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ABSTRACT

This study aims to conduct a bibliometric mapping of research articles on technology
in statistics education. The articles under analysis are those published in English-
language journals and indexed in the Scopus database. VOSviewer and Bibliometrix
software were employed in the data analysis. The search yielded 59 relevant articles
published since 1985, with a 1.84% annual growth rate, an average of 11.02 citations
per document, and an average document age of 13.7 years. The publications involved
135 authors from 31 countries, with an average of 2.44 co-authors per document. The
research findings revealed the formation of five clusters through networking
visualization. Based on the thematic map using Bibliometrix, we identified that "higher
education" and "R" are themes that have shown significant development and are
crucial for shaping the technology field in statistics education. This bibliometric analysis
provides ideas and references for selecting current, potential, and evolving research
themes related to technology in statistics education.
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1. Introduction

The massive development of technology in all fields has significantly impacted the education and
learning processes. Similarly, the presence of technology has also greatly influenced statistics
education. There are at least two roles of technology in statistics education: technology to support
the statistics learning process and technology to support statistical computation. Various emerging
learning technology platforms can support the learning of statistics [1,2]. Many software applications
for statistical computing have been created by developers, including R, Python, Microsoft Excel, SPSS,
SAS, and Minitab [3-5].

Statistics is an essential discipline that plays a significant role in everyday life [6]. It is used
extensively in education, governance, economics, healthcare, and politics. Statistics education has
been critical in observing and comparing trends and the distribution of COVID-19 patients during the
COVID-19 pandemic [7], while covid is one of the crucial issues [8-18]. Statistics education is required
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to prepare citizens for the twenty-first century [19]. As a result, statistics are critical and in great
demand in many parts of life. However, in the field of research, it is still unknown whether the use of
technology in statistics education is still in demand.

One of the methods to observe trends and potential themes related to the utilization of
technology in statistics education is bibliometric analysis. Bibliometric analysis is a technique used to
study various references in a research field based on research findings published in journals and other
scientific articles [20,21]. By employing bibliometric analysis, emerging and potentially researchable
themes for the future can be identified [22-25].

Numerous bibliometric analyses have been conducted in the field of education, including
research on mathematics education [26-31], STEM education [32-35], ICT in mathematics education
[36], computational thinking [37-42], integrating computational thinking in mathematics education
[43,44], gamification in higher education [45], game-based learning in science and mathematics
education [46], flipped classroom [47,48], professional development for science teachers [49],
management education [50], TPACK [51], digital literacy in higher education [52], virtual reality and
education [53], artificial intelligence in education research [54,55], metaverse in education [56],
education and information technologies [57], and educational research [58,59]. However, a
bibliometric analysis focusing on technology in statistics education has not been found, particularly
one conducted on Scopus-indexed articles from 1985 to 2023. Detailed information for the
bibliometric is shown in Table 1.

Table 1

Previous studies on bibliometric

No Title Ref.
1 Involving Particle Technology in Computational Fluid Dynamics Research: A Bibliometric Analysis [60]
2 Bibliometric Computational Mapping Analysis of Trend Metaverse in Education using VOSviewer [61]

3 The Use of Information Technology and Lifestyle: An Evaluation of Digital Technology Intervention for [62]
Improving Physical Activity and Eating Behaviour

4 Strategies in language education to improve science student understanding during practicum in [63]
laboratory: Review and computational bibliometric analysis

5 How language and technology can improve student learning quality in engineering? definition, factors for [64]
enhancing students’ comprehension, and computational bibliometric analysis

6 Mapping of nanotechnology research in animal science: Scientometric analysis [65]

7 Scientific research trends of flooding stress in plant science and agriculture subject areas (1962-2021) [66]

8 Introducing ASEAN Journal of Science and Engineering: A bibliometric analysis study [67]

9 A bibliometric analysis of chemical engineering research using VOSviewer and its correlation with Covid- [68]
19 pandemic condition

10 A bibliometric analysis of materials research in Indonesian journal using VOSviewer [69]

11 Bibliometric analysis of engineering research using VOSviewer indexed by google scholar [70]

12 Bibliometric computational mapping analysis of publications on mechanical engineering education using [71]
VOSviewer

13 Research trend on the use of mercury in gold mining: Literature review and bibliometric analysis [72]

14 Domestic waste (eggshells and banana peels particles) as sustainable and renewable resources for [73]
improving resin-based brakepad performance: Bibliometric literature review, techno-economic analysis,
dual-sized reinforcing experiments, to comparison with commercial product

15 Bibliometric analysis of educational research in 2017 to 2021 using VOSviewer: Google scholar indexed [74]
research

16 Corncob-derived sulfonated magnetic solid catalyst synthesis as heterogeneous catalyst in the [75]
esterification of waste cooking oil and bibliometric analysis.

17 The compleat lextutor application tool for academic and technological lexical learning: Review and [76]
bibliometric approach.

18 A systematic review of blockchain in healthcare: frameworks, prototypes, and implementations [77]
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19 Computational bibliometric analysis of research on science and Islam with VOSviewer: Scopus database in  [78]
2012 to 2022.
20 Digital transformation in special needs education: Computational bibliometrics. [79]

Hence, this research is conducted to perform a bibliometric analysis and mapping of articles
related to technology in statistics education indexed by Scopus, utilizing Bibliometrix and VOSviewer
software. This study's objective is to guide researchers in selecting current and potential research
themes, particularly those associated with the utilization of technology in statistics education.

2. Methodology

The data utilized in this study were extracted from research publications available in Scopus-
indexed journals. Scopus was selected as the primary database for five reasons: it offers pertinent
and trustworthy information, boasts extensive coverage, incorporates all authors cited in the
references, facilitates direct data retrieval, and allows for processing the output data in various
bibliometric analysis software [80]. Methodologically, the research stages aligned with the four
phases of bibliometric analysis as outlined by Naveen Donthu et al., [81]. Detailed information
regarding bibliometric is shown elsewhere [82,83].

The search was conducted on the Scopus database on June 29, 2023, using the following search
query: (TITLE ("Statistics Education" OR "Teaching Statistics" OR "Learning Statistics" OR "Learn
Statistics" OR "Teach Statistics") AND TITLE-ABS-KEY (technology OR application OR programming))
AND (LIMIT-TO (DOCTYPE, "ar")) AND (LIMIT-TO (SRCTYPE, "j")) AND (LIMIT-TO (LANGUAGE,
"English")). This query indicated that the search was performed based on titles, abstracts, and
keywords containing six terms: statistics education, learning statistics, teaching statistics, and
technology, programming, or application. The search was limited to articles published in journals and
written in English.

The data analysis was conducted using Bibliometrix software version 4.1.2 and VOSviewer version
1.6.18. Bibliometrix was used to obtain information about the development of related literature and
thematic maps [84,85]. The utilization of VOSviewer facilitated the generation of three distinct
renditions of publication mapping: network visualization, density visualization, and overlay
visualization, which were premised on the network (co-citation) among extant items [86, 87]. In order
to develop a bibliometric map, the keyword frequency threshold was established at a minimum of
four occurrences. Consequently, 31 keywords which were deemed less pertinent, were expunged.

3. Results
3.1 Search Results for Publication Data

The search on the Scopus database yielded 59 articles on the utilization of technology in statistics
education. These articles were published in journals and written in English. The obtained data consist
of article metadata, including author names, titles, publication years, journal names, publishers,
author affiliations, author affiliation countries, abstracts, keywords, citation counts, and various
reference sources. Based on the data analysis using Bibliometrix software, general information about
the generated data is presented in Table 2. The elements incorporated in the study encompass a
broad range of minutiae, including but not limited to the duration of time under investigation, the
origins of the data, the nature of the documentation, the yearly increase in frequency, the typical age
of the texts, the average number of citations per document, the designated keywords of the author,
the identities of the authors, the identity of the authors of solo-authored texts, the prevalence of
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international authorship collaborations, the average number of co-authors per document, and the
references cited.

Table 2 reveals that articles related to the utilization of technology in statistics education have

been present since 1985, with an annual growth rate of 1.84%. 135 authors from 31 countries have
contributed to studies on technology for statistics education. Among the 59 identified documents,
the average age of the documents is 13.7 years, with an average of 11.02 citations per document and
involving an average of 2.44 co-authors per document. There are 161 keywords and 1686 references
used by the authors. The following data analysis involves the ranking of articles based on their citation
count. A list of the top 20 article titles with the highest total citations, authors, publication year, and
source is presented in Table 3.

Table 2

Main information of data collected
Aspect Results
Timespan 1985:2023
Sources 38
Documents 59
Annual Growth Rate 1.84%
Document Average Age 13.7
Average citations per doc 11.02
Author's Keywords 161
Authors 135
Authors of single-authored docs 16
International co-authorships 8.475
Co-Authors per Doc 2.44

Corresponding Author's Countries 31

References

1686

Table 3 reveals that the article titled “The effect of challenge-based gamification on learning: An

experiment in the context of statistics education”, authored by Legaki, N.Z. et al., and published in
the “International Journal of Human Computer Studies” in 2020 [88], is the most cited article, with

90 citations.

Table 3

Top 20 articles on using technology to study statistics

No Document title Authors Source Year TC* Ref.

1 The effect of challenge-based Legaki, N.Z. et al.,  International Journal of 2020 90 [88]
gamification on learning: an Human Computer
experiment in the context of statistics Studies, 144, 102496
education

2 A meta-analysis examining the impact  Larwin, K. and Journal of Research on 2011 43  [89]
of computer-assisted instruction on Larwin, D. Technology in
postsecondary statistics education: 40 Education, 43 (3)
years of research

3 Teaching statistics theory through Nolan, D. American Statistician, 53 1999 42  [90]
applications and Speed, T.P. (4)

4 Instructional strategies and course Yang, D. International Journal of 2017 39 [91]
design for teaching statistics online: STEM Education, 4 (1)
perspectives from online students

5 Play it again: teaching statistics with Sigal, M.J. and Journal of Statistics 2016 35 [92]

monte carlo simulation

Philipchalmers, R.

Education, 24 (3)
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10

11

12

13

14

15

16

17

18

19

20

Teaching statistics online: A decade's
review of the literature about what
works

The application of Simulation-Assisted
Learning Statistics (SALS) for
correcting misconceptions and
improving understanding of
correlation

Multimedia for teaching statistics:
Promises and pitfalls

Statistics? You must be joking: The
application and evaluation of humour
when teaching statistics

An active learning approach to
teaching statistics

Statistics education fin de siecle

Teaching statistics - despite its
applications

Learner-centred mathematics and
statistics education using netbook
tablet PCs

Teaching statistics to non-specialists

Teaching statistics with Excel 2007
and other spreadsheets

Teacher’s corner a method for
teaching statistics using a-
dimensional geometry

The development and evaluation of a
survey that makes use of student data
to teach statistics

Teaching statistics at google-scale

Three empirical strategies for
teaching statistics

Preparing graduate students to teach
statistics: introduction

Mills, J.D.
and Raju, D.

Liu, T.C. etal.,

Velleman, P.F.
and Moore, D.S.
Neumann, D.L. et
al.,

Dolinsky, B.
Moore, D.S. et al.,

Ridgway, J. et al.,

Loch, B. etal.,

Simpson, J.M.
Nash, J.C.

Saville, D.J.
and Wood, G.R.

Neumann, D. et
al.,

Chamandy, N. et
al.,

Marson, S.M.

Moore, D.S.

Journal of Statistics
Education, 19 (2)

Journal of Computer
Assisted Learning, 26 (2)

American Statistician, 50
(3)

Journal of Statistics
Education, 17 (2)

Teaching of Psychology, 28
(1)

American Statistician, 49
(3)

Teaching Statistics, 29 (2)

International Journal of
Mathematical Education in
Science and Technology, 42
(7)

Statistics in Medicine, 14
(2)

Computational Statistics
and Data Analysis, 52 (10)
American Statistician, 40

3)

Journal of Statistics
Education, 18 (1)

American Statistician, 69
(4)

Journal of Teaching in
Social Work, 27 (3-4)
American Statistician, 59

(1)

2011

2010

1996

2009

2001

1995

2007

2011

1995

2008

1986

2010

2015

2007

2005

35

30

30

28

28

28

18

17

17

16

15

14

11

11

(93]

[94]

[95]

(96]

[97]
(98]
[99]

[100]

[101]
[102]

[103]

[104]

[105]
[106]

[107]

*TC = Total Citation

3.2 Publication Trends

Based on the identification results obtained from the Scopus database, Figure 1 presents the data
about the number of publications associated with technology use in statistics education.
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Fig. 1. Trend of publications on technology in statistics education

As presented in Figure 1, the number of publications on the utilization of technology in statistics
education has experienced fluctuations over the years. The first publication started in 1985 with one
article, followed by one article each in 1986, 1988, and 1990. Similarly, one article was published in
2000, 2002, 2003, 3008, 3009, 2016, 2018, and 2019. Two articles were published in 1995, 1996,
2001, 2012, 2014, 2017, and 2023. Three articles were published in 1999, 2005, 2007, 2021, and
2022. Four articles were published in 2010, 2015, and 2020. In 2011, we witnessed the most prolific
publication of articles, totalling six. Nevertheless, there were specific years, namely 1987, 1989, 1991,
1992, 1993, 1994, 1997, 1998, 2004, 2006, and 2013, where no articles about technology
implementation in statistics education were discovered.

3.3 Visualization of Terms using VOSviewer

Keywords that appeared at least four times were subjected to visualisation. Keyword
identification with VOSviewer yielded 96 terms. However, further analysis revealed that 31 terms
were not directly related to the utilization of technology in statistics education. Therefore, the
visualization was performed on 65 relevant terms. This particular research incorporates various
forms of visualization, namely network visualization (as shown in Figure 2), overlay visualization (as
shown in Figure 3), and density visualization (as shown in Figure 4).
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Fig. 2. Network visualization of technology in statistics education keyword

Figure 2 presents the network visualization of technology in statistics education keywords using
VOSviewer. Based on Figure 2, it is evident that there are five clusters formed from the network
visualization:

Cluster 1, marked in red, comprises 18 items: activity, attitude, challenge, concern,
discipline, education, experience, mathematics, negative attitude, perception, positive
attitude, principle, project, school, statistic, student, teaching statistic, and technology.
Cluster 2, marked in green, consists of 15 items: addition, approach, content, context,
course, curriculum, data analysis, excel, implication, introductory statistics, probability,
problem, science, software, and tool.

Cluster 3, marked in blue, includes 14 items: computer, difficulty, effect, evidence, group,
lecture, misconception, model, sample, statistical analysis, statistical concept, statistics
education, system, and understanding.

Cluster 4, marked in yellow, comprises 11 items: application, data, evaluation,
importance, learning, process, random sample, reflection, subject, teacher, and teaching.
Cluster 5, marked in purple, consists of 7 items: case study, development, effectiveness,
introductory statistics course, outcome, statistics concept, and statistics course.

Next, the results of overlay visualization of technology in statistics education keywords using
VOSviewer are presented in Figure 3. Overlay visualization depicts the novelty of research based on
the related terms [108].
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Fig. 3. Overlay visualization of technology in statistics education keyword

Figure 3 shows that attitude, perception, activity, outcome, reflection, and statistics concepts are
relatively recent research themes. On the other hand, computer, teacher, challenge, lecture,
software, content, and approach are relatively older themes, appearing around 2006. Next, the
analysis of density keywords using VOSviewer provides density visualization of technology in statistics
education keywords, as presented in Figure 4.

student course
statistic

earning ;o blicatior

g& VOSviewer

Fig. 4. Density visualization of technology in statistics education keyword

Figure 4 shows that statistics, student, application, learning, course, and statistics course are the
terms with the highest density compared to other terms. On the other hand, other terms such as
software, evaluation, attitude, context, and reflection have relatively lower densities.

3.3 Thematic Map of Technology in Statistics Education Keyword
The subsequent data analysis involves mapping the themes related to technology in statistics

education using a thematic map using Bibliometrix software as presented in Figure 5. The
categorization of themes on a thematic map is based on two parameters, namely density and
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centrality. The resulting classification comprises four distinct categories: motor themes, niche
themes, emerging or declining themes, and basic themes. Motor themes are situated in the top-right
guadrant of the map and exhibit high levels of density and centrality. Niche themes, on the other
hand, are located in the top-left quadrant and display high density but low centrality. Emerging or
declining themes are found in the bottom-left quadrant and are characterized by low levels of both
density and centrality. Finally, basic themes are situated in the bottom-right quadrant of the map and
exhibit low density but high centrality.

Figure 5 shows the thematic map of various research on technology in statistics education.
Several themes are distributed across the four quadrants as follows:

i.  The themes "higher education" and "R" are situated in the top-right quadrant, which
represents motor themes. Therefore, "higher education” and "R" are essential and well-
developed themes that significantly shape the technology field in statistics education.

ii. The theme "active learning" is located in the top-left quadrant, representing niche
themes. As a result, "active learning" is a theme that is well-developed internally but not
considered crucial externally within the technology field in statistics education.

iii. The theme "statistics education" is positioned in the bottom-left quadrant, which
indicates emerging or declining themes. "Statistics education" is a weakly developed and
marginal theme in the current context.

iv.  Thetheme "simulation" appears in the bottom-right quadrant, representing basic themes.
"Simulation" is an important theme that serves as a foundation in the field but has not
undergone significant development.

These findings provide valuable insights into the current state of research themes related to
technology in statistics education and their relative significance and development within the field.
This study gives information for further development as reported elsewhere regarding several
subjects:

i.  mathematics [109-136]
ii. biology [137-146]
iii.  physics [147-151]
iv.  chemistry [152-158]

v. engineering [159-165]
vi.  technology [166-170].
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Fig. 5. Thematic map of technology in statistics education keyword
4. Conclusions

This study aims to expound upon the discoveries of a bibliometric analysis of articles about
technology in statistics education. The scrutinized articles are those which have been published in
journals written in the English language and indexed within the Scopus database. The database used
in this research includes the article title, author names, author affiliations, journal name, publisher,
abstract, keywords, and reference lists. Based on the search results, 59 relevant articles were
identified and published since 1985, with an annual growth rate of 1.84%. The articles under
consideration demonstrate an average of 11.02 citations per document and an average document
age of 13.7 years. These publications were authored by a total of 135 individuals hailing from 31
distinct nations, with an average count of 2.44 co-authors per document. Five clusters were identified
through network visualization of various terms derived from article keywords. Among these, "higher
education" and "R" emerged as well-developed and significant themes in shaping the technology
field in statistics education. This study suggests opportunities for future research in technology in
statistics education. The findings provide valuable insights into the existing literature and potential
directions for further exploration.
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