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Abstract. The digitalization of research processes has led to a vast amount of
data. Since third-party funding institutions progressively set standards and
requirements regarding the handling of such data, research data management has
become important in the context of international research collaboration projects.
Simultaneously, adequate collaboration systems are needed to support scientists
in this context. In this paper we discuss existing standards for research data
management in the context of third-party funding and how cloud technology
could support the fulfillment of existing provisions.
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1 Introduction

Malcom Read, executive secretary of the Joint Information Committee (JICS), stated
that “We need to move away from a culture of secrecy and towards a world where
researchers can benefit from sharing expertise throughout the research lifecycle” [20].

Whether in the social, behavioral, physical or computer sciences, data have always
been the source of all empirical knowledge. For researchers their data are essential
since they are required to prove, disprove or replicate empirical statements. For this
reason, research data need to be managed professionally, in order to support efficient
and effective research projects. Today, there are plenty of documented cases in which
researchers lost their data or refused to disclose their research data (e.g. [32]). This is
problematic, since the reproducibility of data plays a key role in many scientific fields
and moreover is the only source of credibility. Although adequate data management
has been an issue for a while, the responsibility for storing and disclosing data still lies
with the researcher. To avoid the discussion of questionable results e.g. generated by
impure data or the well-known publication bias [9], several journals now require
authors to share their data sets as condition of publication [19, 27]. At the same time
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third-party funding institutions started to set up guidelines establishing management
policies for research data. Different guidelines and requirements from different funding
institutions have made it difficult for the researchers to practice proper research data
management (RDM). Although the number of platforms supporting the data man-
agement process is increasing, various studies indicate that there is still a lack of
adoption among researchers [10]. One reason might be, that numerous departments and
universities already run their own infrastructures (e.g. [11, 13, 26, 31]). While these
infrastructures are generally used to provide cloud technologies, features which help
researches to improve their data management are still missing.

In our paper, we focus on existing standards for RDM in the context of third-party
funding and how cloud technology could support the fulfillment of existing provisions.
We compare three major research funding institutions from North America (USA),
Australia and Europe (Germany) in terms of requirements regarding RDM. In this first
investigation we analyzed documents published by the National Science Foundation
(NSF), Australian Research Council (ARC) and the German Research Foundation
(Deutsche Forschungsgemeinschaft, DFG) with regard to requirements for research
proposals for funding. Furthermore, we take the users perspective into account and
focus on factors and barriers diminishing the acceptance of such systems. Additionally,
we analyze, if and how sciebo (“science box”), an on-premise cloud service hosted by
universities and used by over 5,000 researchers in Germany, can support scientists to
meet existing RDM requirements. We especially focus on the following research
questions: Which claims result from the guidelines of third-party funding institutions
and from the needs of researchers for dealing with research data? How could an
infrastructure like sciebo be implemented to deal with these requirements?

The remainder of the paper is structured as follows. In the next chapter the authors
present some basic definitions and background knowledge about RDM and the sciebo
cloud service, Following, the requirements of three different RDM standards are
described and it is discussed how a system such as sciebo could support the fulfillment
of the requirements. The paper ends with a conclusion.

2 Literature Review

2.1 Research Data Management

So far, there is no uniform definition of RDM on which researchers of all disciplines do
agree on. One common definition describes RDM as “the organization of data, from its
entry to the research cycle through to the dissemination and archiving of valuable
results” [33]. RDM is strongly related to the notion of “scientific data curation” which
means to “collect, organize, validate and preserve data so that scientists can find new
ways to address the grand research challenges that face society” [14]. According to [7]
“research data” cover “any research materials resulting from primary data collection or
generation, qualitative or quantitative, or derived from existing sources intended to be
analyzed in the course of a research project”. Data are the base of scientific commu-
nication and cover numerical data, textual data, digitized materials, images recordings
or modeling scripts [7].



436 K. Wilms et al.

RDM has the potential to facilitate the entire research process and to support the
efficient utilization of research data. By the disclosure of the data, the process becomes
more transparent [15]. This is a basic imperative, to support the reproduction of
research processes, which is a core principle in scientific research. Transparency in
research helps researchers to become more resistant against the allegation of miscon-
duct [15]. Providing access to research data has proved to be useful for scientists as
sharing research data with the community may result in higher citation rates [23].
Furthermore it helps to overcome bottleneck effects, which for example could show up,
if research data are only represented in the narrow context of a specialized topic [34]:
“For example, a dataset collected by agronomists who are researching water quality
may also be used by earth and atmospheric scientists to improve the accuracy or to
validate the output of climate models” [34].

According to the Long Tail theory described by [21], shared research data have the
potential to provide endless knowledge as the data are discovered and used by new
audiences. Currently, there is a growing market, where several research teams migrate
to basic platforms, allowing them to perform RDM and to share their data with the
scientific community [1].

While the number of scientist practicing RDM is increasing [8, 17], different
publications indicate, that there is still a huge mistrust when it comes to record, pre-
serve, and share research data [5, 24, 25]. In a study of [10], the majority of researchers
claimed to miss appropriate technical infrastructures for RDM, fitting all their needs.
[2] found out, that a significant number of researchers need up to 100 GB of storage
capacity, in order to store all their research data. Researchers also concern about ethical
aspects [2]. Despite the advantages that arise from outsourcing data, public data storage
services could not used without risk. Today there are still uncertainties about how data
copyrights are protected in public cloud storages [12]. It is legally questionable to share
or store data externally when these data are collected on the basis of the waiver of
disclosure to third parties.

In addition to technical and ethical barriers there are non-technical barriers
regarding a structured RDM [10]. Such non-technical barriers are for example the fear
of having to compete with colleagues as well as the loss of control over the own data.
Also a lack of trust to the operator of the system was reported as common reason for
rejection [10]. While researchers see the added value of systematic backups and
long-term storage, as they are given in cloud systems, there is still a huge number of
researchers rejecting the concept of shared research data [10].

2.2 Sciebo — The Campus Cloud

The history of sciebo started in 2013 when [30] found out, that the academic com-
munity in North Rhine-Westphalia (Germany) expressed the need for an in-house
cloudservice. At this time, the market was already dominated by commercial cloud
services, founded by American companies like Google, Dropbox or Microsoft.
Researchers expressed their concerns about privacy issues and asked for a private
infrastructure placed within Germany. As a consequence the cloud infrastructure
‘sciebo’ was built up. Today sciebo, which is short for ‘science box’, is a running
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infrastructure providing access to 23 academic institutions. The service is free to use
and provides 30 GB storage capacity for individuals such as students as well as the
academic and administrative staff of the participating institutions. In addition, project
groups can apply for work boxes of up to 1 TB [28]. Up to 500,000 potential users
have access to the platform. The data are stored under German data protection law.
Besides the opportunity to store data, sciebo offers functions for sharing folders or set
them public. Public data can also be seen and downloaded by persons who have no
sciebo-account. The system, which is based on ownCloud open source software, does
not offer data management functions yet. Students who finish their academic careers are
given six months transfer time before their data are deleted.

3 Requirements of a Research Data Management System

3.1 Current Requiremements for Research Data Management

The following literature review takes the requirements of the three major foundation
institutions into account. One of the institutions we looked at in this review is the
National Science Foundation (NSF). The NSF is the largest science foundation in the
United States with a promotional volume of 6.9 billion US Dollar in 2010 [29]. For
Europe the ‘Deutsche Forschungsgemeinschaft’ (DFG) is the major funding institution
in academia with a promotion budget of 2.73 billion Euro (approx. 3 billion US Dollar)
in 2014 [25]. The third institution taken into account is the ‘Australian Research
Council’ (ARC) which belongs to the major research councils in Australia [24]. Each
funding institution has set up individual guidelines dealing with the topic of how RDM
should be realized. In this work, we analyze the guidelines and compare the require-
ments. By overseeing the guidelines, twelve categories were identified (see Table 1). In
the following part we show how the individual guidelines deal with the topics of data
management plans (DMP), duration of storage, sharing of primary data, approaches for
information collection, data standards, data security, collaboration tools for data,
education in RDM, and ethics & legislation.

Table 1. Comparison of the guidelines of DFG, ARC and NSF
Technical aspect | DFG | ARC | NSF

Data Management Plan X X X
Replicability/Sharing of primary data | x X X X
Duration of storage

Approaches for information collection
Data standards

Data security and safety
Collaboration tools for data
Education in research data management X X
Ethics and legislation X X X
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The documents comprising grant conditions and funding rules define the sharing of
primary data as mandatory unless ethical or confidentiality issues prevent this.
A comprehensive document labeled DMP is a required part of any proposal at the NSF
including e.g. types of data, policies for access and sharing as well as plans for
archiving data. Also DFG states that such a document should be included and addi-
tionally ask for e.g. data quality management, storage place, duration of access to
research data, and conditions of re-use for other researchers. In contrast, the ARC
considers data management planning as important but does not specify the need for a
DMP. Rather, it strictly defines that research data must be retained for at least five years
and should be made available for use of other researchers. The identified documents
published by the DFG cover some other aspects that could not be found for the other
institutions. For example, the DFG does not only require the publication of primary
data, they also ask for suitable repositories and databases. Furthermore, the DFG asks
as part of the proposal what implementations and techniques will be used for research
data collection and processing. While the ARC emphasizes the role of researchers
holding primary data including security and confidentiality aspects, the DFG maintains
the education of staff in RDM but does not defer to security questions. A last example
unique to the DFG is the requirement of internal collaboration tools to enable research
data sharing, which is not mentioned by either ARC or NSF.

3.2 Cloud-Based Research Data Management Systems - The Case
of Sciebo

This section deals with the question if and how standard cloud services among uni-
versities can support the RDM process. Since cloud services are generally based on
different solutions and infrastructures, we use sciebo as an example and check if the
cloud has the potential to fit the requirements pointed out in Sect. 3.1. To fit the
requirements, cloud services like sciebo need to fulfill at least the technical
requirements.

The first technical requirement is ‘Replicability/Sharing of primary data’. Sciebo
does support two main functions which allow the user to share the data. The first
function enables the users to share data among each other within sciebo. The second
feature enables the user to set data public and share the data with non-sciebo-users.
This option of external access is provided by sending out an http-link pointing to the
data archive. Both features fit the concept of the requirements set by the three institutes.
In terms of ‘duration of data’ sciebo misses the requirements. As a cloud service, sciebo
provides all the technical requirements which are necessary to store long-term data.
Since the service is limited to students and employees only, the users lose the right to
use sciebo after e.g. graduating. Yet it is not possible to create internal relations
between data stored in the system as it is required by the DFG (approaches for
information collection). When it comes to ‘Data security’, as it is required by ARC,
sciebo is well-positioned. The service is running under a restrictive national data
protection law and uses high level security standards. Here the cloud service meets all
the goals set up by the funding institute. The last technical aspect required by DFG is
the need for collaboration tools. This means especially the possibility to use wikis,
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blogs or data tracking tools. Sciebo currently does not support collaborative functions.
However, technically there already exist some collaboration features that could be
enabled in the near future.

Overall sciebo, which is representing the concept of an academic in-house cloud
service, does already support some basic requirements which are necessary for being
used as an RDM tool.

3.3 How to Support User Adoption

While the technical requirements are essential to fulfill the guidelines set by DFG, NSF
and ARC, there are also requirements set up by the users. According to the findings of
[10] the user expects that tools and services of the given RDM system are aligned to
researchers discipline specific workflow. Often users require various functionalities that
could be selected based on a ‘cafeteria model’” which allows the user to pick and choose
from a set of services. Another crucial aspect is, that the researchers need to be set in a
state of mind where they have the feeling of being in control over the process. They need
to be awarded of ‘what happens to their data, who has access to it, and under which
conditions’ [10]. ‘Consequently, they want to be sure that whoever is dealing with their
data (data centre, library, etc.) will respect their interests’ [10]. To overcome the problem
[2] is recommending a motivation system, where the user gets benefit by practicing RDM.

4 Discussion

RDM is a growing topic within scientific debates. According to the Horizon 2020
report the current debate is mostly focusing on the aspects of open data access and long
term data storage [6]. While scientist demand improvements, it seems that universities
and higher education institutes have mostly ignored the boat of this current trend.
Yet RDM is mostly discussed in disciplines like medicine and microbiology [4].
However, this is a step forward to create a multirelational system among all disciplines
and different workflows used by different disciplines.

[3] sees the responsibility to press ahead the implementation of such systems for the
libraries. As the main competences for the librarians [3] sees the knowledge in
archiving data for a long-term period and as well the competence of standardizing
meta-data. Another important aspect pointed out by [3] is the implementation process.
Information Systems (IS) as a discipline is therefore challenged to bring in their
knowledge and competencies in order to design adequate RDM-systems. When it
comes to user adoption problems or to design specific usability questions, IS
researchers should develop concepts how to push up the implementation process. As a
third party administrators of running academic infrastructures need to be involved in
the process as well. Since the universities normally run their own in-house infras-
tructures, which already fulfill technical requirements partly, these could be used to
support the development process. Platform or software services could be set up on the
base for running infrastructure services. To foster these collaborative development
processes, universities need to make investments in the future and improve their
infrastructures.
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Another crucial problem in RDM is the negative attitude of researchers towards an
open data process. As shown in this paper, there is still a huge number of researchers
which avoid to share their research data among the scientific community. It is important
that the researchers join the RDM process as early as possible to gain trust in the
system and overcome mentally barriers [10]. Another idea which should be considered
when it comes to user adoption is to support motivational processes by incentive
systems [2]. An exemplary instrument could be gamification, which has been proved to
increase the activities of employees in new systems [18].

5 Conclusion

Summarizing, RDM becomes increasingly relevant for researchers. Nevertheless, the
requirements differ in terms of the level of detail. Also, clear standards (e.g. for storage
repositories) that can support researchers are mostly lacking. The NSF focuses mainly
on the Data Management Plan (DMP), which allows (even forces) applicants to define
most details themselves. The ARC does not require a formal DMP but defines a few
necessities (e.g. duration of data retention). However, the ARC seems to make least
requirements for research funding in terms of RDM. On the other hand, the DFG
includes more aspects that are not considered by the other institutions (e.g. data
management education, collaboration, as well as data collection and processing tech-
niques) and hence, gives more weight to data management in its funded projects. Since
sciebo suits several of these requirements pointed out in this research, it has the
potential to provide a suitable infrastructure, through which RDM can be effectively
supported.
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