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Abstract 

The aims of this study is to analyze publications on early algebra in middle schools to contribute 

to the development of related literature. A total of 234 articles on early algebra published in 

various Scopus databases between 2013 and 2024 were retrieved and analyzed through a 

bibliometric analysis approach and 19 articles through a Comprehensive Meta Analysis (CMA). 

The results showed fluctuating trends in research related to early algebra in middle schools. The 

surge in publications using VOSviewer and RStudio from 2013 to 2024 did not align with a 

corresponding increase in average citations, contributing to a stagnation in the average citation 

per year. The noticeable upward trend in the volume of publications on early algebra since the 

beginning of 2013 indicates a dynamic and evolving research landscape in this field. This 

consistency suggests a widespread and sustained interest in early algebra research beyond the 

confines of a single country, further emphasizing its global relevance and significance. 

Integrating multimedia technology into early algebra instruction significantly enhances student 

learning outcomes. Moreover, access to technology and enhanced learning resources through 

technology integration can play a more crucial role in improving the effectiveness of early 

algebra learning in countries with lower income levels. 
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Introduction 

Algebraic concepts emerged during the 19th century, and their eventual integration into 

undergraduate curricula took place in the 20th century ( Stout et al., 1871; Mumford et al., 1981; 

Feferman et al., 2002; Macdonald et al, 2011; Stout, 2021; Bingham & Krzanowski, 2022). 

However, ongoing discussions in academic literature increasingly emphasize the drawbacks of 

separating the teaching of arithmetic and early algebra (Carraher et al., 2006; Warren, 2004; 

Welder, 2012). This segregation tends to impede students on their journey from concrete to 

abstract realms (Kieran et al., 2016). Consequently, early algebra holds paramount significance 

as it nurtures the ability to discern mathematical relationships, surpassing the constraints of 

isolated arithmetic operations (Lins & Kaput, 2004; Malisani & Spagnolo, 2009; Blanton & 

Kaput, 2011). 

Algebra plays a pivotal role in achieving success in advanced mathematics, holding 

significant importance in resolving problems frequently encountered and addressed through 

early algebra (Knuth et al., 2016; Lee et al., 2018; Apawu et al., 2018). In a broader context, 

Kaput introduced two fundamental aspects crucial for fostering algebraic thinking in the early 

grades: the ability to generalize and symbolize mathematical relationships (Kaput & Schorr, 

2008). Consequently, students focus on scrutinizing connections between quantities and 

articulating their regularities (Carraher et al., 2008; Cañadas et al., 2016; Schifter, 2017). This 

study specifically underscores early algebra, where the primary mathematical focus is on 

functions. 

The profound import of algebra in fostering success in advanced mathematics cannot be 

overstated (Stephens & Ribeiro, 2012). Both in the practical exigencies of everyday life and the 

demands of the professional sphere, early algebra occupies a pivotal role in resolving complex 

issues that invariably necessitate an algebraic approach (Lins, 2004; Schifter, 2009; Fonger, 

Nicole et al., 2015). To articulate it more broadly, as supposed by Kaput (2008), algebraic 

thinking in the formative years of education is predicated upon two fundamental pillars: the 

capacity for generalization and the art of symbolizing mathematical relationships. Accordingly, 

students are enjoined to scrutinize the interplay between quantities and articulate their 

regularities (Tuominen, 2018; Panorkou, 2020). In a more specific context, this investigation 

underscores the primacy of early algebra, wherein the concept of a mathematical function 

assumes a central position (Carraher et al., 2008; Thomas & Tall, 1988) 

Furthermore, over the past decade, there has been a noticeable absence of scholarly 

discussions regarding the bibliometric analysis of early algebra in middle-school settings (Veith 

et al., 2023). Bibliometrics, a statistical method used to assess and quantify the proliferation of 

publications within specific research domains (Fellnhofer, 2019; Khodabandelou et al., 2019; 

Maggio et al., 2022; Maharana & Sethi, 2013; Roy & Basak, 2013), has recently gained 

increased favor due to its ability to mitigate subjectivity and associated biases (Jiang et al., 

2019). Moreover, bibliometric analysis has demonstrated its efficacy as an indispensable tool 

for examining research phenomena and advancements across various academic spheres (Raan, 

2003; Oliveira, 2019). It plays a pivotal role in providing an updated perspective on the 

parameters and trends that define scholarly inquiries (Dutta & Sataloff, 2019; Origgi & 
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Ramello, 2015; Slowe, 2018). These studies collectively establish a crucial groundwork for 

crafting research methodologies aimed at guiding students towards acquiring mathematical 

knowledge accurately and with epistemic understanding (Dasari et al., 2024). 

Thus, this study was conducted to map the outcomes of article publications through 

bibliometric analysis, utilizing data extracted from Scopus and processed using VOSviewer and 

RStudio software. The objective of this research is to contribute substantially to the intellectual 

community by offering insights for researchers to consider, particularly in the context of 

formulating research themes, with a specific focus on early algebra within secondary education. 

However, meta-analysis is utilized to bolster the findings of bibliometric analysis.  

Numerous research reports have delved into the realm of early algebra. In an investigation 

conducted by Nurmawanti & Sulandra (2020) on algebra, their research outcomes affirm the 

usefulness of these studies in formulating pedagogical strategies aimed at nurturing students' 

early algebraic cognitive abilities. Recent findings further highlight a significant correlation 

between mathematics and the early algebraic domain, suggesting that within the realm of 

primary education, students demonstrate signs of informal engagement with early algebraic 

concepts (Febriandi et al., 2023). Moreover, it is evident that research focused on understanding 

early algebraic cognition is relatively scarce, emphasizing the pressing need for such inquiries 

(Jones, 2012; Ralston, 2013). This is crucial, considering that children are evidently acquiring 

an innate understanding of early algebra (Gabbay & Mulligan, 2009). 

In the context of mathematical education, there are several areas that have garnered 

significant attention, notably encompassing early algebra, mathematical proof, calculus, 

technological applications, geometry, and modelling (Cai et al., 2014; Julius et al., 2021; Reyes 

et al., 2019). There exists a critical juncture in the curriculum wherein the introduction of early 

algebra might render simple concepts complex, yet the omission of early algebra instruction 

will inevitably render the mastery of intricate concepts an insurmountable challenge (Carraher 

et al., 2006; Tall & Thomas, 1991). 

Taking all of these aspects into consideration, the overarching aim of this study resides 

in the examination of the patterns within the sphere of early algebra in middle-school education, 

a pursuit realized through the lens of bibliometric analysis. For this purpose, the study 

endeavors to address the following inquiries: 

1. What is the distribution of academic articles concerning early algebra distributed across 

different years?  

2. What is the distribution of academic articles concerning early algebra distributed across 

different sources? 

3. What is the distribution of academic articles concerning early algebra distributed across 

different countries? 

4. What are the mostly occurring keywords found in articles concerning early algebra, and 

how do these keywords evolve over time? 

 

 

 

 



 
Dilham Fardian, Didi Suryadi, Sufyani Prabawanto, Silfia Hayuningrat 

 

413 
 

Theoretical review 

The concept of early algebra 

The conceptualization and development of early algebra originated in the United States. In its 

early stages, algebra was viewed as incompatible with arithmetic (Maharana & Sethi, 2013). 

Algebra frequently includes the process of generalizing mathematical procedures, and it 

increasingly deals with unknown numbers as it becomes more complicated (Sibgatullin et al., 

2022). The prevailing pedagogical approach dictated that students should first master arithmetic 

before delving into the realm of algebra (Adamuz-Povedano et al., 2021; Banerjee, 2011). This 

sequential approach, contingent upon a solid foundation in arithmetic (Carraher & Schliemann, 

2019). However, this approach frequently leaves students ill-prepared for the cognitive 

transition from the tangible to the abstract (Anderson, 2000). When simplifying algebraic 

expressions, learners frequently encounter challenges related to both the structural and 

operational aspects of their knowledge (Dhlamini, 2023). 

On the contrary, algebra inherently involves exploring relationships between unknown 

variables and the empirical data embedded in a given problem (MacGregor, 1995). It progresses 

through a series of relatively automatic manipulations of these variables, ultimately leading to 

the elucidation of a solution (Wahyuni et al., 2022). As an academic discipline, algebra is 

distinctly characterized by its emphasis on the intricate interplay between quantities, supported 

by a flexible symbolic language that reveals unique semantic nuances (Tabak, 2004; Radford, 

2008). Moreover, these symbols, often resembling one another, play a crucial role in supporting 

the cognitive transition from arithmetic to algebra, facilitating the development of algebraic 

thought even in the early stages of this transition (Hernandez-Martinez et al., 2011). 

The introduction of early algebraic instruction typically takes place in the seventh grade, 

corresponding to the middle school phase of education (Mukhni et al., 2021). Challenges with 

algebraic concepts can emerge as early as elementary school and persist into middle school 

(Ketterlin-Geller et al., 2019; Wahyuni et al., 2020). Information from the 2015 National 

Assessment of Educational Progress (NAEP) in mathematics (National Center for Education 

Statistics, 2015) reveals disparities in algebraic performance among students in 4th and 8th 

grades, belonging to diverse subgroups in the United States. This inequality has the potential to 

perpetuate differences in academic achievement. However, In Indonesia, the proficiency in 

algebra holds significant importance (Jupri & Drijvers, 2014). According to the Trends in 

International Mathematics and Science Study (TIMSS) 2007, Indonesian students demonstrated 

poor performance in the TIMSS 2007 study. Specifically, Indonesian average score in algebra 

was 405, significantly lower than the international average of 500 (Gonzales et al., 2008). 

Furthermore, Indonesian students' scores in algebra were notably inferior to those of students 

from other Southeast Asian countries. For instance, students from Thailand, Malaysia, and 

Singapore achieved average scores of 433, 454, and 579, respectively, with corresponding 

rankings of 29th, 20th, and 3rd. Globally, students encounter challenges when learning algebra 

(Booth 1988; Drijvers 2003; Herscovics & Linchevski 1994; Warren 2003). 
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Early algebra is a branch of mathematics exploring the realms of letters and symbols, 

employing predefined rules for manipulating these symbolic elements (Esteve et al., 2008; Van 

Amerom, 2003). In this educational framework, students are expected to grasp the fundamental 

notions, symbols, and structures inherent in algebraic learning (Jupri & Sispiyati, 2020). 

Furthermore, acquiring proficiency in algebra serves as a crucial gateway to future educational 

and vocational success, as it lays the foundation for students to explore and pursue studies in 

any academic discipline during their college journey (Wilder, 2013; Snipes & Finkelstein, 

2014; Kim, 2015). In the context of middle school education, students are conventionally 

exposed to various mathematical representations as a means of assimilating algebraic concepts 

(Ross & Wilson, 2012). 

Kaput (2000) articulated that addressing algebraic problems involves four key objectives: 

(1) instilling a level of coherence, depth, and effectiveness often absent in K-8 mathematics 

education; (2) enhancing, if not entirely eliminating, the most detrimental and alienating aspects 

of current high school algebra courses—namely, their belated, disjointed, cursory, and 

superficial nature; (3) democratizing access to influential mathematical concepts, reshaping 

algebra from an inadvertent source of inequality into an intentional tool for mathematical 

empowerment; and (4) establishing the conceptual and institutional capacity needed to make 

space in the secondary curriculum for the new mathematics demanded by the 21st century, 

unburdened by the entrenched 19th century high school curriculum. Kaput further elucidated 

that two fundamental tenets lie at the core of algebra, including: 

Table 1. Fundamental elements and strands 

The Two Fundamental Elements 

A. Algebra functions as the systematic representation of overarching patterns and 

limitations. 

B. Algebra operates as the utilization of syntax-driven logic and procedures for 

manipulating generalizations conveyed through established symbolic systems. 

Fundamental Elements A & B are Embodied in Three Strands 

A. Algebra is the exploration of abstract structures and systems divorced from 

concrete calculations and connections, encompassing those that emerge within the 

domain of arithmetic (algebra as a form of generalized arithmetic) as well as those 

rooted in quantitative reasoning. 

B. Algebra constitutes the investigation of functions, relationships, and concurrent 

changes. 

C. Algebra encompasses the utilization of an array of modeling languages, both 

within and beyond the realm of mathematics 

 

The state of research and its evolution over the past 

The discourse on early algebra has garnered considerable attention in academic circles, driven 

by extensive research spanning multiple decades. In the 1980s, investigations into early algebra 

and learning predominantly focused on scrutinizing students' errors and the constraints 

influencing their learning processes, placing a specific emphasis on developmental hurdles 

(Van Amerom, 2002). Early algebra at the middle school level often proves to be a formidable 

challenge in terms of mathematical comprehension (Van Amerom, 2003). However, 
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understanding early algebra at the middle school level is often difficult because its concepts 

require a transition from arithmetic thinking to more abstract thinking, where students must 

grasp the relationships between variables and engage in problem-solving symbolically (Cai et 

al., 2015). This aligns with the stages of cognitive development proposed by Piaget (1970), 

where students in the age range of 12-13 years (middle schools) are still in the cognitive 

transition from the concrete operational stage to the formal operational stage. During this 

transition, they are developing the ability to think more abstractly and systematically, but they 

do not yet have fully mastered these comprehensions. Consequently, the abstract nature of early 

algebra concepts, which require understanding variables and symbolic problem-solving, can 

pose difficulties for students who are still in the midst of this cognitive transition. 

Within the realm of learning early algebra, students frequently confront substantial 

obstacles, particularly when engaging with the manipulation of algebraic expressions (Jupri et 

al., 2014; Saputro et al., 2018). According to Noto, Pramuditya, and Handayani (2020), 

Indonesian middle school students encounter challenges in learning due to their insufficient 

grasp of mathematical concepts associated with algebraic expressions, resulting in an 

epistemological obstacle. Sidik, Suryadi & Turmudi (2021) stated that the challenges students 

face when solving given problems encompass converting narrative problems into mathematical 

statements, utilizing the concept of place value, performing addition and subtraction 

calculations, and struggling due to the limited range of questions available which can be 

categorized into three types of obstacle, namely, ontogenic, epistemological, and didactical 

obstacles. This is in line with Utami & Prabawanto (2023) which stated that the didactical 

obstacle were identified in understanding the equal sign, variable, and mathematization. 

Epistemological obstacles were observed in comprehending the equal sign, variable, algebraic 

expression, and algebraic operation. In other side, ontogenic challenges were detected 

specifically in understanding the equal sign. However, the ontogenic, epistemological, and 

didactical obstacles in the learning process can hinder the development of a more profound 

understanding of algebraic concepts (Lange et al., 2014; Booth, 2017). The origins of students' 

struggles in early algebra can be traced to fundamental concepts associated with algebraic 

expressions and the operational procedures entailed in algebraic manipulations 

(Malihatuddarojah & Prahmana, 2019; Pramesti & Retnawati, 2019). 

Over the years, early algebra has consistently held a prominent position within the realm 

of research in mathematics education (Pincheira & Alsina, 2021; Radford, 2018). Recently, 

there has been a growing interest in research related to early algebra (Vergel, 2015). In a study 

conducted by Gökçe & Guner (2021), the researchers delved into articles within the context of 

mathematics education using the Web of Science database. In their investigation, Gokce and 

Guner performed searches using terms such as "mathematics education," "maths education," or 

"math education" within the titles and keywords of the articles. In the initial phase of their 

analysis, their primary focus was on tracking patterns in the quantity of articles related to 

mathematics education. Gökçe & Guner (2021) conducted a study examining articles related to 

mathematics education in the Web of Science (WoS) database over a forty-year period. Their 

search included terms such as "mathematics education," "maths education," or "math 

education" in both the title and keyword sections of the articles. The research aimed to analyze 
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trends in the number of articles related to mathematics education. The results stated a rising 

trend in the number of articles over the years. Figure 1 provides data concerning the information 

in the number of articles from 1980 to 2019. 

 

Figure 1. Trends in the number of mathematics education related articles between 1980 and 

2019 (Gökçe & Guner, 2021) 

 

Figure 1 illustrates that the growth rates of publications between 1980 and 1999 were 

relatively modest, but during each five-year interval from 2000 to 2014, the number of 

publications nearly doubled. This figure highlights a discernible upward trend in the volume of 

articles over the years. Notably, MathSciNet (MSN) features a distinctive attribute in the form 

of the Mathematics Subject Classification (MSC). This comprehensive classification system 

encompasses an extensive array of over 60 distinct mathematical subjects, each of which can 

further be subdivided into a multitude of sub-subjects. In the MSN database, each published 

work is meticulously cataloged under a primary subject category or, in some instances, under a 

primary subject along with several associated secondary subjects. This rigorous classification 

system plays a crucial role in the precise organization and retrieval of mathematical literature, 

ensuring that researchers can effectively access relevant resources in their specific areas of 

interest. 

Figure 2 presents data on the quantity of yearly new indexed mathematics publications 

across eight subjects over two decades. Overall, the publication rates in analytic areas, 

applications to the sciences, early algebraic areas, computer science and information theory, as 

well as probability and statistics, witnessed a substantial increase from 2000 to 2019. In 

contrast, the geometric areas, logic, set theories, and other subjects maintained a relatively 

stable rate, hovering slightly below 5000 articles per year. 
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Figure 2. Yearly new indexed mathematics publication (8 subjects) based on MSC (2020) 

Analytic areas, which was the highest percentage of publication subjects in 2000, 

constituting nearly 25.000 publications, saw a rise slightly over 35.000 publications, which was 

the highest proportion in 2019. Followed by applications to the science and early algebraic 

areas, which was the second and the third highest publication subjects, respectively. In stark 

contrast, logic and set theories was the second lowest of publication subjects in two decades, 

accounting for just under 2500 articles every year. However, publications rate about early 

algebraic areas experienced a dramatically increase between 2000 and 2018, but had a 

noticeable decrease in 2019. 

Research related to mapping bibliometric analysis of early algebra in middle-school has 

not been carried out in the last 10 years. Based on mathematical content area in early algebra 

mentioned above, in this research, researcher will focus to determine the research topics, 

especially by thinking about early algebra in secondary schools. 

 

Methods  

Research design 

In this study, a bibliometric and meta-analysis were employed to examine articles related to 

early algebra in the Scopus database. Bibliometrics, functioning as a scholarly discipline, 

involves the systematic evaluation of information extracted from the bibliographic elements of 

scientific publications, utilizing quantitative analyses and statistical procedures (Lazarides et 

al., 2023). This method provides an opportunity for a methodical and quantitative appraisal of 

the body of literature, thereby enhancing the depth of understanding regarding the research 

landscape associated with early algebra (Zan, 2019). To ensure the validity of the bibliometric 

method in creating scientific conclusions, researchers carefully select the sources of data used 

in bibliometric analysis. This includes ensuring that the data sources used are relevant and 

reliable. However, researchers limit the analysis to articles indexed in databases such as Scopus, 

selecting articles in quartile 1 to quartile 4. Furthermore, researchers choose to only analyze 

published articles, excluding other document types such as conference proceedings or book 

reviews. This is done to ensure that the data used in the analysis is of consistent quality and 

relevance to the research objectives. To ensure the novelty of the research, the data collected is 
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from publications within the last decade. By limiting the data sources to relevant and high-

quality articles, and focusing the analysis on appropriate document types, researchers can 

enhance the validity of their bibliometric analysis and ensure that the scientific conclusions 

drawn are reliable. 

Research trends can be analyzed with the help of bibliometrics (Donthu et al., 2021, 

Karampelas, 2023). Bibliometric analysis was chosen as a method to conduct a rigorous 

statistical evaluation of scholarly articles with the primary objective of elucidating prevailing 

trends within the realm of mathematics education research (Ali, 2018; Julius et al., 2021). This 

was achieved through a meticulous examination of keyword co-occurrence. By scrutinizing the 

interrelationships and patterns of keywords within the literature, the research aimed to unveil 

significant thematic and directional underpinnings in the field of mathematics education (Cheng 

et al., 2014; Durmaz, 2023). This approach directs the study from a micro focus to a macro 

focus, affording the researcher the chance to explore the dynamics of the field from a more 

expansive and comprehensive vantage point (Moorhead, 1981; Zupic & Čater, 2015). The 

research design of the study covers the exploration, visualization, identification and verification 

phases that offers a pathway that spans from the initial exploration of pertinent articles to the 

subsequent characterization of clusters formed by terms, predicated on their frequency of 

occurrence. 

Meta analysis is utilized to bolster the findings of bibliometric analysis. Meta-analysis 

refers to a statistical technique used to combine and analyze data from multiple independent 

studies on a particular topic to draw overall conclusions. It allows researchers to synthesize the 

results of various studies, providing a more comprehensive understanding of the subject matter 

than any single study could provide on its own. In the context of academic research, 

bibliometric analysis involves the quantitative analysis of bibliographic data, such as 

publication patterns, citation counts, and authorship trends within a specific field or discipline. 

By incorporating meta-analysis alongside bibliometric analysis, researchers can strengthen 

their findings by systematically reviewing and integrating the results of multiple studies, thus 

enhancing the robustness and reliability of their conclusions. 

Data collection 

Scopus database has been chosen as the primary source of documents in this research. This is 

due to three reasons: first, Scopus adheres to a uniform and steadfast criterion when selecting 

documents for incorporation into its index (Baas et al., 2020; Kähler, 2010). Second, it 

encompasses a broader spectrum of documents suitable for comprehensive reviews of research 

within the domains of education and the social sciences (Hallinger & Chatpinyakoop, 2019). 

Third, Scopus includes more open access content (Miguel, 2011; Reeves et al., 2017). However, 

all the articles in Scopus database were published between 2013 and 2024. Finally, 234 articles 

acquired for subsequent analysis. Comprehensive information regarding the exploration phase 

can be found in Table 2. 
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Table 2. Summary of the Investigation Criteria 

Criteria Descriptions 

Data source Scopus 

Search terms Algebra OR “early algebra”, AND 

“middle school” OR “junior high 

school” OR “secondary school” 

Publication periods 2013 to 2024 

Document type Article 

Language English 

This research followed the procedures provided in the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA). There are four stages guided by PRISMA, 

namely, identification, screening, eligibility, and inclusion (Suparman et al., 2021). Figure 3 

provides a PRISMA diagram. 

 

Figure 3. A flow diagram of PRISMA 

 

Data analysis 

To offer statistical insights into the most prevalent elements, connections between elements, 

and item clusters through bibliometric analysis, VOSviewer and RStudio software were 

employed. This software facilitates the creation of bibliometric maps, including network maps 

that elucidate the interconnections between items and organize them into clusters based on the 

robustness of these connections (Eck & Waltman, 2009; Nandiyanto et al., 2021; Waltman et 



 
Research trends on early algebra in the middle school: A combined ... 

 

420 
 

al., 2010). Additionally, it enables the generation of overlay maps, which employ a color 

spectrum to depict variations over time, and density maps that visually represent the frequency 

of occurrence of items associated with keywords prominently featured in publications (Gökçe 

& Güner, 2022). Following to the criteria established within the framework of this study, the 

data from 234 articles sourced from the Scopus database were imported into VOSviewer and 

RStudio software. Subsequently, essential bibliometric analyses were conducted, leading to the 

generation of visual maps. 

From the perspective of meta-analysis, the data analysis for this study was performed 

using the Comprehensive Meta-Analysis (CMA) software. The analysis employed Hedges' 

formulas to evaluate the effect size of incorporating the technology on students' achievements 

in algebra. 

𝐻𝑒𝑑𝑔𝑒𝑠′𝑠 𝑔 =
𝑋1 + 𝑋2

𝑆𝑃𝑜𝑜𝑙𝑒𝑑
 

The obtained of Effect Size (ES) can be classified into five categories, as outlined by 

Thalheimer and Cook (2002), as illustrated in Table 3. 

Table 3. The categorization of effect size 

Range of Effect Size (ES) Interpretation 

−0.15 ≤ 𝐸𝑆 < 0.15 Ignored 

0.15 ≤ 𝐸𝑆 < 0.40 Low 

0.40 ≤ 𝐸𝑆 < 0.75 Medium 

0.75 ≤ 𝐸𝑆 < 1.10 High 

1.10 ≤ 𝐸𝑆 < 1.45 Very High 

𝐸𝑆 ≥ 1.45 Very Good 

Results  

In this section of the paper, the findings of descriptive and evaluative analyses are presented. 

Specifically, the paper outlines results pertaining to bibliographic coupling of the sources, co-

occurrences of author keywords, bibliographic coupling of countries, and bibliographic 

coupling of publications. These results were obtained through the utilization of specialized 

software tools such as VOSviewer, Rstudio, and CMA. 

Distribution of publications by years 

Figure 4 illustrates the distribution of publication, the average citations per article and the 

average citation per year related to early algebra between 2013 and 2024 at a 11-year interval. 

It is noticeable that the publication output saw a positive trend with the publication output in 

2022 showing the most significant rise. Looking at the starting year, the publication output 

accounted for 16 articles, which was the third lowest quantity of publications in the last 11 

years. Over the next half decade, the distribution of publications related to early algebra showed 

a slight decreasing trend. In stark contrast, in the next year in 2019, the publication rate 

increased significantly by approximately 11 articles. This made the year 2019 the year with the 
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highest publication rate in the last decade. Finally, by the year 2023, the publication rate stayed 

around 26 articles. Until January 2024, there is only one article related to early algebra in middle 

schools.  

On the other hand, the average citation per article related to early algebra saw a dramatic 

decrease from year to year. At its peak, in 2023, there were only an average of 3 citations per 

article related to early algebra. With regard to the first research question, the increase in the 

number of publications from 2013 to 2024, however, was not accompanied by a corresponding 

increase in average citations. It also impacted the average citation of articles per year, which 

exhibited a stagnant trend, remaining just below 3 citations annually until the present.  

Figure 4. Distribution and average of publications related to early algebra 

The declining trend in scholarly publications from year to year raises concerns about its 

potential impact on students' learning outcomes in early algebraic concepts. First, a decrease in 

scholarly publications have significant implications for educators and students, limiting access 

to up-to-date materials and research findings (Engel et al., 2015). Like a domino effects, the 

dwindling number of scholarly publications can trigger a cascade of consequences for both 

educators and students, ranging from limited access to current materials and research findings 

to potential stagnation in teaching practices and compromised learning outcomes in early 

algebraic concepts. Second, the availability of scholarly publications informs the quality of 

instruction in educational settings. A decline in publications indicate a decrease in research-

based practices and innovative approaches to teaching early algebra (Novotná & Hošpesová, 

2014). This could potentially impact the effectiveness of instruction and students' ability to 

grasp key concepts. Third, scientific research serves as a source of inspiration for innovation in 

teaching. When the number of scientific publications decreases, teachers' ability to adopt new 

and effective teaching approaches in teaching early algebraic concepts to students potentially 

to be hindered. This can result in students facing difficulties in understanding the material 
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deeply and sustainably, and it can reduce their motivation in learning (Cusi & Malara, 2015). 

Table 4 provide the results of the moderator variable based on publication year. 

Table 4. Moderator variable based on publication years 

Publication 

year 
N 

Effect 

Size 

Test of Null (Two 

Tailed) 
Heterogenity 

Z-value P-value 𝑸𝒃 Df (Q) P-value 

2015 – 2019 14 0.57 6.04 0.00 
0.05 1 0.81 

2020 - 2024 5 0.53 2.98 0.00 

Based on the results of the meta-analysis, it was revealed that the characteristics of the 

study years were divided into two groups: 2015 - 2019 and 2020 - 2024. There is a modest 

correlation in the effect size values of 0.53 (medium effect) in research conducted during 2020–

2024 and 0.57 (medium effect) in studies conducted during 2015–2019. However, the influence 

of publication year only has a moderate effect on enhancing student achievement in early 

algebra. The moderate correlations of 0.53 and 0.57 between effect sizes for the two time 

periods suggest some consistency in the impact of research on student achievement in early 

algebra across a decade. This indicates that, between the two periods, there are also notable 

similarities in how research outcomes influence student outcomes. As a consequence, educators 

and policymakers can use this finding to inform decisions about the relevance and applicability 

of research findings to their current educational contexts. It highlights the importance of 

considering a broad range of research across different time periods rather than focusing solely 

on the most recent studies.  

 

Figure 5. Subject areas related to early algebra 

The published articles come from various subject areas. As evident in Figure 5, the 

majority of publications originate from researchers in the fields of mathematics and social 

science. Additionally, a substantial number of articles come from the disciplines of engineering, 

computer science, and psychology. It can be asserted that there is a widespread interest across 
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diverse fields in the realm of early algebra education in secondary schools. This is in line with 

Prendergast & O’Donoghue (2010), which stated that there is a growing interest in early algebra 

education in secondary schools, with a focus on improving teaching methods to engage 

students. Research within the realm of psychology has provided insight into the cognitive 

mechanisms underpinning algebraic reasoning. Studies indicate that various abilities associated 

with spatial visualization, causal reasoning, qualitative analysis, and verbal reasoning are 

fundamental to this cognitive process (Chimoni & Pitta-Pantazi, 2017). Moreover, algebra is a 

crucial element of computer science, finds application across diverse domains including 

scientific computing, mathematical physics, and quantum computing (Ganzha et al., 2012). In 

engineering, engineers frequently use algebraic techniques to model and analyze complex 

systems, solve equations, design structures, optimize processes, and interpret data (Corrochano 

& Sobczyk, 2001). This reflects a multifaceted engagement with the subject matter, 

underscoring the interdisciplinary nature of the research landscape. 

 

Figure 6. Sources production related to early algebra 

With regard to the second research question, it is notable that Educational Studies in 

Mathematics and ZDM – Mathematics Education emerge as two significant journals, 

contributing to a total of 133 sources. Clearly, there has been a discernible upward trend in the 

volume of publications on early algebra from these primary five journals since the beginning 

of 2013. This points towards the evolving landscape of research in the field of early algebra. 

However, the increasing volume of publications on early algebra indicates a growing interest 

in understanding algebraic concepts introduced at an earlier stage in mathematics education 

(Kılıç, 2014). Furthermore, the growing body of research on early algebra can provide valuable 

insights into effective pedagogical practices for teaching algebraic concepts to students at an 

earlier stage. Educators can leverage this research to refine their instructional approaches and 

design more effective learning experiences for students (Weinert & Corte, 2001). These 
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significant journals can help researcher to identify key concepts and developmental milestones 

in early algebra which can enable educators to identify students who may be struggling with 

algebraic reasoning at an early stage (Schifter et al., 2009). 

Distribution of publications by country 

The distribution of publications on early algebra is evident across various countries worldwide. 

However, the research trend in algebra appears to be relatively high in the continents of America 

and Asia compared to other continents. In Southeast Asia, nearly all countries have published 

articles related to algebra, such as Indonesia, the Philippines, Malaysia, and Thailand.  Figure 

7 depicts the average scientific output categorized by geographic characteristics. 

 

Figure 7. Countries scientific production related to early algebra 

In the context of the global distribution of articles on early algebra, it is evident that the 

USA, Malaysia, and Turkiye hold crucial positions in the field of algebraic studies, collectively 

representing 604 authors, as illustrated in Figure 7. In 2024, these countries significantly 

contributed to the literature with 302, 41, and 34 articles, respectively. With regard to the third 

research question, with the exception of the USA, there is a noticeable consistent trend in the 

publication volume of early algebra-related articles from the top five countries since the 

beginning of 2013. Figure 8, provides additional insights into the synthesis of publications 

involving multiple countries. 
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Figure 8. Co-authorship network related to early algebra 

Co-authorship relationships among countries were analyzed by constructing a network. 

In this network, individual countries are depicted as circle nodes, and collaborations between 

two countries are represented by edges connecting the respective nodes.  

Table 5. Moderator variable based on region 

Region N 
Effect 

Size 

Test of Null (Two 

Tailed) 
Heterogenity 

Z-value P-value 𝑸𝒃 Df (Q) P-value 

Africa 4 0.98 3.93 0.00 

6.25 4 0.18 
America 3 0.37 1.27 0.20 

Asia 9 0.50 4.68 0.00 

Europe 3 0.43 2.02 0.04 

 

There are variations in the effectiveness of early algebra instruction across different 

regions. Early algebra exhibits the lowest effect size in the Americas compared to other regions, 

standing at 0.37 (indicating a low effect). Meanwhile, early algebra instruction in Europe and 

Asia consecutively demonstrates moderate effect sizes of 0.43 and 0.50, respectively. This 

aligns with Utami's findings (2022). These disparities arise because early algebra is specifically 

designed to introduce algebraic concepts to elementary school students and has been 

incorporated into the curricula of several advanced countries such as the United States, Spain, 

and Japan (NCTM, 2000; Pinto & Cañadas, 2021; Watanabe, 2011).  

On the other hand, early algebra learning integrated with technology seems to be a highly 

effective strategy in Africa, as highlighted by the results of the meta-analysis with an effect size 

of 0.98 (high effect). This indicates that the use of technology in early algebra education in the 

region has a significant impact on improving student achievement. This interpretation suggests 

that the use of technology may help overcome some of the challenges that may be encountered 

in the education context in Africa. Technology serves as a tool to aid humans in their activities 

(Apsari et al., 2020). Technology can open access to limited educational resources, facilitate 

more interactive and engaging learning, and increase student engagement in the learning 
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process. Thus, integrating technology into early algebra learning in Africa can be an effective 

step towards enhancing students' understanding and achievement in this subject. Moreover, 

research in Asia, specifically in Indonesia has shown the positive impact of technology-rich 

interventions on early algebra learning. Jupri et al (2015) found that the use of digital 

technology, such as applets and ICT-based teaching sequences, improved students' conceptual 

understanding and procedural skills in initial algebra. Kolko (2002) underscore the complex 

interplay of access to technology, digital literacy, cultural attitudes, and supporting 

infrastructure in shaping the effectiveness of technology integration in diverse, developing 

countries, as seen in the case of Uzbekistan.. Research conducted by Pilet et al (2013) in Europe 

has recognized the capacity of technology to aid in customizing instruction, boosting student 

involvement, and elevating academic achievements. In America, Rhine et al (2015) and Alsaeed 

(2017) both emphasize the potential of technology to support algebra instruction, with Rhine 

specifically highlighting the use of technology to enhance preservice teachers' understanding 

of students' algebraic thinking. 

Co-occurences of the author keywords 

The analysis of visualization mapping in this study was conducted using three schemes: 

network visualization, overlay visualization, and density visualization. This visual 

representation serves to clarify the relationships between terms by depicting networks or lines, 

highlighting the associations between one term and another. 

Figure 9. Co-occurrences of author keywords (network visualization) 

 

Higher-level algebra 

Education 

Early algebra 

Innovation 
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In network visualization, the connections between terms are shown as connections or 

lines that link one term to another. The diameter of the circle shows the frequency of the 

keyword (Khafizofa et al., 2024). As shown in Figure 9, some circles have different colours, 

circle sizes, and labels that are connected by a line. The size of the labelled circle shows a 

positive correlation with the appearance of the term in the title and abstract. The utilization of 

VOSviewer and RStudio applications effectively facilitated the mapping of numerous articles, 

simplifying the task of researchers in streamlining their articles based on specific criteria. From 

these results, 32 items related to early algebra in middle schools were selected which were 

divided into 5 clusters, including: (1) Higher-level algebra; (2) Education; (3) Early algebra; 

(4) Algebraic skills, and (5) Innovation. The analysis yielded five clusters for the keywords. In 

each cluster, the most frequently co-occurring keywords are prominently displayed, 

interconnected within the network. 

Table 6. Moderator variable based on types of technology 

Types of 

Technology 
N 

Effect 

Size 

Test of Null (Two 

Tailed) 
Heterogenity 

Z-value P-value 𝑸𝒃 Df (Q) P-value 

Animated learning 2 0.24 1.43 0.15 

9.32 5 0.09 

Computer 1 0.49 1.75 0.08 

E-learning 4 0.48 4.16 0.00 

Geogebra 6 0.58 4.04 0.00 

Learning videos 3 0.29 2.51 0.01 

Multimedia 3 1.15 3.76 0.00 

Based on the analysis using CMA, early algebra learning integrated with multimedia 

technology exhibits a remarkably high effect size of 1.15 compared to other types of 

technology. This implies that integrating multimedia technology into early algebra instruction 

significantly enhances student learning outcomes. The effect size of 1.15 indicates that the 

effective use of multimedia technology strengthens understanding of early algebraic concepts 

and improves students' mathematical skills very efficiently. Incorporating multimedia 

technology into early algebra instruction provides a more interactive, visual, and engaging 

learning experience for students, facilitating better internalization of mathematical concepts. 

Consequently, these findings strongly support adopting a learning approach that utilizes 

multimedia technology as an effective strategy to enhance student achievement in early algebra. 

One way to measure technological development in a country is based on the Global 

Innovation Index (GII). This index aims to measure the level of innovation and innovative 

competitiveness in various countries worldwide. The GII uses various indicators to evaluate a 

country's innovation capability, including investment in research and development, output of 

scientific research, number of patents and scientific publications, availability of skilled human 

resources, information technology infrastructure, and various other factors related to the 

innovation ecosystem. The goal of the GII is to provide insights into the strengths and 

weaknesses of innovation and technology in a country, thus providing guidance for government 

policies, businesses, and other stakeholders in enhancing their innovative capacity and 

economic competitiveness. 
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Table 7. Moderator variable based on GII 

GII N 
Effect 

Size 

Test of Null (Two 

Tailed) 
Heterogenity 

Z-value P-value 𝑸𝒃 Df (Q) P-value 

High-income 5 0.35 3.14 0.00 

4.81 4 0.30 Lower-income 13 0.70 5.37 0.00 

Upper-income 1 0.35 1.31 0.18 

Based on the analysis using CMA, it appears that the integration of technology in early 

algebra learning is highly effective when applied in countries with lower income levels (GII 

lower income). The effect size for GII lower income is 0.70 (medium effect), compared to 

countries with higher or lower GII levels, each having an effect size of 0.35. This implies that 

the integration of technology in early algebra learning tends to have a more significant impact 

in countries with lower middle-income (GII lower income) compared to those with higher 

incomes (higher or lower GII levels). The higher effect size in GII lower income (0.70) suggests 

that the use of technology in early algebra learning has a greater or more effective impact in 

countries with lower economic status.  

This finding may indicate that access to technology and enhanced learning resources 

through technology integration can play a more crucial role in improving the effectiveness of 

early algebra learning in countries with lower income levels. This could be attributed to the fact 

that technology can serve as a more efficient and affordable means to provide learning materials 

and support student interaction with the material in countries with limited traditional resources. 

Countries with lower levels of technology may face greater challenges in achieving progress in 

education and economic development. Therefore, they may be more open to adopting 

technology in education as an effort to catch up and improve educational outcomes. These 

countries may also have a high level of curiosity and motivation to learn new technologies as a 

means to enhance their progress. Innovation in educational technology can be an attraction for 

these countries to improve the quality and accessibility of education. In countries with lower 

levels of technology, there may be more support or incentives to introduce technology in 

education as a way to overcome existing physical and human resource limitations. 

As depicted in Figure 10, various circles exhibit distinct colors, sizes, and interconnected 

labels by lines. The graph indicates that darker colors correspond to less frequent publications, 

while brighter colors are indicative of emerging research trends. In the realm of bibliometrics 

related to early algebra in middle schools, the analysis uncovered a network of interconnected 

concepts. The central theme of algebra involves a deep exploration of equality, mathematics 

education, arithmetic, and the application of these concepts at an advanced educational level. 

Furthermore, the correlation with topics like fractions, curriculum, and linear equations 

demonstrates the intricate and pertinent aspects of teaching early algebra in middle schools. 

The research outcomes shed light on the pivotal role of students, teaching methodologies, and 

motivational factors in comprehending early algebra, offering a comprehensive understanding 

of crucial elements within the academic literature. 
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Figure 10. Co-occurrences of author keywords (overlay visualization) 

Based on the analysis using CMA, it was found that algebra learning at the elementary 

and middle school levels has a significant impact, with effect sizes of 0.44 and 0.55 

respectively, indicating a moderate level. However, algebra learning at these levels has a lower 

impact on students with disabilities or those not attending school, with effect sizes of 0.38 and 

0.26 respectively. A surprise emerged when examining the results at the high school level, 

where algebra learning had a very large impact on student achievement, with an effect size 

reaching 0.77. 

Table 8. Moderator variable based on school levels 

School levels N 
Effect 

Size 

Test of Null (Two 

Tailed) 
Heterogenity 

Z-value P-value 𝑸𝒃 Df (Q) P-value 

Disabilities (not 

attending school) 
1 0.38 1.92 0.05 

4.85 4 0.30 
Primary school 3 0.44 2.13 0.03 

Junior high school 6 0.55 3.67 0.00 

Senior high school 7 0.77 4.37 0.00 

University 2 0.26 1.59 0.11 

According to Piaget, students in the age range of 13 years are still in the transitional stage 

between concrete operational and formal operational stages, which is one of the factors 
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contributing to why the effect size of algebra learning at the middle school level tends to be 

moderate. 

With regard to the fourth research question, the keywords (Figure 10) that emerged most 

(Figure 11) were Mathematics, Students, Human, Child, Learning and Algebra. 

 

Figure 11. The most frequent keywords 

Discussion 

The findings of this research indicate that in the last decade, research on early algebra has 

continued to experience a positive increase in the number of publications. However, the 

increase in the number of publications from 2013 to 2024 was not accompanied by a 

corresponding increase in average citations. Consequently, this has impacted the average 

citation of articles per year. However, the influence of publication year only has a moderate 

effect on enhancing student achievement in early algebra. This limitation arises because early 

algebra is designed to introduce algebraic concepts to elementary school students and has been 

implemented in the curriculum in some developed countries such as the United States, Spain, 

and Japan (NCTM, 2000; Pinto & Cañadas, 2021; Watanabe, 2011). However, in some 

countries such as Indonesia and Malaysia, early algebra learning is not yet included in the 

elementary school curriculum, so the main challenges in learning early algebra often arise when 

students are already in junior high school.  

Piaget's model of cognitive development, as discussed in Shayer et al (1976), Stern 

(2005), Wulach (1977), and Day (1981), suggests that children aged 12-13 are transitioning 

from concrete operational to formal operational thinking. Shayer's study found that only one-

fifth of children in this age group demonstrated formal operational thought, indicating a 

significant shift in cognitive development. Therefore, it is crucial to begin introducing basic 

algebraic concepts to students at this stage from the outset (Kieran, 2004). In this transitional 

period, students start to exhibit more abstract and hypothetical thinking, making it an opportune 

time to introduce foundational algebraic principles. By incorporating early exposure to 
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algebraic concepts, teachers can better nurture the development of their cognitive abilities, 

preparing them for the more advanced problem-solving skills required in the formal operational 

stage and employ algebraic techniques to solve even the simplest problems that could have been 

more effectively addressed using arithmetic methods (Usman, 2015). 

Further research on the topics of augmented reality, mathematics education, functional 

thinking, technology, mathematical equivalence, and arithmetic holds great potential for 

investigation as they have been hot research topics in the last three years. 

Conclusion 

This paper serves as a comprehensive overview of the field of early algebra, examining both 

the information available and the controversies surrounding it. To delve into the issues within 

the field of early algebra, researchers utilize bibliometric analysis and meta-analysis. 

Bibliometric analysis allows for an examination of how the field of early algebra has evolved 

over time, while meta-analysis enables the compilation and analysis of findings from various 

empirical studies to explore differences, similarities, and contradictions within early algebra. 

Consequently, this research provides a comprehensive overview of early algebra in the middle 

grade, while identifying areas that may require further research or may be contentious within 

the existing literature. 

Examining the global landscape, research trends in algebra show a relatively high level 

of activity in the continents of America and Asia compared to other continents. This 

geographical distribution hints at regional variations in the emphasis and exploration of early 

algebra in secondary education. The noticeable upward trend in the volume of publications on 

early algebra since the beginning of 2013 indicates a dynamic and evolving research landscape 

in this field. Interestingly, except for the USA, there is a consistent trend in the publication 

volume of early algebra-related articles across various regions since the same period. This 

consistency suggests a widespread and sustained interest in early algebra research beyond the 

confines of a single country, further emphasizing its global relevance and significance. 

However, the findings suggest that there are variations in the effectiveness of early algebra 

instruction across different regions. Thus, integrating technology into early algebra learning in 

Africa can be an effective step towards enhancing students' understanding and achievement in 

this subject. Integrating multimedia technology into early algebra instruction significantly 

enhances student learning outcomes. Moreover, access to technology and enhanced learning 

resources through technology integration can play a more crucial role in improving the 

effectiveness of early algebra learning in countries with lower income levels. 

In summary, the observed disparity between the increase in publications and the relatively 

stagnant citation rates underscores the need for a nuanced evaluation of the impact and visibility 

of early algebra research. The identified clusters and global trends shed light on the diverse and 

evolving nature of research in early algebra education, offering valuable insights for 

researchers, educators, and policymakers alike. 

While this bibliometric analysis provides valuable insights into the trends and dynamics 

of early algebra research in secondary schools, it is important to acknowledge certain limitations 
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that may affect the interpretation of the findings. Firstly, this study solely examines early 

algebra learning in secondary schools. Future research could delve into trends in advanced 

algebra research spanning from upper secondary to university levels. Secondly, future research 

could conduct more studies and training in early algebra learning integrated with technology in 

countries with low Global Innovation Index, particularly in the African continent. Third, early 

algebra learning integrated with multimedia technology exhibits a remarkably high effect 

compared to other types of technology. However, future research could explore what types of 

multimedia that can improve learning in algerba. There are several suggestions for future 

research, such as conduct more in-depth analyses specific to each continent or region to uncover 

localized trends, challenges, and opportunities in early algebra research. Undertake longitudinal 

studies to track the evolution of early algebra research over an extended period, and providing 

a more comprehensive understanding of its trends and potential shift 
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