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ABSTRACT We are now able to collect enormous amounts of information at the learner level. Mining
educational data to provide data-driven analytics has spurred great interest among researchers and
policymakers that continues to grow. This growing research area is called educational data mining (EDM).
Yet the growing interest in the topic has also resulted in a fragmented body of literature. This recent growth
justifies and renders it important to synthesize the extant body of multidisciplinary research to bring this
literature together into a systematic whole and to assess the extent of our current knowledge. To this purpose,
this article provides a bibliometric review of the accumulated literature (N = 194) on educational data
mining during 2015–2019. Findings suggest that interest in educational data mining has increased in recent
years. The studies in this stream of research mainly focus on using state-of-the-art EDM techniques to
optimize prediction models to accurately predict learners’ academic performance and to detect behaviors
of learners for timely intervention. In addition, our findings show that EDM literature contains publications
of researchers from diverse countries. Most studies were a result of collaborations between multiple authors,
and most authors collaborated with authors from the same country. The United States, China, and Spain are
the countries with the most prolific publications in EDM literature. For future research, EDM researchers
should increase discussions on connecting theories with EDM techniques, ethics and privacy issues, and
international collaboration.

INDEX TERMS Analytics, computational intelligence, data mining, data processing.

I. INTRODUCTION
Technology has fundamentally transformed how information
is captured. Today, data is collected, analyzed, and interpreted
to shape practices, processes, and decision-making in various
fields [1]; and the field of education is no exception [2], [3].
Indeed, data logged by educational technologies is the
subject of growing literature in recent years [4] because
of the potential to drive educational innovation [5] and
render obsolete some traditional ways to do education [6].
At the same time, tools to analyze educational data to
gain and deliver educational insights have become readily
available [7]. This has moved educators to rethink the way
learning and teaching are considered.

On the research front, educational data has been used to:
describe student life, predict behaviors and outcomes, inform
the delivery of various forms of intervention, personalize
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learning, customize teaching, among others [6], [8], [9].
Given the interest in how learner-system interaction data [10]
can contribute to providing answers to salient educational
questions, a specific stream of research has experienced
growth in recent years: educational data mining (EDM).
A cursory examination finds a strongly increasing number of
publications and numerous educational analytics initiatives
reflecting the relevancy of this research stream. It is
important to note that although no clear-cut definition of
educational data mining exists, we adopt the definition
proffered by Baker and Yacef: ‘‘an emerging discipline,
concerned with developing methods for exploring the unique
types of data that come from educational settings, and
using those methods to better understand students, and
the settings, which they learn in’’ [11, p. 4]. A substan-
tial amount of research and practical information is now
available apropos educational data mining [12]. A key
premise of this literature is to promote data-driven inno-
vations in education, with some suggesting that ‘‘most
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EDM research is considered pedagogically and educational
theory-neutral’’ [13, p. 3].

Although important progress in this field has been made,
the state of knowledge remains relatively fragmented due
in part to research on EDM being multidisciplinary in
nature [14]. As such, this is an opportune time to take stock
of the research in this stream of research to improve our
understanding of the full range of relevant research and
to better characterize the knowledge structure of this field.
Moreover, such an effort is also key to unearthing outstanding
research questions and needs. In this work, we conduct a
bibliometric analysis [15] of the literature on educational data
mining to consolidate and synthesize this stream of research.
Bibliometric analysis, which is a ‘‘set of mathematical
and statistical methods to display up-to-date and ongoing
knowledge of a research field’’ [16, p. 3], provides a useful
method to unearth the intellectual structure of a research
field or topic. In fact, bibliometric analysis is ‘‘suitable for
science mapping at a time when the emphasis on empirical
contributions is producing voluminous, fragmented, and
controversial research streams’’ [17, p. 959].

II. PURPOSE
The present study aims to achieve the following objective:
provide an overview of the evolution of educational data
mining research and describe the structures characterizing
this emerging stream of research. This study explores the
most influential sources that the EDM articles cited, the most
cited EDM articles, the most frequently used keywords in
the EDM articles, the productive countries in EDM research,
and the international collaboration structure of the EDM
articles. The frequently cited sources will show the extent
of the interdisciplinary approach of the field and the leading
focus of EDM research [18]. The most cited EDM articles
will reveal the significant landmarks of EDM research and
the most influential research findings, as well as emerging
new ideas [18], [19]. The collaboration trend of EDM will
help stakeholders in predicting the future collaboration trends
of the field and promote deeper scientific collaborative
research [20]. The prolific countries in EDM research will
reveal the key players in EDM research as well as suggest
ways to promote the spread and sharing of knowledge to all
regions [20]. The keywords of the EDM articles will show
the trends and themes of EDM literature [21]. In addition,
this study aims to reveal the strengths of EDM research and
the areas that EDM research can improve. Doing so will
suggest the current research trend and future directions for
EDM research [22]. We aim to answer the following research
questions: 1.What are the prevalent sources cited by the EDM
articles during 2015-2019? 2. What are the most cited EDM
articles during 2015-2019? 3. What are the most frequently
used keywords in the EDM articles published during
2015-2019? 4. What are the prolific countries in EDM
literature during 2015-2019? 5. What are the collabora-
tion patterns between countries in EDM literature during
2015-2019?

FIGURE 1. Overall screening procedure.

III. METHODOLOGY
A. DATA SOURCE AND RETRIEVAL
We conducted our search in the Web of Science (WoS),
as this provides access to high-quality peer-reviewed arti-
cles. Moreover, WoS allows us to search across several
disciplines. Importantly, WoS has been commonly used and
recommended for literature reviews on education-related
topics [23]. The data sourcing took place in several stages in
November 2019 by following the PRISMA framework [24]
(Figure 1).

In the first stage, the Web of Science database (Web of
Science Core Collection) was searched by setting the filter
to be 2015–2019. We chose this specific period since EDM
enjoyed considerable growth during this period. To retrieve
and collate relevant research, a search was performed on
‘‘educational data mining.’’ In the second stage, we per-
formed a search on (TOPIC: (‘‘Educational Data Mining’’)
AND DOCUMENT TYPES: (Article)), which resulted in
the initial hit of 281 sources. Similarly, we collected the
titles and abstracts for all the sources. During the third stage,
we sorted out the irrelevant articles by reviewing the abstracts
following the inclusion and exclusion criteria. Our inclusion
and exclusion criteria are presented in Table 1. The final yield
was 194 articles.

B. DATA ANALYSIS
A total of 194 publications was included for final review.
According to Donthu et al. ‘‘given the limitations of classical
reviews involving large volumes of literature, bibliometrics
is a preferred study method to more objectively assess
academic progress’’ [25, p. 233]. There are numerous tools
for conducting a bibliometric analysis. For our study, the
final bibliometric data were exported and analyzed using the
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TABLE 1. Inclusion and exclusion criteria.

Bibliometrix R-package and Biblioshiny app [17], a free and
open-source tool for science mapping.

IV. FINDINGS
A. MAIN INFORMATION ABOUT THE ARTICLES
This section presents the study results. Table 2 provides a
summary of the 194 articles. The 194 articles had 617 authors
in total. Only 14 articles were published by a single author,
which suggests that most articles were published by multiple
authors. Indeed, the average number of co-authors per
document is more than three authors (3.64). The average
number of documents published per author is less than
one. The number of author appearances is greater than the
total number of authors, which reveals that some authors
have multiple publications while most authors have one
publication. Figure 2 shows that the number of publications
has generally increased over the five-year period. The number
of publications in 2019 is more than twice the number of
publications in 2015.

B. SOURCES
This section investigates research question 1, the sources
cited by the EDM articles published during 2015-2019
(Table 3). Computers & Education is cited more (N = 336)
than all the other top 20 frequently cited sources. The aim
and focus of all the frequently cited sources pertain to
technology, computational methods, and data analysis. For
example, Expert Systems with Applications is the second
most cited source, and it is a journal that publishes papers

TABLE 2. Summary of bibliographic data.

FIGURE 2. Publication distribution of educational data mining articles
(∗Note: The collection of the articles took place in November 2019).

on intelligent systems applied in various settings including
universities. Machine Learning is another frequently cited
source which is a journal that publishes research on
computational approaches to (machine) learning.

Multiple sources that were frequently cited by the EDM
articles focus on research that connects pedagogy to tech-
nology and connects theories with computers. Specifically,
Computers & Education focuses on the pedagogical use
of digital technology and implementation of technology
that is grounded in the context of use for teaching and
learning. Computers in Human Behavior focuses on research
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TABLE 3. Most local cited sources (from reference lists).

FIGURE 3. Most global cited documents.

that explores the use and effects of computers from a
psychological perspective. Journal of Educational Data
Mining emphasizes research that integrates data mining with
pedagogical theories.

C. DOCUMENTS
In this section, we explore the most global cited documents
and the most local cited documents by the EDM articles
during 2015-2019 to answer our research question 2. Most
global cited documents (Figure 3) exhibit the number of
citations an EDM article in our bibliometric collection
received from articles in the entire database. Most local cited
documents (Figure 4) exhibit the number of citations an EDM
article in our bibliometric collection received from other
EDM articles in our bibliometric collection. As shown in
Figures 3 and 4, many of the most global cited and local cited
documents overlap.

FIGURE 4. Most local cited documents.

All six of the top local and global cited articles are on
prediction models (Table 4). Two studies (Asif et al. (2017)
and Cerezo et al. (2016)) investigated the indicators or
variables that well predict students’ academic performance.
Two studies (Costa et al. (2016) and Marguez et al. (2016))
compared different EDM techniques on effectively predicting
students’ failure early and found the techniques that outper-
formed other techniques. Another study (Campagni et al.
(2015)) introduced how an EDM technique can be used
to reveal the ideal academic paths that students can take
for success. Another article (Xing et al. (2015)) brought a
theoretical framework into the center of their research by
building a model while being guided by Activity Theory
and discussed the importance of connecting a theoretical
framework in designing EDM models.

D. KEYWORDS
In this section, we explore the most frequently used words in
the EDM articles during 2015-2019 to answer our research
question 3. We first examine the most frequently used
author’s keywords. Then, we examine the most frequently
occurring trigrams (i.e., three words that occur together)
in the articles’ abstracts and the trend of these trigrams
over the period during 2015-2019. In doing so, we aim to
reveal the research topics and changing trends of the research
topics in EDM literature. Author’s keywords are a list of
terms that authors select to represent the overall content of
the paper. Figure 5 shows the top ten keywords that were
most frequently used during 2015-2019 in the EDM articles.
The most frequently used keyword is ‘‘Educational Data
Mining’’ as expected. The next frequently used keyword
is ‘‘Learning Analytics,’’ a field that is closely related to
EDM. The EDM technique-related words ‘‘classification,’’
‘‘machine learning,’’ ‘‘clustering,’’ and ‘‘prediction’’ are also
frequently used. These keywords are followed by words
related to research platform or setting, ‘‘higher education’’
and ‘‘e-learning.’’

The analysis of trigrams in the abstracts also shows EDM
literature’s focus on techniques and the diverse applications
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TABLE 4. Top cited papers.

of EDM techniques. Figure 6 shows that educational data
mining technique-related terms are the most frequently
occurring words in the EDM articles’ abstracts: ‘‘data mining

FIGURE 5. Most frequent author’s keywords.

FIGURE 6. Most frequent trigrams in abstracts.

techniques,’’ ‘‘data mining methods,’’ ‘‘machine learning
techniques,’’ ‘‘association rule mining,’’ ‘‘machine learning
algorithms.’’ There are several educational technology plat-
forms in the frequently occurring words: ‘‘hypermedia smart
tutoring,’’ ‘‘learning management system,’’ ‘‘smart tutoring
systems.’’ The number of times these trigrams occurred
in EDM literature each year is shown in Figure 7. The
most frequently occurring trigrams show the field’s continual
focus on data mining techniques over the years as shown
by the steady growth of ‘‘data mining techniques.’’ All the
other words on specific techniques or educational technology
platforms have relatively low occurrences and do not show
any significant pattern of growth or decline.

E. COUNTRIES
This section explores research questions 4 and 5 about the
presence of different countries in EDM literature and the
structure of international collaboration. First, we examine
the most relevant affiliations in EDM literature, which shows
the institutions of the authors with at least one article in our
collection. Figure 8 shows that Tel Aviv University in Israel
has the most articles, followed by San Diego State University
in the United States (N = 8). Beijing Normal University
in China, University of Carlos III Madrid in Spain, and
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FIGURE 7. Word growth of most frequent trigrams in abstracts (Note. The
year 2020 is included since some articles were accessible online earlier
but published in a volume/issue in 2020).

FIGURE 8. Most relevant affiliations.

University of Patras inGreece are the next relevant affiliations
with six articles each.

The top 20 countries with the authors who received the
greatest number of citations represent countries from a variety
of geographic locations (Figure 9). The top 20 countries with
the most citations consist of diverse continents including
North America, South America, Asia, the Middle East,
Australia, Africa, and Europe. The United States and Spain
have the highest number of citations with at least more than
twice as many citations as the other countries.

The next step is to examine how authors from different
countries collaborate with each other. Figure 10 shows
the top 20 countries with the most articles published and
the patterns of collaboration between countries. The top
10 countries consist of countries from varieties of continents
including the Middle East, North America, Asia, South
America, and Europe. Authors from the United States have
notably more publications than other countries with about
20 more publications than the countries with the second

FIGURE 9. Most cited countries.

FIGURE 10. Corresponding authors country.

most publications (i.e., China and Spain). Figure 10 also
depicts international collaboration. MCP, multiple countries
publications, indicates the number of articles with at least
one co-author from a different country. SCP, single country
publications, indicates the number of articles with all authors
from the same country. Korea and the United Kingdom have
moreMCP than SCP. On the other hand, the top five countries
with the most articles have more SCP than MCP.

V. DISCUSSION
Our findings show that the volume of publications has
increased over the years with the most recent year, 2019,
having at least twice asmany publications as the previous four
years. This increasing trend of the number of publications
reflects the increase in attention paid to EDM research.
This growth and evolution can be due to new emerging
technologies and techniques developed as well as researchers
from other disciplines joining EDM-related research. Indeed,
over the several years leading up to 2019, more free
datasets and tools have become readily available and the
interest in new applications and educational environments has
increased [10].
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Our analysis of the sources that the EDM articles cited
imply several trends of the field’s research. First, EDM
research appears to be relying heavily on one particular
source, Computers & Education, as the number of citations
this journal received is more than twice as many citations as
the second most cited sources. This type of citation structure
resembles the Pareto principle of power law where a few
sources garner the majority of the citations [19]. Future
EDM research should consider referencing frommore diverse
sources as this can mitigate the potential bias in perspectives
and enrich the discourse.

Another trend of the source structure implies EDM
research’s core focus on developing and improving tech-
niques to analyze data using innovative technologies as well
as EDM research’s involvement of pedagogy and learning
contexts. Some of the most frequently cited sources focus
on data mining techniques (e.g.,Machine Learning) whereas
some other sources also focus on publishing research that
connects pedagogy and theories to technology (e.g., Com-
puters in Human Behavior). The trend of EDM research on
examining innovative techniques and connecting pedagogy
to technology is reflected in our analysis of the most cited
documents as well. The top six of the most cited EDM articles
in our collection are all on optimizing prediction models
through new methods and techniques. Particularly, these
studies introduced new approaches to improve the accuracy
of predicting learners’ performance from the extant models.

It is notable that the second most cited article (i.e.,
Xing et al. (2015)) was on building a prediction model
that outperforms the traditional models by integrating a
theoretical framework with an advanced modeling technique.
The frequent citations of an article that addresses theories
align with the aforementioned trend of the source structure in
which the EDM articles cited sources that focus on research
connecting pedagogy and theories to technology. One of the
key and unique strengths of EDM research is its potential to
refine, test, and develop educational theories via empirical
evidence provided by EDM methods which would then lead
to improved learning and teaching outcomes [11], [26]. Thus,
the prominent presence of theories in citing sources and
articles exhibits EDM research’s active engagement with
involving theories to connect to EDM applications.

On the contrary, our analysis of keywords implies that
the application of theories into the actual practice of EDM
research has been limited. Our analyses of the author’s
keywords, trigrams in abstracts, and the growth of these
trigrams over the 2015-2019 period collectively show that
discussions of theories are limited in the EDM articles. The
frequently used keywords all pertain to data, methods, tech-
niques, and technology platforms. Classification, clustering,
association rule mining, and machine learning algorithms are
the techniques that frequently occurred in EDM literature.
Learning management system and smart tutoring system are
the two educational technology platforms that were studied
frequently. The nonexistence of theory-related key terms
can suggest the limited engagement with theories in actual

research. This limitation of the application of theories into
EDM research aligns with the findings of previous studies
that although EDM research has developed sophisticated
methods for analyses, its impact on practice and theory has
been limited [10], [27]. EDM research that is framed without
educational theories would not lead to the fulfillment of one
of the main goals of EDM, which is to improve learning
and teaching [26]. Thus, EDM researchers should ensure that
their studies are framed around theories and that the power of
EDM techniques is integrated with theories to yield practical
outcomes.

Our analysis of most relevant affiliations, most cited
countries, and the authors’ country of the EDM articles depict
an eclectic EDM research community with authors from
diverse locations. Countries and institutions from WEIRD
countries (western, educated, industrialized, rich, and demo-
graphic countries) as well as from non-WEIRD countries
are actively engaged in EDM research. The trend of EDM
research that represents diverse countries is encouraging
and corroborates how EDM research can serve as powerful
tools that accommodate diverse learners. Furthermore, EDM
research can serve as powerful tools that could serve as
supplemental resources which would provide personalized
learning to underrepresented communities and developing
countries [2]. Providing personalized learning via innovative
technologies to students from diverse communities can pro-
mote inclusive, equitable, and quality education for all, as one
of the sustainable development goals of the United Nations
aspires [28]. To continue to promote the inclusive research
community, EDM researchers should expand international
collaboration in the future. Especially, researchers from the
leading countries in publishing EDM articles such as the
United States should extend their collaboration beyond other
authors in the same country.

This study has some limitations. This study only includes
the EDMarticles published during 2015-2019. Also, since we
used the Web of Science database to collect the articles, the
limitations to this database may apply to this study as well.
This study should be replicated in the future with articles
published in more recent years. It would be interesting to
compare this study with the bibliometric results with articles
published in more recent years to examine whether there has
been a difference in the trend of the field. Also, this study
should be replicated by collecting EDMstudies from different
databases to examine if it yields different results.

VI. CONCLUSION
This bibliometric study revealed the recent trend of the
evolving field, Educational Data Mining. As our analy-
ses show, EDM research has been increasingly active in
using EDM techniques to yield new methods to improve
educational outcomes, particularly in building prediction
models to detect students’ performances. Our analyses imply
that although the EDM articles have been citing references
related to theories, theories have not been integrated into
the center of research. Also, our analyses imply a diverse
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and inclusive community of EDM researchers but relatively
limited international collaborations.
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