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information, education, and infrastructure support related to research data
management (RDM). This systematic review aims to provide a comprehensive
and critical analysis of the state of RDM services offered by academic libraries
worldwide. Utilizing the systematic review methodology, the paper examines
89 empirical studies to answer four research questions: (1) the types of RDM
services implemented by academic libraries; (2) what are the infrastructure,
workflow, and resources used to support these services; (3) what are the rea-
sons for implementing these RDM services; and (4) the effectiveness of these
RDM services in supporting the research data life cycle, if any. This review
highlights the critical reasons academic libraries provide RDM services and
how they implemented these services through partnerships, infrastructure,
and systems, and adapting to new workflows within the library. These findings
also examine the balance between institutional contexts, researchers' needs,
and library resources required to provide these RDM services. By investigating
these questions, the results will provide recommendations and guidance for
academic libraries interested in implementing RDM services in their own
library and institutional contexts.

1 | INTRODUCTION

substantial provision of support for scholarly research
endeavors, including research data services, scholarly

Traditionally, academic libraries have been responsible
for selecting, curating, and preserving library collections
to enable access to scholarly records in diverse formats.
They also provide support for discovering, accessing, and
utilizing the content. Over time, the role of academic
libraries has evolved and expanded to include a
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communication, digital initiatives, and user experience
(Ducas et al., 2020). A crucial aspect of this evolution is
the increasing recognition of research data management
(RDM) as a vital component of research support services.
As highlighted in a report by the joint force on research
data services formed by the Association of
Research Libraries (ARL) and the Canadian Association
of Research Libraries (CARL) in 2020 (Whitehead
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et al, 2021), the roles of research libraries regarding
research data principles, policies, and approaches to
managing research data can be strengthened. This
includes implementing strategies for discipline-specific
research data, identifying library processes for automa-
tion, developing economic models to scale and sustain
shared resources, and prioritizing research data manage-
ment and stewardship.

Another perspective is that “research data is funda-
mental to scholarly inquiry” (Bryant et al., 2017, p. 401).
Given that data is an important research output, facilitat-
ing its discovery, retrieval and access can be seen as a
core part of librarians' work (Surkis & Read, 2015). Gor-
don et al. (2015) shared a similar view, explaining that
librarians have always been managing research outputs
like books and journals and is therefore natural to extend
their job scopes to include RDM. These studies highlight
the evolving roles of academic librarians in RDM.

1.1 | RDM and the research data
life cycle
Several papers in the literature (Amanullah &

Abrizah, 2023; Andrikopoulou et al, 2022; Ashiq
et al., 2021; Cox & Pinfield, 2014; Gordon et al., 2015;
Pinfield et al., 2014; Shelly & Jackson, 2018; Tang &
Hu, 2019) cited Whyte and Tedds (2011) for their definition
of RDM which is “the organisation of data, from its entry to
the research cycle through to the dissemination and archiv-
ing of valuable results.” In other words, RDM encompasses
the organization, storage, preservation, sharing, and reuse
of data collected during research projects (Ashiq
et al.,, 2022; Cox & Pinfield, 2014; Subaveerapandiyan &
Ugwulebo, 2024; Tripathi et al., 2017).

To support RDM, academic libraries have attempted
to provide RDM services across the entire research pro-
cess. These range from basic services, such as extending
traditional reference services to include consultations on
data management plans or curating resource guides to
help users locate datasets and repositories, to more
advanced services like setting up an in-house data reposi-
tory and providing other data-related technical support
(Fearon et al., 2013; Sinha et al, 2023; Tenopir
et al., 2012; Tenopir et al., 2017).

According to Cox and Tam (2018), librarians use life
cycle models to help them identify the type of RDM ser-
vices to provide and to explain these service offerings to
their users. Since a research data life cycle model covers
all stages of data handling from planning to preservation
and reuse, it offers a simple and convenient way for
libraries to visualize the research process. Ball (2012)
describes how the United Kingdom Data Archive

(UKDA) Lifecycle model and the Australian National
Data Service (ANDS) Sharing Verbs enable academic
libraries to integrate the RDM services into a scholar's
workflow, while Verhaar et al. (2017) discuss how Leiden
University developed a catalogue of data management
services based on life cycle models developed by UKDA,
ANDS, and the Digital Curation Centre (DCC). The DCC
life cycle model, which focuses on data curation and pres-
ervation processes, was also adopted by some libraries, as
noted by Masinde et al. (2021) and Mthembu and Mbatha
(2022). Similarly, ETH Zurich relied on a research data
life cycle to implement its RDM approach (Towe &
Barillari, 2020). Despite some weaknesses, Cox and Tam
(2018) agree that using research data life cycle models
enriches librarians' understanding of the research pro-
cess. Brochu and Burns (2019) also highlighted the
importance of librarians understanding the research data
life cycle to effectively support RDM.

1.2 | The impact of open science on
RDM practices

Given their role in the stewardship of scholarly and
research records, academic libraries naturally take an
interest in matters related to open research and scholar-
ship (Whitehead et al., 2021). The literature discusses
RDM, such as Bishop et al. (2021), Tenopir et al. (2014),
and Wilms et al. (2020), emphasizing its critical role in the
research process and highlighting that proper RDM was
not just essential but also required by the researchers. The
implementation of open science policies, such as Plan S by
cOAlition S in Europe and the Nelson Memo in the
United States, has further influenced RDM practices and
services in academic libraries. These policies encourage
the adoption of RDM as a foundational element of open
science, ensuring that research data is accessible and reus-
able. The Organisation for Economic Co-operation and
Development (OECD) also highlighted the importance of
open science in addressing global challenges
(OECD, 2015). The Association of College & Research
Libraries (ACRL) also highlighted the growing trend of
open science and reproducibility in academic research,
indicating that libraries need to consider how they can
expand their roles in RDM to advance open science
(ACRL Research Planning and Review Committee, 2024).

1.3 | Upskilling librarians to
support RDM

With such a context, it is clear that librarians need to be
adequately trained so that they can understand and
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empathize with researchers to offer effective RDM ser-
vices that better address their needs. This observation is
shared by Cox and Verbaan (2016). Moreover,
consultation-based research data services, which align
with traditional library reference services, were increas-
ingly becoming part of librarians’ job responsibilities
(Tenopir et al., 2019). This growing emphasis on develop-
ing librarians' RDM capabilities is supported by numer-
ous studies which further underscore the necessity of
upskilling and training librarians. Academic librarians’
capacity and readiness to provide a comprehensive range
of research data services were discussed in papers such as
Cox et al. (2017), Cox and Pinfield (2014), Cox and Ver-
baan (2016), Pinfield et al. (2014), Tenopir et al. (2017,
2019), and Verbaan and Cox (2014). While training
librarians is important, it is critical to note that
training alone is insufficient to enable librarians to suc-
cessfully offer RDM services due to institutional context
(Read et al., 2019). This is because RDM is essentially a
multi-stakeholder process. Bryant et al. (2017) also noted
that RDM requires the attention of the entire academic
institution, rather than letting the responsibility fall on a
particular unit within the institution.

1.4 | RDM as a multi-stakeholder

process

Thus, it is important to recognize that RDM activities
and services are not solely developed by academic librar-
ies (Cox et al., 2017). Cox and Verbaan (2016) highlighted
the dynamics between librarians, IT staff, and research
administrators, emphasizing a transition from individual
supporting roles to forming partnerships. This could be
attributed to the complex nature of RDM (Cox &
Pinfield, 2014; Morgan et al., 2017) which requires all
these stakeholders within the institution to have a com-
mon understanding so that seamless and effective RDM
services can be implemented. Collaborations with exter-
nal stakeholders such as the ANDS in Australia and the
National Institutes of Health (NIH) in the United States
of America are also pertinent as highlighted in several
papers like Cox et al. (2017), Gordon et al. (2015), Yu
et al. (2017), and Shelly and Jackson (2018). Such collabo-
rative partnerships are essential for delivering RDM ser-
vices in many institutions. However, competition for
jurisdiction in RDM within institutions does exist as illus-
trated by Cox et al. (2017), resulting in certain stake-
holders not fully understanding the libraries' role in
RDM. Therefore, libraries need to carefully manage their
relationships with other units to provide effective RDM
support (Cox & Pinfield, 2014). These are important fac-
tors that academic libraries need to consider when
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implementing new RDM services, balancing between the
competencies and skills of library personnel against
the resources and partnerships required.

1.5 | Our research questions

While a few systematic reviews have examined current
RDM practices and services (Ashiq et al., 2022; Ashiq &
Warraich, 2023; Donner, 2023; Safdar et al., 2023), they
often focused on the motivations, challenges, and barriers
librarians face when providing RDM services. Oo et al.
(2022) conducted a systematic review focusing only on
specific aspects of RDM practices or services, for example,
on research data management training. Liu and Liu
(2023) investigated how academic libraries were engaging
in open science, which includes RDM.

Despite the valuable insights provided by these previ-
ous systematic reviews on such specific RDM areas, a
more comprehensive view of RDM that examines the
types of RDM services provided, reasons why these ser-
vices were implemented, and how they were implemen-
ted effectively would be beneficial for academic libraries
and other stakeholders. As seen in the literature review
earlier, RDM is a multi-stakeholder process that also
involves a variety of factors and thus it is crucial to learn
about RDM services alongside the contexts, reasons, and
factors involved during implementation by academic
libraries.

Therefore, with RDM gaining prominence in the aca-
demic library landscape, this review aims to fill the gaps
by offering an updated, comprehensive, holistic, and
global perspective on how academic libraries are providing
RDM services to support the research life cycle, including
the reasons for implementing these services, the resources
required to implement them, and the effectiveness of these
services in the present literature. In doing so, this review
will enable academic libraries to identify the types of RDM
services adopted by peer institutions, along with the con-
textual factors and rationales underpinning these imple-
mentations. In addition, it facilitates an assessment of the
resources and collaborative partnerships necessary for the
successful implementation of such RDM services. By
enabling academic libraries to critically evaluate their
institutional frameworks, resource allocations, and exist-
ing gaps, they can then identify opportunities to adapt and
effectively implement tailored RDM services within their
respective institutions.

As such, these are the four focused research questions
(RQ) guiding the review:

RQ1. What are the RDM services provided
by academic libraries?
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TABLE 1 Inclusion and exclusion criteria using SPIDER.

SPIDER Inclusion criteria

Sample (S) Studies that investigate university students, faculty
staff and researchers, professional or admin staff, and
other librarians

Phenomenon = RDM services offered by academic libraries that have

of interest already been implemented and operationalized.

(PI) Timeframe from 2010 to 2024

Design (D) Studies must report original research findings, be
published in English language and in peer-reviewed
sources

Research type  Any studies utilizing qualitative, quantitative, or

(R) mixed-methods

RQ2. What are the mentioned infrastructure,
workflows, and resources used to support
these RDM services?

RQ3. What are the reasons to implement
these RDM services?

RQ4. Are these RDM services effective in
supporting the research data life cycle?

2 | METHODS

2.1 | Inclusion and exclusion criteria

The SPIDER (Sample, Phenomenon of Interest, Design,
Evaluation, Research type) framework (Cooke
et al., 2012) was used to define the key criteria of the
review. The PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) checklist (Page
et al., 2021), as seen in Table S1, Supporting Information,
was used for reporting.

To answer the RQs, this review included studies that
explicitly mentioned the provision of RDM services by
academic libraries supporting the research data life cycle.
Academic libraries play an important role in supporting
the intensity of research at their academic institutions.
Services provided by resource or public libraries are
excluded, as their mission and scope differ from academic
libraries. Such libraries also tend to have specialized col-
lections and implement services that serve a broader
range or a unique set of users, which are different from

Exclusion criteria

Nil

RDM services offered outside of academic libraries, such as
public libraries or solely by other university departments.
Studies that do not mention that the RDM services have
already been implemented and operationalized in the
university or library context, e.g., research pertaining to
perceptions, future trends, goals or expectations, barriers and
challenges faced, factors influencing RDM, or data
management in a non-research context, etc.

Articles that do not report any original research findings such
as reviews, systematic reviews, or non-peer reviewed
publications, e.g., posters, blogs, opinions, conference
proceedings, comments, editorials, etc.

those that academic libraries serve. Although the services
can be targeted at university students, faculty staff,
researchers, professional or admin staff, and other librar-
ians, studies focusing on measuring RDM current knowl-
edge, motivations, challenges, and barriers without
detailing the specific types of RDM services provided by
the library were excluded. Details of the inclusion and
exclusion criteria are presented in Table 1.

2.2 | Information sources and search
strategy

Comprehensive searches in the following bibliographic
databases were performed on 2 May 2024: PubMed;
Embase.com; Education Resources Information Centre
(ERIC) via Proquest; Scopus; Library, Information Science
and Technology Abstracts (LISTA) via EBSCO; and the
Web of Science (WoS) Core Collection (Science Citation
Index Expanded, Social Sciences Citation Index, Arts and
Humanities Citation Index, Conference Proceedings Cita-
tion Index-Science, Conference Proceedings Citation Index-
Social Sciences and Humanities, Emerging Sources Citation
Index). There were no limits or restrictions applied to the
search (e.g., date, language, study design) as these were
already excluded based on the criteria listed in Table 1 after
exporting the results into EndNote 21. The search strategy
consists of a combination of subject headings and keywords
search in title/abstract fields focused on the concepts of
“data management” and “academic libraries” or related
terms. The final search strategy was approved by co-authors
and improved after initial feedback. Full details of the
search strategies are presented in Table S2.
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Additional searches were also carried out. This includes
searching the references of the included studies to identify
other potentially relevant studies. Relevant websites such
as academic library consortium websites from the Interna-
tional Federation of Library Associations and Institutions
(IFLA), the Association of Research Libraries (ARL), the
Association of College & Research Libraries (ACRL), and
the Association of European Research Libraries (LIBER)
were also searched to identify library reports or other gray
literature. This resulted in the inclusion of the ACRL white
paper by Tenopir et al. (2012) into the review.

2.3 | Selection process

The initial set of records retrieved (4316) from the various
bibliographic databases was imported into EndNote 21.
After removing 1255 duplicates, 1561 records were also
excluded in EndNote using the filter function based on
exclusion criteria. These included non-English articles
(88) and items that do not report any original research
findings such as books (50), reviews or systematic reviews
(144), and non-peer-reviewed publications (108), for exam-
ple, posters, opinions, comments, editorials (77), and con-
ference proceedings (576). An additional 518 records were
removed based on the publication date range from 2010 to
2024. The final set of results (1500) was agreed by the
reviewers and imported into Rayyan for screening.

Three review authors (RH, WSN, CT) independently
screened (blinded) the titles/abstracts using Rayyan soft-
ware, a screening tool to prioritize the screening process
based on language, date of publication (from 2010 to
2024) and the appropriate study types to speed up the
identification of relevant records for full text retrieval.
Any discrepancies found were resolved through a consen-
sus via discussion. The titles selected at the title/abstract
level (166) were subsequently exported to Microsoft Excel
365 for full text retrieval.

Four review authors (RH, WSN, PC, CT) were
involved in full text screening. The full texts retrieved
(157) were checked against their eligibility criteria. Dis-
agreements between reviewers during full text screening
were reconciled via consensus or arbitration by the fifth
author (NTTM). Eighty-nine eligible studies were
included for critical appraisal and data coding/extraction.

A PRISMA flowchart was used to document each
stage of the selection process (see Figure 1).

2.4 | Risk of bias assessment

The MMAT version 2018 (Hong et al., 2018) was used for
quality assessment by four independent reviewers based

on the quantitative, qualitative, and mixed-method stud-
ies on this topic. For the potential studies to be included
in the quality assessment, studies must receive a rating of
“yes” for the two main screening questions “Are there
clear research questions?” and “Do the collected data
allow to address the research questions?” Subsequently,
studies are assessed based on the MMAT questions for
each research method. All studies were included in the
systematic review regardless of the assessment.

2.5 | Coding

The coding scheme for RQ1 and RQ3 were developed
based on the RDM survey and Research Data Services
identified in Cox et al. (2019). Cox et al. (2019) survey
was also supported by Tenopir et al.'s, 2014 foundational
RDM research which defined advisory RDM services as
“informational, consulting-type services (e.g., helping fac-
ulty and students find a place to deposit their research
data or pointing to data management plan examples)”
and technical RDM services as “technical, hands-on ser-
vices (e.g., running an institution housed data repository
or helping researchers write data management plans).”
Table 2 shows the coding scheme generated to identify
RDM services for RQ1 alongside the Research Data Ser-
vices found in Cox et al. (2019).

Similarly, the coding scheme for RQ3 utilized Cox
et al. (2019) survey responses on the “major drivers of
RDM services,” which aligned well with our focus to
answer RQ3. Table 3 shows the coding scheme generated
for RQ3 against the list of major drivers for RDM services
in Cox et al. (2019).

For RQ2, the team designed a categorical coding
scheme based on three themes observed in the included
studies which are (1) infrastructure, (2) resources, and
(3) workflows, utilized by academic libraries to support
RDM services. Infrastructure referred to any kind of IT
systems, content management systems, software, spaces,
or facilities used to support the RDM services. Resources
referred to the personnel, budget, funding, and partner-
ships required to implement the RDM services. Work-
flows referred to the personnel's expanded roles or
reassignment to RDM, or the creation of new teams to
carry out the RDM services. Breaking down the codes
into these three themes helped to quickly and broadly
identify the resources, partnerships, or infrastructure
required by each academic library to implement the
RDM services at their institutions. Here is a list of
the codes for RQ2:

« Infrastructure—Partners
« Infrastructure—Spaces & Facilities

85U SUOWIWIOD SAIIRRID 3|ged|[dde ay3 Aq pausenob are sajonle YO ‘esn Jo sajni 1o} Ariq1 auluQ 431 UO (SUONIPUOD-pUR-SWLIB)/WD A3 | 1M AReiq 1 U |UO//:SANY) SUORIPUOD pue SWd | 3yl 39S [5202/80/02] Uo ARiqiTauljuQ A|iIM ‘9ISSNI A9 8000/ Se/200T OT/I0p/wod A 1m Azelq 1 pul|uo’ |pisSe//:sdiy wouy papeojumod ‘0 ‘S79TOEEZ



R EAS JASIST

HO ET AL.

Identification of studies via databases and registers

Identification of studies via other methods

—
Records identified from: Records removed before
= Databases (n =4316) screening:
_g *  Medline (PubMed) (n=280)
8 » Embase (n=1252) Duplicate records removed Records identified from:
g *  ERIC (ProQuest) (n=209) > (n=1255) Organisations (n =1)
H e  Scopus (n=829)
= *  Web of Science (n=614) Records removed for other
e LISTA (Ebsco) (n=1132) reasons (n =1561)
!
Records screened based on title R d luded
and abstract ——> (nei?g?’sd)excu °
(n =1500)
Reports sought for retrieval ion &efogr;s not retrieved
=166 = =
_E (o ) o Full text articles not found
=
: )
A
Full text articles assessed for Full text articles excluded (n =
eligibility »| 69):
n=1 . tudies not written in
57 Studi i i
English (3)
¢ Not peer-reviewed
journal (28)
¢ Outof scope (n = 38)
e
—
3 Studies included in review
2 (n=289)
=
—
FIGURE 1 Flow diagram of the systematic review and inclusion of studies.

« Infrastructure—Systems

« Resources—External partners

+ Resources—Internal partners

+ Resources—Personnel

+ Resources—Money & Budget

» Resources—Training & Learning

» Workflows—Revised Library Workflows

As for RQ4, free-text coding was employed. Any men-
tions relating to the effectiveness of services implemented
or the measurement of the effectiveness of services imple-
mented were extracted.

A standard data coding form was developed to pilot-
test on full text. Two authors (RH, CT) independently
coded three sample studies from Corrall et al. (2013),
Federer (2013), and Tenopir et al. (2013) to test the codes.
After the initial coding, four authors (CT, RH, WSN, PC)
came together to discuss the discrepancies in coding
structure. The team divided the 89 studies accordingly.
The process continued over a period of 2 months as the
coding team met multiple times to discuss, deliberate,

refine, and clarify the coding scheme as necessary. The
final authors (CT, RH, NTTM) then checked through all
the coding done and resolved any conflicts to ensure con-
sistency. All data were subsequently synthesized and tab-
ulated into tables and charts using Microsoft Excel
365 for the reporting in this systematic review.

3 | RESULTS AND DISCUSSIONS

3.1 | Study selection

Following the methods described earlier, Figure 1 below
shows the PRISMA flowchart of the studies that were iden-
tified, retrieved, screened, and included for this review.

3.2 | Study characteristics

A total of 89 studies were selected and coded for analy-
sis. An overview of the included studies can be found
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TABLE 2 Coding scheme for RQ1.

Coding scheme for RQ1
Advisory—01 DMP
Advisory—O02 Training/
Education

Advisory—03 Guides

Advisory—05 Data
Use/Analysis

Advisory—O06 Active Storage

Advisory—10 Publishing/
Sharing

Advisory—11 Curation/
Preservation

Technical—04 Embedded
Librarian

Technical—05 Data
Use/Analysis

Technical—07 Metadata

Technical—08 Repository/
Archive

Technical—09 FAIR

Technical—10 Publishing/
Sharing

Technical—11 Curation/
Preservation

Types of research data services listed in table IX of Cox et al. (2019) study
Data management planning (DMP) advisory service

Data management training and/or data literacy instruction

Maintaining a web resource/guide of local advice and useful resources for RDM

« Promote awareness of reusable data sources, such as data archives
» Provide support for search and retrieval of external data sources

« Offer an advisory service on data visualization

« Offer an advisory service on data analysis

« Offer an advisory service on data mining

Offer data storage advisory services

« Offer advice on copyright and/or intellectual and/or licensing property rights relating to data and
data management

« Offer data citation advisory services

« Offer data publication advisory services

« Provide advisory services on the curation of active data
« Provide advisory services on the technical aspects of long-term data preservation

Embed librarians in the laboratory or research project

» Clean data and carry out data quality checks
« Analyze and visualize data sets using Python scripts, SPSS, R, and MS Excel software

Offer a service creating or transforming metadata for data or data sets

Run a data repository/archive/store

Support reproducibility, transparency in workflows, and research integrity

Provide a data catalogue including your institution's research data

» Prepare data/data sets for deposit in a repository

» Carry out long-term preservation of research data

« Select, accession and/or deselect and deaccession data/data sets for deposit in a repository
« Carry out the curation of active data

« Rescue legacy data or perform data triage or forensic data recovery

| JASIST BUIREE

in Table S3. The table contains the authors, publication
years, research methods, regions, institutions, disci-
plines, populations, and the coded information that
answered each research question. These 89 studies were
published between 2012 and 2024, and as seen in
Figure 2, the highest number of articles was published
in 2017. However, it is important to note that the publi-
cation dates provided in the full-text documents do not
always reflect the actual publication dates due to vary-
ing publication workflows among different publishers
and journals. One example is Corrall et al. (2013) and
Cox and Pinfield (2014), both of which were first pub-
lished on their respective journal websites on 31 May
2013 and 28 June 2013 but are reflected in the in-text
citations and reference list as 2013 and 2014, respec-
tively. In terms of the research methods utilized by the
studies, 30.3% (n = 27) of papers utilized quantitative

methods, 55.1% (n =49) utilized qualitative methods,
and 14.6% (n = 13) used mixed methods.

As seen in Table S3, articles predominantly studied and
surveyed libraries, librarians, researchers, students, adminis-
trators, IT staff, or faculty members. Based on Table 4, most
of the studies did not specify the disciplines where RDM ser-
vices were implemented. A portion of studies covered RDM
services in a multidisciplinary context, while a minority of
them were focused on subject-specific disciplines.

To aid analysis and synthesis of results, the studies
were further broken down based on the number of insti-
tutions and number of regions examined by each study.
As seen in Table 5, most studies either focused on exam-
ining RDM services provided by a single academic library
and institutional context, or on large surveys or analysis
across multiple libraries. Only four studies examined
RDM services provided at two or three institutions to

85U SUOWIWIOD SAIIRRID 3|ged|[dde ay3 Aq pausenob are sajonle YO ‘esn Jo sajni 1o} Ariq1 auluQ 431 UO (SUONIPUOD-pUR-SWLIB)/WD A3 | 1M AReiq 1 U |UO//:SANY) SUORIPUOD pue SWd | 3yl 39S [5202/80/02] Uo ARiqiTauljuQ A|iIM ‘9ISSNI A9 8000/ Se/200T OT/I0p/wod A 1m Azelq 1 pul|uo’ |pisSe//:sdiy wouy papeojumod ‘0 ‘S79TOEEZ



HO ET AL.

R AS JASIST

provide a comparative-type study. Table 6 shows the
breakdown of the regions that were examined by the
studies, with most papers looking at RDM services pro-
vided by libraries in the United States of America (USA),
followed by multi-regions and then Europe.

Overall, the characteristics of the included studies
provided a holistic view of studies that examined

TABLE 3

Coding scheme
for RQ3

Funder compliance

Library's role

Needs of researchers
Integrity

Open science
Publishers

Impact of research
Institutional policy
National frameworks
FAIR

Competition from
commercial suppliers

Consortia

16 -

12 4

10 A

Number of Papers
(0] o0}

1N
1

N
1

Coding scheme for RQ3.

Major drivers of RDM services
listed in table VII of Cox et al.
(2019) study

Funder compliance

Library role—having the skills/
needing to stay relevant

Needs of researchers
Integrity

Open science
Publishers

Impact of research
Institutional policy
REF (or equivalent)
FAIR

Competition from commercial
suppliers

Consortia

different methodologies, sample population, and services
across regions and countries.

3.3 | MMAT assessment

The results of the MMAT assessment can be found in
Table S4. All 89 studies received a rating of “yes” for the

TABLE 4 Breakdown of studies by disciplines.
Number of

Disciplines mentioned in the studies papers (N = 89)

Health Sciences 5(5.6%)

Sciences 5(5.6%)

Social Sciences & Humanities 3(3.4%)

Multidisciplinary 21 (23.6%)

Not specified 55 (61.8%)
TABLE 5 Breakdown of studies by number of institutions
studied.

Number of

Number of institutions studied papers (N = 89)

Single academic library 38 (42.7%)

Up to three libraries 4 (4.5%)

Four or more libraries 47 (52.8%)

15
10
9
8 8
7 A 4
6
5 5
a4
3
2
| I
0 T T T T T T T T T T T T T T

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

FIGURE 2

Number of papers published over time.

Year

5U80| 7 SUOWWIOD 3A1Ie8.D ded|jdde ayp Aq peusenob are e VO ‘SN o S8ini 10} Areiq18UlUQ /8|1 UO (SUO R IPUOO-pUR-SWLBI L0 A3 | 1M AReiq 1 BU1|UO//SdRY) SUORIPUOD Pue SWiB | 84} 83S *[5202/80/02] Uo Areiqiauliuo A8 |1M ‘GISSNI Ad 8000, 52/200T 0T/I0p/W00" A3 |1mAre.qjpul|uo” |ps Se//:Sdiy Wwol pepeojumod ‘0 ‘ev9TOEET



_iassT RUIRSRRE
TABLE 6 Breakdown of regions examined by the studies. being the provision of technical services related to cura-
Example of countries tion or preservation at 25.0% (n = 22).
Consolidated mentioned in the Number of
regions based on  studies (non- papers . . .
the studies exhaustive) (N = 89) 3.4.2 | Changesin RDM services mentioned
Africa Ghana, Kenya, Malawi, 5(5.6%) over time
etc.
Asia i, s, 6, 8 (9.0%) Figure 3 shows a comparison of the type of RDM services
e, mentioned in studies over time. The trend continues to
Australia and New  Australia and New 7(7.9%) show that advisory-type .serV1ces 'were both mentioned
Zealand Zealand, etc. more commonly and disproportionately compared to
Canada Canada 44.5%) te.:chnlcal—type serv19es. Peaks in mentions of RDM ser-
i vice types occurred in 2017 and 2019, corresponding to
Europe Switzerland, Belgium, 11 (12.4%) . .
the years where more articles were published.
Italy, France, Germany, . R . .
ete. The above observations are consistent with the multi-
region studies that reported higher percentages for
Middle East Turkey, Jordan, Pakistan, 4 (4.5%) & R . P & . p &
-~ advisory-type services offered and a high percentage of
United Kined United Kined 6 (6.7%) provision for data repositories as technical services (Cox
nite mgaom nite mgaom N . .
(UK) & g et al, 2017, 2019; Cox & Pinfield, 2014; Tenopir
United S ; United S ¢ Amerd pp—— et al., 2013, 2014, 2019). This trend was also predicted by
Agzicat?éess; nited States of America (33.7%) the RDM maturity model by Cox et al. (2017, 2019),
which highlighted that libraries generally offered
Multi-regions Studies that span across 14 (15.7%)

multiple regions

two main MMAT screening questions “Are there clear
research questions?” and “Do the collected data allow to
address the research questions?” The studies were subse-
quently evaluated for quality, with comments provided
where necessary. Studies were all included as they had
the empirical data that addressed our research questions.

3.4 | RQI1: RDM services provided by
academic libraries

341 | Overview of RDM services mentioned
in studies

Table 7 shows the breakdown of studies that mention
specific RDM services provided by academic libraries.
Based on the RDM services mentioned in the three stud-
ies, advisory-type services were more common than
technical-type services. A breakdown of top advisory-type
services shows 78.0% (n = 69) of studies mentioned the
provision of RDM-related training or education, 57.0%
(n = 51) mentioned DMP-related advisories, followed by
a tie between the provision of RDM guides and data shar-
ing or publishing-related advisories at 51.0% (n = 45).
For technical-type services, the provision of repositories
or archives for research data ranked highly with 55.0%
(n = 49) of studies mentioning it, with the next highest

advisory-type RDM services before technical-type RDM
services. Services such as training, consultations, and
repositories were similar to what libraries already do
and hence would naturally extend them to cover research
data (Cox et al., 2019). Certain technical-type services
such as data use and analysis or direct project participa-
tion had low provision as these were activities done by
researchers rather than at the library (Cox et al., 2019) or
were better supported by other departments or within
academic faculties rather than a centralized service at the
library (Cox et al., 2017).

3.4.3 | Differences in RDM services across

regions

When examining RDM services provided by libraries
across different regions, similar patterns were also
observed. As shown in Table 8, a high frequency of
advisory-type services was observed across different
regions compared to technical-type services. However,
some interesting observations could be extracted when
looking at the region-specific case studies.

One notable observation is the lack of mention of
DMP-related advisory services in the region of Africa.
The lack was due to the institutional or funding context
in Africa. Majority of researchers did not have DMPs
(Masinde et al., 2021) as there were no formal RDM
requirement or policy for doing research or for funding
applications (Adekoya et al, 2024; Avuglah &
Underwood, 2019). This factor relating to institutional
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TABLE 7 List of RDM services mentioned in respective studies.

Codes for RQ1—Library
services for RDM

Advisory—01 DMP

Advisory—02 Training/
Education

Advisory—03 Guides

Advisory—05 Data
Use/Analysis

Advisory—O06 Active Storage

n %
51 57.0%

69 78.0%

45 51.0%

43 48.0%

19 21.0%

Studies

Tenopir et al. (2012), Witt (2012), Corrall et al. (2013), Reilly and Dryden (2013), Varvel Jr.
and Shen (2013), Antell et al. (2014), Cox and Pinfield (2014), Tenopir et al. (2014),
Claibourn (2015), Davis and Cross (2015), Hiom et al. (2015), Si et al. (2015), Wang and
Fong (2015), Whitmire (2015), Grynoch (2016), Sesartic and Téwe (2016), Hermans (2017),
Morgan et al. (2017), Tenopir et al. (2017), Tripathi et al. (2017), Verhaar et al. (2017),
Wittenberg and Elings (2017), Yoon and Schultz (2017), Yu (2017), Yu et al. (2017), Coates
et al. (2018), Castle (2019), Cox et al. (2019), Féret and Cros (2019), Read et al. (2019), Si

et al. (2019), Tang and Hu (2019), Tenopir et al. (2019), Yoon and Donaldson (2019), Ducas
et al. (2020), Saarti et al. (2020), Téwe and Barillari (2020), Blackwood (2021), Huang et al.
(2021), Bourke (2022), Howie and Kara (2022), Singh et al. (2022), Xiao et al. (2022),
Amanullah and Abrizah (2023), Bhoi et al. (2023), Goldman et al. (2023), Sinha et al.
(2023), Verma and Charu (2023), Oztemiz and Sahin (2024), Griffin and Janz (2024), and
Howlett et al. (2024)

Richardson et al. (2012), Tenopir et al. (2012), Corrall et al. (2013), Varvel Jr. and Shen
(2013), Antell et al. (2014), Cox and Pinfield (2014), Moon (2014), Briney et al. (2015),
Claibourn (2015), Davis and Cross (2015), Hiom et al. (2015), Si et al. (2015), Wang and
Fong (2015), Whitmire (2015), Sesartic and Towe (2016), Clement et al. (2017), Cox et al.
(2017), Hermans (2017), Morgan et al. (2017), Southall and Scutt (2017), Steeves (2017),
Surkis et al. (2017), Tripathi et al. (2017), Verhaar et al. (2017), Wittenberg and Elings
(2017), Yoon and Schultz (2017), Yu (2017), Yu et al. (2017), Coates et al. (2018), Harrison
(2018), Shelly and Jackson (2018), Vof and Hamrin (2018), Avuglah and Underwood
(2019), Castle (2019), Cox et al. (2019), Féret and Cros (2019), Read (2019), Read et al.
(2019), Si et al. (2019), Tenopir et al. (2019), Chawinga and Zinn (2020), Ducas et al. (2020),
Gowen and Meier (2020), Lafferty-Hess et al. (2020), Saarti et al. (2020), Téwe and Barillari
(2020), Al-Jaradat (2021), Blackwood (2021), Huang et al. (2021), Masinde et al. (2021), Nie
et al. (2021), Bourke (2022), Curdt et al. (2022), Foster et al. (2022), Howie and Kara (2022),
Singh et al. (2022), Xiao et al. (2022), Amanullah and Abrizah (2023), Bhoi et al. (2023),
Carson et al. (2023), Goldman et al. (2023), Hrynick et al. (2023), Sinha et al. (2023), Verma
and Charu (2023), Griffin and Janz (2024), Oztemiz and Sahin (2024), Rod et al. (2024),
Subaveerapandiyan and Ugwulebo (2024), and Timms (2024)

Tenopir et al. (2012), Witt (2012), Reilly and Dryden (2013), Cox and Pinfield (2014), Moon
(2014), Tenopir et al. (2014), Claibourn (2015), Hiom et al. (2015), Si et al. (2015), Grynoch
(2016), Cox et al. (2017), Hermans (2017), Morgan et al. (2017), Steeves (2017), Tenopir

et al. (2017), Tripathi et al. (2017), Verhaar et al. (2017), Wittenberg and Elings (2017),
Yoon and Schultz (2017), Yu (2017), Yu et al. (2017), Shelly and Jackson (2018), Vof3 and
Hamrin (2018), Castle (2019), Cox et al. (2019), Read et al. (2019), Si et al. (2019), Tenopir
et al. (2019), Gowen and Meier (2020), Téwe and Barillari (2020), Al-Jaradat (2021), Huang
et al. (2021), Masinde et al. (2021), Bourke (2022), Foster et al. (2022), Singh et al. (2022),
Xiao et al. (2022), Amanullah and Abrizah (2023), Bhoi et al. (2023), Carson et al. (2023),
Goldman et al. (2023), Martin-Melon et al. (2023), Sinha et al. (2023), Verma and Charu
(2023), and Subaveerapandiyan and Ugwulebo (2024)

Richardson et al. (2012), Corrall et al. (2013), Cox and Pinfield (2014), Tenopir et al. (2014),
Claibourn (2015), Davis and Cross (2015), Gordon et al. (2015), Wang and Fong (2015), Cox
et al. (2017), Morgan et al. (2017), Surkis et al. (2017), Tenopir et al. (2017), Verhaar et al.
(2017), Wittenberg and Elings (2017), Yoon and Schultz (2017), Yu et al. (2017), Coates

et al. (2018), Avuglah and Underwood (2019), Castle (2019), Cox et al. (2019), Read (2019),
Si et al. (2019), Tang and Hu (2019), Tenopir et al. (2019), Chawinga and Zinn (2020),
Ducas et al. (2020), Al-Jaradat (2021), Huang et al. (2021), Masinde et al. (2021), Nie et al.
(2021), Howie and Kara (2022), Singh et al. (2022), Xiao et al. (2022), Amanullah and
Abrizah (2023), Bhoi et al. (2023), Goldman et al. (2023), Sinha et al. (2023), Verma and
Charu (2023), Griffin and Janz (2024), Howlett et al. (2024), Oztemiz and Sahin (2024),
Singh et al. (2024), and Subaveerapandiyan and Ugwulebo (2024)

Federer (2013), Reilly and Dryden (2013), Varvel Jr. and Shen (2013), Gordon et al. (2015),
Wang and Fong (2015), Cox et al. (2017), Castle (2019), Cox et al. (2019), Read (2019), Si
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TABLE 7 (Continued)

Codes for RQ1—Library
services for RDM n % Studies

et al. (2019), Al-Jaradat (2021), Blackwood (2021), Huang et al. (2021), Foster et al. (2022),
Singh et al. (2022), Amanullah and Abrizah (2023), Bhoi et al. (2023), Griffin and Janz
(2024), and Oztemiz and Sahin (2024)

Advisory—10 Publishing/ 45 51.0% Tenopir et al. (2012), Witt (2012), Corrall et al. (2013), Varvel Jr. and Shen (2013), Antell

Sharing et al. (2014), Cox and Pinfield (2014), Moon (2014), Tenopir et al. (2014), Davis and Cross
(2015), Gordon et al. (2015), Hiom et al. (2015), Si et al. (2015), Whitmire (2015), Sesartic
and Téwe (2016), Cox et al. (2017), Groenewegen (2017), Tenopir et al. (2017), Wittenberg
and Elings (2017), Yoon and Schultz (2017), Yu (2017), Coates et al. (2018), Castle (2019),
Cox et al. (2019), Si et al. (2019), Tang and Hu (2019), Tenopir et al. (2019), Yoon and
Donaldson (2019), Ducas et al. (2020), Lafferty-Hess et al. (2020), Saarti et al. (2020), Towe
and Barillari (2020), Al-Jaradat (2021), Huang et al. (2021), Masinde et al. (2021), Bourke
(2022), Singh et al. (2022), Amanullah and Abrizah (2023), Goldman et al. (2023), Sinha
et al. (2023), Verma and Charu (2023), Yee et al. (2023), Griffin and Janz (2024), Howlett
et al. (2024), Singh et al. (2024), and Subaveerapandiyan and Ugwulebo (2024)

Advisory—11 Curation/ 41 46.0% Witt (2012), Corrall et al. (2013), Federer (2013), Varvel Jr. and Shen (2013), Cox and

Preservation Pinfield (2014), Claibourn (2015), Davis and Cross (2015), Gordon et al. (2015), Hiom et al.
(2015), Si et al. (2015), Whitmire (2015), Sesartic and Towe (2016), Cox et al. (2017),
Tenopir et al. (2017), Yoon and Schultz (2017), Yu (2017), Coates et al. (2018), Shelly and
Jackson (2018), Castle (2019), Cox et al. (2019), Read (2019), Si et al. (2019), Tang and Hu
(2019), Yoon and Donaldson (2019), Chawinga and Zinn (2020), Ducas et al. (2020),
Lafferty-Hess et al. (2020), Saarti et al. (2020), Téwe and Barillari (2020), Blackwood (2021),
Huang et al. (2021), Masinde et al. (2021), Bourke (2022), Foster et al. (2022), Singh et al.
(2022), Xiao et al. (2022), Adekoya et al. (2024), Howlett et al. (2024), Oztemiz and Sahin
(2024), Singh et al. (2024), and Subaveerapandiyan and Ugwulebo (2024)

Technical—04 Embedded 13 15.0% Federer (2013), Tenopir et al. (2014), Wang and Fong (2015), Tenopir et al. (2017), Cox

Librarian et al. (2017), Cox et al. (2019), Féret and Cros (2019), Tenopir et al. (2019), Huang et al.
(2021), Masinde et al. (2021), Singh et al. (2022), Goldman et al. (2023), and Hrynick et al.
(2023)

Technical—05 Data 8 9.0% Coxetal. (2019), Tenopir et al. (2019), Yoon and Donaldson (2019), Chawinga and Zinn

Use/Analysis (2020), Lafferty-Hess et al. (2020), Huang et al. (2021), Singh et al. (2022), and Griffin and
Janz (2024)

Technical —07 Metadata 14 16.0% Tenopir et al. (2012), Tenopir et al. (2014), Cox et al. (2017), Tenopir et al. (2017), Shelly

and Jackson (2018), Cox et al. (2019), Tenopir et al. (2019), Chawinga and Zinn (2020),
Lafferty-Hess et al. (2020), Huang et al. (2021), Masinde et al. (2021), Nie et al. (2021),
Bourke (2022), and Singh et al. (2022)

Technical—08 Repository/ 49 55.0% Richardson et al. (2012), Tenopir et al. (2012), Witt (2012), Corrall et al. (2013), Varvel Jr.

Archive and Shen (2013), Antell et al. (2014), Cox and Pinfield (2014), Moon (2014), Tenopir et al.
(2014), Briney et al. (2015), Gordon et al. (2015), Hiom et al. (2015), Wang and Fong (2015),
Sesartic and Téwe (2016), Grynoch (2016), Cox et al. (2017), Groenewegen (2017), Tenopir
et al. (2017), Wittenberg and Elings (2017), Yu (2017), Yu et al. (2017), Coates et al. (2018),
Shelly and Jackson (2018), Vof3 and Hamrin (2018), Avuglah and Underwood (2019),
Castle (2019), Cox et al. (2019), Féret and Cros (2019), Si et al. (2019), Tang and Hu (2019),
Tenopir et al. (2019), Yoon and Donaldson (2019), Gowen and Meier (2020), Lafferty-Hess
et al. (2020), Saarti et al. (2020), Téwe and Barillari (2020), Fallaw et al. (2021), Huang et al.
(2021), Masinde et al. (2021), Nie et al. (2021), Bourke (2022), Curdt et al. (2022), Singh
et al. (2022), Xiao et al. (2022), Amanullah and Abrizah (2023), Bhoi et al. (2023), Carson
et al. (2023), Yee et al. (2023), and Griffin and Janz (2024)

Technical—09 FAIR 5 6.0% Steeves (2017), Cox et al. (2019), Huang et al. (2021), Foster et al. (2022), and Singh et al.
(2022)

Technical—10 Publishing/ 12 13.0% Tenopir et al. (2014), Morgan et al. (2017), Cox et al. (2017), Tripathi et al. (2017), Vof3 and

Sharing Hamrin (2018), Cox et al. (2019), Chawinga and Zinn (2020), Huang et al. (2021), Masinde

et al. (2021), Singh et al. (2022), Yee et al. (2023), and Griffin and Janz (2024)

(Continues)

5U80| 7 SUOWWIOD 3A1Ie8.D ded|jdde ayp Aq peusenob are e VO ‘SN o S8ini 10} Areiq18UlUQ /8|1 UO (SUO R IPUOO-pUR-SWLBI L0 A3 | 1M AReiq 1 BU1|UO//SdRY) SUORIPUOD Pue SWiB | 84} 83S *[5202/80/02] Uo Areiqiauliuo A8 |1M ‘GISSNI Ad 8000, 52/200T 0T/I0p/W00" A3 |1mAre.qjpul|uo” |ps Se//:Sdiy Wwol pepeojumod ‘0 ‘ev9TOEET



HO ET AL.

R AS JASIST

TABLE 7 (Continued)

Codes for RQ1—Library

services for RDM n % Studies

Technical—11 Curation/
Preservation

22 25.0% Tenopir et al. (2012), Tenopir et al. (2014), Gordon et al. (2015), Si et al. (2015), Cox et al.
(2017), Tripathi et al. (2017), Yoon and Schultz (2017), Shelly and Jackson (2018), Cox et al.

(2019), Tenopir et al. (2019), Yoon and Donaldson (2019), Chawinga and Zinn (2020),
Ducas et al. (2020), Lafferty-Hess et al. (2020), Téwe and Barillari (2020), Fallaw et al.
(2021), Huang et al. (2021), Masinde et al. (2021), Nie et al. (2021), Bourke (2022), Howie
and Kara (2022), and Singh et al. (2022)

Generic mentions of RDM 9 10.0% Tenopir et al. (2013), Pinfield et al. (2014), Grynoch (2016), Voff and Hamrin (2018), Si

services et al. (2019), Ashiq et al. (2021), Nie et al. (2021), Ashiq and Warraich (2022), and Adekoya
et al. (2024)
60 4
I Number of papers per year
52
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FIGURE 3 Number of papers and types of RDM services mentioned in studies per year.

policy or funding requirements influencing the provision
of RDM services will be further discussed in RQ3.

For the studies focusing solely on Asia (Amanullah &
Abrizah, 2023; Bhoi et al., 2023; Huang et al., 2021; Nie
et al., 2021; Singh et al., 2022, 2024; Sinha et al., 2023;
Xiao et al., 2022), a higher frequency of both advisory
and technical-type services was observed compared to
other regions. These studies were also recently published.
While these studies indicated a higher frequency of RDM
services provided, the studies that focused on China
(Huang et al., 2021), India (Singh et al., 2022), and South-
east Asia (Sinha et al., 2023) indicated that RDM services
offered were still in their infancy. A potential reason that
could explain the provision of RDM services was
that these libraries started with the technological solu-
tions that provide technical-type RDM services because
they were easier to implement without established insti-
tutional policies (Huang et al., 2021).

It is critical to note that while region- and country-
specific studies from Australia and New Zealand,
Canada, Middle East, or United Kingdom indicated no
provision of technical-type RDM services, this was not
the case, as reflected in the multi-region studies. Based
on the surveys, technical-type RDM services were
indeed provided by European libraries (Tenopir
et al., 2017), Australia, Canada, New Zealand, or
United Kingdom libraries (Cox et al., 2017). The provi-
sion of specific RDM-related services at each academic
library was mainly predicated on several factors based
on the evidence of researchers' needs, resources
required to provide the service, or closeness of RDM
service to existing library services provided (Cox
et al., 2019). This context will be crucial when looking
at the subsequent research questions to form a more
comprehensive analysis of the state of RDM services in
academic libraries.

5U80| 7 SUOWWIOD 3A1Ie8.D ded|jdde ayp Aq peusenob are e VO ‘SN o S8ini 10} Areiq18UlUQ /8|1 UO (SUO R IPUOO-pUR-SWLBI L0 A3 | 1M AReiq 1 BU1|UO//SdRY) SUORIPUOD Pue SWiB | 84} 83S *[5202/80/02] Uo Areiqiauliuo A8 |1M ‘GISSNI Ad 8000, 52/200T 0T/I0p/W00" A3 |1mAre.qjpul|uo” |ps Se//:Sdiy Wwol pepeojumod ‘0 ‘ev9TOEET



23301643, 0, Downloaded from https://asistdl.onlinelibrary.wiley.com/doi/10.1002/asi. 70008 by ENSSIB, Wiley Online Library on [20/08/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

MA

po

o8

-

=
BEVL
20°0S
%9°8¢
WL

(4 %0°0 0 %L 9T 1 %005 T %I'6 T %0Sst 1 %0°0 0  %STL 1 %00T 1 SOOIATIS N(TY JO SUOUIUI JLIBUD)
L %L9T S %070 0 %00 0 %T8T T %0ST T %9°ST T %SLE € %00 T UOHBAISSAI/uopeIND [1—[RdIUYdd],
v %L9 C %0°0 0 %00 0 %I6 T %00 0 %E YT 1 %05 T %000 ¢ Sumreys/Surysiqnd 0T—[eoruyod],
1 %L z %070 0 %0 0 %00 0 %00 0 %070 0 %05 T %00 0 MIVA 60—[eoIuydd],
%YIL 01 %L vI 9%0°0S € %00 0 %LTL 8 %O0S T %T°LS v %0SL 9 %00y T aAIyIY /A10)150doY 80—TeOIUYDSL,
%BL'SE S %E'E 1 %070 0 %00 0 %T8T T %00 0 %E VT T %SLE € %00r T BJRPRISIA LO—[BOIUYSL,
%BETT (4 %001 € %0°0 0 %0 0 %00 0 %00 0 %0°0 0 %0t T %00T 1 SIsA[euy//9s() 1R SO—BONUYISL
%9°8T v %EET v %070 0 %00 0 %T8T T %00 0 %070 0 %06C T %00z 1  UBLEIqr] PAppaquIy $0—T[eduydd],
%0°0S L %L vI %0°0S €  %0ST T %SSy S %0sT 1 %9°8T T %00S © %008 + UONBAISSAIJ/UONRIND [1—AIOSIAPY
%LS8  TI %E €Y €T %0708 €  %0ST T WSSt S %005 €T %9°ST T %ST9 S  %00r T Surreys/3urysiqng T—AI0SIAPY
%Y'1T € 9%0°0€ 6 %L 9T 1 %005 T %00 0 %00 0 %0°0 0  %00S v %00 0 a3e101S 2A1OY 90—AI0SIAPY
BT'LS 8 %L°9E 1T %EEE T %005 T %T8T T %0ST 1 %Y 1L S %0001 8 %008 ¥ SISATeUV/3s) BB SO—AIOSIAPY
WYIL 01 %L 9E 1 9%0°0S € %0ST T %9€9 L %00S T %6°Th € %0SL 9 %00F T SOpIY £0—AIOSIAPY
%9°8L 1T %L 9L €T %E€EY S %00S T %8I8 6 %0SL € %YIL S %SL8 L %008 b uonedNpH/3ururel], Z0—AIOSIAPY
%LSS Tl 9%0°0S ST 9%0°0S € %0ST T %LTL 8  %00S T %TLS v %0SL 9 %00 0 dINA 10—AI0SIAPY
% u % u % u % u % U % U % u % u % U SIOIAISS INAH
FPI=N) (0 =N) 9=N) F=N) II=N) #=N) (L=N)pueeaz 8=N) (S=N)
Anunod BOLIDULY wopSury] jseq adoang epeUR) MIN vISY LY
- JO S3JeIS pIjIun pajun SIPPIN pue efensny
"S9IpNIS Ul POUONUSUW St SUOIZAI Aq SIOIAISS INOY Jo umopyeald 8 ATdV.L
:




A JASIST

HO ET AL.

TABLE 9 List of infrastructure, workflow, and resources supporting RDM mentioned in respective studies.

Codes for RQ2—Infrastructure,
workflows, resources

Infrastructure—Partners

Infrastructure—Spaces &
Facilities

Infrastructure—Systems

Resources—External partners

Resources—Internal partners

Resources—Personnel

Resources—Money & Budget

Resources—Training & Learning

16

38

27

%
18.0%

8.0%

43.0%

36.0%

60.0%

30.0%

19.0%

34.0%

Studies

Cox et al. (2017), Groenewegen (2017), Morgan et al. (2017), Tenopir et al. (2017),
Shelly and Jackson (2018), Vof3 and Hamrin (2018), Yoon and Donaldson (2019),
Lafferty-Hess et al. (2020), Saarti et al. (2020), Téwe and Barillari (2020), Blackwood
(2021), Fallaw et al. (2021), Huang et al. (2021), Xiao et al. (2022), Bhoi et al. (2023),
and Griffin and Janz (2024)

Claibourn (2015), Southall and Scutt (2017), Surkis et al. (2017), Si et al. (2019),
Chawinga and Zinn (2020), Al-Jaradat (2021), and Masinde et al. (2021)

Tenopir et al. (2012), Witt (2012), Reilly and Dryden (2013), Varvel Jr. and Shen
(2013), Antell et al. (2014), Moon (2014), Briney et al. (2015), Gordon et al. (2015),
Hiom et al. (2015), Wang and Fong (2015), Grynoch (2016), Sesartic and Téwe (2016),
Hermans (2017), Steeves (2017), Tripathi et al. (2017), Wittenberg and Elings (2017),
Yu (2017), Yu et al. (2017), Avuglah and Underwood (2019), Cox et al. (2019), Si et al.
(2019), Tang and Hu (2019), Yoon and Donaldson (2019), Chawinga and Zinn (2020),
Ducas et al. (2020), Lafferty-Hess et al. (2020), Téwe and Barillari (2020), Fallaw et al.
(2021), Huang et al. (2021), Masinde et al. (2021), Nie et al. (2021), Bourke (2022),
Curdt et al. (2022), Howie and Kara (2022), Amanullah and Abrizah (2023), Carson
et al. (2023), Hrynick et al. (2023), and Yee et al. (2023)

Witt (2012), Federer (2013), Varvel Jr. and Shen (2013), Moon (2014), Tenopir et al.
(2014), Gordon et al. (2015), Hiom et al. (2015), Si et al. (2015), Whitmire (2015),
Sesartic and Téwe (2016), Cox et al. (2017), Clement et al. (2017), Hermans (2017),
Southall and Scutt (2017), Steeves (2017), Tenopir et al. (2017), Wittenberg and Elings
(2017), Yu (2017), Yu et al. (2017), Harrison (2018), Shelly and Jackson (2018), Vof3
and Hamrin (2018), Cox et al. (2019), Read et al. (2019), Ducas et al. (2020), Gowen
and Meier (2020), Huang et al. (2021), Masinde et al. (2021), Nie et al. (2021), Singh
et al. (2022), Xiao et al. (2022), and Amanullah and Abrizah (2023)

Richardson et al. (2012), Tenopir et al. (2012), Witt (2012), Antell et al. (2014), Moon
(2014), Pinfield et al. (2014), Tenopir et al. (2014), Briney et al. (2015), Claibourn
(2015), Gordon et al. (2015), Hiom et al. (2015), Si et al. (2015), Wang and Fong
(2015), Whitmire (2015), Sesartic and Téwe (2016), Cox et al. (2017), Hermans (2017),
Morgan et al. (2017), Southall and Scutt (2017), Steeves (2017), Surkis et al. (2017),
Tenopir et al. (2017), Tripathi et al. (2017), Verhaar et al. (2017), Wittenberg and
Elings (2017), Yoon and Schultz (2017), Yu et al. (2017), Coates et al. (2018), Harrison
(2018), Vofi and Hamrin (2018), Avuglah and Underwood (2019), Castle (2019), Cox
et al. (2019), Féret and Cros (2019), Read (2019), Read et al. (2019), Yoon and
Donaldson (2019), Gowen and Meier (2020), Saarti et al. (2020), Towe and Barillari
(2020), Blackwood (2021), Fallaw et al. (2021), Huang et al. (2021), Masinde et al.
(2021), Nie et al. (2021), Bourke (2022), Curdt et al. (2022), Foster et al. (2022), Howie
and Kara (2022), Xiao et al. (2022), Amanullah and Abrizah (2023), Yee et al. (2023),
and Oztemiz and Sahin (2024)

Tenopir et al. (2012), Federer (2013), Varvel Jr. and Shen (2013), Briney et al. (2015),
Claibourn (2015), Gordon et al. (2015), Hiom et al. (2015), Grynoch (2016), Cox et al.
(2017), Hermans (2017), Morgan et al. (2017), Steeves (2017), Tenopir et al. (2017),
Wittenberg and Elings (2017), Coates et al. (2018), Harrison (2018), Castle (2019),
Yoon and Donaldson (2019), Ducas et al. (2020), Gowen and Meier (2020), Lafferty-
Hess et al. (2020), Saarti et al. (2020), Al-Jaradat (2021), Curdt et al. (2022), Foster

et al. (2022), Griffin and Janz (2024), and Oztemiz and Sahin (2024)

Witt (2012), Federer (2013), Moon (2014), Claibourn (2015), Gordon et al. (2015),
Hiom et al. (2015), Morgan et al. (2017), Harrison (2018), Read (2019), Yoon and
Donaldson (2019), Saarti et al. (2020), Toéwe and Barillari (2020), Foster et al. (2022),
Carson et al. (2023), Goldman et al. (2023), Martin-Melon et al. (2023), and Griffin
and Janz (2024)

Tenopir et al. (2012), Tenopir et al. (2013), Antell et al. (2014), Tenopir et al. (2014),
Davis and Cross (2015), Gordon et al. (2015), Wang and Fong (2015), Cox et al.
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TABLE 9 (Continued)

Codes for RQ2—Infrastructure,

workflows, resources n % Studies

| JASIST BUIRE

(2017), Hermans (2017), Southall and Scutt (2017), Steeves (2017), Tenopir et al.
(2017), Wittenberg and Elings (2017), Yu et al. (2017), Coates et al. (2018), Castle
(2019), Cox et al. (2019), Féret and Cros (2019), Read (2019), Read et al. (2019), Si
et al. (2019), Tang and Hu (2019), Ducas et al. (2020), Lafferty-Hess et al. (2020),
Saarti et al. (2020), Huang et al. (2021), Nie et al. (2021), Martin-Melon et al. (2023),
Oztemiz and Sahin (2024), and Timms (2024)

Workflows—Revised Library 30 34.0% Witt (2012), Reilly and Dryden (2013), Antell et al. (2014), Moon (2014), Claibourn

Workflows

(2015), Davis and Cross (2015), Grynoch (2016), Cox et al. (2017), Morgan et al.

(2017), Steeves (2017), Tenopir et al. (2017), Wittenberg and Elings (2017), Yu et al.
(2017), Coates et al. (2018), Harrison (2018), Castle (2019), Si et al. (2019), Yoon and
Donaldson (2019), Ducas et al. (2020), Gowen and Meier (2020), Lafferty-Hess et al.
(2020), Saarti et al. (2020), Huang et al. (2021), Xiao et al. (2022), Amanullah and
Abrizah (2023), Carson et al. (2023), Goldman et al. (2023), Hrynick et al. (2023), Yee
et al. (2023), and Griffin and Janz (2024)

3.5 | RQ2: Infrastructure, workflow, and
resources supporting RDM services

3.5.1 | Overview of infrastructure, workflow,
and resources mentioned in studies

Table 9 shows the breakdown of studies that mention the
infrastructure, workflow, and resources utilized by aca-
demic libraries to support RDM services. The most com-
mon infrastructure used was systems (43.0%, n = 38),
which also encompassed software and tools. 18.0%
(n = 16) of the studies also mentioned that the infrastruc-
ture was provided or supported by partners, which could
be internal (i.e., other units within institutions) or exter-
nal (i.e., other commercial and non-commercial entities
outside the institutions). Revising internal workflows
(34.0%, n = 30) was a common way for libraries to adapt
and support RDM. These revisions usually occurred in
the form of expanding job roles of current personnel or
forming new teams or units. The resources needed to
support RDM services included partnerships (internal
partners - 60.0%, n = 53; external partners - 36.0%,
n = 32), training and learning (34.0%, n = 30), personnel
(30.0%, n = 27) and budget (19.0%, n = 17).

There was a strong reliance on systems and related
applications which was within expectations as robust
infrastructure was essential for libraries to offer
technical-type RDM services such as data repositories or
archives used for data curation or preservation. This
matches the findings for RQ1 which found these two ser-
vices to be the most common technical-type RDM
services provided by academic libraries. Predictably, most
of the infrastructure mentioned in the reported studies
pertained to data repositories or archives. Examples of

such infrastructure provided by external partners and uti-
lized by academic libraries included Research Data
Australia (RDA) (Morgan et al, 2017; Shelly &
Jackson, 2018), FigShare (Groenewegen, 2017; Shelly &
Jackson, 2018; Xijao et al, 2022; Yoon &
Donaldson, 2019), DSpace (Bhoi et al., 2023; Huang
et al., 2021), and Dataverse (Huang et al., 2021). There
was only one study which mentioned the use of a com-
mercial software, Rosetta, for digital preservation by ETH
Zurich (Toéwe & Barillari, 2020). Due to Australia's proac-
tiveness in making research data more open and accessi-
ble (Morgan et al., 2017; Shelly & Jackson, 2018), some
libraries in Australia instinctively utilized RDA which is
provided by ANDS, a government-funded entity and the
predecessor to the current-day Australian Research Data
Commons (ARDC).

To acquire the necessary personnel for supporting
RDM, many libraries adjusted their internal workflows,
often by re-deploying existing personnel. This practice
was reported since at least 2012 (Tenopir et al., 2012),
and is still ongoing worldwide according to studies pub-
lished in recent years (e.g., Coates et al., 2018; Cox
et al., 2017; Davis & Cross, 2015; Griffin & Janz, 2024;
Huang et al.,, 2021; Lafferty-Hess et al., 2020; Morgan
et al., 2017; Saarti et al., 2020; Tenopir et al., 2017;
Wittenberg & Elings, 2017; Xiao et al., 2022). Restructur-
ing or forming new teams was another common
approach that had been adopted by libraries such as the
University of Virginia Library (Claibourn, 2015), Univer-
sity of Melbourne Library, and Peking University Library
(Si et al., 2019).

While reassigning existing personnel was a cost-
effective measure, this approach was viable only if librar-
ies also prepared their personnel well for the new role by
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supporting them in training and development (Tenopir
et al., 2012). Hence, for libraries offering or planning to
offer RDM services, training and learning is an indispens-
able resource. There was a strong indication that many
libraries were cognizant of this, based on the high num-
ber of studies (e.g., Davis & Cross, 2015; Ducas
et al., 2020; Hermans, 2017; Nie et al., 2021; Oztemiz &
Sahin, 2024; Read et al., 2019; Steeves, 2017; Tenopir
et al., 2017; Yu et al., 2017) discussing personnel training
opportunities, albeit to varying degrees. It was also noted
that conferences and workshops were the most common
form of RDM training opportunities for personnel
(Castle, 2019; Coates et al., 2018; Cox et al., 2017
Davis & Cross, 2015; Oztemiz & Sahin, 2024; Saarti
et al., 2020; Southall & Scutt, 2017; Tenopir et al., 2012,
2014, 2017; Wittenberg & Elings, 2017).

Besides revising library workflows, some libraries also
hired new personnel to support RDM. While a small
number of libraries had the budget for this
(e.g., Griffin & Janz, 2024; Harrison, 2018), the more
common scenario was that these new positions were
either partially or fully funded by internal partners such
as the Strategic Planning and Implementation Board in
the case of University of Bristol (Hiom et al., 2015),
Research Information Technologies (Research IT) group
in the case of University of California, Berkeley
(Wittenberg & Elings, 2017) and the Centre for Data Sci-
ence in New York University (Steeves, 2017) or external
partners such as the Australian National Data Service in
the case of University of Adelaide (Morgan et al., 2017),
the National Institutes of Health (NIH) in the case of
University of California-Los Angeles (Federer, 2013) and
the National Science Foundation and the National Insti-
tute of Child Health and Human Development in the
case of New York University (Gordon et al., 2015).

The above discussion on personnel and funding
underscores the importance of partnerships, a point
which many studies (e.g., Ashiq et al.,, 2021; Cox &
Pinfield, 2014; Griffin & Janz, 2024; Morgan et al., 2017;
Sesartic & Towe, 2016; Steeves, 2017; Tenopir et al., 2012,
2017; Wittenberg & Elings, 2017) had emphasized. Addi-
tionally, partnerships were essential for the development
of RDM policies, which had been described as a “multi-
stakeholder process” (Cox et al., 2017, p. 2186). RDM pol-
icy development requires input from all involved in the
research data life cycle either as facilitators or practi-
tioners, such as library, IT wunits, research offices,
researchers etc. Subsequently, the execution and ongoing
support of RDM services continues to require coordinated
efforts from all these stakeholders (Ashiq et al., 2021;
Ashiq & Warraich, 2022; Hermans, 2017). As mentioned
by Donner (2023), partnerships were multi-faceted,
requiring each stakeholder to know their role in RDM

and establish clear communication. Therefore, establish-
ing effective partnerships is key to the implementation of
RDM services. Wittenberg and Elings (2017) suggested
for libraries to monitor the evolution of such partnerships
using “The Collaboration Continuum” model described
by Zorich et al. (2008). The model describes the nature
and level of collaborations between various parties. As
the collaboration deepens, it shifts across a spectrum
from left to right. Other similar models include those by
Himmelman  (2002) and  Tamarack  Institute
(Weaver, 2017). Building successful partnerships is a
challenging endeavor, even if all parties are keen and
willing to work together (Saunders & Corning, 2020).
Thus, libraries can consider using these models to assess
the extent of collaborations to foster, understand dynam-
ics of their collaborations or deepen their existing collab-
orations. Papers discussing the direct use or illustrate
applications of the collaboration continuum models in
libraries include Wittenberg and Elings (2017), Bowie
(2019), Saunders and Corning (2020) and Dreher and
Packard (2022).

3.5.2 | Differences in infrastructure,
workflow, and resources across regions as
mentioned in studies

Table 10 shows the breakdown of studies that mention
the infrastructure, workflow, and resources utilized by
academic libraries to support RDM services by regions. In
general, the key resource for libraries across all regions
was internal partnerships, followed by training and learn-
ing. For region-specific observations, European libraries
exhibit a high degree of collaborations with institutional
stakeholders (90.9%, n = 10), followed by the UK (83.3%,
n =1>5) and the USA (63.0%, n = 19). In Australia and
New Zealand, libraries showed a greater reliance on
infrastructure provided by partners (42.9%, n = 3).
Libraries in Asia tended to adjust their internal work-
flows (37.5%, n = 3), possibly due to limited financial
resources which consequentially inhibited the hiring of
new personnel to support RDM.

Regarding collaborations, the study findings are con-
gruent with the literature. It is now evident that partner-
ships are a vital resource for academic libraries to
support RDM services, especially for those with limited
budget and do not necessarily have the means to increase
headcounts. Internal partnerships are also seen to be
more prevalent, a finding aligned with Cox and Pinfield
(2014) and Cox et al. (2017). This reason may be influ-
enced by the specific environment and context in which
libraries operate as well as their motivation for imple-
menting RDM services.

85U SUOWIWIOD SAIIRRID 3|ged|[dde ay3 Aq pausenob are sajonle YO ‘esn Jo sajni 1o} Ariq1 auluQ 431 UO (SUONIPUOD-pUR-SWLIB)/WD A3 | 1M AReiq 1 U |UO//:SANY) SUORIPUOD pue SWd | 3yl 39S [5202/80/02] Uo ARiqiTauljuQ A|iIM ‘9ISSNI A9 8000/ Se/200T OT/I0p/wod A 1m Azelq 1 pul|uo’ |pisSe//:sdiy wouy papeojumod ‘0 ‘S79TOEEZ



HO Er AL.

Breakdown of infrastructure, workflows, and resources supporting RDM by regions as mentioned in studies.

TABLE 10

United States

of

Multi-

United

Middle
East
(N

Australia and

New

country
N

America
(N

Kingdom
(0

Europe

(0%

Canada
(N

Asia

(N

Africa

(0%

30) 14)

—6)

—4)

=11)

—4)

=7

Zealand (N

—8)

—=5)

%

%

%

% %

% %

%

%

RQ2 codes

7.1%
7.1%

1
1
7
5
7
2
0
8
3

17.0%
7.0%

5
2

0.0%

0
1
1
3
5
3
2
2
2

0.0%

0
1
0
0
1
2
0
1
0

36.4%
0.0%

4
0
5
4

0.0%
0.0%

0
0
3
2
1
2
1
1
3

42.9%
0.0%

3
0
2
2
4
1
1
1
2

37.5%
0.0%

3
0
3
5
4
0
0
2
3

0.0%

0
2
3
1
2
0
0
0
0

Infrastructure—Partners

16.7%
16.7%
50.0%
83.3%
50.0%
33.3%
33.3%
33.3%

25.0%
0.0%
0.0%

40.0%
60.0%
20.0%
40.0%
0.0%
0.0%
0.0%
0.0%

Infrastructure—Spaces & Facilities

50.0%
35.7%
50.0%
14.3%
0.0%

47.0%
33.0%
63.0%
43.0%
33.0%
33.0%
50.0%

14
10
19
13
10
10
15

45.5%
36.4%
90.9%
36.4%
27.3%
45.5%
18.2%

75.0%
50.0%
25.0%
50.0%
25.0%
25.0%
75.0%

28.6%
28.6%
57.1%
14.3%
14.3%
14.3%
28.6%

37.5%
62.5%

Infrastructure—Systems

Resources—External partners

25.0%
50.0%
0.0%

10
4
3
5
2

50.0%
0.0%
0.0%

Resources—Internal partners

Resources—Personnel

Resources—Money & Budget

57.1%
21.4%

25.0%
0.0%

25.0%

Resources—Training & Learning

37.5%

Workflows—Revised Library Workflows
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Studies focusing on Australian academic libraries
(Groenewegen, 2017; Morgan et al.,, 2017; Richardson
et al.,, 2012; Shelly & Jackson, 2018; Yu et al., 2017)
revealed a strong reliance on data infrastructure and
other RDM-related resources provided by ANDS. As
mentioned previously, ANDS and RDA greatly facilitated
RDM works in libraries (Morgan et al., 2017; Yu
et al., 2017). Where required, ANDS also provided initial
funding for libraries to kickstart RDM services
(Groenewegen, 2017; Morgan et al., 2017; Yu et al., 2017).
This enabled the establishment of new units or the hiring
of new personnel to lead RDM-related projects (Morgan
et al., 2017).

3.6 | RQ3: Reasons to implement RDM
services

3.6.1 | Overview of reasons for
implementing RDM services mentioned in
studies

Table 11 shows the breakdown of studies that mentioned
the reasons for implementing RDM services. Seventy
studies discussed reasons for implementing RDM services
to varying extents. Library's role (36.0%, n = 32) was the
main reason for many academic libraries to implement
RDM services. This was closely followed by funder com-
pliance (35.0%, n = 31), institutional policy (33.0%,
n = 29), and needs of researchers (30.0%, n = 27). Other
factors that received some mention include open science
(13.0%, n=12), FAIR (12.0%, n=11), and national
frameworks such as the UK Research Excellence Frame-
work (UK REF) or equivalent (15.0%, n = 13).

RDM is an area where academic libraries have the
potential to play a more significant role in the research
process (Tenopir et al., 2012). Many libraries proactively
engage in RDM, viewing it as an opportunity for:
(1) enhancing libraries'’ image or visibility (Ashiq
et al.,, 2021; Ashiq & Warraich, 2022; Harrison, 2018;
Southall & Scutt, 2017; Tenopir et al., 2019); (2) reaffirm-
ing or strengthening libraries’ value within their institu-
tions (Clement et al., 2017; Davis & Cross, 2015; Tenopir
et al., 2012, 2017); (3) reshaping the role of libraries and
librarians (Harrison, 2018; Huang et al., 2021; Morgan
et al., 2017). Some librarians also expressed interest in
learning RDM (Tenopir et al., 2019). Incorporating RDM
is seen as a natural progression for academic libraries,
which were evolving beyond traditional roles into more
contemporary functions (Morgan et al., 2017; Tenopir
et al.,, 2019). This corroborates the finding discussed in
RQ1 on libraries offering RDM services as a natural
extension of existing library services. A point to note is
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TABLE 11 List of reasons for implementing RDM services as mentioned in respective studies.

Codes for RQ3—Reasons
for RDM services

Competition from
commercial suppliers

Consortia

FAIR

Funder compliance

Impact of research

Institutional policy

Integrity

Library's role

Needs of researchers

Open science

Publishers

National frameworks

11

31

29

32

27

12

13

%o
1.0%

3.0%
12.0%

35.0%

7.0%

33.0%

7.0%

36.0%

30.0%

13.0%

9.0%

15.0%

Studies
Cox et al. (2019)

Sesartic and Téwe (2016), Cox et al. (2019), and Griffin and Janz (2024)

Witt (2012), Sesartic and Towe (2016), Verhaar et al. (2017), Shelly and Jackson (2018),
Cox et al. (2019), Yoon and Donaldson (2019), Lafferty-Hess et al. (2020), Ashiq et al.
(2021), Huang et al. (2021), Ashiq and Warraich (2022), and Xiao et al. (2022)

Richardson et al. (2012), Tenopir et al. (2012), Witt (2012), Federer (2013), Reilly and
Dryden (2013), Varvel Jr. and Shen (2013), Moon (2014), Pinfield et al. (2014), Briney et al.
(2015), Claibourn (2015), Hiom et al. (2015), Sesartic & Téwe (2016), Hermans (2017),
Southall and Scutt (2017), Steeves (2017), Tripathi et al. (2017), Verhaar et al. (2017),
Coates et al. (2018), Harrison (2018), Shelly and Jackson (2018), Vof3 and Hamrin (2018),
Avuglah and Underwood (2019), Castle (2019), Cox et al. (2019), Féret and Cros (2019),
Yoon and Donaldson (2019), Téwe and Barillari (2020), Ashiq et al. (2021), Huang et al.
(2021), Bhoi et al. (2023), and Yee et al. (2023)

Tenopir et al. (2013), Gordon et al. (2015), Si et al. (2015), Cox et al. (2019), Lafferty-Hess
et al. (2020), and Huang et al. (2021)

Witt (2012), Cox and Pinfield (2014), Briney et al. (2015), Hiom et al. (2015), Whitmire
(2015), Grynoch (2016), Cox et al. (2017), Groenewegen (2017), Hermans (2017), Southall
and Scutt (2017), Tripathi et al. (2017), Verhaar et al. (2017), Shelly and Jackson (2018),
Vof3 and Hamrin (2018), Avuglah and Underwood (2019), Cox et al. (2019), Read (2019), Si
et al. (2019), Chawinga and Zinn (2020), Lafferty-Hess et al. (2020), Saarti et al. (2020),
Towe and Barillari (2020), Fallaw et al. (2021), Huang et al. (2021), Foster et al. (2022),
Xiao et al. (2022), Bhoi et al. (2023), Carson et al. (2023), and Goldman et al. (2023)

Pinfield et al. (2014), Sesartic and Toéwe (2016), Verhaar et al. (2017), Wittenberg and
Elings (2017), Cox et al. (2019), and Huang et al. (2021)

Tenopir et al. (2012), Richardson et al. (2012), Witt (2012), Federer (2013), Reilly and
Dryden (2013), Tenopir et al. (2013), Moon (2014), Pinfield et al. (2014), Claibourn (2015),
Davis and Cross (2015), Gordon et al. (2015), Wang and Fong (2015), Whitmire (2015),
Sesartic and Towe (2016), Clement et al. (2017), Morgan et al. (2017), Southall and Scutt
(2017), Tenopir et al. (2017), Coates et al. (2018), Harrison (2018), Vof3 and Hamrin (2018),
Cox et al. (2019), Tenopir et al. (2019), Yoon and Donaldson (2019), Ashiq et al. (2021),
Huang et al. (2021), Masinde et al. (2021), Ashiq and Warraich (2022), Singh et al. (2022),
Amanullah and Abrizah (2023), Hrynick et al. (2023), and Griffin and Janz (2024)

Witt (2012), Reilly and Dryden (2013), Tenopir et al. (2013), Moon (2014), Pinfield et al.
(2014), Briney et al. (2015), Davis and Cross (2015), Wang and Fong (2015), Yu et al.
(2017), Southall and Scutt (2017), Surkis et al. (2017), Verhaar et al. (2017), Coates et al.
(2018), Cox et al. (2019), Read (2019), Si et al. (2019), Tenopir et al. (2019), Yoon and
Donaldson (2019), Lafferty-Hess et al. (2020), Saarti et al. (2020), Blackwood (2021), Fallaw
et al. (2021), Huang et al. (2021), Carson et al. (2023), Yee et al. (2023), Griffin and Janz
(2024), and Timms (2024)

Pinfield et al. (2014), Sesartic and Téwe (2016), Tenopir et al. (2017), Cox et al. (2019),
Chawinga and Zinn (2020), Saarti et al. (2020), Ashiq et al. (2021), Fallaw et al. (2021),
Huang et al. (2021), Nie et al. (2021), Ashiq and Warraich (2022), and Curdt et al. (2022)

Varvel Jr. and Shen (2013), Moon (2014), Hiom et al. (2015), Steeves (2017), Verhaar et al.
(2017), Cox et al. (2019), Huang et al. (2021), and Yee et al. (2023)

Varvel Jr. and Shen (2013), Moon (2014), Wang and Fong (2015), Hermans (2017),
Southall and Scutt (2017), Verhaar et al. (2017), Harrison (2018), Vof3 and Hamrin (2018),
Cox et al. (2019), Féret and Cros (2019), Ducas et al. (2020), Saarti et al. (2020), and Huang
et al., 2021
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that while libraries may be perceived as the most appro-
priate entity to offer RDM services, this is heavily depen-
dent on the institutional contexts and availability or
resources and infrastructure (Tenopir et al., 2012, 2019).
Furthermore, the presence of other institutional units
better equipped than the library to provide RDM services
was another factor to consider (Tenopir et al., 2019). Ulti-
mately, RDM is a multi-stakeholder process as discussed
earlier in the introduction.

This review has also highlighted the library's role as
the most common reason for implementing RDM services
in academic libraries. However, we view it more as an
impetus (i.e., push factor) and believe that various pull fac-
tors, such as funder compliance, institutional policy, or
needs of researchers, work in tandem with the perceived
library role to motivate the implementation of RDM ser-
vices at academic libraries. For instance, the requirement
for funder compliance places additional pressure on
researchers to engage in RDM. Recognizing that the
researchers needed help, academic libraries decided to act
by providing the equivalent support (Clement et al., 2017;
Tang & Hu, 2019; Varvel Jr. & Shen, 2013). Institutional
policies provide a similar stimulus. As Hermans (2017)
explained, policies lay the groundwork by outlining goals
and directions, thereby serving as springboards for the
development of RDM services within universities.

National frameworks were another significant pull
factor, which was highlighted in Cox et al. (2019). These
national frameworks often require researchers to perform
RDM-related activities or engage in open science initia-
tives to demonstrate their research impact. Several estab-
lished examples from the UK, Europe, USA, Canada, and
Australia mentioned in the studies are listed here: UK
Research Excellence Framework (UK REF); Research
Councils UK (RCUK 2015) Common Principles on Data
Policy; Horizon 2020 (now renamed as Horizon Europe);
Netherland's Standard Evaluation Protocol (now
renamed as Strategy Evaluation Protocol); Finland's
Open Science and Research Roadmap; US Big Data
Research and Development Initiative; the Australian
Code for the Responsible Conduct of Research and the
Tri-Agency Research Data Management Policy. Several
case studies have cited these national mandates as the
key driver for academic libraries to develop RDM ser-
vices. This includes Bodleian Libraries at the University
of Oxford in the UK (Southall & Scutt, 2017), Ghent Uni-
versity's Central Library in Belgium (Hermans, 2017),
Leiden University Libraries in the Netherlands (Verhaar
et al., 2017), Lille University Library in France (Féret &
Cros, 2019), University of Eastern Finland (UEF) Library
in Finland (Saarti et al., 2020), John Hopkins University
Sheridan Libraries (Varvel Jr. & Shen, 2013) and Queen's
University Library in Canada (Moon, 2014).

3.6.2 | Differences in reasons for
implementing RDM services across regions

Table 12 shows the breakdown of studies that mentioned
the reasons for implementing RDM services by regions.
The top reasons for academic libraries implementing
RDM services in the UK were funder compliance (83.3%,
n = 5), institutional policy (50.0%, n = 3), and library role
(50.0%, n = 3). For Europe, the primary driver was funder
compliance (54.5%, n = 6), followed by institutional policy
(45.5%, n = 5) and national frameworks (45.5%, n = 5),
then open science (36.4%, n = 4). On the contrary, funder
compliance (33.0%, n = 10) was the third most cited rea-
son for academic libraries in the USA, trailing behind the
needs of researchers (53.0%, n = 16) and the library's role
(43.0%, n = 13). For Asia, library role (37.5%, n = 3) and
institutional policy (37.5%, n = 3) were the main drivers,
whereas funder compliance (25.0%, n = 2) and national
frameworks (12.5%, n = 1) were considerably low when
compared to the UK and Europe.

The above findings suggest that differences in
research landscapes among regions may influence the
way RDM services were being developed. The push for
academic libraries in UK and Europe to initiate RDM ser-
vices appears to stem from a top-down approach, that is,
strong mandates from governments and funding agen-
cies. For example, the Engineering and Physical Sciences
Research Council (EPSRC) had an instrumental role in
guiding higher education institutions in UK to develop
RDM policies (Castle, 2019; Cox et al., 2017). In Europe,
the open science movement underpins the research
scene, influencing funders to impose strict requirements
such as the mandatory submission of data management
plans and open data sharing (Tenopir et al., 2017). The
cascading effect created by these mandates on institu-
tions and libraries to roll out RDM services was briefly
mentioned by Richardson et al. (2012), Pinfield et al.
(2014), Cox et al. (2017), and Southall and Scutt (2017).
Conversely, in Asia, many RDM services tend to be
initiated by libraries or librarians, suggesting a more
ground-up approach in this region. This proactiveness
was evident in Huang et al. (2021) where some academic
libraries in Hong Kong went ahead to offer RDM services
in the absence of institutional RDM policies. The inter-
play between the push factor (library role) and the pull
factors (needs of researchers or institutional policies), as
described earlier, appears to play a more significant role
on the implementation of RDM services in some Asian
academic libraries where the influence of funder man-
dates and national frameworks related to RDM has not
been extensive (Sinha et al., 2023).

It was also noted in RQ1 that academic libraries in
Asia were actively providing a variety of advisory and
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technical RDM services (see Table 8). Although RDM ser-
vices in this region were generally in their infancy, it was
nonetheless interesting to observe the enthusiasm in
exploring and offering a diverse suite of services despite
being in a research environment with less stringent
requirements from funding bodies and little to no RDM-
related policies or strategies in place at the national levels
or institutional levels (Amanullah & Abrizah, 2023;
Huang et al., 2021; Nie et al., 2021; Singh et al., 2022;
Sinha et al., 2023). This contrasted with academic librar-
ies in regions like the UK and Europe, which had stron-
ger funder mandates and a greater presence of
institutional policies. Based on our studies, these libraries
provided mainly advisory RDM services (with repository/
archive being the only technical RDM service provided)
and little to few technical RDM services.

3.7 | RQ4: Effectiveness of RDM services
3.7.1 | Challenges in evaluating effectiveness
of RDM services

Evaluating the effectiveness of RDM services in libraries is
a challenging and complex endeavor. Case studies like
Morgan et al. (2017), Southall and Scutt (2017), and Coates
et al. (2018) have illustrated that there was no “one-size-
fits-all” approach, revealing that the effectiveness of RDM
services can manifest in both tangible and intangible
forms. It is generally easier to gather tangible evidence of
impact from RDM services like instructional workshops
and guides as metrics for assessing reach, engagement,
quality, and knowledge retention can be obtained rather
effortlessly (Coates et al., 2018). In contrast, RDM services
such as those supporting data publishing, sharing, cura-
tion, and preservation processes offered intangible benefits
(Coates et al., 2018) which were often demonstrated in
user perceptions or other forms of descriptive feedback.
Thus, the nature of RDM services, along with other com-
plex factors such as institutional contexts, reporting objec-
tives, and available resources, warrants a deliberate
selection of the evaluation approach(es) to be adopted. A
holistic evaluation of RDM services might be best achieved
using a combination of quantitative and qualitative mea-
sures. Another issue to consider is the assumption that
librarians are adequately competent to conduct a good ser-
vice evaluation (Coates et al., 2018).

3.7.2 | Overview of studies mentioning
effectiveness of RDM services

Of the 89 papers reviewed in this study, 35 discussed the
effectiveness of RDM services implemented by academic

libraries to support the research data life cycle to varying
extents. Of these, 33 papers mentioned their RDM services
were effective. The most common observation made by
many libraries was the increase in awareness, visibility,
and use of their RDM services by researchers which conse-
quently  enhanced their =~ RDM competencies
(Blackwood, 2021; Carson et al., 2023; Claibourn, 2015;
Clement et al., 2017; Coates et al, 2018; Fallaw
et al., 2021; Foster et al., 2022; Gordon et al., 2015; Hiom
et al., 2015; Hrynick et al., 2023; Lafferty-Hess et al., 2020;
Moon, 2014; Morgan et al., 2017; Nie et al, 2021;
Read, 2019; Reilly & Dryden, 2013; Rod et al., 2024; Saarti
et al.,, 2020; Southall & Scutt, 2017; Surkis et al., 2017;
Timms, 2024; Téwe & Barillari, 2020; Verhaar et al., 2017;
Whitmire, 2015; Wittenberg & Elings, 2017; Xiao
et al., 2022; Yu et al., 2017). Some libraries received good
feedback and acknowledgements on their RDM services
(Blackwood, 2021; Castle, 2019; Clement et al., 2017;
Féret & Cros, 2019; Hiom et al, 2015; Lafferty-Hess
et al, 2020; Read, 2019; Surkis et al, 2017
Whitmire, 2015; Yu et al., 2017), while others noticed the
visible growth of their RDM services since inception, the
strengthening of partnerships with other institutional
stakeholders and the increased interest from internal
departments and external organizations to contribute or
collaborate (Blackwood, 2021; Castle, 2019; Curdt
et al., 2022; Féret & Cros, 2019; Nie et al., 2021;
Read, 2019; Wittenberg & Elings, 2017). A handful of
libraries also noted the success of their RDM services as a
key enabler for their librarians to be seen as an important
and integral part of RDM within their respective institu-
tions (Claibourn, 2015; Davis & Cross, 2015;
Federer, 2013; Féret & Cros, 2019; Read, 2019).

However, two papers reported that RDM services pro-
vided by the libraries studied were either unsatisfactory
or inadequate in supporting the research data life cycle.
Masinde et al. (2021) investigated researchers’ percep-
tions of RDM services offered by a library at University of
Nairobi situated in Kenya and found that an overwhelm-
ing majority of the researchers were unsatisfied with the
quality of both information and technical data services.
Meanwhile, Amanullah and Abrizah (2023) investigated
the status of RDM services in Malaysian academic librar-
ies and found a lack of RDM services at the planning
stage (e.g., RDM and DMP training), a phase regarded by
authors such as Amanullah and Abrizah (2023) and Ver-
haar et al. (2017) as fundamental for proper RDM imple-
mentation. Additionally, many of these academic
libraries offered bibliographic reference management ser-
vices and advisory services on scholarly publishing but
perceived them to be data citation services and data pub-
lishing services respectively (Amanullah &
Abrizah, 2023). According to their study, the presence of
such misunderstandings harbored by several Malaysian
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academic libraries, coupled with the absence of DMP and
other services in the RDM planning phase, reflects the
inadequacies of existing RDM services in supporting
the entire RDM life cycle in Malaysia.

Some studies (Clement et al, 2017; Wang &
Fong, 2015; Whitmire, 2015; Wittenberg & Elings, 2017)
indicated that discipline-specific RDM services could be
more effective than broad or discipline-agnostic RDM
services in meeting the needs of researchers from various
disciplines. Other studies highlighted the differing RDM
needs among disciplines (Verhaar et al., 2017) or the dis-
ciplinary differences to be considered when implement-
ing RDM services such as RDM approaches and
academic practices (Castle, 2019; Tenopir et al., 2012)
and the research data collected which would lead to vari-
ances in metadata standards (Wang & Fong, 2015;
Whitmire, 2015). Researchers might also prefer
discipline-specific RDM guidance and instruction
(Whitmire, 2015; Wilson & Jefferys, 2013, as cited in
Wittenberg & Elings, 2017). Notably, “subject-specific
RDM support” was one of the 10 recommendations pub-
lished in 2012 by the LIBER working group on e-sciences
to libraries starting RDM services (Christensen-Dalsgaard
et al., as cited in Castle (2019)). In addition, CESAER
(an association representing the universities of science
and technology in Europe) published a white paper
(excluded in this study) in 2022 calling for institutions to
strengthen subject-specific RDM support (Bjornmalm
et al., 2020). However, CESAER recognized that the opti-
mal approach towards RDM implementation was one
where an institutional-wide RDM policy was comple-
mented with discipline-specific RDM policies and pro-
cesses (Bjornmalm et al., 2020). This perspective was also
held by Castle (2019) in a paper which compared central-
ized and discipline-specific RDM services. Elsewhere,
Ghent University in Belgium and Leiden University in
the Netherlands adopted this approach respectively when
establishing their RDM programmes or processes
(Hermans, 2017; Verhaar et al., 2017) while the Bodleian
Libraries at the University of Oxford exemplified it by
offering a mixture of broad and discipline-specific RDM
workshops (Southall & Scutt, 2017).

3.8 |
review

Implications of the systematic

One of the key practical implications of this review is the
importance of acknowledging that not all libraries have
the same level of funding, infrastructure, personnel, or
necessary skills to provide the required advisory or tech-
nical RDM services within their institutions. Each library
needs to examine its workflows, infrastructure, and

resources to provide effective RDM services required by
its institution and researchers. With all these factors at
play, it is paramount that academic libraries understand
their institutional, national, and regional contexts while
balancing between their own library's resources, infra-
structure, and workflows. Librarians interested in repli-
cating the successes of other libraries to implement their
own RDM services can look at the studies from this
review to identify the type of RDM services they have
implemented and understand how they have done so
within their own context.

In addition, institutions and academic libraries need
to evaluate their approach to providing RDM services
either at a centralized or discipline-specific level. As the
studies earlier mentioned, there are indications that
discipline-specific RDM services could be more effective
than centralized or broad RDM services. If libraries see
that it is their role to provide RDM services, they will
need to take the necessary actions to carry out these ser-
vices effectively, such as providing resources and infra-
structure, upskilling their librarians with the necessary
skills to support RDM, or even seeking help through part-
nerships with internal or external stakeholders to fill
any gaps.

Following that, this review shows how crucial part-
nerships are for effective RDM services. As highlighted
by Cox et al. (2019), there is a fine balance between col-
laboration and competition of libraries and other stake-
holders involved in the implementation of RDM services.
Based on their RDM maturity model, more collaborations
and deeper partnerships are required to provide higher-
level technical RDM services. Academic libraries and
other internal stakeholders within their institutions need
to recognize the complementary roles they could poten-
tially play to support RDM needs. If internal partnerships
are inadequate or unavailable, academic libraries can
seek partnerships with external partners at a national or
regional level. As highlighted by Bryant et al. (2017), the
responsibility of providing RDM support requires
the attention of the entire university rather than specific
units. Libraries need to seek collaborations and partner-
ships with other stakeholders to drive effective RDM ser-
vices for their own institutions.

More efforts are also needed to recognize and encour-
age researchers to adopt RDM practices. While our
review has looked at some of the reasons why RDM ser-
vices are provided, deeper analysis into this related topic
highlights the additional work required to truly enable
good RDM practices. Although there is some evidence of
incentives provided to researchers for gopod RDM prac-
tices, such as recognition through badges (Feger
et al.,, 2021; Kidwell et al., 2016) or credit, recognition,
citations, or co-authorship (Devriendt et al., 2022; Gomes
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et al., 2022; Tenopir et al., 2020), reviews on this topic
indicate that more can be done by all stakeholders
involved to either incentivize or push for greater adoption
of good RDM practices (Devriendt et al., 2021; Perrier
et al., 2020; Woods & Pinfield, 2021). The push for RDM
adoption, open science, and reproducible research prac-
tices requires a balance between compliance and incen-
tives (Anger et al., 2022; Feger et al., 2020).

Lastly, as noted by Coates et al. (2018), there was little
discussion in the literature on evaluating the quality or
effectiveness of RDM services. This was also seen through
our review, as there were comparatively fewer mentions
about the effectiveness. As the demonstration of impact
requires time, another recommendation is that academic
libraries should endeavor to evaluate their implemented
RDM services and start planning or thinking about it as
early as possible within feasible means to facilitate evi-
dence gathering. For a start, libraries and librarians may
refer to Coates et al. (2018) which suggested four different
methods to evaluate RDM services. This will allow aca-
demic libraries to make evidence-based decisions such as
ascertaining which RDM services to maintain, optimize,
or eliminate while demonstrating their value as library
and information professionals.

3.9 | Limitations and future research
Several limitations exist in this review which should be
addressed in future research. First, based on the inclusion
and exclusion criteria of this review, only relevant peer-
reviewed studies published in the English language are
considered. The search was conducted through the
earlier-mentioned sources using the prescribed search
strategy across the specified time period. While a compre-
hensive search, selection, screening, and review were
done, it is possible that some studies might be inadver-
tently missed. In addition, this specific search only
retrieved a small number of studies for certain regions
like Africa and the Middle East compared to the USA,
which affects sample representativeness and makes anal-
ysis inconclusive for certain regions.

Second, it is important to be reminded that each
research study represented a snapshot of the RDM services
offered during the time of research and publication, leading
to a time lag between when the data on RDM services were
collected and when it was published. Additionally, the dif-
fering publication dates on the respective journals’ websites
and in the full-text documents of the papers retrieved, an
issue highlighted earlier, complicate the tracing of develop-
ments over time. Each study would also have its own
research question and focus, which led to its investigation
of certain RDM services provided at the library.

| JASIST BUIRER

Third, methodological constraints exist in this paper.
As this review primarily focused on published articles,
many websites and library guides were not covered.
Future studies could include such sources to investigate
the RDM services offered. As shown in the risk of bias
assessment, the MMAT approach was employed. Despite
studies that did not completely address the MMAT cri-
teria, these studies were still included as they provided
findings that address our research questions. On coding,
two of the coding schemes are based on results estab-
lished in Cox et al. (2019) study. While the schemes are
comprehensive, there may be new RDM services or rea-
sons for implementation that are unaccounted for. Fur-
thermore, the RDM services, resources, reasons for
providing the services, and their effectiveness must be
explicitly mentioned in the publications for them to
be coded and synthesized as part of the review results. It
may be possible that some insights were missed out for
each RQ.

Nevertheless, the results and discussion above have
highlighted important findings, observations, and conclu-
sions that are helpful for academic libraries to refer to
when considering the implementation of RDM services
within their own institutional contexts. Future research
could examine the relationships between different stake-
holders providing RDM services to identify the multitude
of factors that led to their successes or failures. Addi-
tional studies could deep dive into the policies and man-
dates that influence RDM to better understand how RDM
services can be provided in an effective manner.

4 | CONCLUSION

Based on the synthesis of findings and results from RQ1
to RQ3, national frameworks and institutional contexts
were observed to be strong pull factors that require aca-
demic libraries to provide RDM services. These require-
ments drive the researchers’ needs for RDM, who, in
turn, look towards the library for such RDM services or
support. Findings from RQ4 also highlighted that these
RDM services provided helped to increase the competen-
cies of researchers in various aspects of RDM.

While libraries acknowledge their role as integral in
the research data life cycle, librarians also need to recog-
nize that strong infrastructure, skills, and partnerships
are required to implement successful RDM services.
Many case studies and examples of successful RDM ser-
vice implementations underscore the importance of
strong, effective partnerships between the academic
library and other departments such as the university's
research or academic offices, faculty departments, and IT
departments. In some scenarios, the provision of IT
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systems, infrastructure, or repositories stemming from
such partnerships or by national-level providers created
an efficient and robust system for storing, archiving, and
sharing research data.

In conclusion, managing research data is important
as it further showcases research impact and research out-
put of institutions. With the evolving interdisciplinary
research landscape and use of generative artificial intelli-
gence, effective RDM will aid in the reproducibility and
replicability of science. Robust and effective RDM prac-
tices will also help to ensure integrity and transparency
of research findings. Academic and research libraries will
continue to play an integral role in RDM, and the
insights from this review can help to facilitate librarians,
university administrators, researchers, funding agencies,
and other stakeholders in implementing RDM services in
their respective institutional contexts or contributing to
the research data life cycle.
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