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Abstract 
Statistical reasoning skills are essential for students, especially when processing statistical data. Without statistical 
reasoning, students will experience difficulties interpreting and concluding data. This study aims to map the research 
landscape on statistical reasoning by reviewing publication trends, prominent authors, influential journals, and key 
topics developing in this field. The methodology was a systematic review with PRISMA guidance, complemented by 
bibliometric analysis using VOSviewer software and R Studio-Bibliometrix. The selected years are 2005 to 2025. The 
analysis results show a significant increase in 2023, but in 2025 there will be a decrease because the year of analysis is 
still 2025. The search is based on article titles, abstracts, and keywords. A study was conducted on 180 relevant articles 
to investigate educational statistical reasoning. VOSviewer is used to see visualizations of the relationship between 
keywords; R Studio is used to see more trending trends. Software Publish or Perish Harzing is also used for citation 
analysis. The results indicate that the United States is the most prolific country in this field, with 65 publications out of 
180 articles analyzed. At the same time, the most prolific author is Ben-Zvi, D., with eight articles. This study contributes 
significantly to understanding the scientific map of statistical reasoning. It is an initial reference for researchers and 
educators designing evidence-based research and policies for the future. 
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Introduction 
Statistical reasoning skills are an essential 

cognitive aspect in dealing with the complexity of 

data-based information in the modern era (1, 2). In 

education, statistical reasoning helps students 

understand statistical concepts in depth, 

performing mathematical procedures and 

interpreting data, evaluating results, and making 

relevant conclusions (3). Statistical reasoning is 

the foundation for designing studies, analyzing 

data, and drawing valid conclusions (4). 

Meanwhile, this ability is needed to understand the 

risks, trends, and uncertainties inherent in data, 

thereby supporting evidence-based policy-making 

processes (5). Statistical reasoning involves 

understanding and interpreting statistical data to 

make informed decisions, involving cognitive skills 

such as critical thinking and systematic data 

analysis, which are esential in both academic 

contexts and daily life (1). The research identified 

several levels of statistical reasoning: (a) 

Idiosyncratic Reasoning, a basic level in which 

students are only able to write down known data  

(3-6); (b) Verbal reasoning, the ability to describe 

data orally; (c) Transitional Reasoning, an 

intermediate level where students can calculate 

measures such as mean, median, and mode; (d) 

Procedural Reasoning, an advanced level where 

students can apply statistical procedures to solve 

problems (3, 5–7); and (e) Integrated Process 

Reasoning, the highest level in which students can 

integrate various statistical processes and apply 

them comprehensively . 

Factors that influence statistical reasoning include 

mathematical ability, where higher initial skills 

correlate with higher levels of reasoning, as well as 

attitudes and anxiety, where positive attitudes 

increase reasoning while high anxiety decreases it 

(8). Teaching statistical reasoning presents its 

challenges due to the abstract nature of concepts 

such as hypothesis testing and inferential 

statistics. There remains a need for reliable and 

valid assessment tools that cover different levels of 

reasoning with strong content validity (9, 10). In 

educational implications, incorporating statistical  
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reasoning into the curriculum can strengthen 

critical thinking and data analysis skills that are 

important in the significant data era (11, 12).  

Learning strategies should be directed to develop 

all levels of reasoning through varied teaching 

approaches and assessments tailored to the 

different learning needs. Understanding the level 

of statistical reasoning and the factors that 

influence it can help educators improve teaching 

practices and strengthen students' ability to 

interpret and use data effectively. 

 

 
Figure 1: Documents by Year from Scopus.com 

 

Figure 1 shows the trend of the number of 

documents published per year from 2005 to 2025. 

The data is presented in two forms: a table list on 

the left and a line graph on the right. The number 

of publications shows an increasing trend despite 

fluctuations from year to year. In the early period 

(2005–2010), the number of publications was still 

relatively low, ranging from 2 to 5 documents per 

year. Entering the period 2011–2016, the number 

of publications began to increase although 

fluctuating, with a temporary peak of 12 

documents in 2013 and 14 documents in 2015. A 

more consistent increase was seen from 2017 

onwards. In 2018, the number of documents 

reached 13, then continued to grow with the 

highest peak in 2023, namely 19 documents. 2021 

also recorded a high number of publications with 

18 documents, and in 2022 as many as 12 

documents. In recent years, 2024 recorded 16 

documents and 2025 recorded 13 documents. The 

figure for 2025 is likely to be temporary because 

the current year is not yet finished, so the number 

of publications recorded is lower than in previous 

years. Thus, this graph shows that research 

productivity has developed significantly in the last 

two decades, with a more pronounced increase 

after 2017. Fluctuations that occur every few years 

show the dynamics of research interest, but 

overall, the trend is positive. 

This study frames statistical reasoning within 

three key educational theories. Connectivism 

highlights the role of digital networks, data 

analysis tools, and scholarly collaboration. Its 

consistent with bibliometric findings on research 

interconnectedness. Communities of Practice 

emphasizes that statistical reasoning develops 

through social participation in academic and 

professional communities. Meanwhile, the Teacher 

Professional Learning Framework links its growth 

to strengthened teacher competencies through 

continuous research engagement and training. 

Integrating these perspectives demonstrates how 

learning ecosystems and professional 

collaboration shape the ongoing development of 

statistical reasoning in education. 

Although research on statistical reasoning has 

grown over the last two decades, most studies 

focus on specific topics such as levels of reasoning, 

assessment tools, or teaching strategies in isolated 

educational contexts. What remains unclear is how 

statistical reasoning as a field has evolved 

conceptually and methodologically across global 

research ecosystems. Existing literature lacks a 

comprehensive synthesis that connects research 

outputs to broader theoretical frameworks, such 

as networked learning through Connectivism, 

social knowledge-building through Communities 

of Practice, and educators’ growth as modeled in 

Teacher Professional Learning frameworks. 
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Therefore, a systematic mapping of scholarly 

productivity, collaboration structures, and 

thematic development is needed to better 

understand how statistical reasoning is 

conceptualized, practiced, and advanced within 

the learning sciences and mathematics education 

community. This study seeks to fill that gap by 

employing a systematic review and bibliometric 

analysis to reveal how the field is structured and 

where future inquiry should be directed. 

This research is expected to make a strategic 

contribution to statistical course that rely on data 

analysis in decision-making, such as social 

sciences, medicine, economics, and public policy. 

By mapping a comprehensive scientific map, the 

results of this study can be a basis for researchers 

and practitioners to design further research, 

formulate learning curricula, and strengthen 

statistical literacy in the general society. RQ1: 

What is the current trend and the impact of 

publishing on implementing statistical reasoning 

in education? RQ2: Which countries, authors, and 

institutions are most productive and influential in 

researching statistical reasoning in education? 

RQ3: How do authors and countries collaborate in 

publications about statistical reasoning in 

education? RQ4: What are the dominant themes 

among scholars regarding statistical reasoning in 

education?  
 

Methodology 
Research Design 
This study uses the Systematic Literature Review 

(SLR) with bibliometric analysis to map the 

research landscape related to statistical reasoning 

in education. This approach aims to identify, 

evaluate, and synthesize relevant studies 

systematically and transparently and uncover 

patterns of publication, scholarly collaboration, 

and development of key themes in literature. 

Systematic Literature Review (SLR) is a structured 

methodology to identify, evaluate, and synthesize 

all relevant studies on a particular research 

question or topic. This process is rigorous and 

verifiable, including the formulation of research 

questions, protocol development, literature 

search, screening, quality assessment, data 

extraction, and synthesis (13, 14). Bibliometric 

Analysis is a quantitative method used to analyze 

bibliographic materials. This analysis helps 

understand scientific publications' growth, 

performance, and impact. This method involves 

the use of various indicators such as the number of 

citations, h-index, and impact factors to assess the 

influence of research outputs (15–17). 

Data Resource 
This study utilized only the Scopus database 

because bibliometrics analyses are mainly 

performed by retrieving publications from Scopus 

database (18). The publication time range is set 

from 2005 to 2025, to reflect the latest trends in 

the development of statistical reasoning over the 

past decade. Literature search uses a combination 

of keywords such as: "statistical reasoning", 

"reasoning in statistics", "statistical in education", 

and "statistical thinking". The total identified 

articles were 1990 articles. Additionally, the study 

utilized Microsoft Excel to compute each 

publication's citation frequency and percentage as 

well as to create appropriate graphical 

representations. 

PRISMA Guidance 
The literature selection process follows the 

PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) stage. The PRISMA 

guidelines are essential to ensure that systematic 

review and meta-analysis are conducted 

rigorously and transparently, to produce high-

quality evidence for clinical decision-making and 

further research (19, 20). The PRISMA protocol 

includes four main stages, namely identification, 

screening, eligibility and inclusion. 

Identification, the initial search was done by 

entering keywords in the selected database (21). 

The articles found are extracted into the reference 

manager i.e., Mendeley to avoid duplication.  

Table 1 are the keywords that included in 

searching phase "statistical reasoning", "reasoning 

in statistics", "statistical in education", and 

"statistical thinking". At the identification stage, 

1990 articles were obtained. Screening, titles and 

abstracts were screened to assess their initial 

relevance to the focus of the study (22). 
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Table 1: The Search String for the Identification Phase  
Searching phase Search string 

Identification (TITLE-ABS-KEY ("statistical reasoning") OR TITLE-ABS-KEY ("reasoning in statistics") OR 

TITLE-ABS-KEY ("statistics reasoning in education") OR TITLE-ABS-KEY ("statistical 

thinking"))  

 

Table 2: The Search String for the Screening Phase  
Searching phase Search string 

Screening (TITLE-ABS-KEY ("statistical reasoning") OR TITLE-ABS-KEY ("reasoning in statistics") OR TITLE-ABS-

KEY ("statistics reasoning in education") OR TITLE-ABS-KEY ( "statistical thinking" ) ) AND PUBYEAR > 

2004 AND PUBYEAR < 2026 AND ( LIMIT-TO ( SUBJAREA , "MATH" ) OR LIMIT-TO ( SUBJAREA , "SOCI" 

) OR LIMIT-TO ( SUBJAREA , "COMP" ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( 

LANGUAGE , "English" ) ) 
 

Table 2 shows the screening stage selected for the 

years 2005-2025, the scope chosen is limited to 

"Social Sciences", "Computer Sciences", and 

"Mathematics". From the 1990 selected articles, 

screening was then carried out where 1027 

articles were obtained. In addition, the scope of his 

journal related to statistical reasoning in the field 

of education is also seen. For unrelated journals, 

exclusion is carried out. The language chosen was 

only English then only journal articles were 

selected, in these section 726 articles were 

obtained. In addition, in terms of language, only 

English was chosen, where there were 688 articles. 

The inclusion criteria included articles written in 

English. The primary focus is on statistical 

reasoning in the context of education, learning, 

assessment, or understanding of statistical 

concepts. Published in peer-reviewed journals in 

the 2005–2025 timeframe. The exclusion criteria 

include non-scientific articles, such as editorials, 

opinions, or conference reports that are not peer-

reviewed.  

The article is reviewed to evaluate suitability 

based on inclusion and exclusion criteria (23). At 

the eligibility stage, journals relevant to the 

statistical context in the field of education are 

selected; other than that, exclusion is carried out. 

In this section, choose suitable journals such as 

Statistics Education Research Journal, Teaching 

Statistics, Educational Studies in Mathematics, etc. 

In this section, 207 articles based on the 

appropriate journals were obtained. Furthermore, 

the selection excludes several keywords unrelated 

to statistical reasoning in education, such as Apis, 

Arabic, Capstone, Bell Test Loophole and others. To 

exclude this keyword, 181 articles were obtained. 

At this stage, in addition to narrowing the corpus 

to 181 eligible articles through title, abstract, and 

scope screening, the researcher carried out a 

systematic quality appraisal. This appraisal aimed 

to ensure that each included study demonstrated 

methodological soundness, conceptual relevance 

to statistical reasoning, and credible evidence to 

support the synthesized findings in this review. 

Inclusion, articles that met the criteria were 

included in the final analysis, namely 180 articles 

detected in R Studio and then analyzed using the 

program. Articles with a primary focus on 

mathematical statistics without exploration of the 

reasoning aspect. The PRISMA flowchart in Figure 

2 will display the number of initial and final 

articles, which transparently visualizes the 

screening and literature selection process.  

Figure 2 shows the PRISMA-based identification, 

screening, and inclusion process of publications on 

statistical reasoning retrieved from the Scopus 

database (2005–2025). 

The systematic screening process resulted in 180 

journal articles deemed relevant and included for 

bibliometric analysis after applying subject area, 

language, and topical relevance criteria.  

Bibliometric Analyze 
Bibliometric analysis was performed to identify 

trends and patterns in the collected literature (24–

26). Some of the software and analysis packages 

used in this study include: 

VOSviewer, used to create and visualize 

bibliometric maps, such as co-authorship and 

keyword networks (27). R-Studio Program for 

more in-depth statistical and thematic analysis. 

The types of analysis carried out include co-

authorship analysis which is to identify 

collaborations between authors or institutions. 

Keyword co-occurrence, to explore thematic 

relationships based on the co-occurrence of 

keywords in publications. Journal and citation 

analysis, to determine the most productive and 

influential journals in this field. Thematic 
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evolution, to map the development of statistical 

reasoning research themes over time. 

This analysis is expected to be able to describe the 

intellectual structure and dynamics of research 

development in statistical reasoning, so that it can 

make a strategic contribution to the development 

of statistical education science and practice in the 

future. 
 

 

 
Figure 2: Document Selection Using the PRISMA Method 

 

 

 
Figure 3: The Bibliometric Analysis Toolbox for This Research 

 

Results  
In this section, it represents the current trend in 

this topic using two aspects based on the growth in 

publications and the type of documents and 

sources please see in the Figure 3.  

Figure 3 framework of bibliometric analysis 

applied to 180 Scopus-indexed publications. 

The analysis integrates performance analysis, 

science mapping, and network visualization 

techniques to examine publication productivity, 

citation impact, and thematic as well as 

collaborative structures in the research field. 
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Figure 4: Main Information Regarding Research (Analysis with R Program) 

 

Figure 4 presents statistics on academic 

publications from 2005 to 2025, covering 180 

documents from 47 sources. The number of 

authors involved reached 385 people, with 45 

documents written by one author alone. The 

publication’s annual growth rate was 7.61%, 

indicating a consistent upward trend. 

International collaboration was recorded at 15%, 

and the average number of authors per document 

was 2.51. The author uses 537 keywords (Author’s 

Keywords/DE). The average age of the document 

was 6.96 years, and each document received an 

average of 13.06 citations, reflecting a 

considerable level of influence in the academic 

community. 

The results presented here are based on the results 

obtained in the R Studio Program. The data 

presented relate to publication trends from year to 

year and the countries that collaborate and are 

most productive. In addition, the authors also 

identify the most productive institutions and 

researchers, the sources of publications that 

produce the most documents in this field, and the 

documents that have the highest number of 

citations.  

 

Figure 5: Number of Publications from 2005-2025 (with R Program) 
 

Figure 5 shows the annual scientific production 

from 2005 to 2025 which an upward trend despite 

fluctuations. In the early period (2005–2011), the 

number of publications was still low, averaging 

only 2 to 5 articles per year. Entering the 2012–

2017 period, there began to be an increase in 

productivity, although it was not stable, with a 

temporary peak in 2015 of around 12 articles. 

Furthermore, the 2018–2025 shows more 

consistent and significant growth, with the highest 

peak in 2022 reaching around 18 articles. Although 

in 2024–2025 there will be a slight decline, the 

number of publications remains at a higher level 

than in the previous period. Overall, this graph 

indicates a positive development in research 

activities, with a relatively straightforward trend 

of improvement from year to year. 
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Figure 6. Most Relevant Sources 

 

Figure 6 is the results of the analysis of publication 

sources which show that research in this field is 

the most published in the Statistics Education 

Research Journal with a total of 28 documents, 

followed by Teaching Statistics with 20 documents. 

Furthermore, the Educational Studies in 

Mathematics and the Journal of Statistics Education 

each contributed 12 documents, while the 

Mathematics Education Research Journal and ZDM 

– Mathematics Education each contributed 10 

documents. The Journal of Statistics and Data 

Science Education recorded 8 documents, followed 

by the Journal of Mathematical Behavior, Eurasia 

Journal of Mathematics, Science and Technology 

Education, and the International Journal of 

Mathematical Education in Science and Technology 

which each has 4–5 documents. These findings 

show that the main publication channels for 

related research are dominated by journals that 

focus on statistics and mathematics education, 

with the top two journals, the Statistics Education 

Research Journal and Teaching Statistics, being the 

main forum for disseminating research results in 

these fields. 
 

 

 
Figure 7: Most Relevant Authors 

 

Figure 7 shows the results of the analysis of the 

most relevant authors show that Ben-Zvi D is the 

most contributor with 8 documents, followed by 

Frischemeier D with 6 documents. Furthermore, 

there are three authors who have the same 

contribution, namely Bakker A, Groth RE, and 

Makar K, each with 5 documents. Other authors 

who also played a considerable role were Garfield 

J, Pfannkuch M, and Zieffler A, who each 

contributed 4 documents. The Delmas R and 

English LD added 3 documents contributions. 

Overall, this distribution shows that research in 

this area is dominated by a few key authors who 

consistently produce publications, with Ben-Zvi D 

being the most prolific and influential figure in the 

publication network. 
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Figure 8: Authors’ Production Over Time 

 

Figure 8 shows the "Authors' Production over 

Time" graph shows the productivity dynamics of 

the major authors' publications in the period 2005 

to 2025. Ben-Zvi D has the most consistent 

productivity with article contributions from the 

early 2010s to 2018, including several publications 

with a high number of citations. Frischemeier D 

began to be active in a later period, around 2017 to 

2024, with a tendency to continue to be productive. 

Meanwhile, Bakker A, Groth RE, and Makar K 

showed stable engagement over long spans of 

time, each producing articles in different periods. 

Garfield J and Pfannkuch M were also seen to be 

active from the late 2000s to the mid-2010s, 

although their productivity was relatively limited. 

Zieffler A and Delmas R had a peak contribution 

around 2015–2017, while English LD showed 

productivity spread out since the early 2010s but 

with fewer articles. Overall, this graph shows that 

the contributions of the main authors are spread 

across different periods, with a tendency to 

increase the intensity of publication in the mid-

2010s, which marks a phase of productivity 

growth in this field of research.  
 

 
Figure 9: Most Relevant Affiliations 

 

Figure 9 shows the results of the most relevant 

affiliation analysis show that Salisbury University, 

The University of Queensland, and the University 

of Minnesota are the institutions with the highest 

contributions, each producing 6 articles. 

Furthermore, there are several universities with 

the same contribution, namely Carnegie Mellon 

University, Queensland University of Technology, 

University of Haifa, and Utrecht University, which 

each contributed 5 articles. Meanwhile, Macquarie 

University, The University of Haifa, and the 

University of California were recorded to have 

lower contributions with 4 articles each. These 

findings indicate that research in this area is 

concentrated at a number of well-known 

universities in the United States, Australia, and 

Europe, with a strong dominance of institutions 

focused on statistics and mathematics education.  
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Figure 10: Corresponding Author’s Countries 

 

Figure 10 shows the "Corresponding Author's 

Countries" graph shows the distribution of the 

countries of origin of the authors of the 

correspondence in the publications analyzed. The 

United States (USA) occupies the top position with 

the greatest number of documents, at 49 

publications, far surpassing any other country. 

Australia followed in second place with a 

significant contribution, followed by Germany, 

New Zealand, the Netherlands, and the United 

Kingdom. Indonesia also emerged as one of the 

contributing countries with a considerable 

number of publications. In addition, other 

countries such as South Africa, Turkey, Canada, 

Chile, Israel, Colombia, Malaysia, Ireland, Mexico, 

Spain, Brazil, China, and Denmark made smaller 

contributions. The pattern of collaboration can be 

seen through two categories, namely Single 

Country Publications (SCP) which dominates in 

most countries, and Multiple Country Publications 

(MCP) which shows international cooperation, 

especially in large countries such as the USA, 

Australia, Germany, and New Zealand. Overall, 

these results confirm the dominance of the United 

States in publications, followed by several other 

developed countries that actively collaborate 

across countries. 

 

 
Figure 11: Most Cited Countries 

 

Figure 11 the "Most Cited Countries" graph shows 

the distribution of countries with the highest 

number of citations in the publications analyzed. 

The United States (USA) occupies the highest 

position with a total of 416 citations, followed by 

France with 383 citations and Australia with 257 

citations. Other countries that also showed 

considerable contributions were New Zealand 

(128 citations) and Canada (123 citations). 

Meanwhile, the Netherlands, Italy, Israel, Germany, 

and Ireland each accounted for a lower number of 

citations, ranging from 31 to 112 citations. Overall, 

these data show that publications from developed 

countries, particularly the USA, France, and 

Australia, have the highest academic impact in this 

field, as reflected in the high number of citations 
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received. These findings confirm the important 

role these countries play in shaping the direction 

and development of global research.  

Figure 12 shows the "Most Relevant Words" graph 

displays the most frequently appearing keywords 

in related publications. The results showed that 

"statistical reasoning" was the most dominant 

keyword with 47 occurrences, followed by 

"statistical thinking" with 40 occurrences and 

"statistical education research" with 30 

occurrences. Furthermore, the keyword 

"statistical education" appeared 17 times, while 

"statistical literacy" and "teaching" appeared 14 

times respectively. Other keywords that are also 

used quite often include "teaching statistics" (13 

times), "statistics" (11 times), and "informal 

statistical inference" (10 times). These findings 

indicate that the main focus of research in this area 

revolves around the development of statistical 

reasoning and thinking, as well as the study of 

statistical literacy and education, which are core 

topics in the relevant research literature. 
 

 
Figure 12: Most Relevant Words 

 

 
Figure 13: Word Cloud Picture 

 

Figure 13 of the word cloud shows the most 

prominent keywords in related publications, with 

the font size reflecting the frequency of use. The 

terms "statistical reasoning", "statistical thinking", 

and "statistical education research" dominate, 

indicating that the main topic of research focuses 

on the development of statistical reasoning, 

statistical thinking, and the study of statistical 

education. In addition, keywords such as 

"statistical education", "statistical literacy", 

"teaching statistics", and "informal statistical 

inference" also appear in a large size, indicating 

that literacy, teaching, and informal approaches in 

statistical inference are important themes that are 

widely researched. The presence of other 

keywords such as "assessment", "active learning", 

and "teacher education" shows that issues related 

to learning strategies, evaluation, and teacher 

education are also part of the main discourse. 

Overall, this word cloud illustrates the research 

concentration on strengthening statistical thinking 
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skills as well as developing more effective 

statistical education practices.  

Figure 14 of the treemap shows the distribution of 

the most used keywords in publications, with the 

size of the box indicating the frequency with which 

they appear. The keyword "statistical reasoning" 

dominates with 47 occurrences (14%), followed by 

"statistical thinking" with 40 occurrences (12%) 

and "statistical education research" with 30 

occurrences (9%). Furthermore, the keyword 

"statistical education" appeared 17 times (5%), 

while "teaching" and "statistical literacy" appeared 

14 times (4%) respectively. Other keywords that 

are also quite prominent are "teaching statistics" 

(13 times), "statistics" (11 times), as well as 

"informal statistical inference", "active learning", 

and "assessment" which have a smaller portion (2–

3%). 

Overall, this treemap shows that research in this 

field is very focused on the themes of statistical 

reasoning, statistical thinking, and statistical 

education research, with supporting issues related 

to literacy, teaching, active learning, and 

assessment. This confirms that the main focus of 

the literature lies in the development of critical 

thinking skills in statistics as well as the 

application of effective learning strategies.  

 

 
Figure 14: Treemap 

 

 
Figure 15: Co-authorship Network Visualization 

 

Figure 15 is a visualization of the co-authorship 

network that shows the pattern of collaboration 

between authors in research in the field of 

statistics education. It can be seen that Ben-Zvi, D. 

and Makar, K. emerged as the core authors with the 

largest nodes, indicating a high level of 

productivity as well as a role as the main liaison of 

various other research groups. The collaborative 

network is divided into several clusters, including: 

the green cluster as the main center involving Ben-

Zvi and Makar who contribute a lot to the topics of 

statistical reasoning and statistical thinking; the 



 
Listiani et al.,                                                                                                                                          Vol 7 ǀ Issue 1 

 

 

659 

 

purple cluster consisting of Garfield J and Delmas 

R, known for their contributions to the 

development of assessment and statistical literacy; 

and the blue cluster with Wild S and Pfannkuch M 

which focuses on statistical thinking and data 

modeling. In addition, there is a red cluster 

involving Watson J and Callingham R, focusing on 

statistical literacy and curriculum design; an orange 

cluster with Frischemeier D and Biehler R who 

often research teacher education and the use of 

digital tools in statistical learning; and a brown 

cluster with Mulligan J and Van Bergen which tend 

to be related to mathematics education and 

numeracy. Beyond that, there are several small 

clusters (gray, pink, light green) that show more 

limited collaboration, usually new researchers or 

those working in specific contexts. In general, this 

network shows that research in statistical 

reasoning, thinking, and literacy is dominated by 

central figures who form the core of global 

collaboration, but also begins to develop with the 

emergence of new researchers who build their 

own clusters according to the theme or research 

area. 
 

 
Figure 16: Network Visualization 

 

Figure 16 is a network visualization of the results 

of co-word analysis that shows the relationship 

between research themes in the field of statistics 

education. It can be seen that statistical reasoning 

(the largest node is dark blue) is at the center of the 

network, confirming its role as the dominant 

theme that comes up most often while connecting 

it to various other topics. In addition, statistical 

thinking and statistics education (large purple 

nodes) also occupy an important position as the 

main companion that is often directly related to 

statistical reasoning. Several support clusters have 

also strengthened this network, such as statistical 

literacy (orange) which is closely related to 

assessment, constructivism, and active learning, 

illustrating a focus on pedagogical approaches to 

the development of statistical literacy; teacher 

education (red) related to simulation and 

argumentation, emphasizing the importance of 

simulation-based teaching strategies and 

discussions; and data science and 

computational/statistical thinking (light purple) 

connected to mathematics education and 

experimental design, reflecting the integration of 

statistical research within the framework of the 

modern STEM curriculum. In addition, there are 

also smaller nodes such as TinkerPlots and 

comparing groups (green) that show concern for 

the use of data visualization software for 

exploration-based learning. In general, this pattern 

indicates that statistical reasoning plays a central 

hub, statistical thinking as a major conceptual 

theme, and statistical literacy as an applicative 

theme related to pedagogy, while cluster teacher 

education, simulation, and argumentation affirm 

the important role of teacher development in 

statistical education research. 

Figure 17 illustrates the thematic map of research 

in the field of statistics education which is mapped 

into four quadrants based on the dimensions of 

relevance/centrality and development/density. In 

the Motor Themes quadrant (top right), topics 

such as problem solving, statistical methods, 

uncertainty, statistical reasoning, statistical 

literacy, teacher education, and the use of 

TinkerPlots software are the main drivers that are 

very relevant and well developed, indicating the 

direction of applicable and innovative research. 

The Niche Themes quadrant (top left) is filled with 

more specific topics such as data representations, 
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elementary students, predictive reasoning, flipped 

classroom, and project-based learning that have 

conceptual depth but are relatively limited in 

scope. Meanwhile, the Emerging/Declining 

Themes quadrant (bottom left) shows themes that 

are still ambiguous, such as data science, STEM, 

quantitative skills, textbooks, attitudes, and 

misconceptions, which can be interpreted as new 

areas that are growing (especially the integration 

of STEM and data science), or conversely old 

themes whose relevance is beginning to decline 

(e.g. textbooks or attitudes). The Basic Themes 

quadrant (bottom right) includes statistical 

thinking, statistics education, primary school, 

descriptive statistics, probability distributions, and 

teaching, which are the basic foundations of 

research, are central but have not been worked on 

in depth. 
 

 
Figure 17: Network Visualization Map of the Co-Authorship Based on Author 

 

Overall, this map shows that statistics education 

has a strong foundation in statistical reasoning and 

statistical thinking, with development directed at 

problem-solving-based learning strategies, 

increasing statistical literacy, and the use of 

technology. At the same time, there is a great 

opportunity to strengthen the integration of STEM 

and data science as emerging themes, as well as 

deepen the exploration of basic topics such as 

descriptive statistics and probability distributions. If 

combined with the results of the previous thematic 

map, it can be concluded that statistical reasoning 

is the main motor of research, statistical thinking 

functions as a fundamental concept that bridges 

theory and application, statistical literacy develops 

closely related to pedagogical strategies, and data 

science and STEM are beginning to occupy a 

strategic position as new themes connected to 

statistics education. 

Figure 18 is the result of an analysis of co-

authorship networks in the field of statistical 

education, which is visualized using VOSviewer. 

Each node represents an author, while the 

connecting line indicates a collaborative 

relationship in the publication. Different colors 

indicate the existence of a collaboration cluster 

that is interconnected. The visualization results 

show that Ben-Zvi, D. emerged as a central node 

with a high level of connectivity to various other 

authors, especially with Bakker, A. and Makar, K. 

who also had a central position in the red 

collaboration group. This group appears to 

dominate the network because it contains authors 

who focus on research related to statistical 

reasoning, inquiry-based learning, and the use of 

technology in statistical education. 

In addition, there are other groups such as Garfield, 

J. – Zieffler, A. – Delmas, R. – Sabbag, A. (green 

cluster), which contribute strongly to the 

development of statistical reasoning assessment 

instruments and the development of a curriculum 

based on Guidelines for Assessment and 

Instruction in Statistics Education (GAISE). 

Pfannkuch, M. – Wild, C. – Budgett, S. (blue cluster), 
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which stands out with its research related to 

statistical thinking and real-context approaches in 

learning. English, L. – Callingham, R. (yellow 

cluster), with a focus on the integration of 

mathematics and statistics education, particularly 

in learning at the elementary school level. This 

network shows that research in the field of 

statistics education is supported by a number of 

key figures with a close collaborative network. 

Ben-Zvi, Bakker, and Makar can be considered the 

core of the international research community, 

while Garfield et al. and Pfannkuch et al. have made 

strong contributions in the field of assessment and 

the development of statistical frameworks. 
 

 
Figure 18: Network Visualization Map of Co-Authorship Based on Country 

 

 
Figure 19: VOSviewer Visualization of Co-occurrence Based on Index Keywords 

 

Figure 19 shows a map of the keyword co-

occurrence network in statistical education 

research visualized through VOSviewer. Each node 

represents a keyword that is frequently used in 

publications, while the connecting line indicates 

the co-existence between keywords in a scientific 

article. Different colors form clusters, each of 

which represents a specific research theme. From 

this visualization, three main clusters were found. 

The green cluster places statistical reasoning as the 

dominant core, with a close relationship between 

statistical education research, statistical modeling, 
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informal statistical inference, informal inferential 

reasoning, and the use of software such as 

TinkerPlots. This confirms that statistical reasoning 

research is developing strongly in the context of 

conceptual models, informal inferential reasoning, 

and technological support. The red cluster focuses 

on statistical thinking, statistical education, 

statistical literacy, assessment, and active learning. 

This theme represents the pedagogical dimension, 

namely how literacy, thinking, and statistical 

reasoning are built through active learning 

strategies and appropriate assessment. The close 

relationship between teaching statistics and active 

learning shows that active-based learning is an 

important pillar in statistics education. Meanwhile, 

the blue cluster highlights statistics and teacher 

education, which focuses on the integration of 

statistics education in teacher education programs. 

The position of this cluster in relation to the green 

and red clusters shows that teacher education 

serves as a bridge between pedagogy-based 

research and research on statistical reasoning. 

Overall, this network emphasizes that statistical 

reasoning is the main research center in 

contemporary statistics education, which is 

supported by two important domains: pedagogical 

development (statistical thinking, literacy, 

assessment, active learning) and the context of 

teacher education implementation). Thus, the 

development of research in this field not only 

builds a theoretical construction of statistical 

reasoning, but also emphasizes practical 

application through innovative learning design, 

assessment, and the use of technology in statistical 

learning. 

 

 
Figure 20: VOSviewer Overlay Visualization of Co-occurrence Based on Keywords 

 

Figure 20 shows a map of keyword co-occurrence 

with a temporal visualization overlay in research 

in the field of statistics education. The color of the 

node indicates the dominant period of occurrence 

of each keyword in the literature, with gradations 

from blue (early, around 2014–2016), green 

(middle period, 2016–2019), to yellow (most 

recent period, 2020–2022). From this 

visualization, several important patterns appear. 

First, the consistent core keywords are statistical 

reasoning and statistical thinking, which emerged 

since the middle period (bluish-green) and 

continues to develop to this day. Both occupy a 

central position in the network, signifying their 

role as core concepts in statistical education 

research. Second, the initial development of the 

research (2014–2016, in blue) focused more on 

basic pedagogical aspects, with keywords such as 

teaching, active learning, and assessment. In this 

period, research was largely directed at teaching 

strategies to build an initial understanding of 

statistics. Third, the middle phase (2016–2019, in 

green) shows the strengthening of the pedagogical 

dimension and the context of teacher education, 

with keywords such as statistics education 

research, teacher education, and statistics. This 

marks a shift in research attention towards the 

development of teacher education and empirical 
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research in statistical learning. Fourth, the latest 

research trends (2020–2022, in yellow) show the 

emergence of new themes such as TinkerPlots, 

statistical modeling, and informal inferential 

reasoning. These themes indicate a direction of 

research that emphasizes more on the use of 

technology, the development of conceptual 

models, and the strengthening of informal 

inferential reasoning. 

Overall, this map illustrates the evolution of 

statistical education research: from an initial 

pedagogical focus (teaching, active learning, 

assessment), progressing towards the integration 

of teacher education and statistical reasoning 

theory (teacher education, statistical reasoning, 

statistical thinking), to moving to contemporary 

issues emphasizing the integration of technology 

and conceptual understanding (TinkerPlots, 

statistical modeling, informal inferential 

reasoning). This shift suggests that the direction of 

research is now more complex, balancing the 

pedagogical dimension with technological 

innovation and advanced conceptual reasoning. 
 

Discussion 
Bibliometric analysis was carried out to map the 

development of research related to statistical 

reasoning, thinking, and literacy in statistics 

lectures. The results of the analysis are displayed 

through a map of author collaboration, keyword 

networks, publication distribution by country, and 

the rate of citations of the author's country. 

Author Collaboration Network 
The author's collaborative network map shows 

that there are several main clusters that act as 

research centers in this field. The names Ben-Zvi 

and Makar stand out with the large size of the 

nodes, indicating high productivity and strong 

connections with other authors. These two authors 

also serve as a liaison between clusters, 

demonstrating their role as bridging authors in 

connecting global research networks. In addition, 

other authors such as Garfield, Wild, English, and 

Callingham have also appeared who have made 

significant contributions to this topic. This pattern 

indicates that research on statistical reasoning is 

more led by a few key authors who are consistently 

collaborative, while most other authors tend to 

work in small groups with limited connectivity. 

Keyword Co-Occurrence 
Keyword analysis shows that the terms statistical 

reasoning, statistical thinking, and statistical 

literacy dominate the research map. These three 

keywords are closely related, showing that 

research in this field focuses on developing 

students' competencies in understanding, 

interpreting, and using statistical data critically. In 

addition, related keywords such as assessment, 

education, and learning appeared, which 

emphasized that the research context is generally 

in the realm of higher education. These findings 

show the consistency of the main themes of 

research as well as opportunities to develop 

interdisciplinary studies, for example by linking 

statistical literacy with digital literacy or the use of 

learning technology. 

Distribution of Publications by 

Country of Author 
The distribution of the correspondent authors' 

publications shows that the United States is the 

country with the highest publication contributions, 

followed by Australia, Germany, New Zealand, and 

the Netherlands. These countries dominate both in 

terms of single country publications (SCPs) and 

international collaborations (Multiple Country 

Publications / MCPs). An interesting finding is that 

some developing countries, including Indonesia, 

Malaysia, Turkey, and South Africa, are starting to 

be included in the publication map although the 

numbers are still limited. This shows the potential 

for research growth in the region, which can be 

enhanced through international collaboration with 

established countries in this field. 

Countries with the Highest Citations 
When viewed from the number of citations, a 

slightly different pattern can be seen. The United 

States remains ranked first with 416 citations, 

confirming its role as a major center in this 

research. However, what is interesting is that 

France occupies the second position with 383 

citations, although the number of publications is 

not as large as that of the Anglo-Saxon countries. 

This shows that research from France has a very 

high impact internationally. Australia is in third 

place with 257 citations, followed by New Zealand 

with 128, Canada with 125, Netherlands with 112, 

and Italy with 106. In contrast, although Germany 

is quite productive in the number of publications, 

the number of citations is relatively low with 71. 

These findings confirm that the quality of 
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publication and the relevance of the topic 

determine the level of citations rather than just the 

number of articles published. 

Synthesis of Results 
Overall, the bibliometric results show that 

statistical reasoning, thinking, and literacy 

research is still concentrated on researchers and 

institutions from developed countries, especially 

the Anglo-Saxon region. There is a significant 

difference between the number of publications and 

the number of citations. Some countries (e.g. 

Germany) are productive but less impactful, while 

others (such as France) although not very much 

publicity are very influential but have a great 

influence. The contribution of developing 

countries, including Indonesia, has begun to be 

seen but is still limited and tends to be a single 

publication. This opens opportunities to expand 

international research collaboration networks so 

that they can increase the visibility and impact of 

research. A consistent research focus on education 

and assessment aspects opens up space for new 

innovations, especially the integration of learning 

technologies to improve students' literacy and 

statistical reasoning. 
 

Conclusion 
This bibliometric analysis confirms that research 

on statistical reasoning, thinking, and literacy is still 

dominated by authors and institutions from 

developed countries, with the United States, 

Australia, and France being the main centers both 

in terms of productivity and the impact of citations. 

Nevertheless, the emergence of contributions from 

developing countries, including Indonesia, shows a 

trend of expanding global participation. The 

implication of these findings is the importance of 

strengthening international collaboration 

networks so that research from developing 

countries is more visible and impactful in the 

global literature. In addition, the consistency of the 

research theme in the realm of education and 

assessment opens up opportunities for integration 

with digital technology and innovative learning 

approaches, so that the research results not only 

enrich academic treasures but also make a 

practical contribution in improving the quality of 

statistical learning in the digital era. 

These bibliometric findings confirm the 

dominance of developed countries in statistical 

reasoning, thinking, and literacy research, but also 

show the contribution of developing countries that 

are starting to grow. To strengthen impact, cross-

border and cross-disciplinary collaboration needs 

to be expanded. Thus, this study not only maps the 

research landscape, but also opens a strategic 

direction for the development of statistical 

research and learning practices in the future. This 

study provides a comprehensive mapping of the 

research landscape on statistical reasoning in 

education over the past two decades. By utilizing 

bibliometric techniques, the study reveals the 

intellectual structure of the field, identifies the 

most influential authors and collaborative 

networks, and highlights key thematic trajectories 

shaping current directions in statistical reasoning 

research. The findings underline the increasing 

emphasis on technology integration, active and 

project-based learning environments, and the 

development of students’ statistical literacy to 

support informed decision-making in real-world 

contexts. 

The contribution of this study lies in offering a 

structured and data-driven synthesis that enables 

educators, researchers, and policymakers to better 

understand how scholarly attention has evolved 

and where significant gaps remain. The results 

have important implications for instructional 

design and professional development, particularly 

in aligning pedagogical practices with the cognitive 

demands of contemporary statistics education. 

Despite its strengths, this research has limitations 

that should be acknowledged. The analysis relied 

solely on the Scopus database, which may exclude 

some relevant publications indexed elsewhere. In 

addition, while thematic clustering reveals 

conceptual directions, this study did not include an 

in-depth quality assessment of the individual 

studies, nor did it directly evaluate how these 

trends translate into classroom practices. 

Future research should therefore aim to 

incorporate a broader range of databases and 

perform more detailed methodological 

evaluations. Further inquiry into the alignment 

between bibliometric findings and real 

instructional outcomes, such as student reasoning 

processes, resilience in learning, and adaptability 

in data-driven problem solving, is also needed. 

Strengthening the linkage between theory and 

practice will ensure that continued growth in this 

field contributes meaningfully to statistical 

learning at all educational levels. 



 
Listiani et al.,                                                                                                                                          Vol 7 ǀ Issue 1 

 

 

665 

 

Overall, this review establishes a clearer 

foundation for advancing innovative pedagogical 

models and assessment approaches that foster 

robust statistical reasoning. By offering actionable 

insight into prevailing trends and emerging 

opportunities, the study can guide strategic efforts 

to enhance statistics education in response to 

evolving global needs. 
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