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Abstract

This article presents a survey of literature on Research Data Management (RDM)
with focus on agricultural research institutes. This is to help the understanding of
core issues in RDM such as legal, policy and regulations; skills set and
infrastructure in order to strategically position the agricultural sector in the
knowledge economy and also help in reducing duplication of effort, promoting
innovation, minimizing loss or destruction of research data sets and that ensuring
compliance with funders’ requirements. The author argues that while RDM has
been widely embraced in developed countries Africa is lacking behind. The
literature reviewed in this article seem to suggest that legal, policy and regulatory
framework in agricultural research sectors are either nonexistent or outdated. This
is exacerbated by inadequate technical infrastructure, human resources capacity,
and paucity of national or international partnerships. As a result, research data sets
within agricultural institutes are poorly managed. The establishment of a legislative
and policy framework for RDM, capacity building programs, and improvement of
technical infrastructure are highly recommended.

Keywords: Research Data Management, data curation, research data, agricultural research

institutes, Kenya

1. Introduction

The purpose of this literature review is to examine Research Data Management (RDM) with a
view to understanding legal, policy and regulations in RDM. Research data are valuable
resources that need to be properly managed by research institutes to contribute to technology
innovation and transfer in the agricultural sector. Besides research data being intricate and
complex, they are irreplaceable, expensive and time-consuming to replicate. In addition, the
research institutes must exercise diligence and ensure data accuracy and precision in the
collection, description, preservation, access, reuse and sharing of research data (Fellous-Sigrist
2015; University of California, Los Angeles n.d). The Government of Canada (2016) maintains
that the ability to preserve, access, reuse and build upon research data is critical to the
advancement of science and scholarship. In addition, research data is instrumental in supporting
innovative solutions to economic and social challenges, and holds tremendous potential for
productivity, competitiveness, and quality of life. Therefore, there is a need for research institutes
to engage in RDM cannot be underestimated. Ray (2014) defines Research Data Management

1. Emily Ng’eno PhD is a lecturer in the Department of Library, Records Management and Information Studies, Moi Univer-
sity , Kenya. She graduated with a PhD from the University of KwaZulu-Natal in 2018.

2. Stephen Mutula PhD is Professor of Information Studies and Dean of Humanities, University of KwaZulu-Natal, South
Africa .He supervised Emily’s PhD.

Inkanyiso, Jnl Hum & Soc Sci 2018, 10(1)



29

(RDM) as the collection, organization, validation, and preservation of data for analysis,
discovery, sharing, reuse, and transformation. Fundamentally, RDM consists of different
activities and processes associated with data creation, storage, security, preservation, retrieval,
reuse and sharing taking into account technical capabilities, ethical considerations, legal issues,
human resource capability and government frameworks.

The literature reviewed in this article on RDM is informed by Community Capability Model
Framework (CCM Framework) and Data Curation Centre (DCC) Lifecycle Model (Ng’eno
2018:22). Community Capability Model (CCM) Framework was developed by the United
Kingdom Office for Library and Information Networking (UKOLN), University of Bath and
Microsoft Research to assist research funders, institutions and researchers in growing the
capability of their communities to perform data-intensive research (Lyon, Ball, Duke & Day
2012). It focuses on eight capability factors that include collaboration, skills and training,
openness, technical infrastructure, common practices, economic and business, legal and ethical,
and academic issues representing human, technical and environmental issues. Key variables in
CCM framework relevant to this literature review on RDM include: openness, skill and training,
technical infrastructure, legal and policy issues, and collaborative partnerships.

The DCC Lifecycle Model on the other hand promotes a lifecycle approach to the
management of digital materials to enable their successful curation and preservation from their
initial conceptualization to either disposal or selection for re-use and long-term preservation
(Higgins 2008). According to Data Curation Centre (DCC) Lifecycle Model, data curation
includes the data capture, appraisal, description, preservation, access, re-use and
transformation of research data. Higgins (2008) emphasizes that Data Curation Centre (DCC)
Lifecycle Model advocates for maintenance of authenticity, reliability, integrity and usability of
digital material which in return ensures quality of RDM. The review is underpinned by the CCM
Framework and DCC Lifecycle Model because the former addresses the community/institutional
capabilities which incorporate skill and training, technical infrastructure, legal and policy issues,
collaborative partnerships and openness which contribute a lot to RDM practices and the later
equally prescribes the activities to be done in RDM such as data curation involving capture,
appraisal, preservation, access and re-use. These activities are the core functionalities in RDM.

Therefore, it can be noted that RDM it is imperative in agricultural research institutes for the
reason that if research data is managed well, it will promote access, sharing and reuse.

2. Research Data Management (RDM)
The availability of huge amounts of new data, often referred to as a data deluge, impacts the
method in which research is carried out for societal benefit. RDM brings benefits to researchers
and research institutes in many ways (Lewis 2010; and Dora and Kumar 2015) such as:
i Ability to share research data, minimizing the need to repeat work in the field or
laboratory;
ii. Research data gathered at considerable cost is not lost or inadvertently destroyed;
iii. Retrieval, comparison, and co-analysis of data from multiple sources can lead to
powerful insights;
iv. New research themes can emerge from re-analysis of existing data or comparisons with
new data;
v. Long-term preservation of data provides for validation check of the data and this
enhances the credibility and transparency of the research data used;
vi. By opening research data sets for the public, there is visibility of the host institution and
its researchers;
vii. Research funders are increasingly requiring researchers to deposit their research data
for proper curation, full utilization, preservation, and reuse (Heidorn 2011; Ingram 2016;
Lyon, Patel, and Takeda 2014).

Inkanyiso, Jnl Hum & Soc Sci 2018, 10(1)



30

Furthermore, Ray (2014) explains that the sharing of research data increases the return on large
investments, advances human knowledge, promotes economic development and reduces costly
data duplication. Open access has emerged as one way of sharing research data to promote the
advancement of knowledge and technology transfer. Organization for Economic Co-operation
and Development (OECD) (2007) points out that the principles and guidelines of open access
include openness, flexibility, transparency and legal conformity, protection of intellectual
property, formal responsibility, professionalism, interoperability, quality, security, efficiency,
accountability; and sustainability. RDM has become even more widely endorsed in agricultural
research institutes and increasingly supported by the mandates of research funders who are
keen to see the greatest possible returns on investments both in terms of quality of research
output and the reuse of research data.

2.1 Legal, policy and regulations in RDM

In essence, RDM legal, policy and regulation framework should respond to a number of RDM
drivers such as: storage, security, preservation, quality, compliance, sharing, and jurisdiction in
order to enhance management, sharing and reuse of research output (Pinfield, Cox and Smith,
2014; Higman and Pinfield 2015).

Smith (2014) in a study on data governance argues that legal environment surrounding
research data lags behind hindering the ability to develop best practices for data management,
sharing and use. Moreover, RDM legal environment includes laws, regulations, and policies
associated with data, as well as strategies for data quality control and management in the
context of agricultural research institutes. In this respect, RDM legal framework ensures that data
can be trusted through facilitation of RDM governance by adoption of appropriate technical
standards, practices and architecture that will necessitate management, sharing and reuse of
research data. A study by Fitzgerald, Pappalardo and Austin (2008) on RDM legal and policy
guide advances the view that RDM legal framework should be comprehensive, coherent and
precise. In addition, Karick (2014) points out that RDM framework should clearly state ownership
and rights associated with research data in order to minimize disputes and provide accountability
for research data.

Policy and regulations affecting RDM must be developed to address data curation, quality
and security as well as ethical requirements, human resource capacity, technical infrastructure
and collaborative partnerships at every stage of RDM. This should result in the development and
operationalisation of an effective and efficient collection, appraisal, preservation, access, reuse
and sharing of research data (Cox and Pinfield 2014). An RDM study conducted through an
online survey of 145 research funders, national bodies and agricultural research institutes by
Mossink, Bijsterbosch, and Nortier (2013) focusing on Support Infrastructure Models for RDM
(SIM4ARDM), underscored the fact that a number of agricultural research institutes with RDM
policy is growing, however there is a need for institutional policies on RDM to have the following
elements:

a) Responsibilities and roles;

b) Access and reuse of data;

¢) Long term preservation/curation;

d) Security;

e) Open accessibility and availability of data;

f) Protection of legitimate subjects of research data (embracing informed consent,
anonymity and confidentially).

g) Provision of mechanisms for storage, back up, registration;

h) Training, support, advice;

i) Copyright and intellectual property issues (copyright, patents, trademarks and design
rights);
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j) Embargo period for open accessibility;

k) Methods used to share guidelines/restrictions on data;

I) Destruction of records;

m) Removal or transport of data;

n) Preferred Licenses for data.
Similarly, the study concluded that there is a need for policies and guidelines to govern
ownership of data created within research institutes and also raise awareness amongst
researchers regarding important research data and related aspects as this was a problematic
area (Mossink, Bijsterbosch, and Nortier 2013). In addition to the elements listed by Mossink,
Bijsterbosch, and Nortier (2013) on what the policy should entail, Smith (2014) posits that RDM
policy and regulation framework should address issues such as copyright, data licensing, data
security, data privacy, and mind-set (researchers to accept the idea of their data being made
available for reuse). Therefore, policy development is a cross-institutional process and by
initiating the conversation about RDM policy, it should be an all-inclusive with the goal to facilitate
effective and efficient management, sharing and reuse of research output (Erway 2013).

3.2 Data curation

Data curation as one of the key aspects of RDM involving research data capture, appraisal,
description, preservation, access, reuse and transformation. Data curation is the active and on-
going management of data throughout its lifecycle of interest and usefulness to research to
enable data discovery and retrieval, maintain quality, add value and provide for reuse over time
(Palmer, Cragin, Heidorn, and Smith 2007). Whyte and Allard (2014) acknowledged the
challenges in data curation with regard to lack of legal framework, standards or procedures to
reference and define mandatory guidelines when curating data.

3.2.1 Data capture
Australian National Data Service (n.d) defines data capture as the process of collecting data
which will be processed and used later to fulfill certain purposes. Research data with good
metadata attached at the point of capture can expedite data sharing, publishing and citation.
Metadata capture is of great value simply because the more information there is about data, the
greater the value of the data whether automatic or manual. Consequently, Australian National
Data Service (n.d) buttress that data capture tools should:

a) Provide processes of organizing and structuring data files;

b) Have data validation components to ensure that captured data meet required types and

ranges;

¢) Enable open and flexible formats where good conversion tools exist; and

d) Allow data to be moved to its destination efficiently and with high quality.

Higgins (2012) advances the view that relationships developed between the researcher and
the information professional is very crucial in planning research data capture, since the former is
concerned with capturing data, while the latter is concern with receiving and ensuring data
capture.

3.2.2 Data appraisal

Appraisal and selection is the process of evaluating research data in order to decide which to
retain over the long term, which to retain for the meantime and which to discard (Higgins 2012;
International Standards Organisation (ISO) 2001). Appraisal and selection policy need to ensure
consistent, transparent and accountable decision making. Whyte and Wilson (2010) state that
appraisal and selection policy must fit legal requirements, for example, relating to privacy and
intellectual property rights, Public Records Acts, national data policies and codes of conducts
adopted by the host institution or agricultural research institutes or funders. Niu (2014) and Eaker
(2016) came up with a framework that synthesized traditional archival appraisal methodologies
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and elements identified from existing appraisal policies with an intention to serve as high-level
guidance for individual institutions to create their local appraisal/selection policies for research
data. Niu (2014) and Eaker (2016) appraisal/selection criteria include:

a) Mission alignment: whether the resource supports the mission and falls within the scope
of the collection policy of a preserver or the institution;

b) Value of digital resources: can either be primary or secondary value as Tibbo (2003);
Schellenberg (1956); and UK National Archives (2012) point out; that primary values
include administrative, fiscal, and legal value while secondary values includes evidential
and information values.

¢) Cost: It could be costs in acquiring, housing, preserving, and processing the collection to
make it accessible also assess whether value of the data exceeds costs;

d) Feasibility: Feasibility of preservation is often determined by the technical capacity which
include metadata and documentation, file formats and protection mechanisms such as
password, digital signatures or encryption (National Archives and Records Administration
(NARA) 2007).

Whyte and Wilson (2010) observed that in agricultural research institutes, research data librarian
and archivist should assume the role and responsibility of setting appraisal/selection criteria and
appraisal policy in consultation with stakeholders, especially researchers and local data
managers in order to know how data would be assessed and how they would increase their
enduring impact.

3.2.3 Data description

Research data description is the documentation that accompanies the research data which
makes it discoverable and usable over time thus metadata standards exist to provide
standardized descriptions, for example, Dublin Core, and computer software (The University of
Western Australia 2016). Proper description and documentation of research data allows users to
understand and track important details, in addition to describing research data using metadata
facilitates, searching and retrieval in data repositories. Regarding the contents of metadata in
describing research data, Cornell University Library (n.d) gives an example of the content of
metadata such as contact information, geographic locations, units of measure, abbreviations or
codes used in the dataset, instrument and protocol information, survey tool details and much
more. Such detailed metadata content facilitates data curation which results in quality RDM.
Data description is imperative in agricultural research institutes in terms of fully describing
research data for easy accessibility, searching as well as retrieval and preservation.

3.2.4 Data preservation

Data preservation means securing permanent access to the original research data from the
finished research project and general characteristics of data preservation is data accessibility to
others for verification or for sharing or collaboration within the scientific community (Kruse and
Thestrup 2014). Subsequently, it is imperative that long-term preservation and protection of
sensitive data are vital characteristics of data preservation actions in agricultural research
institutes. Furthermore, policies and requirements regarding where to deposit research data and
the retention period should be clearly stipulated as well as address the gap between short-term
access and long-term preservation with reference to the type of research data (RECODE Project
Consortium 2014). Activities that support the preservation process should be planned to include
administrative procedures required before undertaking preservation activities and the technical
requirements of preservation.

A survey carried out by Mossink, Bijsterbosch and Nortier (2013) on Support Infrastructure
Models for RDM (SIM4RDM) in Europe revealed that institutional repositories were also
deployed to store finished datasets, for example, the Netherlands, the UK and Finland have well-
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established data archived for storage. Research data preservation is an ongoing process that
should be planned throughout its lifecycle to include the following activities: validation, assigning
preservation metadata, assigning representation information and ensuring acceptable data
structures (Data Curation Centre 2004). These preservation actions should ensure that research
data remain authentic and reliable while maintaining their integrity.

3.2.4.1 Data repository

Data repositories are another strategy that could facilitate preservation of research data to
ensure that researchers, scholars and other stakeholders can be assured of availability,
accessibility, preservation and dissemination of content (Decman and Vintar 2013; and Yiotis
2008). An effective data repository is usually achieved through the collaborative works of
librarians, information technologists, archivists, policymakers and research institute
administration. On their part, research funders and publishers require agricultural research
institutes to deposit research data in certified and credited repositories, in an effort to secure the
reusability and long-term preservation of research data. RECODE Project Consortium (2014)
agrees that obtaining accreditation or certification to appropriate standards is a way for ensuring
both the quality of data repositories and of the quality assurance process.

Good data repositories are goldmines for agricultural research institutes because they bring
in the benefits of open access as well as enhance sharing and reuse of research data. On the
contrary, Parker (2012) points out that there are complexities around clarity of ownership,
description and preservation formats of research data in data repositories which results in some
discontentment among researchers. In this regard, Amorim et al. (2015); Bush (2009); and Fary
and Owen (2013) state that if a clear and articulated RDM policy is in place, then issues of
ownership, storage, formatting, description, networks, and software will clearly be spelled out to
allow fluent RDM. Agricultural research institutes need to invest aggressively in data repositories
in consultation and in collaboration with the government, agricultural research institutes and
RDM stakeholders in order to change the landscape of scholarly communication across
agricultural research institutes.

3.2.5 Data access
Open access refers to the practice of making peer-reviewed scholarly research and literature
freely available online to anyone interested in reading it (European Commission 2016; and
OECD 2007, 2004). It is imperative that open access movement (Berlin Declaration 2003;
European Commission 2016; Higman and Pinfied 2015) have advocated for research data to be
carefully preserved and made widely available through open access to enhance sharing, use
and reuse. The Scholarly Publishing and Academic Resources Coalition (n.d) lists three key
requirements for open access; first- availability, second- access and third- redistribution and
reuse. In contrast, RECODE Project Consortium (2014) found out that most agricultural research
institutes in the European Union focus on open access to publications rather than research data
and therefore there is need to develop policies that allow the openness of research data but
safeguarding the intellectual property rights, ownership while meeting the funders requirements.
There are also institutional and community benefits provided by open data (Macdonald and
Martinez-uribe 2010; Ball 2012; and NSF 2011) which include:

a) Visibility in terms of increased citation and usage, and greater public engagement;

b) Make new discoveries through faster impact, wider collaboration and increased

interdisciplinary conversation; and

¢) Comply with funder mandates.
In sum, open access is a means to advance knowledge, increase the benefits and return of
investment in research and to foster innovation. Open access to research data from public
funding should be easy, user-friendly and preferable internet based (Thanos 2010), but this will
only be possible if policy, legal and technological dimensions are addressed, for instance,
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technology must render physical and semantic barriers irrelevant, while policies and laws must
address and supplant outdated legal jurisdictional boundaries.

3.2.6 Data use and reuse

The use of data collected in addressing emerging issues or being reused to find out whether a
research establishes same conclusions or re-analyses of existing data to come up with powerful
insights is imperative to RDM and agricultural research institutes (Lewis 2010; and Heidorn
2011). Improvement in technology, tools and communications have made research data easier
to use and reuse. Since research data is data-rich, researchers have the opportunity to research
into many aspects, including re-analysis of existing data, verification of results, minimization of
duplication of efforts and acceleration of innovation, leading to improved production and
attainment of good economic and social standing.

3.2.7 Sharing research data

There is need for agricultural research institutes to provide not only structures and policies for
research data sharing, but services to support and educate researchers on concepts of data
management and strategies for sharing data that can often be vital for the continuation of
research (Karasti, Baker and Hakola 2006). Van den Eynden, Corti, Woollard, Bishop and
Horton (2011) buttress the following as benefits of sharing research data:

a) Encourages scientific enquiry and debate;

b) Promotes innovation and potential new data uses;

¢) Leads to new collaborations between data users and data creators;

d) Maximizes transparency and accountability;

e) Enables scrutiny of research findings;

) Encourages the improvement and validation of research methods;

g) Reduces the cost of duplicating data collection;

h) Increases the impact and visibility of research;

i) Promotes the research that created the data and its outcomes;

Jj) Can provide a direct credit to the researcher as a research output in its own right and

k) Provides important resources for education and training.
In the same vein, Van den Eynden et al. (2011) describes various ways of sharing research data
including:

a) Depositing them with a specialist data centre, data archive or data bank;

b) Submitting them to a journal to support a publication;

¢) Depositing them in an institutional repository;

d) Making them available online via a project or institutional website and

¢) Making them available informally between researchers on a peer-to peer basis.

The ease, with which digital research data can be stored, disseminated and made easily
accessible online, means that many institutions should strive to share research data to enhance
the impact and visibility of the research. The majority of the research funders in their research
data sharing policy and mandates insist that publicly funded research data should, as far as
possible, be openly available and encourage researchers to share data and outputs to the
scientific community and stakeholders (American Psychological Association 2015).

In reviewing literature on data curation, Palathingal et al. (2015) concluded that a global
trend on curating agricultural research data in the emergence of data-intensive research call for a
well-designed technical infrastructure, trained human capital, policies and procedures at every
stage of data curation and collaboration among agricultural research institutes in order to fill gaps
at every stage of data curation.
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3.3 Knowledge, skills and training requirements of RDM
Most extant studies have focused on the training of librarians, IT specialists, archivists and
researchers to manage metadata, research data archives, data repositories, data curation,
searching and retrieval, access, and web portals (Kuusniemi, Heino and Larmo n.d; Cox and
Pinfield 2014; and Molloy and Snow 2012). The Society of College, National and University
Libraries (SCONUL) (2015) advance the views of the Digital Curation Centre (DCC) and
Research Libraries in United Kingdom on the knowledge and skills required of RDM staff in
supporting RDM by highlighting the following:
1. RDM knowledge

a) The research data cycle and the stages of a research career in order to understand

where support might be most needed;

b) RDM principles, including RDM planning, curation and preservation;

¢) The discipline-specific nature of data; and

d) Open access and data sharing.

2. RDM skill

a) Advocacy, negotiation and diplomacy to work with researchers and other professional
staff;
b) Guidance and training to support researchers in carrying out their responsibilities;
¢) Advice and guidance to assist with necessary processes and procedures;
d) Understanding researcher requirements in order to anticipate and provide appropriate
support;
e) Bibliometrics; and
f) Monitoring data reuse, citations and impact.
According to a study done by Henty (2014) on RDM competencies, the training needs of RDM
occasioned by the influence of ICTs needs to address data generation, processing, preservation,
dissemination, sharing and reuse. This view is consistent with the argument advanced by Taylor
(2014) that skills acquired to curate, access, reuse, and share research data with the advent of
new technologies remains one of the major challenges. Taylor continues to explain that
researchers, librarians, archivist and IT specialists are deficient in knowledge and skill that
pertains manipulation, interpretation and long term access to research data collected.
Researchers often require training to enable them to acquire knowledge and skills needed to
make their research data available and accessible or how to reuse data and incorporate data in
their research process. Also, librarians, IT specialists and archivists require training on provision
of research data services (RECODE Project Consortium 2014).

The right skills still need to be recruited and developed, and this would only be possible if
the RDM stakeholders have a good understanding of the niche areas that need to be occupied.
Therefore, agricultural research institutes should engage in professional development activities
for RDM through workshops, conferences, seminars, as well as formal training programs and
curricula that enable the gradual development of research data-scientists, RDM skills and
knowledge. In the same perspective, RDM advocacy, awareness and data literacy should also
be considered as imperative in advancing skills and competences in RDM. However, Lyon
(2012) and Lewis (2010) propose that innovative approaches are needed to address the
significant knowledge and skill gaps, data literacy and training in RDM especially in the areas of
data curation, open access repositories and research data services.

3.4 Information and Communication Technology (ICT) infrastructure for RDM

The digital revolution is transforming the way scientific research is conducted. Henty (2014)
illuminated that the growing contribution of ICTs to research has excited researchers the world
over as they invest in new ways of conducting research and enjoy the benefits of more
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sophisticated computers and communications systems that support measurement, analysis,
modeling, simulation, collaboration and publishing. It is important in today’s research
environment for researchers to embrace the use of ICTs in order to effectively collect, analyse,
preserve, share and manage research data while at the same time being able to access multi-
scale, multi-discipline and multi-national research data. Australian government (n.d) asserts that
development in ICTs is revolutionizing the research sector by setting up high-speed networks,
web portals, metadata, and data repositories bringing in substantial potential benefits in data
generation, analysis, manipulation, sharing and reuse. Amorim et al. (2015) emphasize the need
for compatibility of data repositories, metadata, security systems, data management systems,
search mechanisms and community acceptance as they are central to RDM.

A survey conducted by Maru (2004) on ICT in agricultural research and development in
Sub-Saharan Africa found out that National Agricultural Research System (NARS) have major
gaps and weaknesses in ICT infrastructure, such as

a) Capability, including skills and training;

b) Content, including generation and management;

¢) Capital, with focus on funding;

d) Connectivity, not only physical but the ability to access information buy individual and

user community;

e) Organisational or institutional culture; and

) Conceptual framework (legal and policy framework) related to ICT.
Furthermore, Coherence in Information for Agricultural Research for Development (CIARD)
(2012) did a case study on Kenya Agricultural Information Network (KAINet) and established that
the use of Web 2.0, You Tube and Social Networking to enhance visibility and exchange of
research outputs, including metadata, has not been widely implemented and embraced by most
of Kenya's agricultural research institutes. In addition, Physical security, network security and
security of computer system and files all need to be considered to ensure security of data and
prevent unauthorized access, changes to data, disclosure or destruction of data (Princeton
University 2017). Data security arrangements need to be proportionate to the nature of the data
and the risks involved. Data security may be needed to protect intellectual property rights,
commercial interests, or to keep personal or sensitive information safe (Van den Eynden et al.
2011). A qualitative study by Piennar (2010) conducted at the University of Pretoria on RDM
practices revealed that ICT infrastructure such as web portals, institutional repositories,
networks, hardware and software for RDM were not fully developed to facilitated full
operationalization of RDM.

3.5 Collaborative partnerships influencing RDM
Collaboration within institution and among institutions is necessary for the sharing of research
data, and for creating and sustaining public-private partnerships among research institutes, and
partners (Pinfield, Cox and Smith 2014; Erway and Rinehart 2016; and Flores et al. 2015).
Bracke (2011) illuminates that in the long run, however, RDM potential will only be tapped if the
many actors in data creation, management and use are able to develop collaborations to build
shared infrastructure and to develop and implement best RDM. Moreover, agricultural research
institutes should uphold good governance that would promote collaboration within and across
research areas, nationally and internationally, and ensure the effective establishment, operation
and management of research data infrastructure. Collaborative research networks in agricultural
research institutes create a significant amount of new data and it is imperative that this data is
well managed to ensure that it is secure, discoverable, accessible, useable and re-usable
(Gibson and Gross 2013).
Pinfield, Cox and Smith (2014) interviewed 26 respondents with regard to collaborative
partnerships. The findings revealed that collaborative partnerships on one hand have benefits
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such as metadata exchange, sharing, and reuse of research data and on the other hand,
challenges such as lack of teamwork and policies governing collaborative partnerships.
Australian Government (n.d) calls for a national collaborative approach to investment in research
data infrastructure in order to reduce duplication, enhance economic use of resources, and
optimize research outcomes and benefits. In addition, appropriate access arrangements and
agreed standards will facilitate collaboration, fostering multi-disciplinary research uses for
existing data, enabling researchers to address emerging problems in new ways.

4.0 RDM initiatives and challenges in agricultural research institutes

RDM in developed countries such as United Kingdom (UK), United States of America (USA),
Australia and Canada have made great advancements (Lewis 2010; NSF 2007; and Henty
2014).

4.1 RDM perspective in United Kingdom

Large-scale management of the research data emerged over forty years ago in Europe when the
UK Data Archives was established to manage paper-based surveys and other data outputs. This
has been given impetus by the growth of digital research data and growing interest in long-term
preservation, curation, and storage of research data for reuse and sharing (Lewis 2010). In the
year 2001, the UK government funded e-Science Core Program, administered by the
Engineering and Physical Sciences Research Council (EPSRC) on behalf of Research Councils
UK to establish infrastructure, middleware and documentation to facilitate wide uptake of RDM
(Lewis 2010; and Hey and Trefethen 2003). Furthermore, e-Science Core Program also
supported demonstrator projects to enable researchers to understand the scope, capability, and
implications of e-research projects and the need to manage data that was generated forthwith
with a focus on areas (Lewis 2010) such as:

+ Data-intensive: generating and often using large volumes of data;

+ Collaborative: involving researchers across multiple institutions and transnational limitations;

» Grid-enabled: using high-capacity network and middleware.
According to Lord and Macdonald (2003), the Joint Information Systems Committee (JISC)
commissioned a report on the curation of e-Science data and together with the e-Science Core
Program, highlighted the role of the Digital curation centre with recommendations about the need
to develop national capacity and capability to handle RDM. As can be seen, RDM featured
prominently in e-Science Core Program and JISC in the UK which propelled the significance of
Data Curation, (Data Curation Centre, DCC) lifecycle model (was a key recommendation in the
JISC), technical infrastructure, legal issues, and human capabilities.

4.2 RDM perspective in United States of American (USA)

The growth of digital research has seen the emergence of data-intensive and collaborative
research leading to the establishment of the National Science and Technology Council
Committee (NSTCC) in the USA and the e-Infrastructure Reflection Group in the European
Union to advise on capability, capacity and infrastructure in data management (Van den Eynden
et al. 2011). These developments have increased investment in data management (Lewis 2010).
For example, the USA- NSF has invested funds and cyber-infrastructure for research data
curation through DataNet programme (NSF 2007). The introduction of DataNet program was as
a result of the introduction of data management plan requirements by the NSF which could result
in an effective and efficient RDM and for this reason drew attention to the need for data
management infrastructure, both in terms of hardware, human and policy support (Halbert 2013;
and NSF 2007). The NSF mandate was neither unprecedented nor an isolated intervention. The
National Institutes of Health (NIH) had implemented the first mandate in 2003, requiring
researchers to comply with data sharing and data management practices (NIH 2003). Other
federal agencies, for example, the National Endowment for the Humanities, adopted a
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requirement for data management plan that explicitly emulated the NSF requirement (National
Endowment for the Humanities 2013).

To this end, it can be noted that the USA government has laid down strategies to create a
comprehensive framework of transparent, evolvable and extensible policies, infrastructure,
management and organisational structures that provide reliable and effective access, reuse and
sharing of research data.

4.3 RDM perspective in Australia

Australia has also moved with relative alacrity to develop data management of e-research and
has set up the Australian National Data Services (ANDS) funded by the Australian government
through the National Collaborative Research Infrastructure Strategy (NCRIS) (ANDS Technical
Working Group 2007). In this regard, ANDS core purpose is to make Australia’s research data
assets more valuable for researchers, agricultural research institutes and the nation. Henty
(2014), in support of this view opines that Australian agricultural research institutes and
researchers are keen to have greater access, sharing, and reuse of research data resulting in
greater efficiency in RDM. In light of newly developed strategy, “The 2011 Strategic Roadmap for
Australia Research Infrastructure”, the Australian government has made significant investments
in research data infrastructure to facilitate collection, generation, manipulation, curation, access
and dissemination (Australian Government n.d). Carrick (2014) points out that RDM in Australia
is an essential component of all research leading to the establishment of, and sharing of
‘Australian Code for the Responsible Conduct of Research’, jointly developed and issued by the
National Health and Medical Research Council (NHMRC), the Australian Research Council
(ARC), and Universities Australia. The code assigns researchers and their institutions the
responsibility of addressing ownership, storage and retention, access to, and sharing of research
data.

4.4 RDM perspective in Canada

In Canada, RDM services have become a high priority for government agencies and post-
secondary institutions in recent years. While it has lacked coherent national strategies for
developing the digital infrastructure required for e-research, such as those in Australia or the UK,
still there remains a growing expectation for sound RDM (Whitehead and Bourne-Tyson n.d).
Due to different aspects of digital infrastructure being operated separately at different
government levels and not as part of a cohesive whole at the national and institutional levels, the
Canadian government funded three main federal research granting council known as the ‘Tri-
Agencies’ with the sole purpose of strengthening RDM in Canada and maintain Canada’s
research excellence (Government of Canada 2016). The Tri-Agencies (Whitehead and Bourne-
Tyson n.d; and Government of Canada 2016) are:

a) The Canadian Institutes of Health Research;

b) The Natural Sciences and Engineering Research Council of Canada; and

¢) Social Sciences and Humanities Research Council (SSHRC).

According to Fry, Doiron, Létourneau, Perrier, Perry et al. (2017), the Tri-Agency Statement of
Principles on Digital Data Management heightens the need for a collaborative national
perspective on RDM that has been missing in Canada. Under its auspices, the statement
outlines the agencies’ overarching expectations for RDM and the role of researchers, agricultural
research institutes, research communities, and research funders in supporting data management
(SSHRC 2015). In Addition, the Canadian government through the Tri-Agencies promotes and
supports research, research training, knowledge transfer and innovation within Canada. Like
other developed countries, the Canadian government and SSHRC (Government of Canada
2016; and SSHRC 2015;) maintains that in promoting access to research results, the Tri-
Agencies aspire to advance knowledge, avoid research duplication and encourage reuse,
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maximize research benefits to Canadians and showcase the accomplishments of Canadian
researchers. In this respect, the Canadian government and research funders are becoming
increasingly aware of the value of research data, the importance of fostering reuse of research
data and the need for policies to enable excellence in RDM (Government of Canada 2016; and
Sewerin 2015).

4.5 RDM perspective in South Africa

South Africa is leading the cluster of African countries in embracing RDM (Van Deventer and
Piennar 2015). Some research councils and institutes, and academic and research libraries in
South Africa have initiated programs towards the realization of RDM. For example, the University
of Cape Town (UCT) has established e-Research centre to work and partner with researchers in
finding IT solution for their research work while the University of South Africa (UNISA) has
completed investigation into RDM as part of the plan to establish data management (Macanda,
Rammutloa and Bezuidenhout 2015). The University of Pretoria, Stellenbosch and
Witwatersrand are at different planning and implementation stages (Van Wyk and Van der Walt
2014; Van Deventer and Piennar 2015). An investigation on “Research Data Management in
South Africa” by Kahn, Higgs, Davidson and Jones (2014) found that in South Africa, a number
of data repositories have been established to manage research data. They include South African
National Park, National Health Information Repository and Data Warehouse, and Data Intensive
Research Initiative of South Africa (DIRISA). Lotter (2014) and Fernihough (2011) affirm that
DIRISA is one of the initiatives aimed at promoting RDM in the country.

Van Deventer and Piennar (2015) postulates that the Council for Scientific and Industrial
Research (CSIR), DIRISA and National Integrated Cyberinfrastructure System (NICIS) are
setting systems in place in terms of data curation, policies, technical infrastructure, and human
capability to enable management, reuse, and sharing of research data. In the same vein, the
National Research Foundation (NRF) - South Africa, as the leading government research
funding agency, has been involved in many initiatives to allow the sharing of research outputs,
datasets research support and knowledge networking databases which contribute to knowledge
generation for the support and promotion of research development (NRF 2015). Studies done by
Kahn et al. (2014); Lotter (2014); and Van Deventer and Piennar (2015) on RDM landscape in
South Africa, shows that there are high levels of awareness of RDM in research and academic
institutions with notable activities of Network of Data and Information Curation Communities
(NeDICC) in most agricultural research institutes. NeDICC aims to promote the development and
use of research data including curation standards and practices of agricultural research institutes
to ensure the long term preservation and accessibility of digital research outputs (UCT 2016).
Kahn et al. (2014) nevertheless singled out issues of leadership, policy and skills as areas that
require the most urgent attention.

4.6 RDM perspective in Kenya

In Kenya, there is some attempt, albeit limited, to promote RDM especially in the health and
migration sector (Jao , Kombe, Mwalukore, Bull, Parker et al. 2015; Family Health International-
Kenya 2005; Olum 2013). Olum (2013) posits that despite Kenya having adequate migration
data in various institutions, the data is not sufficiently coordinated, shared, analysed or
disseminated. Olum further observed that many of the government and civil institutions have
limited capacity, resources and facilities for collection, analysis, use and reuse, and sharing of
migration data hence making access and use of migration data difficult. Furthermore, the health
sector in Kenya is making strides in embracing the sharing of research data albeit at a rate of
limited rapidity. Lairumbi, Parker, Fitzpatrick and Mike (2011) opined that health research data
sharing in Kenya is vital among health researchers for example, sharing research data on
malaria or HIV/AIDS could enhance clinical vaccine trials and advance breakthroughs in the
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health sector. However, sharing health research data is not fully embraced, leading to
underutilization of research data.

World Agroforestry Centre based in Kenya organized RDM training for agroforestry
research scientists whose aim was to encourage necessary allocation of resources such as,
skilled personnel and technical infrastructure for data management (World Agroforestry Centre
2002). Equipped with the RDM training manual, the World Agroforestry Centre made an
incredible step in introducing RDM into the agriculture sector. The assessment by scholars
(Chisenga 2012; Mugata 2014; Alila and Atieno 2006; World Agroforestry Centre 2002) on RDM
in Kenya established that various institutions, specifically agricultural research institutes have
rich valuable research data that needs to be managed effectively in order to enhance the
institutes mandate, increase agricultural productivity and enhance food security. Mugata (2014)
asserts that accessing agricultural research data in Kenya is not easy for researchers and other
stakeholders in agriculture due to limited institutional skills, legal framework, infrastructure and
strategies that support RDM. However, to facilitate agricultural related content accessibility,
visibility and sharing in Kenya, Kenya Agricultural Information Network (KAINet) was established
(Mugata 2014). KAINet aims at building a common and freely accessible information system for
the generation, collection, processing, preservation and dissemination of agricultural research
data and information.

5 Discussions

In analyzing and evaluating literature review on RDM the following issues emanates.

Erway (2013); and Higman and Pinfield (2015) point out that failure to establish legal and
policy protocols for RDM is likely to diminish the potential for valuable research outputs to be
made available for access, sharing and reuse .For example, Agricultural research institutes are
increasingly getting involved in data-intensive research projects that cut across disciplinary
borders and also involve communities of researchers participating in large-scale collaborations.
In this respect, there is a need to develop legal frameworks, policies and regulations on RDM to
facilitate systems and services in enabling research data to be managed, accessed, shared,
reused and secured. Fitzgerald and Pappalardo (2007) assert that RDM occurs in legal and
policy contexts and the principal areas of law that cover RDM includes copyright, moral rights,
patents, confidentially, contract, and privacy. In addition, Erway (2013); and Jones, Pryor and
Whyte (2013) emphasize that policies and regulations at every stage of research lifecycle ensure
that consistent data management standards and quality are maintained in order to foster
management of and access to research institute’s intellectual assets and also provide uniform
requirements to facilitate data understandability and sharing among research data stakeholders.

According to Higgins (2008), data curation consists of a range of activities and processes
focused on capture, appraisal, description, preservation, access, reuse and sharing which adds
value to research data throughout its lifecycle. United Nations Environmental Program (UNEP)
(2015) claims that in developing countries, agricultural research data existing in different formats
or software versions scattered across servers, computers, storage devices or other filing
systems, which makes it difficult to change into modern formats or versions and in the process
research data is lost. In this regard, there is need for standardized format of data curation to
allow uniformity. Concerning funding, Knowledge Exchange Research Data Expert Group and
Science Europe Working Group on Research Data (2016) asserts that the sustainability of RDM
represents a challenge within the existing funding structures especially research institutes in
developing countries and at the core of this particular challenge are issues related to the
eligibility of funding for research to allow generation of research data for curation. Moreover,
there is a lack of awareness about the importance of metadata among the scientific community
and therefore there is a need for research institutions to organize RDM literacy programs to
assist researchers and other RDM stakeholders to understand, prepare and use metadata
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necessary to enable the discovery, preservation, and reuse of their data (Tenopir et al. 2011).
Concerning preservation, RECODE Project Consortium (2014) emphasizes that policies and
regulations regarding retention periods and where to deposit research data when researchers
leave the research institute, should clearly be stipulated.

On the same breath, European Commission (2016) posits that fuller and wider access to
research data is important as it helps to build on previous research results, encourage
collaborations and help avoid duplication of effort, speed up innovation, and involve citizens and
society in the scientific process. Access to Kenya’s agricultural research data faces various
challenges as enumerated by Muinde and Gorman (2009) that include: social-cultural (non-
visionary leadership), lack of ICT infrastructure, legal, policy and institutional frameworks, and
capacity building programs. Muinde and Gorman (2009); and Chisenga (2012) point out that
there is a necessity for government to fund, plan and prioritize resource allocation for research to
ensure that there is local content which is visible, accessible and sharable online to facilitate
information flow.

On knowledge, skill and training required for RDM, literature indicated that a study done by
Schmidt and Shearer (2016) on librarians’ competencies profile for research data management,
guided by interpretive paradigm, enumerated the knowledge that RDM staff should posses must
include: knowledge of repositories, data manipulation, data discovery mechanisms, funders’
policies and requirements, data centers, data publication requirements of journals, sharing and
access, data citation and referencing, metadata standard and schemas among others. In
addition, Fary and Owen (2013); and Creamer, Morales and Crespo (2012), in their studies on
RDM skills and competencies listed the skills relevant to RDM which included: storage, data
migration, networking, legal, financial, security, metadata creation and assignment, scholarly
data communications, and preservation. Kennan (2016) interviewed 25 data professionals in
Australian scientific research organisation and found out that the most common set of skills
required were: interpersonal skills, data specific knowledge and skills, and metadata. In this
regard, it would seem knowledge and skills possessed by researchers and other RDM
stakeholders in Kenya'’s agricultural research institutes were inadequate. However, Lotter 2014);
and Patrick et al. (2013) pointed out that RDM training should be undertake through capacity
building workshops; in-house training and mentorship of research data curators as well attending
conferences and seminars.

As far as ICT infrastructure for RDM is concern, literature revealed that while
cyberinfrastructure has been revolutionizing digital research, a comprehensive framework for
capturing, organizing, preserving, and making research data available and usable has not been
created, further access to adequate ICT tool and equipment has not be in tandem with the
training of researchers and other data professionals on how to utilize them effectively in RDM
(Witt 2008). In relation to ICT skill, Amorim et al. (2015) emphasize that there is a need for
compatibility of research data security with data repositories, metadata, security systems, data
management systems, and search mechanisms in order to enhance privacy of research data.
Moreover, data security is important for protecting intellectual property rights, commercial
interests, or to keeping personal or sensitive information safe (Van den Eynden et al. 2011).
Therefore, Maru (2004) in a study sums up gaps and weaknesses of ICT used in Kenya's
agricultural research institutes to be as follows: Capacity (including infrastructure and skill);
Content (including generation and management); Capital (with the focus on funding not only ICT
also capacity building); connectivity (not only physical but the ability to access information by
individual and user community); and collaboration (within and across research institutes at
national, regional and international).

Collaborative partnerships are important catalysts in research project as literature indicated
that collaboration between researchers and the public contributes significantly to increased
productivity, quality of agricultural products, and diversified crops and livestock (KALRO- Tea
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Research Institute 2016). Meanwhile, Pinfield, Cox and Smith (2014) conducted interviews with
26 respondents regarding collaborative partnerships. The findings revealed that collaborative
partnerships have benefits such as metadata exchange, exchange RDM human capacity,
sharing and reuse of research data on one hand and on the other hand challenges such as lack
of teamwork and policies governing collaborative partnerships undermine it. Jahnke and Asher
(2012) notes that there is a great need for more effective collaboration tools, as well as online
spaces that support the volume of data generated and provide appropriate privacy and access
controls.

Therefore, literature revealed that despite absence of legal framework in the agricultural
research institutes, individual institutes had RDM policies guiding researchers on research data
capture, appraisal, description, preservation, access, reuse and sharing. Further indication is the
lack of coordinated RDM strategies in the research institutes led to loss of data and difficulty in
accessing, reusing and sharing research data. Furthermore, literature revealed that there was
scarcity of RDM knowledge and skill in the agricultural research institutes hence for example,
limiting the utilization of research data in Kenya's agricultural research institutes. Generally
literature indicated that ICT infrastructure for capturing, appraisal, description, preservation,
access, sharing and security of data was inadequate to facilitate RDM. Collaborative partnership
enhanced management, access and sharing of research data. Generally, the finding from
literature indicated that support from government, research institutes, and collaborative partners
could enhance management, access, reuse and sharing of agricultural output (Pinfield, Cox and
Smith 2014; Cox, Verbaan & Sen 2012; Qin 2013; Mossink, Bijsterbosch, & Nortier 2013;
Grebmer and Spielman 2004; and Lewis 2010).

In a nutshell, reviewed literature in this paper gives content analysis on background
information on RDM issues and plays a crucial role in preparing and orientating the researcher
with regard to the raging debates taking place in RDM field. More or less it is descriptive in form
as Cooper (2011:20) alludes that reviewed literature integrate what others have done and said,
criticize previous scholarly works, build bridges between related topics, and identify the central
issues in a field. On the other hand reviewed literature cannot provide current trends and
investigations to RDM in the wider institutional context, the ongoing drivers for RDM activities
and factors influencing the shape of RDM development. However, there is need to undertake
empirical studies in RDM in order to provide current detailed synthesis, sufficient criticisms, clear
methodology, up-to-date data /information, and further reveal areas of concern that need
investigation.

Conclusion

The literature reviewed revealed that RDM have been recognized worldwide, albeit to different
extents with more pressure globally on agricultural research institutes embrace RDM to facilitate
research data capture, appraisal, preservation, access, sharing and reuse. Furthermore,
literature reviewed revealed that for the successful establishment of RDM in agricultural research
institutes, the establishment of a formal data governance structure to address RDM issues,
enactment of RDM legal, policies and regulations; capacity building programs and plans,
incentivisation of researchers; a sound technical infrastructure and collaborative partnerships in
boosting relationships among research institutes.

Besides, literature reviewed revealed that RDM in Kenya , for example, is given little
attention as attested by the limited documentation or publications of the research that is
generated by these institutions, leading to poor management, limited access of such research
data, duplication of the research, poor sharing and reuse of the research data (Jao et al. 2015;
Family Health International-Kenya 2005; The World Agroforestry Centre 2012; Alila and Atieno
2006; Mugata 2014). This review provide frameworks particular of specific to developing
countries by providing evidence of specific challenges that such countries contend with (Ng'eno

Inkanyiso, Jnl Hum & Soc Sci 2018, 10(1)



43

2018). Moreover, few literature review on RDM have been done in Africa. The current literature
review is therefore significant in contributing to the scholarly research on RDM in developing
countries such as Kenya (Ng'eno 2018).
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