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Currently “Big Data” is an emerging field that presents several Information Technology
challenges regarding the capture, storage search, structure, and visualization of this
data. The real challenge for organizations is to find ways to extract value from it and
provide better services to their clients. The data generated in academic and other in-
stitutions is vast and complex. Libraries face new challenges as they seek to determine
their role in the handling of Big Data within their organization and use it to develop
services. Thus, in most organizations, libraries will not have the knowledge to build
new services unaided. Furthermore, libraries have always been information handlers
and technology adopters; therefore, Big Data technologies will certainly affect their
context. The purpose of this paper is to explore all these issues through a systematic
literature review, unveiling the theories that underpin the paper’s argument. It at-
tempts to answer several research questions, such as how librarians are involved in
the Big Data era? And what are the future research developments of Big Data within
the library context? The study considered only papers published between 2012 and
2018 in English and presents the collected literature by grouping them according to
the type of library each paper refers to. Thus, it identifies new and evolving roles in
the context of all types of libraries. In addition, the study presents several interest-
ing tables, which aim to help librarians locate relevant articles that will inform their
practice and guide service development for users of large and complex datasets.

Introduction
Currently, many information professionals are considering the library’s involvement with Big
Data. What is the library’s role with any data and information? The answer is simple: to iden-
tify and select valuable resources; organize, describe, and preserve them; and finally provide
access to their patrons. While dealing with Big Data, librarians are asked to involve themselves
at earlier stages of the information cycle, while traditionally they focused on handling the
products of research that was filtered through publication.

Since 2012, references to the term “Big Data” have become more frequent in the headlines
of newspapers, proprietary magazines, and academic journals in many disciplines.! Big Data
is valuable to most subject areas; its capabilities, uses, and applications are varied* and can
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yield surprising insights.? In the new digital era, in the fourth industrial revolution, Big Data
is everywhere. Chung and Kim, by presenting the results from a survey of the World Eco-
nomic Forum (WEF), concluded that Big Data, together with the Artificial Intelligence, the
Internet, and 10T, as well as “Blockchain, 3D Printing, Sharing Economy and biotechnology,”
were among the main fields that will significantly affect our lives upon fourth industrial revo-
lution.* Therefore, it is important to prepare for the changes that will soon or later occur in
society. So, where do libraries stand with these changes? Many questions arise on how librar-
ies will follow, implement, integrate, and work side-by-side with these new innovations and
challenges. In this paper, one particular question that arises is: to what extent is Big Data the
next major challenge for library and information science?® The main goal of data science and
information professionals is to transform large and messy datasets into actionable knowledge
through analytical thinking procedures. Libraries should therefore aim to facilitate knowledge
creation in their communities.®

This paper explores the ways Big Data affects libraries and how librarians are prepared for
supporting data in their services. Big Data is certainly a new area of academic research; thus,
it is essential to explore the aspects that impact libraries and the new challenges it presents.
The field of networks and digital technologies is undoubtedly dynamic and rapidly develop-
ing and in turn this has led to the continuously increasing volumes of information. Within
the Big Data context, the traditional library service concept has changed, as effective library
collection development requires the effective analysis of the needs of library patrons.” In ad-
dition, with the implementation of Big Data technologies, new knowledge can be gained and
new services may be provided, adding value to existing ones.® Furthermore, librarians can
employ big data analytics to evaluate and improve library services’ and provide more high-
quality, targeted services'’ characterized by a self-adaptive personalized information system
and a knowledge information service for auxiliary decision-making."

This paper reviews the literature on Big Data and libraries, identifying articles focused
on how Big Data can help libraries to better understand their patrons, by implementing Big
Data technologies and thereby adding value. The review of the existing evidence on the imple-
mentation of Big Data in this context and all the ideas and thoughts about future plans and
directions will inform the design of more user-centered tools and strategies while highlighting
some of the main challenges and problems related to the application of Big Data.

The rest of the paper is structured as follows: Section two presents an overview of what Big
Data represents for libraries, its potentials and problems. Section three outlines the methodologi-
cal approach undertaken for conducting this systematic review, while Section four includes
the results of this study respectively. Finally, conclusions are presented in the last section.

Big Data Overview: Definitions, Potentials, and Problems

There are no clear definitions for the term “Big Data.” The term has been around since the 1990s,
with some giving credit to the work of Mashey.'? In 2001, Laney described the characteristics of
Big Data as data that cannot be processed by traditional data management tools."> Dumbill offered
the following conceptual definition:'* Big Data “is data that exceeds the processing capacity of
conventional database systems; the data is too big, moves too fast, or doesn’t fit the structures
of your database architectures; to gain value from this, you must choose an alternative way to
processit.” In general, Big Data can be defined as data being generated constantly, automatically
and rapidly® and is a much more complex issue than just massive amounts of data.
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The modern term Big Data refers to “data whose scale, diversity and complexity require
new architectures, techniques, algorithms, and analytics to manage it and extract value and
hidden meaning from it.”'® In particular, Big Data is a “combination of four very important
characteristics: volume, velocity, variety and veracity”:'” volume refers to the amount of data;
velocity refers to data in motion and more specifically to the speed at which data is created,
processed and analyzed; variety is about managing the complexity and heterogeneity of mul-
tiple datasets, including structured, semistructured, and unstructured data; finally, veracity
refers to data uncertainty and to the level of reliability/quality associated with certain types
of data. De Mauro et al. present a very interesting attempt to define the term Big Data,'® as
shown in figure 1. Klapwijk classifies Big Data into three classes of “datafication”:" a) directed
data, like surveillance data; b) automated data, like device-generated data; and finally, c)
volunteered data, such as social networks data. Big Data sets can contain unstructured data,
such as email messages, photographs, or postings on internet forums.*

The rapid speed at which this data is being created adds to its dynamic capabilities,*
although the actual value of raw data is still unknown. Big Data analytics have been ap-
plied in several industries (for example, the energy and medicine domains). Particularly,
as far as the healthcare domain is concerned, Gaitanou et al. aimed to present a system-
atic literature review to determine the extent to which Big Data applications in healthcare
systems have managed to improve patient experiences and clinicians’ behavior, as well as
the quality of care provided to patients.” Several other surveys®indicate that, in the near
future, Big Data systems and technologies will help doctors to provide therapies based
on diagnoses given by these systems, by helping to unlock key insights in the move to
value-based care and precision medicine. Furthermore, there is an extensive discussion
about Big Data and libraries as part of the Special Track on Digital Libraries, Information
Retrieval, Big, Linked, Social & Open Data as part of the MTSR Conference (Metadata and

FIGURE 1
Definition of Big Data According to De Mauro et al.
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Semantics Research Conference).”* Nevertheless, the authors should mention that there
are also several problems that need to be addressed in the Big Data revolution. There are
several legal and policy issues.”

The main issues are privacy and data ownership:* for instance, in healthcare, social
networking and government domains contain large amounts of sensitive information.
Moreover, Big Data can be misleading® or meaningless. Bad data-based decisions can
make data not approachable and valuable, thus leading decision makers down the wrong
path.?® Also, there are infrastructure issues that need to be addressed while managing Big
Data.” Large numbers of datasets will be created: big storage spaces will be needed and
network capacity will be increased. Finally, the complexity of the data must be seriously
considered.” Lemieux et al. identified several other big data challenges with visual analyt-
ics that refer to: unavailability, fragmentation of data, poor data quality, and lack of data
standardization.”

Methodology

This study sought to identify and review the literature on Big Data and its role within the
library context. The review has followed the rules of a systematic review™ by using the fol-
lowing research strategy: <library-related keywords> AND <Big Data-related keywords>.
Library-related keywords and Big Data-related keywords were combinations of the following:
[library OR libraries OR “library world” OR “library context” OR “information centers” OR
librarians OR “information scientists”] AND [“Big Data” OR “massive data” OR “big data-
sets” OR “big datascales” OR “complex datasets” OR “large datasets” OR “large amount of
data” OR “raw data”]. Queries were first submitted to Scopus, the largest abstract and citation
database of peer-reviewed literature that includes scientific journals (such as Digital Library
Perspectives, Electronic Library, International Information and Library Review and others),
books and conference proceedings that give access to premium quality research information
from 24,600 active titles and 5,000 publishers around the world; then to Google Scholar and
to LISTA database, to expand the research results and include all relevant publications that
were not found in Scopus. The research for identifying relevant literature was conducted
between August 2018 and October 2019. The analysis covered the period 2012-2018. Only
articles written in English were included. Finally, the authors also reviewed the reference
lists of the included papers.

Inclusion and Exclusion Criteria

The literature review included all types of publications that focused on the role of Big Data
within the library context: conference papers, journal articles, presentations, book chapters,
and bulletin articles. Moreover, it included opinion, position, or concept papers on the use
of Big Data in libraries, as well as review papers, and papers reporting on planned, but not
actually implemented, studies. Finally, articles before the year 2012 were excluded. Also, four
papers® published in the beginning of 2019 were not included in this research. This indicates
that new research on this field emerges continuously.

Data Extraction
Following a review of titles and abstracts, the search identified 148 potentially relevant
articles. Once all relevant papers were identified, a thorough reading was required to as-
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sess each one’s importance, relevance, and quality. Each paper’s aim and objectives were
highlighted, and a list with all publication dates, titles, and aims was created. Finally, 70
papers satisfied the inclusion criteria. As shown in appendix A (see table 1), for each ar-
ticle included in the study a record was kept in an Excel spreadsheet with the following
information:

¢ The article (reference)

* Year of publication of the article

* Type of paper (a variety of materials was identified such asjournal articles and proceed-

ings papers)
* Themes of the papers (keywords)
¢ Type of Big Data analyzed or planned to be analyzed (such as research data, log data,
library statistical data)

e Type of library it refers to (such as academic libraries and public libraries)
From the analysis of the data extracted above, we generated selected infographics based on
appendix B (see tables 2, 3, and 4) to illustrate the following:

An initial categorization can be provided according to the type of publication (see figure

2). In particular, a variety of materials was identified, such as journal articles, conference pa-
pers, presentations, book chapters, and bulletin articles. More specifically, the majority of the
identified papers (49 in total) were journal articles, 15 were conference papers, three in the
type of presentation, two were book chapters, and the final one was a bulletin article.

FIGURE 2
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Furthermore, as already mentioned, the searches for identifying relevant literature were
conducted between August and October 2018. In this context, the identified relevant literature
covered papers published between 2012 and 2018, as shown below (see figure 3).

Finally, categorization according to the type of the library it refers to was considered
particularly important for highlighting the aim and objectives of this review (see figure 4).
The presentation and discussion of the relevant literature are analytically presented in the
following section.
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FIGURE 3
Number of Identified Relevant Articles per Year
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Results

As library’s role is to identify, evaluate, select, organize, and describe resources, as well as
preserve, disseminate, use, and reuse resources and information, library’s role is getting more
complex today than ever. This role for library, librarians, and information scientists as informa-
tion providers finds them in a crossroad that forces them to choose if they will play a central
role in the meta-fourth industrial revolution as central-information providers or if they will
keep a profile as organizations that continue to provide “traditional” services to patrons. The
dilemma is big, as big are the Big Data and the changes that will bring to our society.
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Our research indicated several articles that present research and ideas regarding surveys
or implementation of Big Data technologies within the library sphere. More specifically,
we categorized these articles by highlighting the type of library to which they refer. Thus,
the review showed that 25 articles refer to all types of libraries. Big Data management in
libraries within organizations is very essential as librarians need to help their patrons to
understand what Big Data is and how they can successfully manage them so as to achieve
their goals. Zhan and Widén aimed to generate an overall understanding of Big Data lim-
ited to librarianship, because of its unique position in managing and using Big Data.** Hoy
mentioned that libraries are involved through collection development and preservation of
datasets for future users. As more users become interested in working with Big Data, they
will need guidance and material to work with.*> Kumar and Priyadarsini discussed the char-
acteristics of datasets in libraries and conducted a review of research work on library Big
Data, summarizing the applications in this field.* They noted that research data increase too
fast as more and more researchers use huge collections to mine and organize information in
novel ways. Thus, Big Data can certainly help libraries make more cost-effective, innovative
decisions or recommendations that users wish to have. They mentioned that Big Data can
help to improve the overall user experience, as well as user satisfaction with library service.
Similarly, Xu et al. discussed the characteristics of datasets in libraries and argued against
the popular notion that there is insufficient research on libraries and Big Data. In addition,
the status of Big Data research in library in China was explored.”” The authors supported
that library Big Data could also more effectively serve researchers or ordinary users better.
They also observed that librarians still are not sure how to integrate Big Data into library
data, and they needed to possess a deep understanding of how to transform, analyze, and
present data to facilitate knowledge creation. Harper and Oltmann examined how Big Data
is applied in the corporate world, highlighting Big Data’s usage as it applies to the library
system.* Leetaru’s speech offered librarians a glimpse of various Big Data applications using
images, maps, and tweets.”

Kalpwijk believed that libraries have to start thinking data-analytically. Value can be ex-
tracted from small data by scaling them up into larger datasets, for reuse through digital data
infrastructures.* Wang et al. supported the idea that librarians should know how to make big
datasets more useful, visible, and accessible, and, via Big Data technologies, researchers can
look at data in new ways.*! Li et al. provided a comprehensive overview leading to a Big Data
application framework in libraries.*> Ahmed and Ameen presented a scientometric analysis
of papers indexed in Thomson Reuters’ ISI Web of Knowledge, using Vosviewer software to
explore the research trends associated with Big Data in the field of library and information
science.® Cervone provided a practical example of how Big Data and analytics can help li-
braries and information organizations to evaluate the effectiveness of social media efforts to
improve the perception of products and services in information organizations.*

Qin proposed five stages in the process of getting Big Data information: preparation,
preprocessing, data mining, output, and evaluation, among which data mining is the core
of Big Data thinking. In this context, the model of library information management system
is constructed.* Furthermore, the organization management system design process of the
personalized information service system at a big library data environment is introduced in
detail by Hao.* Bhat explored the prospects of current storage technologies for long-term
preservation of Big Data in digital libraries and concluded that current technologies are not
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viable for long-term preservation and cannot fulfill all the storage demands or alleviate the
financial expenditures of digital libraries.*

Golub and Hansson illustrated LIS developments and challenges particular to the world
of Big Data to readers from computer science and related disciplines.* Long believed that in
the future the digital library will replace the traditional library. Therefore, it is obvious that
services provided in the era of Big Data will become a new hot spot for scholars.*” Olendorf
and Wang explored the benefits, costs, and risks associated with the use of Big Data. They
also provided use cases, guidance to getting started, and a brief outline of tools and resources
for libraries to work with Big Data.”

Furthermore, Sun and Ma discussed the features of libraries in the Big Data era and its
influence on information security of libraries, and they proposed Big Data-related scientific
problems that should be solved in terms of information security.” Wei et al. reported that Big
Data technologies can identify hidden values behind the data through systematic organiza-
tion and analysis of massive structured, unstructured, and semistructured data to predict
the future development of libraries and promote their better development.”> He and Zhang
used Big Data technologies to push information to readers to improve the quality of library
services.” Ping referred to Big Data mining and association rules-based personalized recom-
mendation technology and supported two approaches that can increase the lending rate of
collections.” Campbell and Cowan addressed the concerns of protecting library users’ privacy
and suggested that linked data technologies, with their ability to lead searchers through self-
directed, open inquiry, are superior to Big Data technologies in the navigation of the paradox
between openness and secrecy.” In addition, regarding the Digital Humanities field, Poole
and Garwood referred to the DID3 projects as a case study to explore the roles that librarians
and archivists play in data-intensive, interdisciplinary, and international DH projects.*

Libraries started dealing with Big Data when they automated their cataloguing functions
and circulation systems through OCLC and similar data-sharing organizations. Thus, one
of the first examples of Big Data in the bibliographic and library world could be WorldCat,
the world’s largest network of library content and services, which has the potential to sup-
port knowledge discovery in many areas. Teets and Goldner focused on WorldCat and gave
an explanation of how OCLC is actively involved with Schema.org to make this data used
throughout the web.” Finally, Green and Panzer explored how WorldCat data can inform
the development of the DDC (classification analytics) and how DDC-classified content in
WorldCat can shed light on the bibliographic world itself.”®

The rest of the identified papers can be categorized as below:

Big Data in Academic Libraries

Academic libraries have a long history of collecting data, reporting their analyses, and com-
piling them into library statistics as a way to assess the library’s resources and performance.”
Recently, the rise of Big Data has made several data collection tasks easier and faster and has
engaged libraries in complex data analysis.®® A number of papers (28 in all) refer to academic
libraries. Deng analyzed the characteristics of Big Data and its influence to the university library
context.”” Under the background of the Big Data era, Wang believed that university libraries
should collect and analyze more native data and provided more tools for knowledge discov-
ery to provide qualified information service and meet the need of users.® Luo et al. explored
cloud services and Big Data processing technologies within the university library context,
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paying special attention to issues such as privacy protection and standardization.®® Gerrard
et al. focused on digitized images and research data and explored the future relationship be-
tween Big Data and digital preservation that has been guided by hands-on research activity.*
Lu et al. presented a Big Data age-featured innovative health information services model in
university libraries.® Yi et al. discussed Big Data and the relevant theoretical knowledge of
Big Data mining, by designing the personalized recommendation system service model of the
university library based on clustering analysis and association rules theory.® Sun et al. used
Big Data technology to mine, identify, organize, and analyze the implied reader behavior in
structured and semistructured data information to improve library services and resources
to achieve the optimum configuration.®” Allalouf used Big Data technologies to learn about
searching trends in library catalogues and thus improve library resources.®

Chen et al. proposed a new search behavior assessment methodology by introducing
analytics techniques in library transaction logs.®” The authors mentioned that log analysis has
two serious disadvantages: a) the lack of contextual information, such as users” motivations
(for example, book use patterns are probably influenced by changes to essay topics); and b)
the fact that one can reach oversimplified conclusions (amateurization of “Big Data” analy-
sis). Golub and Hansson believed that the mission of librarianship is to facilitate knowledge
creation in communities; therefore, it is necessary for librarians to transform raw, messy
data into actionable knowledge that can be used by decision makers.” Fister mentioned that
as collecting and analyzing data is becoming part of the curriculum nowadays, a significant
challenge is presented for academic libraries, which will likely require making some difficult
decisions about staffing and resource allocation.” Jantti presented the case of the University
of Wollongong Library in Australia, which, since 2010, has sought to integrate library usage
data within enterprise reporting systems to better understand the value and impact for stu-
dents using library resources.” Li analyzed the impact of Big Data on colleges and universi-
ties libraries,” while Goldberg et al. explored the existence of Big Data in a specific type of
academic libraries, the map and Geographic Information System (GIS) data libraries (MGDLs),
which can be analyzed separately. They highlighted the evolving landscapes within which
MGDLs have to operate by examining how their roles and operational organization will be
impacted.” Kong referred to challenges regarding geospatial data management and curation,
which include the application of Big Data, the emergence of Web GIS, and the advancement
of cyberinfrastructures.” Weessies and Dotson aimed to describe several data-rich GIS Lite
tools available in the library market and explain how these products have managed or failed
to meet the needs of several real-life college class situations.”

Chang presented an innovative library service, which enhances the Hakka genealogi-
cal migration analysis using Big Data.” In this way, the data connection, spatial distribution
characteristics, and trends in genealogical information are explored. Halperin and Lusk illus-
trated the various stages of the Specific Context Benchmarking (SCB) protocol using the data
produced by the Academic Research Libraries to enhance insights regarding the details of the
operational benchmarking context and so offer generalizations needed to encourage adop-
tion of SCB across other functional domains.” Tuppen et al. introduced the “Big Data History
of Music” project, a collaboration between Royal Holloway, University of London, and the
British Library, and described the challenges librarians face to access large music datasets.”

Linlin attempted to analyze the application of information processing technology in
university libraries in the Big Data era.* Xiaodan and Wei referred to the Big Data impact on
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the traditional service pattern of academic libraries, highlighting the fact that library services
reformation and upgrade can be accomplished.®" A year later, Gong et al. suggested several
ways in which libraries may be creating innovative management and service, facilitating us-
ers’ utilization of library resources, and integrating systems for optimizing library manage-
ment processes.’” Simovic presented a Big Data smart library system that has the potential to
create new values and data-driven decisions by incorporating multiple sources of differen-
tial data.® Ye presented a technology framework that included the distributed storage and
parallel computing model of mass data, the distributed management model of diverse data
sources, and the model of diversified service application for university libraries.* Zheng et al.
considered university libraries as important supports for teaching and researching in the era
of Big Data.* Finally, Liu proposed a Big Data application model system of academic library
systems based on large scale network analysis method,* and Cottrell and Bell presented the
case of the Laverne and Dorothy Brown Library at the University of St. Francis (USF), which
launched a data tracking initiative via Google Analytics to determine the extent that students
use mobile-specific library resources to access library materials and services.”

Zeng addressed another important issue relating to the research field of university library
management: information ethics. He believed this is an important factor in the era of Big Data
that cannot be ignored at present.®

All these papers highlight the evolving field of Big Data research in academic libraries,
and it seems that academic librarians have a clear role in Big Data analytics by helping library
users to enhance the optimization of the library management process. Nevertheless, despite
the volume of research, very few studies discussed the implications of analyzing Big Data
tools and techniques in academic libraries.

Big Data in Public Libraries

Public libraries can bridge the gap between the general population and the knowledge of
what happens with data and how it can be used. This role adds value to the libraries in an-
ticipating needs and then providing community-based services. They can help people better
understand data generation and decide in what kind of data world they wish to function.
The implementation of Big Data and Big Data technologies in public libraries is explored in
three articles. Kim and Cooke conducted a Big Data analysis, which aimed to evaluate library
services using the Chernoff faces, a method of visualizing multidimensional data. Big Data in
public libraries in London and Seoul were collected, respectively, from the Chartered Insti-
tute of Public Finance and Accountancy and the Korean government’s website for drawing
a Chernoff face.” Bertot et al. discussed Local Big Data and the role of libraries in building
community data infrastructures. They used a case study approach in a medium-sized U.S.
city and discussed the issues that smaller communities face when seeking to create local data
infrastructures and the extent to which libraries can develop their capabilities, capacity, and
abilities to work with community information and data to facilitate community engagement
and high-impact, locally relevant analytics.” Finally, Zhan and Widén outlined several roles
that public libraries in Finland should undertake in the context of Big Data to better serve
citizens, communities and organizations.” Therefore, it is obvious that public librarians focus
a lot on community-based services. Public libraries serve as cultural centers to their patrons,
aiming to provide added value services to them and further benefit the community.
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Big Data in Research Libraries

As mentioned by Colby and Levin, librarians should collaborate with researchers in creating
new models that support the curation and visualization of Big Data, as well as recommend
tools and strategies for data analysis and also advise researchers on data management plan-
ning.” Three articles attempt to define the role of Big Data within the research libraries context.
Furlough believed that librarians should address Big Data in the same way they address any
information: for the long term. Nevertheless, the main difference is that, regarding Big Data,
librarians are increasingly asked to involve themselves at earlier stages of the information life-
cycle.* Finally, Federer mentioned that librarians can be valuable collaborators with research
teams facing knowledge management challenges: management, analysis, and preservation
of research data. He attempted to survey how research has evolved in the age of Big Data
and how librarians and other information professionals can respond to researchers’ emerg-
ing needs.” Xie and Fox explored the roles that research libraries should play in the research
lifecycle and discuss the motivations behind a research project to investigate effective library
Big Data cyberinfrastructure strategies.”

These papers present several possibilities and opportunities for the use of Big Data in
research libraries, focusing on the analysis, management, and preservation of research data.
Literature review indicated that understanding how researchers interact with their data at
various points in the lifecycle can help librarians develop targeted services to meet the particu-
lar needs of researchers at their institutions and also enhance their services by implementing
big data technologies.

Big Data in Government Libraries

Three studies refer to government libraries. Reinhalter and Wittman described the poli-
cies regarding the current data surge, including the government-led Open Data Initiative,
and discuss the impact on libraries. Data.gov is an interesting example of Big Data, which
includes more than 88,400 datasets.” In addition, Schwartz mentioned that libraries will be
able to identity, select, and acquire large datasets of valuable information content without
cost or copyright restrictions, adding value at the same time to this content by preserving the
content and providing user-focused services.”® He referred to Project Open Data, an online,
public repository intended to foster collaboration and promote the continual improvement of
the Open Data Policy and foster a culture change in government. Finally, Vaidhyanathan and
Bulock mentioned that massive governmental data offer librarians an opportunity to discuss
the societal implications of “Big Data” and the policies that govern them.*”

This review reveals that there is little research regarding the management of massive
governmental data in the library world. Government librarians should enhance their role in
the Big Data era and provide more effective services to the citizens they serve. They admit
that there are large potentials as well as large pitfalls while dealing with large governmental
data, such as concerns about managing privacy and concerns about the areas of expertise that
librarians should enhance to better deal with access and collection management.

Big Data in Medical Libraries

Five papers refer to medical libraries by discussing and analyzing existing problems in health
information services. Lu et al. analyzed the existing problems in health information service
and discuss the importance and urgency of strengthening the health information services
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to the community in the age of Big Data.'™ Two years later, they presented a Big Data age-
featured innovative health information services model in university libraries in China through
transforming their traditional role, constructing a patient-oriented, network-sharing health
information resources bank, and forging full-time and part-time health information literacy
service teams.'”! Furthermore, Wang and Cao analyzed the demands and challenges to con-
struct a library personalized subject service platform in Big Data environment that aimed to
increase data of information resources cheaply and efficiently.!”> Knapp mentioned that librar-
ians will be able to have an important role as data management experts in their institutions
by promoting research tools that play a role in Big Data.!®® Finally, as already mentioned in
the Academic Libraries subsection, Gong et al. suggested several ways for libraries to create
innovative library management and optimization of their services.'™

From all the above, itis clear that medical libraries actively focus on Big Data technologies
to provide better-coordinated clinical research management services to faculty and clinical
researchers. It is essential that they explore Big Data analytics and all emerging technologies
to deliver clinical research data management services to the research community they serve.

Big Data in Special Libraries

In the Big Data era, special libraries face some unique challenges as well.'® Five papers refer
to special libraries. Murray believed that special librarians need to watch all technological
trends that affect libraries in general, the information industry in particular, as well as their
organizations. More specifically, they need to take a leadership role in the field and get involved
dynamically in their organization’s data strategies.'® Moreover, Johnson mentioned that,
nowadays, librarians must develop additional disciplinary knowledge and data management
skills. In particular, he believed that the professional skills of the technical librarian remain
relevant and valuable in an era of Big Data.'” Cervone presented an analytics implementation
by following a checklist of eight aspects to be considered in the development of a Big Data
and analytics strategy.'® In addition to the technical issues to be explored, there is a myriad of
“softer” issues that must be thoroughly considered. By addressing all the above, an organiza-
tion can successfully begin Big Data initiatives. Rawlins and Silver explored the relationship
between Big Data and the academic business library, as well as existing strategic data resources
and their usage trends at Michigan State University.'” Finally, Teague and Legeros focused
on the library services that have to be aligned with the organization’s Big Data and analytics
goals. This meant that the library’s mission statement had to be re-examined and redefined
to meet the corporate goals.'"’

It is obvious that special libraries still haven’t embraced Big Data tools in their services;
nevertheless, it is essential to align provided services with Big Data technology to offer added
value to their patrons. In particular, corporate librarians can better manage and maintain all
company-owned information resources and associated content, thus helping company staff
members with projects by conducting extensive research and archiving data.

Conclusions and Future Research

“Big Data” seems to be a multifaceted and evolving term'"" that has caught global attention
and has led to creative brainstorming,'? changing and transforming rapidly the way we live,
work, and think. Our research indicated that Big Data is a huge opportunity for libraries, as
it can lead to the creation of new roles for the librarians and the information professionals.
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Librarians have always been a vital part of the data and information sector.'”® The main aim,
therefore, is to be aware always of the evolving data-based research, ' to facilitate knowledge
creation in communities.

This review indicated that Big Data technologies already play an important role in some
types of libraries, such as academic and medical libraries, while some other libraries, such as
public and research libraries, take still first steps toward implementing a Big Data strategy.
Furthermore, this review showed that librarians, in order to facilitate the research process,
have to embrace a role in making big datasets more useful, visible, and accessible by system-
atizing retrieval methods and introducing new information visualization tools. Therefore, it
seems that their role will continue to be one of inspiration and creativity.'

Concluding, one thing is for sure: still we do not know the real value of raw data and
the extent to which they will change the information landscape, but it is an essential task for
all information professionals to explore all the new and powerful possibilities of Big Data, to
transform it into actionable knowledge that can be used by decision makers, supporting at
the same time information and data analysis literacy,''® so enhancing libraries” services.

In our future research directions, we will further extend the literature review by analyz-
ing the use of Big Data in each category of libraries separately and examining more topics
that influence the implementation of Big Data in libraries, such as legal and policy issues,
privacy, and data ownership. The in-depth study of all these elements will certainly lead to
more accurate and precise conclusions regarding the ways the library world is influenced by
Big Data technologies.

There are other issues that the library and information science community should explore
regardmg Big Data:

Distinguish Big Data: We, as a library community, do not clearly distinguish between Big
Data in the management of the library, Big Data storage and manipulation of research
data, and big library operational data that documents patron transactions and usage in
academic or corporate libraries.

* Understand Big Data, clients’ data, and privacy: In addition, there is only passing acknowl-
edgment of the need for subject-specific understanding of Big Data, data of clients, and
the privacy that is in conflict with efforts to personalize services and collect data for
assessment and reporting.

* Understand types of data: Furthermore, how many library staff understand types of sci-
entific data in order to make a meaningful contribution to its storage, use and reuse?

* Training: Thus, is there any need to train and provide new skills to library staff concern-
ing this subject area?

* Services based on Fourth Industrial Revolution: Finally, how far our library community
have been implemented in services regarding Big Data, Artificial Intelligence (AI), the
Internet of Things (IoT), and developments that shape the fourth industrial revolution?

It is our duty as information professionals to follow the rapid changes in society, to be
well informed and prepared, well trained, work closely with other communities, build syn-
ergies, and meet future challenges for the benefit of our society. These issues might set up a
future agenda for the library and information science community.
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APPENDIX A
TABLE 1
Big Data in Libraries
Reference Year of Type of Keywords Type of Big Data | Type of
Publication | Paper Library
Chen,H.etal. |2015 Conference | Big data analytics, decision | Library Academic
paper making, data-driven transaction logs | libraries
library management
Hoy, M.B. 2014 Journal Big data, internet, research | Research data All
article data management
Reinhalter, L. 2014 Journal Big data curation, open Government data | Government
and Wittman, article government, big data libraries
R.J. policies
Kim, Y.and 2017 Journal Big data analysis, Library statistical | Public
Cooke, L. article performance evaluation, data (staff, libraries
data visualization collections,
budgets, library
visits)
Golub,K.and | 2015 Presentation | Big data curation, data Research data Academic
Hansson, J. visualization libraries
Klapwijk, W. 2016 Presentation | Data mining, big Library statistical | All
data analytics, data data
visualization
Wang, Ch.etal. | 2016 Conference | Decision making, library Library data All
paper discovery, big data (library records,
analytics, big data curation | loan transactions)
Goldberg, D. 2014 Journal GIS data management, GIS data GIS data
etal. article cloud computing libraries,
Academic
libraries
Furlough, M. 2012 Presentation | Research data Research data Research
management, policies libraries
Fister, B. 2015 Journal Learning analytics, Locally generated | Academic
article decision making data, circulation libraries
records, electronic
book packages,
research data
Bertot, J.etal. |2014 Conference | Qualitative analysis, big Demographic Public
paper data analytics, big data data, voting libraries
curation district-level data
Rawlins, K.G. 2015 Journal Library statistics, big data | Business data, Special
and Silver, B. article analytics consumer libraries
demographic
data
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TABLE 1
Big Data in Libraries
Reference Year of Type of Keywords Type of Big Data | Type of
Publication | Paper Library
Teets, M. and 2013 Journal Big data curation, Bibliographic data | All
Goldner, M. article WorldCat, linked data
Jantti, M. 2016 Book chapter | Library impact, Library usage data | Academic
big data analytics, libraries
learning analytics, data
warehousing
Federer, L. 2016 Journal Research data Research data Research
article management, data libraries
sharing, data reuse
Kumar, 2016 Journal Big data analytics, Library data, All
N.V.N.P.and article knowledge creation research data
Priyadarsini, U.
Green,R.and | 2014 Journal WorldCat, DDC, facet Bibliographic data | All
Panzer, M. article analysis, classification
analytics
Teague, E.and | 2014 Journal Big data analytics Library data, Special
Legeros, J. article website visits, libraries
research requests,
reference
questions
Cervone, H.F. 2016 Journal Big data analytics, Social media Special
article analytics project postings, libraries
implementation, big data | computer system
project implementation logs
He, B. and 2016 Conference | Big data, decision support | Library data All
Zhang, H. paper systems, advanced users
Halperin, M. 2016 Journal Big data analytics, libraries | Library data Academic
and Lusk, E.J. article libraries
Lu, J. etal. 2016 Journal Big data, health Health Academic
article information literacy information libraries
Medical
libraries
Ping, H. 2015 Journal Big data, association Readers’ purpose, |All
article rules, personalized library collections,
recommendation library users’
algorithm interests
Allalouf, M. 2015 Conference | Big data, data visualization | Library catalog Academic
paper data libraries
Lu, J.-Y. et al. 2014 Conference | Big data, health Health Academic
paper information services information libraries
Medical

libraries
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TABLE 1
Big Data in Libraries
Reference Year of Type of Keywords Type of Big Data | Type of
Publication | Paper Library
Sun,N.N.and |2014 Journal Big data, data privacy, Library data All
Ma, L.H. article users’ privacy information
security
Sun,ClL.etal. |2014 Journal Big data, construction, Library data, Academic
article digital library reader behavior | libraries
data
Li, Y. 2014 Journal Big data analysis, libraries, | Library data Academic
article information resource libraries
configuration
Wei, C. et al. 2014 Journal Big data mining, data Library data All
article analysis, libraries
Yi, C. etal. 2014 Journal Big data mining, libraries, | Library data Academic
article clustering analysis libraries
Wang, X. and 2014 Conference | Big data, library Library data, Medical
Cao, H. paper personalized subject subject headings | libraries
service platform,
information resources
Schwartz, M. 2013 Journal Big data curation, open Government data | Government
article government, big data libraries
policies
Campbell, D.G. | 2016 Journal Big data analytics, linked Social media All
and Cowan, S.R. article data, libraries, privacy posts
Ye, C. 2018 Conference | Big data, libraries, Library user data, | Academic
paper computational modeling, | library service libraries
data models, parallel requests
processing
Liu, Y 2018 Conference | Academic libraries, Big Library data Academic
paper data, cloud computing, libraries
data analysis, knowledge
management
Zheng, L.etal. |2018 Conference | Big data, university Network Academic
paper libraries, information information libraries
security
Zhan, M. and 2018 Journal Big data, public libraries, Collection data, Public
Widén, G. article professional roles library economic | libraries
statistics, user
information,
borrowing
histories
Xu, S. et al. 2017 Journal Big data, data analysis, Library data All
article data access, knowledge
creation
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TABLE 1
Big Data in Libraries
Reference Year of Type of Keywords Type of Big Data | Type of
Publication | Paper Library
Linlin, Z. 2017 Journal Big data, virtual libraries, Library data Academic
article experiential teaching libraries
Golub, K. and 2017 Journal Big data, scholarly Library data, open | All
Hansson, J. article communication, data, research
bibliometrics, data sharing, | data, GIS data.
data curation
Ahmed, W.and | 2017 Journal Big data, library and Library data, All
Ameen, K. article information management | geospatial data
Xiaodan, D. 2017 Conference | Big data, libraries, service | Library data Academic
and Wei, W. paper pattern libraries
Long, S. 2018 Conference | Big data, digital libraries, Library data All
paper information services,
resource allocation
Olendorf, R, 2017 Book chapter | Big data, libraries, needs Library data, All
Wang, Y. analysis, visualization research data
Bhat, W.A. 2018 Journal Digital libraries, digital Digital library All
article preservation, big data, data
data reduction, magnetic
storage
Gong,R.etal. |2018 Journal Statistical education, big Membership Academic
article data relationship quality, | database of the libraries
innovative service of library Medical
library libraries
Chang, C.C. 2018 Journal Big data, library services, | Genealogical GIS data
article genealogical information | information, GIS | libraries
system, migration data
analysis, spatial-temporal
visualization
Hao, W. 2017 Journal Big data, digital storage, Library data All
article information services,
systems analysis
Qin, S. 2018 Journal Big data, data mining Library data All
article information management
Simovi¢, A. 2018 Journal Libraries, data analysis, Data from Academic
article Big data, data storage, different sources | libraries
recommender system
Li, J. et al. 2017 Journal Libraries, big data, Library data All
article feasibility analysis,
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TABLE 1
Big Data in Libraries
Reference Year of Type of Keywords Type of Big Data | Type of
Publication | Paper Library
Xie, Z., Fox, E.A. | 2017 Journal Data management, big Research data Research
article data, cyberinstrastructure, libraries
data sharing, data reuse
Luo,Y.C.etal. |2013 Journal Big data, smart libraries, Library data Academic
article RFID technology, cloud libraries
technology
Cervone, H.F. 2017 Journal Social media analytics, Social media All
article social media presence, posts
big data social media
evaluation, social network
analysis
Murray, T.E. 2016 Journal Big data, special libraries, | Network Special
article open access, open data, information libraries
information-seeking
behavior
Cottrell, T.and | 2016 Journal Big data, mobile Mobile library Academic
Bell, B. article technology, data analytics, | data libraries
libraries
Deng, Z. 2017 Conference | Service innovation, Network Academic
paper academic libraries, big information libraries
data
Gerrard et al. 2018 Journal Big data, digital Research data Academic
article preservation, image libraries
processing, business
analytics, digitization
Harper and 2017 Bulletin Big data, libraries, privacy, | Social media All
Oltmann article user behavior, social media | posts
Knapp, M. 2013 Journal Big data, medical Information from | Medical
article informatics, medical searching habits, | libraries
libraries, health science purchasing trends
and demographic
information
Kong, N.N. 2015 Journal GIS data, big data GIS data GIS data
article management, GIS libraries libraries
Academic
libraries
Leetaru, K. 2016 Conference | Big data, libraries, social Social media All
paper media posts
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TABLE 1
Big Data in Libraries
Reference Year of Type of Keywords Type of Big Data | Type of
Publication | Paper Library
Zhan, M. and 2017 Journal Big data, definition Library data All
Widén, G. article analysis, librarian skills, (data collection,
librarianship borrowing
and lending
transactions, user
profiles), social
media data, data
from mobile
devices
Poole and 2018 Journal Digital humanities, digital | Data from digital | All
Garwood article curation, data curation, humanities
information and library projects
science
Tuppen, S. etal. | 2016 Journal Big data, music data, Library catalogue | Academic
article libraries records libraries
Vaidhyanathan, | 2014 Journal Big data, privacy, social Massive Government
S.and Bulock, article engagement governmental libraries
Ch. data
Wang, D.X. 2016 Conference | Big data, information Library data Academic
paper service, academic libraries libraries
Zeng, Y. 2015 Journal Big data, libraries, Network Academic
article information ethics, information libraries
standard construction
Johnson, V. 2017 Journal Database development, GIS data Special
article GIS data, special libraries, libraries
embedded librarians,
cross-disciplinary
collaboration
Weessies, 2013 Journal Data visualization, big data | GIS data Academic
Kathleen W., article libraries
and Daniel S.
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APPENDIX B
TABLE 2
Identified Papers’ Type of Publication
Kind of No. Papers
Paper Papers
Journal 49 Hoy (2014), Reinhalter and Wittman (2014), Kim and Cooke (2017), Goldberg et al.
article (2014), Fister (2015), Rawlins and Silver (2015), Teets and Goldner (2013), Federer

(2016), Kumar and Priyadarsini (2016), Green and Panzer (2014), Teague and
Legeros (2014), Cervone (2016), Halperin and Lusk (2016), Lu et al. (2016), Ping
(2015), Sun and Ma (2014), Sun et al. (2014), Li (2014), Wei et al. (2014), Yi et al.
(2014), Schwartz (2013), Campbell and Cowan (2016), Zhan and Widén (2018), Xu et
al. (2017), Linlin (2017), Golub and Hansson (2017), Ahmed and Ameen (2017), Hao
(2017), Li et al. (2017), Xie and Fox (2017), Bhat (2018), Gong et al. (2018), Chang
(2018), Qin (2018), Simovic (2018), Luo et al. (2013), Cervone (2017), Murray (2016),
Cottrell and Bell (2016), Gerrard et al. (2018), Knapp (2013), Kong (2015), Zhan and
Widén (2017), Poole and Garwood (2018), Tuppen et al. (2016), Vaidhyanathan and
Bulock (2014), Zeng (2015), Johnson (2017), Weessies and Dotson (2013)

Presentation |3 Golub and Hansson (2015), Kalpwijk (2016), Furlough (2012)

Book chapter | 2 Jantti (2016), Olendorf and Wang (2017)

Conference |15 Chen et al. (2015), Wang et al. (2016), Bertot et al. (2014), He and Zhang (2016), Allalouf

paper (2015), Lu et al. (2014), Wang and Cao (2014), Ye (2018), Liu (2018), Zheng et al. (2018),

Xiaodan and Wei (2017), Long (2018), Deng (2017), Leetaru (2016), Wang (2016)
Bulletin 1 Harper and Oltmann (2017)
article
TABLE 3
Number of Identified Relevant Articles per Year

Year | No.Papers | Papers

2012 |1 Furlough (2012)

2013 |5 Teets and Goldner (2013), Schwartz (2013), Luo et al. (2013), Knapp (2013), Weessies and
Dotson (2013)

2014 |14 Hoy (2014), Reinhalter and Wittman (2014), Goldberg et al. (2014), Bertot et al. (2014),
Green and Panzer (2014), Teague and Legeros (2014), Lu et al. (2014), Sun and Ma
(2014), Sun et al. (2014), Li (2014), Wei et al. (2014), Yi et al. (2014), Wang and Cao (2014),
Vaidhyanathan and Bulock (2014)

2015 |8 Chen et al. (2015), Golub and Hansson (2015), Fister (2015), Rawlins and Silver (2015),
Ping (2015), Allalouf (2015), Kong (2015), Zeng (2015)

2016 |15 Kalpwijk (2016), Wang et al. (2016), Jantti (2016), Federer (2016), Kumar and Priyadarsini
(2016), Cervone (2016), He and Zhang (2016), Halperin and Lusk (2016), Lu et al. (2016),
Campbell and Cowan (2016), Murray (2016), Cottrell and Bell (2016), Tuppen et al.
(2016), Wang (2016), Leetaru (2016)

2017 |15 Kim and Cooke (2017), Olendorf and Wang (2017), Xu et al. (2017), Linlin (2017), Golub
and Hansson (2017), Ahmed and Ameen (2017), Xiaodan and Wei (2017), Hao (2017),
Li et al. (2017), Xie and Fox (2017), Cervone (2017), Zhan and Widén (2017), Johnson
(2017), Deng (2017), Harper and Oltmann (2017)

2018 |12 Ye (2018), Liu (2018), Zheng et al. (2018), Zhan and Widén (2018), Long (2018), Bhat
(2018), Gong et al. (2018), Chang (2018), Qin (2018), Simovi¢ (2018), Gerrard et al. (2018),
Poole and Garwood (2018)
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TABLE 4
Library Type of Identified Relevant Papers
Type of Library No. Papers | Papers
Academic libraries 28 Chen et al. (2015), Golub and Hansson (2015), Goldberg et al.

(2014), Fister (2015), Jantti (2016), Halperin and Lusk (2016), Lu et
al. (2016), Sun et al. (2014), Li (2014), Yi et al. (2014), Lu et al. (2014),
Allalouf (2015), Ye (2018), Liu (2018), Zheng et al. (2018), Linlin
(2017), Xiaodan and Wei (2017), Gong et al. (2018), Simovi¢ (2018),
Luo et al. (2013), Weessies and Dotson (2013), Gerrard et al. (2018),
Deng (2017), Kong (2015), Cottrell and Bell (2016), Tuppen et al.
(2016), Wang (2016), Zeng (2015)

Public libraries 3 Kim and Cooke (2017), Bertot et al. (2014), Zhan and Widén (2018)

Research libraries 3 Furlough (2012), Federer (2016), Xie and Fox (2017)

GIS data libraries 3 Goldberg et al. (2014), Chang (2018), Kong (2015)

Government libraries | 3 Reinhalter and Wittman (2014), Schwartz (2013), Vaidhyanathan
and Bulock (2014)

Medical libraries 5 Lu et al. (2016), Wang and Cao (2014), Lu et al. (2014), Gong et al.
(2018), Knapp (2013)

Special libraries 5 Rawlins and Silver (2015), Teague and Legeros (2014), Cervone
(2016), Murray (2016), Johnson (2017)

All 25 Hoy (2014), Kalpwijk (2016), Wang et al. (2016), Teets and Goldner

(2013), Kumar and Priyadarsini (2016), Green and Panzer (2014),
Campbell and Cowan (2016), Wei et al. (2014), Sun and Ma (2014),
He and Zhang (2016), Ping (2015), Xu et al. (2017), Golub and
Hansson (2017), Ahmed and Ameen (2017), Long (2018), Olendorf
and Wang (2017), Bhat (2018), Hao (2017), Qin (2018), Li et al.
(2017), Cervone (2017), Harper and Oltmann (2017), Leetaru
(2016), Zhan and Widén (2017), Poole and Garwood (2018)
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