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Bibliometric Mapping of Big Data (BD) in Higher Education (HE):
Towards a comprehensive framework

Abstract

Although big data (BD) has emerged rapidly over the last decade, its importance within higher
education (HE) has remained scarce in academic literature. This research aims to develop a
comprehensive framework for using big data in HE. We achieved our research objective by
conducting a bibliometric analysis of the available literature on BD in HE published in the
English language between 2013 -2021. A total of 4312 articles were considered for analysis.
Our results showed that most studies focused on the technical specifications of BD, such as
data mining and Hadoop. There was a slight reference to the operationality and management
functions. However, it is pertinent to note that data privacy, advanced analytics, and machine
learning were highlighted as emerging topics. It, therefore, suggests the importance of
advanced data analytics and data privacy in establishing a comprehensive framework for
managing BD in HE.

Introduction

Big Data Analytics (BDA) has emerged rapidly in the last decade and has become prominent
in managing modern businesses (Chaurasia et al, 2017). Applications of BDA adoption include
traffic analysis, shopping recommendations and students module results prediction
demonstrating the power of big data, and substantial investment in research and technology
development in BDA has been augmented recently. Big data analytics has been adopted by
public education across the globe and become a vital force in Higher Education (HE) teaching
reform (Daniel, 2014). In general, technological development in education has stalled over the
past decades, BDA technologies present a new wave of technological advancement and hold
the key to the future of HE.

Big educational data plays a critical role in HE, the analysis and utilisation of such data
enhances students' academic performance and the improved student retention. The potential
benefits of applying BDA in HE have interested many researchers over the past two decades;
the number of academic publications has increased exponentially and is still growing rapidly.
Despite the increased number of publications in this area, there is a lack of systematic literature
revealing the research landscape and future trends. This research aims to perform a bibliometric
mapping of the BDA researches in HE and provide a systematic and transparent review of the
current literature.

Big Data Analytics in HE

BD and BDA have recently become buzzwords in academia and industry. Universities and
colleges across the globe have been trailing ways of applying BDA to improve both teaching
and learning (Tatt, 2019). Many benefits are realised from mining the big data captured by HE
institutions (HEIs). Such benefits range from tracking and monitoring students' learning
progress to predicting students' academic performance and achievements. Students' data such
as their learning journeys, readings, coursework completion, and test and examination results
were captured and analysed to predict their academic performance. The insights also allows
teachers to promptly identify each student's learning situation and potential issues enabling
tailored guidances and support to those concerned students. Applications and tools have been
developed in this domain and utilised by HEIs to support teaching and learning (Hassan, 2015).
The wealth of educational data is analysed and trends in student scores, attendance, dropout
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rates, and retention been identified at early stages of learning (Marin-Marin wt al., 2019).
Results from BDA could provide personalised experience and services for students too. By
analysing the valuable data in the learning process, unique learning experience and
personalised learning support services could be provided. The application of BDA in the HE
sector has been rapidly developed in recent years and various applications have been
implemented in HEIs (Javidi, et al., 2017; Dinter et al, 2017)

Despite a large number of researches published in BDA in HE our initial review of literature
revealed that major focus in this domain is largely on the exploration of benefits and challenges
of BDA. The aim of our research is to conduct a comprehensive review of the current literature
and to identify the current research landscape and establish the future research direction.
Researchers in various disciplines have performed bibliometric analysis to map out future
research pathways, including service marketing ( Donthu et al. 2021); Covid-19 and consumer
behaviour (Cruz-Cérdenas et al., 2021); supply chains and carbon taxes (Zhou et al., 2021);
BD in supply chain management (Mishra et al., 2018). However, there are limited studies that
have performed bibliometric analysis to examine BDA trends in HE (Marin-Marin et al., 2019;
Rodriguez Jiménez et al., 2019). This study extends the existing literature by exploring BDA
research trends in HE and developing research themes to identify areas for further research.

Research Methodology

Our research investigates BDA research in higher education (HE), the literature was
systematically reviewed following Tranfield et al. (2003) and the updated PRISMA guideline
by Page et al. (2021) recommendations. We considered using the systematic review of literature
due to the transparent and replicable process provided, which enhances the overall quality of
the review (Tranfield et al., 2003). We also align our bibliometric analysis following the
guidelines provided by Donthu et al. (2021). The bibliometric analysis is a cross-disciplinary
technique used in analysing large volumes of data to identify for example research topics and
trends within a discipline.

Article selection

Our data was collected from articles in Scopus database. We deemed it appropriate because of
its reputation as the most significant database, with over 77 million bibliographic information
on peer-reviewed articles. As world-leading multidisciplinary research publisher Scopus are
extensively used for bibliometric analysis (Donthu et al., 2020; Goh and See et al., 2021). We
established our review process following the guidelines by Tranfield et al. (2003) and PRISMA
(Page et al., 2021) (see Figure 1). To this end, we imposed restrictions on our data and limited
them to full-length articles and conference papers published in English language between
January 2013 and January 2022. Our sample time frame suggests the emergence of published
articles within this period. These articles were empirical and conceptual in nature.

We also restricted our data sample to articles published in business studies/management,
decision sciences, environmental sciences, transportation sciences, business finance and social
sciences, operations, research management, economics subject areas, with the aim to achieve
a wider coverage and comprehensive list of articles. Our search criteria were based on advanced
search queries of * Big Data, Higher Education*in the title, abstract and keywords. We used
standard Boolean operators 'OR' and 'AND' in our search queries. Our final sample set from
our literature search included 4,621 documents and these were used in our biliomatric analysis.



Search queries:

“Big AND Data AND Analytics”

AND Higher AND Education” Databases: - P
OR “BD AND HE” 5| scopus (n=9,242) Inclusion criteria:
OR “BD AND University”  Artdes

OR “Big AND Data AND University”
OR “Big AND Data AND Colleges”

*+ Business studies/management, decision

sciences, environmental sciences,
ion sciences, business finance
and social sciences, operations, physics,
computing, research management,
Records screened m":":; S‘JE"i octareas
. « Published in Englis
(Title ”(gi‘:gft’ act): + Published between January 2013 — January

2022.
Records excluded: 91

a. Duplicate articles (n=45)

b. Articles without abstracts (n = Final sample:
150) (n=4621)

c. Articles not retrievable (n = 243)

Data Analysis:

*  Content analysis

Themes and research
agenda:
a. Themes (n=5)
b.  Research agenda (n=5)

Figure 1: Literature Search criteria

Analytical methods

We analysed our data using a two-step process involving the bibliometric analysis and meta-
analysis techniques. These methods were considered suitable due to their transparent and
objective lenses centred on conceptual structures.. We also employed the meta-analysis
technique, made up of co-word analysis and Intertopic Distance Map (IDM), to understand our
study's progress of research evolution. The co-word analysis provided the core themes
developed, and the IDM validated the developed themes through visual cues of closely linked
keywords (Zhang et al., 2021). It implies that the developed themes in our study of BDA in HE
emanated from the density of strongly linked keywords. Biblioshiny, an open-source
application on R, analysed our data (Aria and Cuccurull 2017). Biblioshiny supports extensive
bibliometric data from various sources like Scopus and has successfully mapped scientific
literature.

Biliometric analysis and results

Bibliometric Information

The bibliometric information shows that conference papers account for most of our sample at
3061, and full-length articles account for 1560. We needed to include conference papers in our
sample due to the novelty of our research domain.



Description Results

MAIN INFORMATION ABOUT DATA

Timespan 2013:2022
Sources (Journals, Books, etc) 1853
Documents 4621
Average years from publication 2.53
Average citations per documents 4.888
Average citations per year per doc 1.042
References 1
DOCUMENT TYPES

article 1560
conference paper 3061
DOCUMENT CONTENTS

Keywords Plus (ID) 15643
Author's Keywords (DE) 10789
AUTHORS

Authors 9972
Author Appearances 13630

Authors of single-authored documents 938
Authors of multi-authored documents 9034
AUTHORS COLLABORATION

Single-authored documents 1198
Documents per Author 0.463
Authors per Document 2.16
Co-Authors per Documents 295
Collaboration Index 2.64

Figure 2 Bibliometric Information

Publication trend and trend topics

For the period under review (2013-2022), Figure 3 shows the top 20 journals that have
published articles relating to BDA in HE. It shows that 22% of the articles were published in
the Journal of Physics Conference Series, Advances in Intelligent Systems and ACM conference
proceedings. It implies that the research around BD in HE have focused more on the computing
aspects and implications. However, there are limited full-length papers and limited research
published in operations management journals depicting the budding nature of research within

this field.

Most Relevant Sources

JOURNAL OF PHYSICS: CONFERENGE SERES

LECTURE NOTES OF THE INSTITUTE FOR COMPUTER SCIENC
PROCEEDINGS - 2020 INTERNATIONAL CONFERENCE ON BIG
CEUR WORKSHOP PROCEEDINGS

ASEE ANNUAL CONFERENCE AND EXPOSITION CONFERENCE P
LECTURE NOTES IN ELECTRICAL ENGINEERING

PROCEDIA COMPUTER SCIENCE

PLOS ONE

Sources

PROCEEDINGS - 2020 IEEE INTERNATIONAL CONFERENCE O

Figure 3 Top Journals Publishing Related Articles



Trend Topics

The research topics were identidied by using the top 50 keywords with a 12 words minimum
frequency and five words per year. We find that between 2013 and 2015, topics related to BD
and HE included "big datum", "research", "world-wide-web", "industry", "mobile devices",
and "algorithms"- all indicating business processes. These topics depicted research on BD in
HE focused on the explosion of big data. The use of big data in HE was sparsely recognised.
The research trends between 2015 and 2017 can be categorised as education database systems
as the topic trends evolved to terms such as "education", "Hadoop", "map-reduce", "distributed
computer systems", "learning analytics", "digital storage", "information systems", "data
reduction", and "database systems". It implies that research in BD and HE between this period
focused on how to handle the explosion of big data in HE with limited focus on how HE's used
these big data. After 2017 however, we began to see topics including "decision-making",
"teaching models", "artificial intelligence", "information management", and "advanced
analytics" emerge. The topic trend here suggests that research focuses on how BD can be used

in HE, including developing better teaching models and decision-making.

Co-occurrence network of keywords

We present the co-occurrence network of keywords in Figure 4, where there are two clusters
of keywords. The first cluster is "big data", which centres around data security, quality control,
decision making, intelligent systems, digital storage and data visualisation. This cluster also
branches out to include data mining, social media, information classification and deep learning.
The second cluster focuses on students with keywords such as e-learning, teaching, curricula,
college students and education. Thus one cluster (students) researches how data is generated,
and the other is concerned with privacy, security and digital control. The co-occurrence map
corroborates the topic trend diagram in Figure 4 and reiterates the dimensions of research
within BD in HE. The co-occurrence map identifies several research paths. For instance, we
find that data analytics, machine learning and advanced analytics are small clusters between
the two significant clusters. In the scheme of things understanding BD in HE requires data
analytics and advanced analytics to develop efficient frameworks.
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Figure 4: Co-occurrence Network



Conceptual structure map

The conceptual structure map is presented in Figure 5. The graph was plotted with 100 terms
and a minimum of 5 documents per year using the multiple correspondence analysis. We
identified three clusters of documents communicating related concepts. From left to right, the
first cluster mapped in red represents well-researched areas, the green cluster represents
emerging research, and the blue cluster represents under-researched topics within our research
nexus. Against this backdrop, crucial words that require further research in BD and HE include
data analytics, data privacy, machine learning, embedded systems and advanced analytics,
indicating the future research paths.

Conceptual Structure Map - method: MCA

Dim 2 (16.84%)

Figure 5: Conceptual structure map of BD in HE

Conclusion and future research

BDA has attracted the research attentions in the HE sector, our research conducted a
bibliometric analysis and examined available literature. It identified the publication trend in
this area and the leading publications; it mapped the co-occurrence network of keywords
revealing the two clusters of key words in this research area: "big data" concerning such as
data security, quality of data and data visualisation. Our research also constructed a
Conceptual structure map using the multiple correspondence analysis, revealing that future
research directions in BDA in HE are data analytics, data privacy, machine learning,
embedded systems and advanced analytics.

The main limitation of our research is the only use of Scopus in our literature search, it will
be more comprehensive if WoS, google scholars and Dimensions were also selected. The
next stage of our research will focus on the detailed scrutinising of the key publications
identified and develop a comprehensive framework to aid the BDA implementations in HE.
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