
Abstract

Online tools are critical to undertake successful research. 
Researchers use software tools as an integral part of research 
to process, manage, and integrate data from multiple sources. 
However, while institutional repositories are tackling challenges 
around supporting research data, little attention has been paid to the 
implications for repositories in supporting the increasingly complex 
tools which are used in the data lifecycle. Tools and workflows can 
play an important role in building quality repositories. This increasing 
use of tools has implications not only for researchers but also the 
institutions who manage those repositories. This paper suggests 
strategies for institutional stakeholders, particularly libraries, on 
how to implement solutions which will ensure interoperability at all 
levels of research repository architecture.
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Introduction

In their origins, institutional repositories had a key role 
in managing and disseminating the scholarly outputs of 
their community members, principally publications and 
subsequently learning objects. However, as Johnston 
(2012) wrote in her report on the Open Repositories 
2012 conference, “It has become clear that institutional 
repositories must not only manage scholarly publications, 
but [also] the data that was created through observation 
and experimentation or collected and published, in order 
to support the ‘re-’ activities: review, reuse, replicability, 
and reproducibility”.
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In more recent years, attention has indeed been focused 
on managing and leveraging the vast amounts of data 
now being generated for research. This has resulted in 
new methods, e.g. tools, being developed to manipulate, 
analyse, process, and preserve data. Tools, for their part, 
are being regarded as an integral part of the research 
support environment. A number of key government 
documents internationally support this tenet, ranging from 
the High Level Expert Group on Scientific Data (2010), 
the Canadian Social Sciences and Humanities Council 
(Canada, 2014), and Australia’s Public Data Policy 
Statement (Australia, 2015) to the European Commission 
(Andreozzi et al., 2016).

However, while institutional repositories are tackling 
challenges around supporting research data, little attention 
has been paid to the implications for repositories in 
supporting the increasingly complex tools which are used 
in the data lifecycle. This paper is intended to fill that gap.

Methodology

The authors undertook a brief, critical review of the 
literature. According to Webster and Watson (2002, p. 
xiv), a literature review is appropriate, for example, when 
investigating “an emerging issue that would benefit from 
exposure to potential theoretical foundations. The author’s 
contribution would arise from the fresh theoretical 
foundations proposed in developing a conceptual model.” 
In their typology of reviews, Grant and Booth (2009, p. 
94) have defined a critical review in terms of several key 
attributes: typically narrative and typically resulting in a 
hypothesis or model. The purpose of this type of review is 
to compare and evaluate a number of perspectives.
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While the authors did not develop a model as the end 
product, they did use the critical review to identify 
potential strategies for addressing the topic of this paper.

Related Research

In examining the literature on this topic, the authors have 
focused on three main areas: institutional repositories, 
research data lifecycle, and research tools. 

Institutional Repositories

The purpose for hosting an institutional repository 
has changed over the past fifteen years. Institutional 
repositories evolved from a need to archive and preserve 
scholarly materials (Johnson, 2002), specifically research 
publications (Jain, 2011; Crow, 2002). Crow (2002, p. 3) 
described it as an application scholarly in scope, in which 
the content is “… cumulative and perpetual; and open 
and interoperable”. Lynch (2003, p. 238) expanded the 
scope of institutional repository beyond just an archive 

application, describing it as a set of services providing a 
stewardship role. 

However, more recently Lynch (Poynder, 2016, p. 13) has 
expanded his thinking, “Technology has moved on quite 
a bit in the last fifteen years, and it may be that it makes 
more sense to think about how to do this in a way that 
involves more shared or collective platforms and services 
rather than highly distributed approaches”. He goes on 
to foreshadow, “No question that there are going to be 
commercial software suppliers and also cloud hosted 
solutions for many, perhaps all, of the IR functions, and 
some of these are or will be excellent choices for many 
institutions” (Poynder, 2016, p. 15).

For the purpose of this paper, in theory any repository 
that holds institutional research assets, e.g. data, is 
an institutional repository, even though it may not be 
centrally supported.

Research data repositories are difficult to build because of 
a number of key factors as shown in Fig. 1. 	
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<Figure head> Fig. 1: Factors Affecting Research Data Repositories 

The factors include, but are not limited to: 

• Technical aspects: e.g. file size, file type, speed, diversity 

• Legal /regulatory aspects: intellectual property, licenses, other restrictions 

• A ―collection‖ is all the artefacts collected and created as a result of a research activity (e.g. a 
research project or laboratory)  

• A ―collection‖, or parts of it, may be an input to another activity or part of a larger collection 

• Re-usability issues: provenance and quality of the data, software versions, trusted data 
services (data and tools), security, privacy, ethics 

• Accessibility issues: data must be in an accessible format and fit for purpose 

• Interoperability/ standards issues: sharing and machine-to-machine applications 

Whereas Faundeen (2017) discusses these factors in regard to building trusted digital repositories, 
Wolski, Howard, and Richardson (2017a) have explored in depth some of these factors in the context 
of online research data services.  

<B level> Research Data Lifecycle 

Much has been written in the literature not only about the research lifecycle but more especially about 
the need for institutions to support researchers as they progress through the entire cycle (Pryor, 2012; 
Rice & Haywood, 2011; Sergeant, 2006). In recent years, the proliferation of data, especially so-
called big data, has given rise to the concept of the (research) data lifecycle (Stall, 2016; Wissik & 
Ďurčo, 2016; Gundersen, 2016). 

Fig. 2 is an excellent representation by Jisc of this lifecycle. 

Fig. 1:   Factors Affecting Research Data Repositories

The factors include, but are not limited to:
∑∑ Technical aspects: e.g. file size, file type, speed, 

diversity.
∑∑ Legal /regulatory aspects: intellectual property, li-

censes, other restrictions.

∑∑ A “collection” is all the artefacts collected and cre-
ated as a result of a research activity (e.g. a research 
project or laboratory). 

∑∑ A “collection”, or parts of it, may be an input to an-
other activity or part of a larger collection.



Research Tools: Important Drivers for Innovation in Research Repository Architecture       33

∑∑ Re-usability issues: provenance and quality of the 
data, software versions, trusted data services (data 
and tools), security, privacy, ethics.

∑∑ Accessibility issues: data must be in an accessible 
format and fit for purpose.

∑∑ Interoperability/ standards issues: sharing and ma-
chine-to-machine applications.

Whereas Faundeen (2017) discusses these factors in 
regard to building trusted digital repositories, Wolski, 
Howard, and Richardson (2017a) have explored in depth 
some of these factors in the context of online research 
data services. 

Research Data Lifecycle

Much has been written in the literature not only about 
the research lifecycle but more especially about the need 
for institutions to support researchers as they progress 
through the entire cycle (Pryor, 2012; Rice & Haywood, 
2011; Sergeant, 2006). In recent years, the proliferation 
of data, especially so-called big data, has given rise to 
the concept of the (research) data lifecycle (Stall, 2016; 
Wissik & Ďurčo, 2016; Gundersen, 2016).

Fig. 2 is an excellent representation by Jisc of this 
lifecycle.

4 
 

 
<Figure head> Fig. 2: Research Data Lifecycle (www.jisc.ac.uk)  

 
 

The authors‘ underlying premise is that one needs to think of the research environment as a research 
―ecosystem‖, as epitomised in this classic illustration (Fig. 2) by Jisc of the research data lifecycle. 
Because, if not careful, institutions have a tendency to focus too much on objects and on end points 
rather on than the dynamics of the various interrelationships within the broader environment. It is 
within this context that research tools are quickly becoming an important focal point. 
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While it may be argued that there can be no data without supporting tools, there is, unsurprisingly, no 
single definition of what constitutes a research tool. Clift (2007, p. 79), for his part, has contextualised 
a definition based on the specific disciplines of biomedicine and agriculture: ―… any tangible or 
informational input required in the process of discovering a drug, a medical therapy, a diagnostic 
method, or a new crop variety. In short, anything that a researcher needs to use or access in the course 
of research - such as an assay, a genomic database, an animal model, crop germplasm and so on -may 
be classified as a research tool‖. 

However, based on previous research, the authors have used the definition provided by the Canadian 
Social Sciences and Humanities Council (Canada, 2014), which can be applied more extensively than 
to just the social sciences and humanities: ―… vehicles that broadly facilitate research and related 
activities. Social science and humanities tools enable researchers to collect, organise, analyse, 
visualise, mobilise and store quantitative and qualitative data and creative outputs. Tools can be 
created as part of a research or related undertaking, or purchased off the shelf‖. 

The importance of tools as an integral part of the research environment is receiving increasing 
attention in the literature. For his part, Ahmed (2016) notes that modern developmental challenges 
require powerful research tools, skills and orientation to ensure the production of excellent research. 
Within a proposed knowledge creation cycle for resolving society‘s major challenges, Dozier and Gail 
(2009, p. 16) discuss the development of new knowledge types and new tools for acquiring that 
knowledge. Nielsen (2011) has foreshadowed new tools for collaboration that will enable discoveries 
to happen at the speed of Twitter. Crouzier (2016, p. 4) has found that Open Science will require 
innovative digital tools that facilitate communication, collaboration, and data analysis. 
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The authors’ underlying premise is that one needs to think 
of the research environment as a research “ecosystem”, 
as epitomised in this classic illustration (Fig. 2) by Jisc 
of the research data lifecycle. Because, if not careful, 
institutions have a tendency to focus too much on objects 
and on end points rather on than the dynamics of the 
various interrelationships within the broader environment. 
It is within this context that research tools are quickly 
becoming an important focal point.

Tools

While it may be argued that there can be no data without 
supporting tools, there is, unsurprisingly, no single 
definition of what constitutes a research tool. Clift (2007, 
p. 79), for his part, has contextualised a definition based 
on the specific disciplines of biomedicine and agriculture: 
“… any tangible or informational input required in 
the process of discovering a drug, a medical therapy, 
a diagnostic method, or a new crop variety. In short, 
anything that a researcher needs to use or access in the 
course of research - such as an assay, a genomic database, 
an animal model, crop germplasm and so on -may be 
classified as a research tool”.

However, based on previous research, the authors have 
used the definition provided by the Canadian Social 
Sciences and Humanities Council (Canada, 2014), which 
can be applied more extensively than to just the social 
sciences and humanities: “… vehicles that broadly 
facilitate research and related activities. Social science and 
humanities tools enable researchers to collect, organise, 
analyse, visualise, mobilise and store quantitative and 
qualitative data and creative outputs. Tools can be created 
as part of a research or related undertaking, or purchased 
off the shelf”.

The importance of tools as an integral part of the research 
environment is receiving increasing attention in the 
literature. For his part, Ahmed (2016) notes that modern 
developmental challenges require powerful research 
tools, skills and orientation to ensure the production 
of excellent research. Within a proposed knowledge 
creation cycle for resolving society’s major challenges, 
Dozier and Gail (2009, p. 16) discuss the development 
of new knowledge types and new tools for acquiring that 
knowledge. Nielsen (2011) has foreshadowed new tools 
for collaboration that will enable discoveries to happen 
at the speed of Twitter. Crouzier (2016, p. 4) has found 
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that Open Science will require innovative digital tools 
that facilitate communication, collaboration, and data 
analysis.

A strong driver is the issue of data provenance, and 
specifically context and reproducibility. As Munafo 
(2016) notes, there is a need for software tools to address 
these issues.

Researchers use a variety of tools to work with data, 
some of which are available through their institution, 
while others are obtained from other sources. The seminal 
work done by Kramer and Bosman (2016) provides a 

useful starting point for appreciating the breadth of the 
challenge. Of the 20,663 responses to their online survey, 
researchers accounted for 14,896 and librarians for 1,517. 
The average number of tools reported per person was 22. 

Kramer and Bosman have then divided the research cycle 
into 30 phases, from which they have created seven higher 
level phases: preparation, discovery, analysis, writing, 
publication, outreach, and assessment. Their investigations 
have also highlighted the recent growth in tools as 
nominated by the researchers surveyed (see Fig. 3). Their 
list of tools now exceeds 600. (https://101innovations.
wordpress.com/about-1/).
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The Challenge

In addition to the drivers mentioned above, the dramatic 
rise in the number and use of tools can be attributed to 
several other major factors:

∑∑ Tools are required as research activity scales up and 
collaboration increases.

∑∑ Researchers are moving from the desktop to online 
tools. 

∑∑ There are now many common, free-with-subscrip-
tion, option-based solutions, e.g. SurveyMonkey, 
Dropbox, Figshare, and FreeMapTools. 

∑∑ Governments and other funding agencies are invest-
ing in larger capacity, community-based, research 

infrastructure, which bundles data, methods, tools, 
and systems. 

∑∑ Data science courses and other training programs 
are upskilling researchers to self-develop tools, e.g. 
software carpentry. 

∑∑ There is an increasing importance of tools to handle 
the large volumes of data, of which a growing per-
centage is collected and processed in real time. 

The challenge, however, is that currently there is no single 
standard infrastructure architecture that would support an 
end-to-end workflow within the research data lifecycle, let 
alone the entire research lifecycle. In Fig. 4, Kramer and 
Bosman (2017) have provided examples of hypothetical 
workflows, which incorporate a variety of tools, thereby 
highlighting the changing nature of this environment. 
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Fig. 5 provides two examples of the type of commercial 
activity which Lynch (Poynder, 2016) has foreshadowed.

The tools above are not necessarily single purpose. For 
example, some of the tools listed under “Outreach” 
could just as easily appear under “Discovery”. The point 
made here is threefold: (1) as a part of the research (data) 
lifecycle, researchers tend to use more than just one tool; 
(2) tools are used at all stages of the lifecycle; and (3) 
these tools are generally not interoperable. 

Therefore, interoperability becomes the key to creating 
an end-to-end workflow. This aspect has been reinforced 
by the recent work of the Coalition of Open Access 

Repositories (COAR) in developing a roadmap for 
the adoption of new functionality and technologies by 
repositories. Commenting on support for researchers’ 
workflows, the COAR Working Group (2017, p. [9]) has 
noted that “the repository needs to be interoperable or 
integrated with other tools that authors are using offline 
and collaborative online tools …, as well as with journal 
submission systems such as the OJS platform. Additionally 
the repository should automatically recognise and autofill 
the metadata from [a] paper, dataset or other objects 
including author, title, date, and so on into the submission 
form”. The COAR draft roadmap highlights the need 
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for the integration of additional functionality within the 
repository, such as applying - and discovering - licences; 
supporting assessment and peer review; and data mining.

The various components of the challenge can be 
summarised as follows:

∑∑ Tools are part of a data workflow.
∑∑ Repositories are a part of that workflow.
∑∑ Researchers use more than one tool in their workflow.
∑∑ Institutions do not provide all components of the 
end-to-end workflow.

∑∑ Data needs to move seamlessly between tools and 
repositories in that workflow.

∑∑ Interoperability becomes the key.
∑∑ How does one build workflows and infrastructure 

where interoperability is key?

Implications for Institutions

Institutions need to develop a whole-of-institution 
approach across all research repositories, major data 
workflows, and storage services. Within this approach, 
tools play an important role in supporting interoperability 
across research infrastructure architecture. 

Given the active role that data repositories play in the 
research ecosystem, they need to be (re)designed to 
accommodate workflows, data re-use, and interoperability. 
They will need to deal with multiple classes of data and 
with data as part of a research project rather than merely 
as discrete objects. In terms of re-use and reproducibility, 
repositories will need to provide the context in which the 
data was generated. It is important to consider developing 
a number of solutions for their respective research 
communities, based on common standards and workflows, 
rather than attempting to design a single repository 
solution. In the current age of digital transformation, 
these new solutions need to accommodate the fact that, in 
many cases, the workflows and tools will extend beyond 
the institution. As Wolski and Richardson (2014, p. 90) 
have observed, “Central planners need to regard their 
infrastructure as a node in a global IT ecosystem rather 
than as just local, physical infrastructure built only for use 
within their own institution.”

Given their current important role in supporting 
researchers, academic libraries also have a role to play 

in assisting in the development of these workflows from 
two important perspectives. First, they will want to 
ensure that the development and application of metadata 
standards meets best practice (or industry standards) 
and that the design of institutional repositories has 
the necessary standard, interconnecting services to 
workflows and tools so as to enable the movement of data. 
Second, they will want to ensure that any library-based 
repositories are included within the institutional research 
repository architecture. The authors would suggest that 
the interlinking of publications with associated data 
and research funding grants (where applicable) would 
be a logical starting point in establishing the traditional 
institutional repository as a core component within that 
architecture.

In their supporting role with researchers, librarians 
can encourage the latter—as part of good research 
data management practice—to move their data into 
institutionally-supported data repositories at the 
beginning of their project rather than as an afterthought at 
the end. As part of their outreach work in relation to data 
management, librarians need to educate their research 
communities that data needs to be “workflow ready”. 
That is, the data is actionable (i.e. in the right format, 
standards compliant and accurate), the data is enabled and 
accessible for compute services, and the data is citeable. 

Wolski, Howard, and Richardson (2017b) have 
advocated for institutions participating in national and/ 
or international initiatives which are working on high-
level challenges relating to the data lifecycle. Active 
involvement lifts the level of knowledge within the 
institution’s support services and research community. 
An example of this would be participation in the 
development of national or research community metadata 
standards for use within institutional workflows. There 
are opportunities for research institutes and universities 
worldwide to sponsor keen staff to participate in current 
initiatives being undertaken, for example, by the Research 
Data Alliance (RDA), OpenAIRE, and the Coalition for 
Open Access Repositories (COAR).

From a resourcing perspective, at the local level, 
interested IT and library professionals could collaborate 
across institutions to identify the main workflows and 
tools used within their respective repositories, and then 
share common solutions. Finally, developmental work in 
regard to science gateways within one’s own country may 
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generate ideas which can be incorporated into research 
repository architecture at the local level.

Conclusion

This paper has emphasized the role that tools play in 
supporting workflows which move data into repositories 
and has noted how this needs to be addressed earlier in 
the data lifecycle. It has demonstrated that tools are an 
important impetus for innovation in research repository 
architecture because of the driving imperative to 
include them in associated workflows. The authors have 
concluded with suggested strategies for institutional 
stakeholders, particularly libraries, on how to implement 
solutions which will ensure interoperability at all levels 
of research repository architecture, be that local, national, 
or international.
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