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Abstract 

The purpose of this research is to find out the development of research on the 

algebraic thinking skills of elementary school students. The method used in this 

study uses a bibliometric approach based on computational mapping analysis 

assisted by VOSviewer, based on searches from the Google Scholar database, 

and the title of the article is used as a guide in the search process which is obtained 

from the keyword "Thinking Algebra in Elementary Schools". From the search 

results, 996 articles were obtained from search results on Google Scholar using 

Publish or Perish that were relevant to the algebraic thinking of elementary school 

students from the last 10 years (2012-2021). The results showed a decline in 

research related to elementary school students' algebraic thinking or early 

algebra. From the analysis of articles using VOSviewer, the development of 

publications occurred in 2012-2013, from 99 to 141 publications, but decreased 

in 2014 to 115 publications. In 2013 there was an increase in the number of 

publications, namely 137 articles published on Google Scholar. From 2013 to 

2022, the number of articles on the topic of algebraic thinking in elementary 

school or early algebra continued to decline. It can also be seen from the articles 

written by researchers around the world in the last 10 years, only the US has done 

a lot of research on algebraic thinking. The conclusions of this study will be a 

new object for researchers in conducting research that will be related to algebraic 

thinking with different variables, especially in elementary schools. 

Keywords: Algebraic thinking, Analysis, Bibliometric, Elementary school, 

Publish or Perish, VOSviewer. 
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1.  Introduction 

Bibliometric analysis has now proven to be an effective tool in studying research 

phenomena and advances in various research fields and contributes to providing an 

updated perspective on research boundaries and trends [1-4]. Searching for certain 

topics that have a great opportunity to be researched and looking for references that are 

most widely used in certain fields using VOSviewer in the bibliometric analysis [5]. 

Many studies have been conducted in the field of education [6, 7], one of which 

is research in the field of algebraic thinking in mathematics subjects. Algebraic 

thinking is very fundamental in elementary school mathematics. that algebraic 

thinking is the use of multiple representations to present, generalize, and solve a 

quantitative situation [8]. Many reports from research results discuss algebraic 

thinking, that algebraic thinking is a skill to focus on the relationship between 

numbers [9, 10]. Despite the important role of algebraic thinking, it is still 

considered a difficult skill in teaching and learning [11, 12]. Algebra is the key to 

success in advanced mathematics. In life or the world of work, algebra plays an 

important role in solving problems that often arise and must be solved using 

algebra. However, research related to mapping bibliometric analysis of algebraic 

thinking in elementary schools has not been carried out in the last 10 years. 

Therefore, this research was conducted to map the results of an article publication 

using bibliometric analysis searched in Google Scholar and then reduced using 

VOSviewer software. This research was conducted to be able to contribute ideas to 

researchers in determining research topics, especially by thinking about algebra in 

elementary schools. From the research of Nurmawanti and Sulandra [13], it is stated 

that the results of the research conducted can be used in developing strategies for 

learning mathematics so that students' algebraic thinking skills develop. The next 

recent finding is that there is a correlation between elementary school mathematics 

and algebra, this shows that in elementary school students have been touched by 

informal algebra. And others also found that research related to algebraic thinking 

in elementary school mathematics has not been done much and it is very urgent to 

do it because in elementary school children already know algebra.           

2. 2. Method 

The article data collected is based on journals indexed by Google Scholar because 

it is open source. In searching for publication data on Google Scholar, a reference 

manager application was used by several previous researchers, namely, Publish or 

Perish (PoP). PoP software works to collect articles related to the chosen topic, 

namely algebraic thinking in elementary schools from Google Scholar [14, 15]. The 

stages of research are carried out in the following way: 

(i) The initial stage is the collection of publication data from Google Scholar 

using Publish or Perish, 

(ii) Second stage Mapping bibliometric data for the last 10 years using 

Microsoft Excel application, 

(iii) The third stage of the bibliometric mapping analysis process from the 

published data collected using the VOSviewer application, 

(iv) Analysis of results from data visualization. 
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The search data used the keyword "Thinking Algebra in Elementary School" 

from Google Scholar. The articles collected are based on the range from 2012 to 

2022. The articles found from the PoP application have been matched to the related 

keywords and are then exported into two types of files: research information system 

(.ris) and value format separated by commas (*). .csv). then VOSviewer is used to 

analyse and visualize related and mapped research results. 

There are 3 variations of mapping publications that are visualized based on the 

VOSviewer application, namely network visualization, density visualization, and 

overlay visualization of the selected item. From 996 articles found, 161 relevant 

terms or keywords were obtained for bibliometric analysis in producing a new 

research topic related to algebraic thinking in elementary school. 

3. Results and Discussion 

From the search results of article publications through archive management using 

Publish or Perish software sourced from the Google Scholar database, 996 article 

data were obtained that were relevant to the keyword thinking algebra, to 

understand the main content of an article, the author's keyword analysis was carried 

out [16, 17]. The data collected is a collection of articles from the last 10 years that 

includes all article components, starting from the article publisher, title, author 

identity, number of citations, and links to articles and journals. Table 1 shows us 

that there are several examples taken from the publications collected and carried 

out processing or data analysis using VOSviewer. The data samples taken were 22 

of the best articles with the latest and most popular criteria by having the most 

citations that were used as references by researchers for the last 10 years. The 2nd 

best articles from each year were selected, from 2012 to 2022 which were relevant 

to the topic that was the keyword in this research, namely algebraic thinking in 

elementary school. 

Development of research from 2012 to 2022 related to the topic of algebraic 

thinking in elementary schools. Based on the data shown in table 2, 996 studies 

have been successfully collected through the PoP application. In 2012 there were 

99 articles and increased in 2013 to 141 article publications. There was a decrease 

in article publications in 2014 which was 115 articles and then an increase in 

publications in 2015 to 137 article publications. And in 2016 it decreased to 118 

and then decreased in 2022 to 18 articles. 

Figure 1 shows a curve for the decline in the number of publications from 2016 

to 2022. 2015 was the last increase in publications related to algebraic thinking in 

elementary schools. In 2021 and 2022, respectively, there are only 21 and 18 

publications, from the previous year having achieved the most publications in 2013 

as many as 141 articles. 

 

Fig. 1. Level development algebraic thinking in elementary school research 
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Table 1. Algebraic thinking publication data in elementary school. 

No. Author Title Year 

1 Radford On the development of early algebraic… 2012 

2 Fuchs et al. 
Contributions of domain-general cognitive 

resources and different forms of arithmetic 
2012 

3 Hackenberg 
The fractional knowledge and algebraic 

reasoning of students with the first  
2013 

4 
Walkington et 

al. 

Supporting algebraic reasoning through 

personalized story scenarios: How situational 
2013 

5 Radford 
The progressive development of early 

embodied algebraic thinking 
2014 

6 Jupri et al. Difficulties in initial algebra learning in Indo 2014 

7 Radford 
Early algebraic thinking: Epistemological, 

semiotic, and developmental issues 
2015 

8 Byrd et al. 
A specific misconception of the equal sign 

acts as a barrier to children's learning algebra 
2015 

9 Siew et al. Students' algebraic thinking and attitudes… 2016 

10 Knuth et al Build an early foundation for algebra success 2016 

11 Bastable et al. 
Classroom stories: Examples of elementary 

students engaged in early algebra 
2017 

12 Carraher Early algebra is not the same as algebra early 2017 

13 Radford 
The emergence of symbolic algebraic 

thinking in primary school 
2018 

14 Kieran et al. Teaching and learning algebraic thinking… 2018 

15 Bråting et al. 
Development of algebraic thinking: 

opportunities offered by the Swedish 
2019 

16 Blanton et al. 

Does early algebra matter? The effectiveness 

of an early algebra intervention in grades 3 to 

5 

2019 

17 Apsari et al. 
Geometry Representation to develop 

algebraic thinking: A recommendation for 
2020 

18 C Kieran Algebra teaching and learning 2020 

19 
Pinto, and 

Cañadas 

Generalizations of third and fifth graders 

within a functional approach to early 
2021 

20 Powell et al. 
Alternative paths to improved word-problem 

performance: An advantage for embedding  
2021 

21 Lim 
An analysis of 3rd graders' problem solving 

strategies on early algebra 
2022 

22 Pinto et al. 

Functional relationships evidenced and 

representations used by third graders 

within… 

2022 

The decline experienced during the last 6 years has become an important 

phenomenon and must be observed together. Thus, it becomes a great opportunity 
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for researchers to conduct research. The publication of only 18 articles in 2022, is 

a very small number. 

The VOSviewer application managed to map many articles to make it easier for 

researchers to reduce articles based on certain items. From these results, 161 items 

related to algebraic thinking in elementary schools were selected which were 

divided into 8 clusters. Cluster mapping is described in Fig. 2. 

 

Fig. 2. Topic Research On Algebraic Thinking In Elementary School. 

Mapping visualization in this study was analysed with 3 schemes, namely 

network visualization, overlay visualization, and density visualization. The 

relationship between terms visualized in the form of a network or line comes from 

one term to another [18]. As shown in Fig. 3, 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 density visualization shown in Fig. 4 shows that many studies related to 

algebraic thinking were carried out from 2012 to 2015. Meanwhile, the density 

visualization shown in Fig. 5  explains that, if the yellow colour is more applied 

then the research has been carried out a lot, and conversely if the yellow colour is 

dark or fades and blends with the background it means that research on this topic 

is very little [19-21]. 

After being visualized in general, it is illustrated from the results of network 

visualization that can show us clearly very few relationships and have great 

opportunities for a recent study. There is a correlation between algebraic thinking 

and initial algebraic thinking. The correlation of the green circle on the initial 

algebraic thinking label is small and this has opportunities for research on pre-

algebraic thinking. From the network visualization, research related to algebraic 

thinking in elementary school mathematics has not been done much and it is very 

urgent to do it because in elementary school children are familiar with early algebra 

and can already build a foundation in algebraic thinking. 
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Fig. 3. Network Visualization 

 

 

Fig. 4. Overlay Visualization 
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Fig. 5. Density Visualization 

4. Conclusion 

The research was conducted by analysing the publication of articles with the 

keywords "Thinking Algebra in Elementary School" which was taken in the last 10 

years (2012-2022). 996 articles were collected from Google Scholar through the 

Publish or Perish software and the 161 best articles based on the most citations were 

analysed using VOSviewer. From the results of this analysis, it can be seen that 

there has been a decline in article publications over the last 6 years until now in 

2022 only 18 publications, it can be concluded that the opportunity for research on 

algebraic thinking in elementary schools has a very high chance for research related 

to other terms. 
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