of mathematical concepts
at the elementary level.

The bibliometric study conducted by Muhammad et al. (2023) authors revealed the
research focus linked to the innovation of Discovery Learning in mathematics education.
Based on data gathered from Scopus, there were greater publications in mathematics
learning between 2017 and 2023 that included Discovery Learning. The 2017 publication,
which received 41 citations, showed a strong trend of citations. Indonesia has made a

significant contribution to the mathematical study conducted by Discovery Learning.
2.3. Comments on Previous Studies

Numerous bibliometric studies have been carried out in the field of education, such
as the study by Djeki et al. (2022) that discussed e-learning collaborations, Bibliometric
analysis has rarely been used in mathematics education to map research trends worldwide.
As an example, Muhammad et al. (2023) investigated Discovery Learning in mathematics
while Behrens & Luksch (2011), Ramirez & Devesa (2019), Ozkaya (2018), Jimenez-
Fanjul et al. (2013) and Julius et al. (2021) reviewed publications in mathematics
education. Meanwhile, Sreylak et al. (2022) conducted literature review research on
mathematics concepts. Ersozlu & Karakus (2018) examined publications on mathematics
anxiety.

Ha et al. (2020) and Domenech et al. (2019) conducted bibliometric analyses of
STEM education, whereas the purpose of this study is to examine mathematical
misconceptions. Furthermore, this study focuses on misconceptions about math
education. In a different field, Kurtulus & Tatar (2021) conducted a bibliometric analysis

of articles concerning misconceptions.
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CHAPTER THREE
Methodology and Procedures

This chapter includes a description of the study methodology, the study population,
and its sample, as well as a description of data collection, and the processing data used to

draw conclusions.

3.1. Study Methodology

This study follows the general bibliometric analysis workflow, which consists of five
stages: Study Design, Data Collection, Data Analysis, Data Visualization, and
Interpretation (Borner et al., 2003; Zupic & Cater, 2014). Bibliometric methods were used
to establish global research patterns in mathematics misconceptions. Systematic analysis
(Qualitative Approach) of published articles was used to examine the common
misconceptions identified by bibliometric analysis in the top ten articles. An article's
impact is assessed by its citations, along with other related articles. The distribution of
publications over time, journals, countries, institutions, author performances, and the
main subjects receiving the most attention and their shifts in focus over time were

quantified in order to chart the trends on the current subject.

3.2. Sampling Method

According to the Scopus database, the data for the study is based on English-language
published articles in the period of 1947-2023 that contain the keyword "mathematics
misconception, math concepts, errors in math”. The articles were published in various
journals between 1947 and 2023. In the analysis of the database, books, book chapters,
review articles, editorial materials, and letters are excluded. Based on the scanning, it was
determined that the first article on the subject matter was published in 1947; therefore,

1947 is considered to be the start date. As 2024 has not yet ended, it was thought that
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including articles published in 2024 so far might affect the study's results; therefore, these

articles were excluded from the study's sample.

3.3. Data Collection

Using the keyword "mathematics misconception, math concepts, math errors ", 750
publications were retrieved from the database. Several search limitations were imposed
in keeping with the study's purpose, such as a journal article, a subject area, a language,
and a time period, and 525 articles will be used in the analysis. An analysis of this sample
of articles will be conducted to determine the distribution of articles; the average citation
scores; the list of the journals that published the highest number of related articles; the
list of the authors that had published the highest number of related articles; the citation
burst scores of the authors; the scientific productivity of the countries of the authors; the
articles that were cited at the highest rates; collaboration networks; and their patterns that
were obtained through text mining methods of word cloud and word tree. The flowchart

in Figure 1 illustrates the strategy for collecting data and searching.

( TITLE-ABS-KEY ( mathematical AND misconceptions ) OR TITLE-ABS-KEY
( mathematics AND misconceptions ) OR TITLE-ABS-KEY ( mathematic AND misconceptions ) OR TITLE-
ABS-KEY ( mathematical AND misconception ) ) AND PUBYEAR > 1933 AND PUBYEAR <2024 AND
(LIMIT-TO (SUBJAREA , "MATH" ) OR LIMIT-TO ( SUBJAREA , "SOCI" ) OR LIMIT-TO ( SUBJAREA , "ARTS")
OR LIMIT-TO (SUBJAREA , "MULT" ) OR LIMIT-TO ( SUBJAREA , "Undefined" ) ) AND ( LIMIT-TO ( DOCTYPE
,"ar") OR LIMIT-TO (DOCTYPE, "cp”) ) AND ( LIMIT-TO ( LANGUAGE , "English"))

Query string

Capturing mathematics misconception related to journal articles containing “mathematics AND (edu*

Action OR teach* OR learn® OR student* OR misconception*)”in the title, abstract or Keyword from the year
1947 t0 2023
Result A total of 525 journal articles related to mathematics misconception in general, were retrieved.

Figure (2): Flowchart of data collection and search strategy

3.4. Data Analysis

The scanned articles were analysed using R-Studio and VVOSviewer programs within

the scope of the research. R program was accessed at https://cran.r-project.org/, which is
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the official storage website of many bibliometric analysis packages. These package
programs for bibliometric analyses are quite beneficial in quantitative research (Aria &
Cuccurullo, 2017). Since R program provides more variety of results with enriched
details, R program will be chosen for the bibliometric analyses conducted in the present

research.

The data file used for the study was formed through Scopus based on the criteria
identified for the research and following specific steps for the selection of the articles.
The first is to select “export”, next “other file formats”, then “records from (1- 500)”, and
finally “record content (Full Record and Cited References)”. The data file for the study
after completing the selection steps consisted of 525 articles in total. To analyse the
articles, first, the “bibliometrix” package in the R program will be downloaded and
activated for the analyses. Then, R- Studio program was directed through a web address
to the bibliometric analysis page. Here, the “Plain text” file is saved into a data segment
where the analyses of the study will be conducted. Finally, the most common mathematics
misconceptions between 1947 and 2023 were extracted by conducting a qualitative
content analysis on the top ten papers, which were determined by the bibliometric

analysis.

3.5. Study Procedures

The study followed the following procedures.
e Review of educational literature and previous studies.
o Define the aims and scope of the bibliometric study.

- What are the aims and scope of the study?
- Is the scope of the study large enough to warrant the use of bibliometric
analysis?

e Choose the data for bibliometric analysis.
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- What bibliometric analysis techniques should be chosen to meet the aims
and the scope of the study?

Collect the data for bibliometric analysis.

Do the search terms exemplify the scope of the study?

Is the coverage of the database adequate for the study?

Is the data free of errors such as duplicates and erroneous entries?

Does the final dataset fulfil the requirements of bibliometric analysis
techniques chosen for the study?
Run the bibliometric analysis and report the findings.

- Can the bibliometric summary be easily understood by readers?

- Does the writing align with the bibliometric summary presented?

- Does the writing explain the peculiarities and implications of the

bibliometric summary?
- Does the writing align with the target outlet for publication?

Discussing the results and writing recommendations.
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CHAPTER FOUR

Findings and Results

This chapter summarised the study's findings by responding to the study's specified
study questions, and the following is a summary of the study's findings.
4.1. The findings related to Performance Analysis and benchmarking of
mathematics misconception.
4.1.1. Overview of Mathematical Misconceptions

Table 1 provides the main information regarding the collection in the field of
mathematical misconceptions encompassing various aspects such as document count,
author appearances, and document types. It begins by stating that there are 525 documents
in total, sourced from 252 different sources including journals and books. Additionally,
the dataset contains 823 identified keywords Plus (ID) and 1303 author-specified

keywords, reflecting the breadth of topics covered.

The timeframe of the data spans from 1947 to 2023, indicating a long period of study
or analysis. Notably, each document has received an average of 18.23 citations,

suggesting a significant impact within the scholarly community.

Regarding authorship, the dataset comprises contributions from 1148 authors.
Among these, 129 authors have solely authored documents, accounting for 133 single-
authored documents. On average, each author has contributed 0.46 documents, while each
document has received contributions from 2.19 authors. Furthermore, each document, on

average, has 2.45 co-authors, indicating a collaborative research environment.

In terms of document types, the majority consists of articles (447), followed by

conference papers (78). This breakdown provides insights into the distribution of



20

scholarly output within the dataset, with articles being the predominant form of

publication in the field of mathematical misconceptions.

Table (1): Overview of Mathematical Misconceptions

Description Results

Documents 525

Sources (Journals) 252
Keywords Plus (ID) 823
Author’s Keywords (DE) 5 1303

Period 1947 - 2023
Average citations per document 18.23
Authors 1148
Author Appearances

Authors of single-authored documents 129
Single-authored documents 133
Documents per Author 0.46
Authors per Document 2.19
Co-Authors per Document 2.45

Document types.
Article 447
Conference Paper 78

4.1.2. Publication Output and Growth Trend

Table 2 and Figure 3 describe the publication output and growth trend, with a detailed

breakdown of publications and citation statistics across distinct periods, offering insights

into the evolution of research impact over time. The analysis spans from 1947 to 2023,

delineated into 5 intervals.

In the earliest period, from 1947 to 1962, there was a solitary publication, garnering

78 cumulative citations, with an average of 7 citations per paper. This suggests a modest

but notable impact on that era.
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Moving forward to the subsequent period, spanning 1963 to 1978, the number of
publications increased to three, and a total citation of 102, accompanied by a rise in
cumulative citations to 180, with an average of 46 citations per paper. As a result, the

output and influence of research are gradually increasing.

From 1979 till11994, both publications and citations increased substantially, as shown
in the table. 30 publications and 402 citations accumulated a total of 582 citations during
this period, with an average of 542.1 citations per paper. The considerable increase in
research activity reflects a growing interest and impact in mathematical misconceptions

among scholarly communities.

Between 1995 and 2010, 114 publications amassed 330 citations, 912 cumulatively,
and an average of 736.2 citations per paper. Over this period, research output and citation
rates have significantly increased, indicating an increasingly robust and influential body

of work.

Furthermore, from 2011 to 2023, the table shows a remarkable expansion in research
activity, which is illustrated by 377 publications with 104 citations and 1016 citations
cumulatively. Citations per paper during this period dropped significantly in comparison
with previous years, indicating a proliferation of publications of varying degrees of

impact.



Table (2): The number of publications in the field of mathematical
misconceptions and its growth trend

22

Year TP- CCx NCP = TC wor CIP wnsns
11%%72 1 78 1 78 7
11%67% 3 180 3 102 46
11%793 30 582 30 402 542.1
12%91% 114 912 114 330 736.2
22%12% 377 1016 377 104 130.71

*TP: Total Publications ** CC: Cumulative Citation *** NCP: Number of Cited Publications **** TC: Total Citation
***%%CIP: Average Citation Per
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Figure (3): Publications on mathematical misconceptions and their growth trend
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912 1,016

1947-1962 1963-1978 1979-1994 1995-2010 2011-2023

O TP: total number of publications O CC: Cumulative citations

Figure (4): The number of publications and their cumulative citation values in the
field of mathematical misconceptions in terms of years

Over several periods spanning from 1947 to 2023, figure 4 shows the annual number
of publications in the field of mathematical misconceptions and their cumulative citation
values. Two-line graphs are included, one showing the number of publications per year

and the other showing cumulative citations.

Scholarly attention to mathematical misconceptions has grown over the past decades,

both in terms of publications and citation values.

There were relatively few publications and citations in the field in earlier periods,
from 1947 to 1994. Between 1979 and 2010, there was a significant increase in both

publication numbers and cumulative citations during the third and fourth intervals.

There's a notable increase in publication outputs and cumulative citations in the
second interval, covering the years 2011 to 2023. A rise in interest and support in
eliminating mathematical misconceptions is anticipated during this time due to

developments in educational psychology, technology, and pedagogical approaches.
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19471962 1963-1978 19791994 1995-2010 2011-2023

O NCP: Number of cited publications O TC: Total citation O ¢€/P: Average citation per paper

Figure (5): Number of cited publications, total citations, and average citation per
paper in the field of mathematical misconceptions
Figure 5 displays three-line graphs showing various indicators from 1947 to 2023.
The graph shows the changes over the designated intervals in citation patterns, average
citation rates, and the total number of cited articles. Offering insightful information about

academic research and citation patterns in the area of mathematical misconceptions.

The first line, represented in red, shows how many publications have been cited.
There is only one referenced article in the first interval, and this number progressively

rises to 377 in the last interval, indicating a notable increase in cited publications.

The second line, represented in blue, displays the total citations for each interval. It
shows fluctuating values over time, with a peak of 402 citations in the interval from 1979

to 1994 and a notable decrease to 104 citations in the last interval from 2011 to 2023.

The third line, depicted in green, represents the average citation per paper. It
demonstrates a dramatic increase from 7 in the first interval to 736.2 in the interval from
1995 to 2010, indicating a substantial rise in the average citation rate per paper over time.

However, there's a noticeable decrease to 130.71 in the last interval.
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4.1.3. Country Production over time

Table 3 provides the number of articles published within different regions across five
distinct time intervals. From 1947 to 1962, only one article was recorded from USA, with
no contributions from the UK, South Africa, Indonesia, or Turkey. In the subsequent
period, spanning from 1963 to 1978, the number of articles increased, particularly in the
USA, which contributed five articles, while the UK contributed one. However, South

Africa, Indonesia, and Turkey had no recorded publications during this period.

The trend of growth becomes more pronounced in the following years, from 1979 to
1994, with a substantial increase in the number of articles published across all regions,
particularly in the USA and the UK. South Africa, Indonesia, and Turkey still showed no

publications during this time frame.

From 1995 to 2010, there was a significant increase in the volume of articles,
especially from the USA, with contributions also emerging from the UK, South Africa,
Indonesia, and Turkey. However, the number of articles from these countries remained

relatively low compared to the USA.

Table (3): Country production over time in the field of mathematical misconceptions

Number of Articles
vear USA UK South Africa | Indonesia Turkey
1947-1962 1 0 0 0 0
1963-1978 5 1 0 0 0
1979-1994 84 30 0 0 0
1995-2010 989 276 37 5 26
2011-2023 34591 512 394 263 952
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Country Production over Time
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Figure (6): Number of articles (publications) by country and year in the field of
mathematical misconceptions

As shown in Figure 6 the most recent period, spanning from 2011 to 2023, showcases
a remarkable growth of publications of articles, particularly from the USA, with an
exceptionally high number of contributions which reached 34591 articles. While the UK
also maintained a notable presence with 512 articles. There was a notable increase in
publications from South Africa, Indonesia, and Turkey, signifying a more diverse and

globally distributed body of research output.

023
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4.1.4. Contribution by Nations (impact of country)

united states |

australia

indonesia
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(ainap)
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Figure (7): The academic cooperation on mathematical misconceptions research
among countries in the world

The academic cooperation on mathematical misconceptions research among
countries and other countries in the world is shown in Figure 7. The diagram was created
by VOSviewer where the size of labels is proportional to the volume of documents for
each country. The thickness of each line of connection indicates the corresponding degree

of association. Colors symbolize 5 clusters with different degrees of relation.

As the diagram shows United States has the most publications and has research
cooperation in the field of mathematical misconceptions with many other countries such

as Australia, Turkey, Canada, Malaysia, South Africa, and Taiwan. The authors from the
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United States cooperate mainly with authors from Canada in addition to a few other

countries.

4.1.5. Contribution by Affiliations

Table 4 and Figure 8 present the 10 most productive affiliations publishing in the
field of mathematical misconceptions, categorized by their affiliations. One notable
aspect is the diversity of affiliations, including contributions from South Africa, the USA,

the UK, Turkey, and Brueni indicating the global reach and collaboration within the field.

At the forefront, the University of the Witwatersrand in South Africa leads with nine
articles, showcasing its significant contribution to academic discourse. Following closely
behind is Arizona State University in the USA, boasting eight articles, indicative of its
robust research endeavors. Meanwhile, the University of Manchester in the UK holds its

ground with seven articles, highlighting its steady presence in the academic arena.

Similarly, Indiana University in the USA and Middle East Technical University in
Turkey share the same number of articles, demonstrating their substantial research output.
Notably, Boston University in the USA follows suit with six articles, underscoring its
active engagement in scholarly pursuits. Further down the list, Comenius University in
Slovakia and Karadeniz Technical University in Turkey each contribute five articles,

emphasizing their commitment to advancing knowledge within their respective domains.

Towards the lower end of the spectrum, the University of Oklahoma in the USA and
Universiti Brunei Darussalam in Brunei each present four articles, indicating their
participation in academic research, albeit on a smaller scale compared to their

counterparts.
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Table (4): Top 10 most productive affiliations publishing in the field of
mathematical misconceptions. (Contribution by Institutions)

Order Affiliation Country Articles
1 University of the Witwatersrand South Africa 9
2 Arizona State University USA 8
3 University of Manchester UK 7
4 Indiana University USA 7
5 Middle East Technical University Turkey 7
6 Boston University USA 6
7 Comenius University Slovakia 5
8 Karadeniz Technical University Turkey 5
9 University of Okalahoma USA 4
10 Universiti Brunei Darussalam Brunei 4

[ University of the Witwatersrand ~ [l] Arizona State University
[l Middle East Technical University [l Boston University
I university of Okalahoma

USA

Universiti Brunei Darussalam

[ university of Manchester
[ comenius University

£

Brunei

Indiana University
[ Karadeniz Technical University

Figure (8): Top 10 most productive affiliations publishing in the field of

mathematical misconceptions. (Contribution by Institutions)
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Figure (9): Cooperation between affiliations in the field of mathematical
misconceptions

Figure 9 reveals the cooperation between affiliations in the field of mathematical
misconceptions determined by VOSviewer where the size of labels is proportional to the
volume of documents for each country. The thickness of each line of connection indicates
the corresponding degree of association. Colors symbolize two clusters with different
degrees of relation. The figure shows six groups of affiliations that have collaborations.
However, collaborations in research on the topic are mainly from groups of authors

working in 2 or 3 affiliations.

4.1.6. Contribution by document

Table 5 compiles a diverse array of academic papers, each offering unique insights
and contributions to the mathematical misconceptions field. "Reliability in content
analysis: some common misconceptions and recommendation” (2004), originating from
the University of Pennsylvania in the USA, delves into content analysis and has garnered
substantial attention with 1809 citations since its publication in Human Communication
Research by Wiley-Blackwell. Similarly, *Misconceptions reconceived: a constructivist
analysis of knowledge in transition™ (1994), authored by Michigan State University in the
USA and published in the Journal of Learning Sciences by Taylor & Francis, has made a

notable impact with 1080 citations, reflecting its significance in educational discourse.
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Another notable paper, "Functions, graphs, and graphing: tasks, learning, and
teaching™ (1990), stemming from the University of Pittsburgh in the USA and published
in the Review of Education Research by SAGE, contributes to the understanding of
educational processes and has garnered 589 citations. Meanwhile, "Enhancing
prospective teachers’ knowledge of children’s conceptions: the case of division of
fraction™ (2000), originating from Tel-Aviv University in USA and published in the
Journal of Research in Mathematics Education by the National Council of Teachers of
Mathematics, has received 205 citations, underscoring its significance in the realm of

mathematics education.

Further enriching the academic landscape, "There is more to discourse than meets
the ears: looking at thinking as communicating to learn more about mathematical
learning” (2001), authored by The University of Haifa in Palestine and published in
Educational Studies in Mathematics by Springer Nature, has garnered 198 citations.
These papers, along with others in the table, represent valuable contributions to their

respective fields, shaping scholarly discourse and advancing knowledge worldwide.

Table (5): Mathematical misconceptions document contribution

Order | Document title | Year | citation | Journal | Publisher | affiliation | country
Reliability in
content analysis: Human University
some common communi | Wiley- of

1 misconceptions 2004 | 1809 cation | Blackwell | Pennsylva USA
and research nia
recommendation
Misconceptions
reconceived: a Journal L

g Michigan
constructivist of Taylor &

2 analysis of 1994 | 1080 Learning Francis UniS\sztriit USA
knowledge in Sciences y
transition

3 tasks, learning, 1990 589 education SAGE Pitts%fur h USA
and teaching. research g
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Order | Document title | Year | citation | Journal | Publisher | affiliation | country

Enhancing
prospective gc]zurnal National
teachers’ research Council of
knowledge of . Teachers | Tel-Aviv

4 - ) 2000 | 205 |in o USA
children’s mathemat of University
conceptions: the ics Mathemati
case of division of . cs
fraction. education
There is more to
discourse than
meets the ears: Educatio
looking at nal Sprinaer The

5 thinking as 2001 198 | studies in Ngturge University | Palestine
communicating to mathemat of Haifa
learn more about ics
mathematical
learning
The effectiveness
of using incorrect Learning
examples to and Vanderbilt .

6 support learning 2012 187 instructio | University Elsevier USA
about decimal ns
magnitude
Developing an
assessment-
centered e- Computer | National

7 learning system to | 2014 120 sand Tsing Hua | Elsevier | Taiwan
improving student education | University
learning
effectiveness
An extensive
analysis of American
preservice Educatio

8 elementary 2008 | 112 nal -LrJ?]rir\]/F()elr?sit SAGE USA
teachers’ Research y
knowledge of Journal
fractions
Seeing the -
complexity of nC(;%glth University Tavior &

9 |standingtothe  |2005 |110 natructio | OF Fra{] g |USA
side: instructional N Pittsburgh
dialogues
The irregular
cutting-stock Computer | University
problem- a new sand of .

10 procedure for 2001 1109 operation | Southampt Elsevier UK
deriving the no-fit s research | on

polygon
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4.1.7. Impact of Journals according to documents
As shown in Table 6 and Figure 10, the top 10 most active journals in the field of
mathematics misconceptions are listed with key metric information, including article

counts, citation scores, H-index, Scopus quartiles, and publisher information.

There is an interesting diversity in the national origin of these publications, from the
Netherlands and the UK to the USA and Germany, illustrating the international scope of
mathematical education research. As indicated by their citation scores, H-index, and
Scopus quartile ranking, the table also sheds light on the varying levels of impact and

visibility of these journals.

Journals such as "Educational Studies in Mathematics" and "Journal of
Mathematical Behavior" have higher citation scores and H-indices, indicating their
influence in the field. Furthermore, Scopus' quartile rankings reveal these journals'
relative standing within the academic community, with several among the prestigious first

quartile.

Additionally, the information about publishers provides valuable context, as these
publications are associated with well-known entities such as Springer Nature, Taylor &

Francis, Elsevier, and Wiley-Blackwell.

Table (6): The 10 most active journals in mathematical misconceptions based
on number of publications

Nation of | No. of e H- SCOpl_JS )

Order | Journals : _ Score quartile | Publisher
journals |articles Index*
2022* *

Educational First Springer

1 | Studiesin Netherland | 444 4.7 13 . pring
Mathematics quartile | Nature
2 International UK 412 26 9 First | Taylor &
Journal of ' quartile | Francis
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Nation of | No. of Cite H- SCOpl_JS )
Order | Journals : _ Score quartile | Publisher
journals | articles Index*
2022* *
Mathematical
Education in
Science and
Technology
Journal Of First

3 Mathematical USA 180 2.7 8 . Elsevier
Behavior quartile

4 |Primus UK 153 | 12 4 | Third -} Taylor &

quartile | Francis
Lecture Notes . .

5 | in Computer Germany | 148 2.2 6 Th".d Springer
Science quartile | Nature
Mathematics

6 Education Netherland | 128 3.7 3 Flrs_t Springer
Research quartile | Nature
Journal
School . .

7 | Science and USA | 124 | 21 5 | First | Wiley-
Mathematics quartile | Blackwell
Proceeding - Institute of
Frontiers in Third Ele;:rt]gcal

8 | Education USA 118 1.1 3 . .
Conference quartile | Electronics

' Engineers
FIE Inc.
International
Journal of First Springer

9 Science and Netherland 77 4.8 7 . Pring
Mathematics quartile Nature
Education
Mathematics

10 | leaching- USA 68 | 27 | 3 | PO Eievier
Research quartile
Journal

* According to Scopus (http:/ /www.scopus.com) dated Month xx, year
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Articles H Index
B Educational Studies in Mathematics [ International Journal of Mathematical Education in Science and Technology
B Journal Of Mathematical Behavior Primus
I Lecture Notes in Computer Science I Mathematics Education Research Journal
[ school Science and Mathematics [ Proceeding - Frontiers in Education Conference, FIE

[ International Journal of Science and Mathematics Education Mathematics Teaching-Research Journal

Articles H Index

[ | Springer Nature I Taylor&Francis M Elsevier Taylor &Francis | Springer Nature
Il springerNature [/ Wiley-Blackwell | Institute of Electrical and Electronics EngineersInc. | SpringerNature  Elsevier

Figure (10): The 10 most active journals in mathematical misconceptions based on
number of publications

4.1.8. Impact of Journals according to citation

An overview of ten influential journals in the field of education is presented in Table
7 and Figure 11, with a particular focus on mathematics education and learning sciences.
Several of the journals are published by reputable publishers, such as Wiley-Blackwell,
Taylor & Francis, Springer Nature, SAGE, and Elsevier, which emphasizes the quality

and thoroughness of their editorial processes.
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The table offers useful citation metrics for each journal, including citations, Cite
Score, and H-Index. These indicators assess a journal's position and impact on the
academic community. The journals "Review of Educational Research™ and "Computers

and Education” stand out for having a high number of citations and Cite Scores.

Furthermore, the Scopus quartile classification offers an idea of each journal's
ranking in relation to its own subject. A number of the journals in the table are in the
first quartile of publications for mathematics and education research, implying that they

are widely respected.

The table additionally includes details on the nation of the journals, including a
variety of publications from the US, the UK, and the Netherlands. The diversity within
the field of mathematics emphasizes how important it is to collaborate and share research

on mathematical misconceptions from a global viewpoint.

Table (7): The Top 10 Cited Journals for Articles on Misconceptions in
Mathematics.

Scopus

: Cite
Nation of | No. of quartile | Publisher
*

Order Journals . o Score -+
journals | Citations 2022% Index*

Human . ]
1 | Communication USA 1809 | 69 | 1 qE;{fitle B\I’;’él'(%”
Research
Journal of the First Tavylor &
2 Learning Sciences USA 1080 12 1 quartile Francis
Educational . .
3 Studies in Netherland 855 4.7 13 th,I:aItt:fitl o Slgg[rllj?:r
Mathematics
Review of Eirst
4 Educational USA 589 21.1 1 . SAGE
Research quartile
Journal for National
5 Research in USA 378 45 5 First Council of

Mathematics quartile | Teachers of
Education Mathematics
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- Cite Scopus
Nation of | No. of H- .
) o Score i
Order Journals journals | Citations oo Index* quaItlle Publisher
International
Journal of
Mathematical First Taylor &
6 Education in UK 327 2.6 9 quartile Francis
Science and
Technology
Learning and First .
7 Instruction UK 316 11.2 4 quartile Elsevier
Computers and First .
8 Education UK 225 23.8 6 quartile Elsevier
Journal Of Eirst
9 Mathematical USA 221 2.7 8 . Elsevier
Behavior quartile
American First
10 | Educational USA 162 9.0 2 uartile SAGE
Research Journal g

162 !

Number of Citation H Index
B Human Communication Research ¥ Journal of the Learning Sciences
B Educational Studies in Mathematics Review of Educational Research
[ Journal for Research in Mathematics Education I International Journal of Mathematical Education in Science and Technology
I Learning and Instruction [l computers and Education
¥ Journal Of Mathematical Behavior American Educational Research Journal

Number of Citation H Index

B wiley-Blackwell ! Taylor &Francis M Springer Nature sAGE ! National Council of Teachers of Mathematics | Taylor & Francis
I Elsevier I Elsevier M Elsevier SAGE

Figure (11): Citation statistics for the top 10 journals publishing on mathematical
misconceptions
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Ten authors in this field are connected to various universities and have published

academic publications, as Table 8 illustrates. The contributors are connected to numerous

academic institutions in several nations, such as South Africa, Belgium, Taiwan, Brunei

Darussalam, Belgium, and the United States. The knowledge and insights produced by

academic research are global in scope and overcome national borders because of this

global representation.

An H-Index gives insight into an author's impact and influence beyond the number

of documents. Notably, authors like Kelley Durkin and Bethany Rittle-Johnson, both

affiliated with Vanderbilt University, boast H-Index scores of 6 and 5, respectively. These

scores suggest a substantial scholarly impact, with their work being widely cited and

recognized within their field.

Table (8): Top 10 most productive authors publishing in the field of mathematical
misconceptions in terms of documents

ek ek Number of H-
Order Authors Institutions documents Index**

1 Kelley Durkin Vanderbilt University 6 6
University of the

2 Judah P. Makonye Witwatersrand 6 3
Bethany Rittle- . A

3 Johnson Vanderbilt University 5 5

4 Lieven Verschaffel | University of Leuven 5 5

. National Chiayi

5 Der-Ching Yang University 5 4

6 Wim Van Dooren | University of Leuven 4 4

7 Osman Birgin Usak University 4 3
. . University Brunei

8 Masitah Shahrill T A 4 3

9 Iwan A.J. Sianturi Indiana University 4 3

10 Dirk De Bock University of Leuven 3 3

* Number articles in the field of mathematical misconceptions
** According to Scopus (http://www.scopus.com) dated Month xx, year


https://scholar.google.co.za/citations?view_op=view_org&hl=en&org=1046843470057769073
https://scholar.google.co.za/citations?view_op=view_org&hl=en&org=1046843470057769073
https://scholar.google.com/citations?view_op=view_org&hl=en&org=18133135600508121944
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Figure (12): Top 10 most productive authors publishing in the field of
mathematical misconceptions in terms of documents

Figure 12 shows the annual publications of the 10 most productive authors in the
field of mathematical misconceptions. Across the ten authors, variations emerge in their
publication records, with some individuals contributing more documents than others. For
instance, authors like Kelley Durkin from Vanderbilt University and Judah P. Makonye
from the University of the Witwatersrand have authored six documents each, indicating
a significant scholarly output. On the other hand, authors such as Dirk De Bock from the
University of Leuven have contributed three documents, reflecting a slightly lower level

of publication activity.

Additionally, the figure shows that the authors in the top 10 have dedicated their
attention to this issue during the past 10 years. Since 2017, Kelley Durkin, Bethany Rittle-
Johnson, Lieven Verschaffel, and Wim Van Dooren have not produced any publications

related to this topic.
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The scholarly impact of 10 authors in their respective fields is displayed in Table 9
with a focus on the total number of citations that their work generated. The fact that each
author is associated with a different university or research organization highlights the
diversity of academic institutions that contribute to the larger intellectual landscape.
There is a wide geographic distribution of expertise within the United States and beyond,

indicating the global nature of knowledge production and dissemination in academia.

With an outstanding total of 1809 citations, Klaus Krippendorff is at the forefront of
scholarly influence and has tremendous recognition and impact within the academic
community. Jeremy M. Roschelle from the Institute for Research on Learning, Andrea A.
Disessa from the University of California, and John P. Smith 111 from Michigan State
University are just a few of the authors on the list. Each of them has more than 1000
citations, highlighting their significant contributions to the field of research.A fascinating
aspect of the table is that several authors share affiliations with the same academic
institutions. Gaea Leinhardt and Mary Kay Stein, for example, both attended the
University of Pittsburgh, while Kelley Durkin and Bethany Rittle-Johnson attended
Vanderbilt. This clustering of authors from common institutions suggests a collaborative
research environment within these academic settings, potentially contributing to their

collective scholarly impact.



Table (9): Top 10 most productive authors publishing in the field of mathematical

misconceptions in terms of citations
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Order authors Institutions™* Cit;_t?gerllls**
1 Klaus Krippendorff University of Pennsylvania 1809
2 John P. Smith 111 Michigan State University 1084
3 Jeremy M.Roschelle InstituteLf:arrEiens;arch on 1080
4 Andrea A. Disessa University of California 1080
5 Gaea Leinhardt University of Pittsburgh 699
6 Mary Kay Stein University of Pittsburgh 589
7 Orit Zaslavsky Technion- Palestine 589
8 Kelley Durkin Vanderbilt University 452
9 Bethany Rittle-Johnson Vanderbilt University 441

10 Lieven Verschaffel University of Leuven 263
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Figure (13): Collaborative network among authors in the field of mathematical
misconceptions (VOS viewer)
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Figure (14): Collaborative network among authors in the field of mathematical
misconceptions (VOS viewer)

For the analysis of collaboration between authors on mathematical misconceptions,
all 1148 authors were included. The analysis revealed 318 different clusters (see Figure
13), in which only 3 groups were connected (see Figure 14), and a few researchers
provided this connection. As shown in Figure 14, the relevant cooperative author groups
are presented in different colors and represent the focus of mathematical misconceptions
research. When we examine the co-authorship network visualization map in Figure 14,
we understand that the cooperation between researchers working on mathematical

misconceptions is low even though there are enough authors.
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Also, the number of active researchers is weak in most groups. For example, out of
the 318 groups, the most important groups are composed of a group of 13 authors, another
with 11 authors, one with 10 authors, and yet another with 9 authors, 3 groups of 8
authors, 6 groups of 7 authors, 15 groups of 6 authors,17 groups of 5 authors, 46 groups
of 4 authors, 91 groups of 3 authors, 123 groups of 2 authors, and 1 group of single

authors.

The largest group is the red cluster composed of 5 authors, among which the authors
with the most publications are VVan DoorenW. (4 publications), Janssens d. and De Bock
D. (3 publications). The second group is the green one, also composed of 5 authors. The
most prominent in this group is Onghena P. (2 publications). The third-largest group is

the one in blue. In this group of 3 authors, Verchaffel L. stands out with 5 publications.

4.2. The findings related to Content analysis and road map for future
research of mathematics misconception.

4.2.1. Terms Analysis (topic trends)

miscongeption

computerauw instruction curgieula

learning@ystems e-ledping

mathematieal concepts

tewng funations child el

&

fergale physielogy

humans

” edueation problemysolving
mathematigal models SWS w ¥ human
mathematics
miscongeptions o

student miseonceptions mathematies education

article
education@omputing

mathematicabtechniques

/f VOSviewer

Figure (15): Co-occurrence network with index keywords in the field of
mathematical misconceptions (VOS viewer)
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A total of 823 keywords were used in 525 publications dealing with mathematical
misconceptions. According to the co-occurrence analysis performed on the keywords,
only 27 keywords appear in more than 5 publications. The co-occurrence analysis
revealed that the keywords are grouped in 2 clusters or groups, as shown in Figure 15.
The keywords in the clusters give information about related research topics in the area of

interest.

As seen in Figure 15, the largest cluster is the red cluster with 16 keywords. Words
like students, education, teaching, learning system, e-learning, and misconception, are
highlighted. The green cluster is the second one with 11 keywords. These include humans,

mathematics, and problem-solving are predominant.

Table 10 provides a breakdown of the occurrence of keywords across different

intervals, allowing for an analysis of trends in academic literature over time.

Between 1947 and 1962, there were no occurrences of the specified keywords except
for "Mathematics,” which had 32 occurrences. This suggests that during this period,
mathematical topics were a predominant focus in academic literature, while other

keywords were relatively less prominent.

Similarly, from 1963 to 1978 and 1979 to 1994, there were no occurrences of the
specified keywords except for "Mathematics," which maintained 32 and 38 occurrences,
respectively. This indicates a continued emphasis on mathematical topics during these

periods, with other keywords remaining relatively absent from scholarly discourse.

However, a notable shift occurs in the period from 1995 to 2010, where there is a
significant increase in the occurrence of several keywords. "Students” emerged as a

prominent focus with 125 occurrences, followed by "Mathematics" with 102 occurrences.
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This period also sees moderate occurrences of keywords like "Education,” "Teaching,"
"Computer Aided Instruction,” "Female,” "Learning System," and "Male," suggesting a

broadening scope of research interests within the academic community.

The most substantial increase in keyword occurrences is observed in the period from
2011 to 2023. All keywords experience a significant increase in occurrences compared to
previous periods, indicating a heightened interest in diverse topics related to education,
technology, gender, and learning systems. "Students” remains the most prevalent
keyword with 499 occurrences, followed by "Education,” "Teaching,”" and "Male" with

over 100 occurrences each.

Table 10. Word frequency over time in the field of mathematical misconceptions

KeyWO rds occurrence
Period Computer L .
Students | Education | Teaching Aided Mathematics L E . Egé;mee.rmg Female Learning Male
Instruction earning ucation system

1947 -

1962 0 0 0 0 32 0 0 0 0 0
1963-

1978 0 0 0 0 32 0 0 0 0 0
1979-

1994 0 0 0 0 38 0 0 0 0 0
1995-

2010 125 69 50 59 102 5 18 50 51 50
22%1213- 499 232 197 128 155 102 122 132 133 132
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Figure (16): Overlay map showing the Co-occurrence network with index
keywords in the field of mathematical misconceptions (VOS viewer)

The overlay map that emerged from the keyword co-occurrence analysis reveals the
trend over the years, i.e., from 1947 to 2023, and gives an idea about the research topic's
tendency. The overlay visualization map related to our analysis is shown in Figure 16.
Analysing Figure 16, we notice that the search topics have almost not changed between
2000 and 2023 since there is a slight color variation. There was a change in research topics
between 1947 and 1995, e.g., keywords like mathematics and mathematical models were

more fully attended to than other keywords during the selected period.
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Figure (17): Words cloud (based on keywords) in the field of mathematical
misconceptions

When considering the words cloud in Figure 17 created by Biblioshiny software
based on keywords of the published publications on mathematical misconceptions, it can
be seen that the main fields with the presence of mathematical misconceptions research
are Students: 64 (14%), and Education and Teaching: 23 (5%). Besides these, we can see

that the topics and subjects of research are very diverse.

4.2.2. The shift of Foci in the topic of interest
Table 11 presents a comprehensive overview of the frequency of various terms in
academic research in the field of mathematical misconceptions over different intervals. It

allows for a deeper analysis of trends and focuses within specific domains of study.

For instance, terms like "Mathematical Models” and "Problem Solving” show
consistent but moderate frequencies across the years, suggesting enduring relevance in
academic discourse. Terms such as "Misconceptions" showed a significant rise in
occurrence from 2006 to 2016, indicating an increasing interest or concern in the research

community.



Table 11. Mathematical misconceptions trend topics

Item Freq Year ql | Year_med | Year g3
students 64 2008 2016 2021
education 23 2003 2014 2017
teaching 23 2008 2015 2020
mathematics 18 1998 2013 2019
computer aided instruction 18 2003 2018 2023
engineering education 17 2013 2017 2021
e-learning 17 2014 2019 2022
learning systems 16 2004 2014 2021
female 16 2010 2016 2018
male 16 2010 2016 2018
problem solving 13 2003 2011 2017
learning 12 2007 2014 2017
misconceptions 11 2006 2010 2016
mathematical models 9 2000 2003 2006
humans 9 2009 2015 2017
education computing 7 2016 2021 2022
child development 6 2014 2015 2018
functions 6 2017 2018 2020
mathematical techniques 5 2010 2017 2019
misconception 5 2022 2023 2023

48



49

Trend Topics

misconception - &

education computing - e
e-learmning - &
computer alded instruction -
functions - -
englineering education - L
mathematieal technigues - -
students - &
male - b Term frequency
E female = & ® 20
& teaching - L ®
humans - L . =
child development = e
education - &
learning systems - &
learning - )
mathematics - =
problem solving - L @
miscenceptions - L (3
mathematical models - L
@ I = = & = @ @
¢ F § & 8 8 8 §8 § § § § ¢
Year

Figure (18): Topics trending in math misconceptions
Figure 18 shows how concentration and attention of trending topics vary over time.
As an example, the term "Education” is used a lot, peaking around 2014, suggesting
ongoing scholarly interest in educational subjects. Comparably, the terms "Teaching" and
"Learning Systems" have become more common throughout time, suggesting a greater

emphasis on teaching techniques.

Figure 18 also shows periods when certain topics have experienced heightened
interest or research activity. For example, terms like "education computing” and "E-
Learning" demonstrate significant increases in frequency in more recent years, reflecting

the impact of technological advancements and changing educational paradigms.

4.2.3. The most common mathematics misconception
Based on the number of citations monitored in Table 5 through bibliometric analysis,

Figure 19 shows the common mathematical misconceptions identified through content
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analysis across the first ten scientific papers (Krippendorff, 2004; Smith, 1993; Leinhardt
et al., 1990; Tirosh, 2000; Sfard, 2001; Durkin & Rittle-Johnson, 2012; Wang, 2014;

Newton, 2008; Leinhardt & Steele, 2005; Bennell et al., 2001).

Instructions not read
" " No attention to restrictions on formulas
General Misconceptions
Changing answer to match the known answer
Rounding Errors

Division by Zero
Bad/lost/Assumed Parenthesis
Algebraic Misconceptions Cancelling Errors
Proper Use of Square Root

Ambiguous Fractions

Common Mathematics misconception Degrees vs. Radians

Power of trigonometric functions )

\< Inverse trigonometric notation )

Derivatives and Integrals of Products/Quotients >

Proper use of the formula for [x*n dx )

Dropping the absolute value when integrating )

Improper use of the formula [(1/x Ydx= In|x|+c )

Improper use of Integration formulas in general }

4 Dropping limit notation

Improper derivative notation )

Calculus Misconceptions

Loss of integration notation >

Dropped constant of integration >

Misconceptions about 1/0 or 1/= )

Indeterminate forms

Figure (19): Common mathematical misconceptions according to error type

According to Figure 19, the most common mathematics misconceptions cover four
areas. The number of general errors in the first field reached (4). The number of
conceptual errors related to algebra reached (5). Trigonometric conceptual errors

numbered (3), while calculus conceptual errors numbered (11).

4.2.3.1. General Misconceptions
Figure 20 shows the common mathematical misconceptions related to General

Misconception



Instructions not read

No attention to restrictions on formulas

In the instructions, your instructor will often
specify which steps he or she expects you to
follow and the format in which the final
answer must be presented. In addition, many
math problems can be solved in a variety of
ways depending on one or two words in the
problem statement. You may end up going
down the wrong path if you miss those one or
two words. For my students, not reading the
instructions is probably the biggest source of
point loss.

Changing answer to match the known answer

For instance. h an sigedm class you should have run across the folowing formela.
Vab = /avh

The problem is these it & restriction on ths ormmuda anG marny nstrucions dont Dother with & and 0 students aren ! shways aware of it Even il
instrucions do give the restriction on this formula many studerts forget 2 as Shey are rarely faced with 2 case where e formsla doesn Y work.

Take & look at the Ilowing exampie 1 568 wNal happens when the restricton is wiolated (11l gve the restricson 81 the end of sxample.)

Lyl=y1 This is certainly a true statemart

2 /) = VAT 1) Becawse I = (1) (1jand 1 = (-1)(-1).

3VIVE- VEIVER Use the sbove property on beth scots.

()1 = (10 LS|

s1=¢ Just a lttio smphficaton

81=-1 f=-1
Clearly we've got & probiem hene &s we are well aware 1hal 1 # — 11 The probiem armse in step 3. The property Mat | used has e restrcion

that a and b can't Bot be negaive. 1 s ckay #0ne Of T Oher I8 Negative, but they can't BOTH be negatve!
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In the event that you know the answer ahead
of time and your answer doesn't match it, GO
BACK AND FIND YOUR MISTAKE! Don't just
write down the correct answer and hope for
the best. Write down the answer you get
instead of the known and (hopefully) correct
answer if you can't find your mistake

Rounding Errors

There seems to be some tendency among students to round
everything as much as possible. As a result, I've had students
who refuse to work with decimals! Answers were rounded to the
nearest integer, regardless of how wrong they were. Rounding
too much can get you into trouble and seriously change the
answer in some situations

Figure (20): General mathematics misconceptions

o1
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4.2.3.2. Algebraic Misconceptions
Figure 21 shows the common mathematical misconceptions related to Algebraic

Misconceptions.
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Figure (21): Algebraic mathematics misconceptions
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4.2.3.3. Trigonometric Misconceptions
Figure 22 shows the common mathematical misconceptions related to Trigonometric

Misconceptions.
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Figure (22): Trigonometric mathematics misconceptions
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Figure 23 shows the common mathematical misconceptions related to Calculus

Misconceptions.
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CHAPTER FIVE

Discussion and Recommendations

This chapter includes discussion of the study results and recommendations for future

improvements. Research questions and drawn conclusions are discussed separately.

5.1. Discussion and Conclusions related to Performance Analysis and
benchmarking of mathematics misconception.

5.1.1. Overview of Mathematical Misconceptions.

The substantial number of documents (525) underscores the breadth of research
covered in the study. Notably, the breakdown of document types reveals a predominant
focus on articles (447), demonstrating the scholarly prioritization of thorough research
and analysis over conference presentations.

The distribution of single-authored documents (133) alongside the prevalence of co-
authors per document (2.45) underscores the collaborative nature of scholarly endeavors,
suggesting a trend towards interdisciplinary collaboration and knowledge exchange.
5.1.2. Publication Output and Growth Trend

There was significant academic growth and influence between the years 1979 to
2010, This trend aligns with broader advancements in technology, communication, and
interdisciplinary collaboration during this period, which likely facilitated increased
research dissemination and citation rates.

In the interval spanning from 2011 to 2023, the total citation count of 104 stands out
as notably lower compared to previous periods. This disparity can be attributed to the
relative recency of publications within this timeframe, as scholarly works often require
time to gain visibility and attract citations from peers. Consequently, the lower citation
count in this period should not be misconstrued as indicative of diminished scholarly

impact or quality.
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513. & 5.1.4 An Overview of Country Production Over Time and Nations'
Contributions

In the 1990s, NCTM (National Council of Teachers of Mathematics) revised and
updated its Curriculum and Evaluation Standards which explains the significant increase
in the article’s output that was observed from 1995 to 2010, particularly from the USA,
which contributed the most to scholarly literature during this time frame, From 2011 to
2023, article production increased dramatically across all countries, with the USA,
Indonesia, and Turkey bringing the most notable contributions. This growth was probably
caused by technological advancements, globalization, and research infrastructure, which
made publishing platforms and international cooperation more accessible (Neidorf et al.,

2020).

5.1.5. Contribution by Affiliations

With nine publications, the University of the Witwatersrand in South Africa is the
leading contributor, highlighting its significance in the academic community. Due to the
diversity of affiliations, the field of mathematical misconceptions is experiencing wide
interest, not only because of the global nature of academic collaboration but also due to
the wide interest in the field. Scholars worldwide have participated in this research topic,

indicating its relevance and significance in numerous educational contexts.

Global participation in mathematics education emphasizes the value of collaborative
learning environments and cross-cultural views. Additionally, it indicates that researchers
from various areas are dedicated to expanding our knowledge of the underlying reasons
for misconceptions and the most efficient ways to correct them in the classroom.

(Kadarisma, 2020).
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5.1.6. Contribution by document

The articles entitled "Misconceptions Reconceived: An Analysis of Knowledge in
Transition” and "Reliability in Content Analysis: Some Common Misconceptions and
Recommendations” have received the most citations. The two top papers have much
different citation counts than the other research, which points to a concerning pattern in
scholarly referencing. This suggests academics frequently use well-known works as

sources of reference while ignoring significant contributions made by other authors.

5.1.7. Journal impact according to documents

Journals like Educational Studies in Mathematics, International Journal of
Mathematical Education in Science and Technology, and Journal of Mathematical
Behavior consistently discuss mathematical misconceptions. Some of these journals were
listed among the most prestigious journals, such as the Journal of Mathematical Behavior

and Educational Studies in Mathematics. (Nivens & Otten, 2017).

5.1.8. Journal impact according to citation

The 10 of the most referenced journals in the topic of mathematical misconceptions
are located in the first quartile of their respective Scopus rankings. This relationship
between high citation counts and first quartile status indicates a strong association
between journal quality and citation impact. It suggests that journals in the first quartile

get more citations, reflecting their reputation and power in the academic community.

5.1.9. Impact of Authors

The authors' H-index values and document counts varies considerably from one
another. Some authors, like Bethany Rittle-Johnson from Vanderbilt University and
Lieven Verschaffel from the University of Leuven, contributed fewer documents but a

comparable H-index value. Other authors, like Kelley Durkin from Vanderbilt University
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and Judah P. Makonye from the University of Leuven, contributed more documents.
ideally, an article's productivity and influence can be determined using the H-index and

the quantity of documents (Julius et al., 2021).

The lack of cooperation among writers of mathematical misconceptions could be
caused by a number of conditions. Researchers may choose independent research over
group projects to optimize their academic performance, which may not result in
immediate recognition of an individual. In addition, Coordination of collaborations can
also be impacted by practical difficulties like meeting research objectives,

communicating clearly, and getting across institutional obstacles.

5.2. Discussion, and conclusions about the content analysis and future
plans for investigation in math misconceptions

5.2.1. Terms Analysis (topic trends)

The term "Mathematics” was continuously presented from 1947 until 2023,
demonstrating its ongoing importance in the learning environment. This makes it evident
that mathematics is an essential component of education and problem-solving skills.
Furthermore, it's critical to acknowledge that misconceptions about mathematics continue

to exist (Ay, 2017).

Since students play a crucial part in the educational process, it is consistent that the
term "students" is used to refer to them most frequently. The researchers in this study
supported the essential assumption that students’ needs, goals, and development are at the

center of education.

The growing use of terms as "e-learning” and "computer-assisted instruction™ in
the period after 1995 indicates that technology is playing a bigger role in education. Such
atrend illustrates the necessity for educators to adjust to new technology in order to satisfy
the demands of this evolution, which shows how educational methods are always

changing (Djeki et al., 2022).
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5.2.2. The chnge of Foci’s area of interest

Over time, words that appear frequently like "education,” "teaching,” and "students"
have maintained their significance. They are constantly present, yet they are also essential
to education and learning. Fundamental to the educational system, the concepts of
"education” and "teaching" are based on continuous debates and study in all academic

and educational domains. Similarly, the prevalence of "students” indicates how crucial it

is to concentrate learning efforts on learners.

Terms like "problem-solving,” "mathematical models," and "math" have proliferated
over time, highlighting the significance of mathematics education and the need to advance
mathematical literacy and skill. Moreover, the terms "misconceptions” and "child
development™ are frequently used, which indicates that researchers are becoming more

conscious of the cognitive and developmental components of learning.

5.2.3. The most common misconception in mathematics

According to McDonald (2010), misconceptions are common in many areas of
mathematics, including computation, algebra, geometry, trigonometry, linear equations,
quadratic equations, similar triangle relations, and functions. Based on our qualitative
content analysis, we identified four major categories of misconceptions: general errors,
algebraic misconceptions, conceptual errors in trigonometry, and conceptual errors in

calculus.

The consistency of misconceptions highlights the need for pedagogical approaches
and instructional interventions that address them effectively. Teachers can create ways
for addressing deeper conceptual understanding, identifying and correcting common
errors, and enhancing students' mathematical reasoning skills as they become aware of

the persistent nature of these misconceptions. (Kshetree et al., 2021).
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5.3. Recommendations

In the light of the above-mentioned conclusions, this study recommends the following:

Researchers should extend their investigations of bibliometric analysis to other fields
of education.

Based on the findings of this bibliometric analysis, which focused exclusively on
English-language articles related to mathematics misconceptions, future researchers
should consider conducting a similar bibliometric analysis on Arabic-language
articles related to mathematics misconceptions.

To facilitate joint research efforts on mathematics misconceptions, countries should
allocate funding and promote international collaboration.

Curriculum planners are encouraged to participate in workshops designed to equip
them with tools and knowledge to proactively address and prevent students from
falling into common misconceptions in mathematics.

Organizing teacher and educator workshops to address common misconceptions
about mathematics that have been found through research.

Offering extra classes or sessions for students to address Misconceptions about
mathematics. Students would have the chance to talk about and clear up any
misunderstandings they might have had during normal class periods during these
sessions.

Implementing formative assessment strategies in the classroom, teachers may help
teachers keep an eye on their students’ development and correct recurring
misconceptions. Instructors can assist students in overcoming obstacles and
mastering fundamental mathematical abilities by using frequent evaluations of their

learning and correcting misconceptions as they occur.
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