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Abstract. Academic research generates increasing amounts of data that needs
to be shared between collaborators, made publicly accessible and/or archived for
the long term, all while respecting applicable regulations on topics such as data
protection. Good research data management (RDM) is challenging, and despite
the growing number of available technical solutions, researchers have been reluc-
tant to use them. We interviewed 64 academic researchers to elicit requirements
and explore attitudes towards RDM. Although many funding bodies insist that
each project follow published RDM guidelines, only about half the participants
considered RDM relevant for their own work, and only one in three reported that
they already practiced RDM or were planning to do so. The qualitative analy-
sis of the transcripts revealed three broad categories of requirements for RDM
platforms, namely technical, organizational and individual ones. We discuss how
these requirements are related to, and sometimes contradict each other.

Keywords: Research data management · Open science · Qualitative research ·
RDM platform · Design requirements

1 Introduction

Against the background of ongoing digitization in research, an increasing amount of
data is being generated by researchers at higher education institutions. As this amount
of data seems to grow continuously, researchers will need to change the way they man-
age their data in order to keep track of it and be able to collaborate effectively. In
addition, public funders of research projects such as the European Commission, the
German Research Foundation (DFG), and the German Federal Ministry of Education
and Research (BMBF) require researchers to maintain their data and make it publicly
available. Consequently, academics of all disciplines will need to rethink their data man-
agement strategies in order to be able to manage the growing and increasingly complex
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amount of data in the future. To accompany this process, the DFG has published guide-
lines for research data management (RDM) aimed at researchers and institutions. RDM
can be defined as the organization of data, from its collection to its publication and the
archiving of results [1]. RDM also includes the management of data through infrastruc-
ture, long-term storage, data security, open access, as well as communication between
researchers from different disciplines [2].

Vines et al. [3] reported that the availability of data from published studies decreases
with the age of publication. Specifically, the probability of data being available decreases
by 17% annually after its publication [3]. Open access to research results offers the
opportunity to confirm or disprove those results [4]; it consequently offers a control
function that ultimately benefits quality. Furthermore, a good and transparent RDM
protects against accusations of scientific misconduct [5].

RDM also provides advantages for individual researchers. Researchers who grant
access to their research data are cited more often than those who do not [6]. RDM has
the potential to positively support individual researchers as well as research groups [7].

Although corresponding specifications exist, there is often a lack of appropriate tech-
nical and organizational capabilities to implement a research data management infras-
tructure in an institution [8]. Knowledge of how to design RDM platforms and services
remains very low. But how can an RDM artefact be designed so that it makes a rele-
vant contribution to research? Are there possibly already functionalities in established
systems that are used and would, therefore, be suitable to be transferred into a research
data management platform? As there are no comprehensive answers to these issues, we
derived the following research question:

RQ: How do RDM platforms need to be designed to support academic research?

Weconducted and evaluated group interviewswith researchers inworkshops in order
to identify requirements for a user-centered RDMplatform.We conducted 16workshops
with a total of 64 participants. We evaluated the interviews with a qualitative content
analysis following Mayring [9]. From the results we derived technical, organizational
and individual requirements for an RDM platform and identified relationships between
them.

2 Literature Review and Theoretical Background

RDM is becoming an increasingly important topic, especially in the university context.
More and more institutions are beginning to develop their own technical solutions to
store research data for the future [10]. One trigger for this could be the research funding
of third-party funding bodies, which demand RDM accordingly [11].

Perrier et al. [12] also showed that the number of publications on RDMhas increased
significantly since 2010,which confirms the growing interest in the topic. Different disci-
plines have different requirements for research data and its management. For this reason,
there is currently no uniform definition of RDM. RDM comprises the organization of
data from the collection to publication and archiving of the results [1]. It also includes the
management of data through an infrastructure, a long-term storage facility, data security,
open access, as well as communication between researchers from different disciplines
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and research fields [2]. In most cases, however, the aim is to ensure that digital research
data is made available to other researchers [13]. However, RDM is not only important for
sharing data, but for the entire research cycle. Starting with data collection, through anal-
ysis, to the evaluation and interpretation of the data, correct RDM can achieve significant
improvements [1]. At the same time, the ongoing digitization creates ever larger amounts
of data [14]. Accordingly, researchers today are confronted with an abundance of data
and data types [15]. Consequently, researchers need to rethink and change their data
management strategies in order to be able to manage the ever-growing and increasingly
complex data volumes of the future.

Although data sharing brings many opportunities and benefits and can accelerate
the research process, it is still not a common practice [16] and data is more likely to
be withheld than published in scientific journals [17]. Citing other researchers is very
common and is a reward for the cited researcher [18]. However, sharing data is not
based on this formalism and does not offer researchers any perceptible recognition.
Thus, data sharing is not yet established as a method of communication within the
research community [18, 19]. Nevertheless, researchers are more inclined to share data
if they expect it to be beneficial for their own careers and if the risks and effort involved
appear low [20].

At the same time, researchers raise questions about privacy and the security of their
own data and records [14]. There are also concerns about copyright protection in public
cloud storage [21]. Researchers are skeptical as to whether collected data is not passed
on to third parties under copyright protection [8].

Furthermore, they are afraid of misinterpretation of their data once they are used and
interpreted in other contexts [18], and they fear losing control over their data once it
is released [22]. These barriers may therefore have social rather than technical reasons
[8, 23].

However, althoughmany open access initiatives exist, there are onlymoderate results
of applications and services [24]. In this context, there are several studies that have exam-
ined and compared existing systems and solutions [10, 12, 25, 26]. Süptitz et al. [25]
showed that a general distinction can be made between functional (technical) and non-
functional (framework conditions such as data security, data protection and usability)
requirements [10]. Guidelines have been developed and issued at the international level
on how research data should be handled [27]. In addition, researchers are required to
explain at the time of application for funding how data will be handled after the conclu-
sion of the project and what measures will be taken with regard to the sustainability of
the data [11]. Wilms et al [23] compared the guidelines of ten national and international
science and funding institutions. In summary, technical and non-technical factors influ-
encing the use of RDM could be identified. According to the study, technical factors
are related to the infrastructure, i.e. the platform itself, and the guidelines of the plat-
form. Further technical factors were data security, data sharing and data maintenance.
Non-technical factors were ethical factors, such as the handling of data obtained from
human research, the management of, for example, false findings and factors affecting
the researcher herself. The main issues here were the protection of intellectual property
and incentives to use platforms for RDM.
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In summary, it can be said that RDM is not only a national but also an international
issue that many institutions, especially universities, are dealing with. In addition, a great
deal of money is being invested by both universities and funding bodies to implement
and provide technical solutions, such as virtual research environments and reposito-
ries, so that researchers can store their research data in a sustainable manner. In this
context, those universities and funding institutions have developed and published guide-
lines for the handling of research data. There are to date no internationally accepted
guidelines for handling research data. Guidelines vary by country and sometimes even
within countries, which does not simplify the exchange of research data. Correspond-
ingly, the implemented technical solutions are not or only insufficiently used, because the
researchers have reservations about the new technologies and the requirements for these
systems vary by discipline. Therefore, the requirements of both the disciplines and the
individual researchers must be identified. Reservations and concerns must be identified
and counteracted. It remains unclear how technical, social and individual requirements
are interrelated, and it is essential to find out which functions researchers need in order
to feel supported in their RDM.

3 Research Design

Since research in this field is still in an early stage, we chose a qualitative approach. We
conducted 16 semi-structured group interviews with researchers as part of workshops on
RDM. An open discussion prevented the participants from being influenced toomuch by
given answers. A guide consisting of open-ended questions ensured that the participants’
views were given the spotlight and that their statements were as unbiased as possible
by the preconceptions of the workshop organizers. The workshops gave the participants
a lot of freedom for discussion. The purpose of the workshops was not only to answer
the research question, but also to discuss general attitudes towards RDM. The main
questions in the guide resulted from the design science approach according to Hevner
et al. [28] and from the current state of scientific research on functions and technical
properties of research environments for RDM.

In the first part of the interviews, the interviewer gave a short presentation in which
RDM was first introduced and a shared understanding of RDM was ensured with the
help of a definition of the DFG. In the second part of the interviews, the aim was to find
out the current status quo within the research disciplines. We asked to what extent RDM
was already important in the participants’ daily work, whether and to what extent they
had already come into contact with RDM, and which aspects of RDMwere already used
within their respective disciplines.

The third part of the interview was about finding out the criteria or functionalities
that a platformwould have to fulfill to be attractive to the researchers and how a technical
solution should be designed to support RDM in the future. If the discussion did not make
progress, there were topics that were optionally addressed. Possible topics could be data
security, the release of research data, long-term storage and the documentation of the
research.

We conducted the group interviews in the period from 28/09/17 to 29/11/17 within
the context of a project at the University of Duisburg-Essen and RWTH Aachen.
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The interviews were conducted face-to-face by three different workshop organizers and
the audio recorded electronically. Subsequently, all interviews were transcribed. The
completely transcribed interviews were then evaluated using the deductive qualitative
content analysis approach described by Mayring [29].

A total of 16 group interviews with 64 participants were conducted. The group inter-
views were divided into two discussion groups within the life and social sciences disci-
pline, three group discussions within the humanities, three group discussions within the
natural sciences, 5 workshops within the engineering sciences and 1 workshop included
members of the Commission for Information, Communication andMedia Technology at
the University of Duisburg-Essen which is responsible for data protection and security.
The number of participants per workshop varied between one and nine participants, and
the total duration of the audio recordings varied between 12 and 73 min. The number of
participants per university and discipline is shown in Table 1.

Table 1. Participants per discipline and institution

Institution ICM HUM ENG NAT LIF Total

RWTH Aachen 0 7 8 10 0 25

University of Duisburg-Essen 7 11 10 8 3 39

Total 7 18 18 18 3 64

ICM = Information, Communication and Media; HUM = Humanities;
ENG = Engineering Sciences; NAT = Natural Sciences; LIF = Life
Sciences

4 Findings

In general, we were able to determine that RDM is already relevant across disciplines
and that its relevance for personal research work has increased. RDM was considered
relevant for their work by about 50% of the workshop participants, while for the other
half, RDM was less relevant or no precise information was given in the interviews.
RDM was considered particularly relevant in engineering and life sciences and was
either already applied or its introduction planned.

A majority of the researchers stated that they would store their data on local com-
puters at their workplace or they conducted analog laboratory books to record research
hypotheses and experiments. In addition, there are already common standards and set
documentation in the life and social science discipline. Commercial services such as
Dropbox and Google Drive with version control features were also used to store docu-
ments and their history. In the humanities, data reuse also plays an important role, since
corpora (collections of texts), some of which are 40 years old, are still in use.

Basically, we could classify the requirements of the researchers into three main
categories: Technical, organizational and individual requirements.
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4.1 Technical Requirements

The most frequently mentioned aspects were data security and data protection. The
interviewees were concerned with protection against misuse, sufficient anonymiza-
tion or encryption of the data. Data should therefore be adequately protected against
unauthorized access.

Another important requirement was data sharing. That means permanent access to
data by otherswhoneed it in order to ensure smooth cooperation. In addition, sharing data
can contribute to research transparency and this could lead to better research quality.
Access and release control are also part of data sharing. It should be made clear for
whom the data is released, who can access the data and in what role. Finally, technical
collaboration and open access requirements werementioned to improve the use of RDM.
More detailed requirements were therefore the ability to work together with shared data,
so that one can work on and with the data at the same time.

Another aspect stated by the interviewees was information retention. This includes
long-term availability and the sustainability and reusability of data. Long-term availabil-
ity includes the requirement for (automatic) backups and corresponding specifications
from third-party funders, so that the data can still be accessed much later (for example,
ten years after the project has ended). The researchers also mentioned the need for a
kind of “software asset management” in order to be able to use corresponding, some-
times very special, file formats even at later times. Finally, location-dependent access to
research data should ideally be possible so that the necessary data can always be accessed
when required. A central point of the reusability of the data is the possibility that other
researchers have access to one’s research data in order to reuse it. Researchers should
be able, or even obliged, to attach the raw data to their publications. This would also
have a positive effect on the reproducibility of the results, the researchers’ credibility
and reputation. In this way, the data would also be tested in new contexts and could thus
provide insights that were previously unthinkable.

If the data will be made openly available for other researchers, the systems that make
the data available should accept many file formats or, alternatively, standardize the data
formats so the researchers can handle them.

According to the interviewees, the possible application of metadata and documen-
tation were other requirements for successfully performing RDM. Standards must be
established and, at best, metadata has to be stored automatically as far as possible in
order to find the data, if necessary, also with the help of “human datamanagers” to ensure
a certain data quality.

Usability is another aspect that was often mentioned. Simple and intuitive user
interfaces should be provided for a technical solution to be accepted.

Hardware and memory, a high bandwidth, faster data transfer, data security, and
availability, as well as scalability, were stated as further technical requirements.

4.2 Organizational Requirements

As non-technical or organizational aspects we considered requirements that cannot be
implemented through technical functionalities. For an overarching RDM, there must be
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rules, policies and standards to regulate which data should be tracked and which data
types are important.

The interviewees also mentioned finance, personnel structure and administration as
organizational requirements. Knowledge about the solution has to be gained, appropriate
marketing measures have to be carried out and clarified in order to achieve a high level
of technology acceptance.

Those solutions should also be financed and organized accordingly. The system or
service could therefore be offered as cheaply as possible by universities (or similar insti-
tutions). The existence of good working technical support is also important, according
to our findings. This requires long-term preparation and organization by the institutions.

Legal security is also another organizational aspect, especially for data to which a
large number of possible users have access. Clear responsibilities, an opportunity for
legal advice and legal certainty over the entire research cycle are required.

An additional important aspect is ethics, which is fundamental for RDM since
depending on the discipline, sensitive personal data about human participants is
collected.

4.3 Individual Requirements

Weclassified all aspects that could not be classified either in the technical requirements or
the organizational requirements as individual aspects. However, this does not mean that
there is no overlap with the categories of technical and organizational aspects. Rather,
the aim was to show and point out connections and overlaps between subject areas.

The individual aspects were mainly concerned with the individuals in the context
of technology and organization. Mostly these aspects were characterized by skepticism
or fear, since new developments always bring along uncertainty. We also assigned the
researchers’ personal attitude towards the RDM to this category.

The participants stated that, according to the specifications of the third-party funding
bodies, the research data should be published as early as possible and made available
to others. However, the researchers were afraid of “knowledge theft” if the data was
released too early (before publication). They would like to prevent another researcher
from taking credit for their research achievements.

Due to the pressures of research and publication, it is considered a clear advantage
to have sole access to one’s own data. This aspect influences the subsequent use of the
data accordingly.

The transfer of data was another point of uncertainty mentioned in the interviews. On
the one hand, researchers want to release their data according to good scientific practice.
On the other hand, researchers wonder which and to what extent data may be passed
on and whether a loss of control over the data would be possible. The aspects of data
protection and legal certainty played a prominent role.

In the opinions of the researchers, an awareness must be developed that research is
done for “eternity”, i.e. for more than ten years, and that the data must be documented
in such a way that they can still be used for many years to come.

However, it would also require self-discipline, as even today the researchers do not
always understand the documentation of their own research from three years earlier.
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In order to contribute to traceability, it is important that metadata is also used, and that
detailed and comprehensible documentation will be produced.

In spite of self-discipline, the effort to use the technical solution must be kept as low
as possible. The researchers described that they would probably use the solution little or
not at all if the effort to store the data there or to work with them would be too high. This
is mainly due to the fact that the workload of researchers is already high anyway and they
want to avoid additional effort. The requirement over the entire cycle, from data sharing
to reusability, from (long-term) availability to the documentation of the research, would
therefore be to keep the additional effort for the individual researcher as low as possible.

4.4 Relationships of the Requirements

As already mentioned in the description of the individual aspects, there are often inter-
relationships within the categories. The interrelationships identified between the aspects
showed that in developing an RDM platform, not only individual aspects must be con-
sidered, but the “big picture” must not be overlooked. Thus, technical aspects such as
metadata and documentation, as well as sharing data in connection with individual and
human aspects should be considered together. This concerns the reservations or even
fears that researchers might have about certain technical functionalities. But also, the
organizational aspects must not be considered separately. Especially regarding personal
data, the ethical framework conditions must be discussed and taken into account. The
same applies to questions of legal certainty and organization in general.

Of course, these results are only the first indications. Further research should con-
tinue to explore overarching connections between the aspects. Our results justify further
research in this field to gain further insights into the perception and requirements of the
researchers.

5 Discussion

With regard to the research question, it can be seen that researchers make far-reaching
demands on an RDM platform. Technical functions still have to be developed to support
research data management, but some of them are already available. Researchers also
have detailed ideas about what organizational and individual requirements they have so
that they feel supported. One important technical aspect that could be derived from the
interviews was the aspect of being able to share research data online. For the researchers,
this includes collaboration, access and release control and management. An important
organizational aspect that we identified was the need for the exact implementation of
existing rules and standards. Overarching rules provide researchers with an orientation
guide on how RDM should proceed in detail and which workflows need to be run
through. The rules and standards do not only refer to discipline-specific metadata, but
also to the data formats and the overall workflows regarding research data. Furthermore,
we identified some basic functionalities. These include functions for sharing data, for
long-term availability for subsequent use and for the protection and secure use of data. In
addition, metadata and file format functionalities should be integrated as these functions
play a key role. The APIs of existing software were mentioned as particularly important.
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Highly specialized functions from the various research disciplines could be implemented
by these programming interfaces. As an example, digital laboratory books, such as those
from natural sciences, highly complex calculations from the engineering sciences or text
corpora considered in social science, could also be integrated. Lastly already established
functions from other contexts should be adapted as far as possible.

A key contribution of this study is to show the relationships between the requirements
(see Fig. 1). Not always are these easy, or even possible, to meet at the same time. For
example, data sharing is an obvious requirement of a goodRDMplatform, yet researchers
also report a need to ensure that their data is notmisused.Any formof data sharing feature
that allows users to download research data onto their own machine is likely to entail a
small possibility that the data might fall into the wrong hands, for example through theft
or careless disposal of hardware. The same holds for the requirements of archiving the
data for the term and keeping costs low. A solution that meets both requirements is far
from obvious: What happens to the data when the commercial cloud service goes out of
business, or politicians are no longer willing to extend a publicly funded project?

For managers of research institutions, we derived organizational recommendations.
In cooperationwith various research disciplines, rules and standards formetadatamust be
established in addition to the existing guidelines for handling research data. In addition,
the issue of legal certainty must be comprehensively regulated. Finally, managers must
dealwith the topics of human resources, financing and organization. Itmust be clarified to
what extent new human resources must be made available, how these staff members and
the provision of the technical solution can be financed and how the organization can plan
for the long term, when the political context might change. In Fig. 1 we summarized all
identified technical, organizational and individual requirements and their relationships.

Only about half of the participants stated that they considered RDM relevant. Only
one in three reported that RDMwas already practiced or that it was planned to introduce
such a system. One reason for this lack of awareness could be the timeliness of the topic
of RDM. It is possible that the topic has not yet “arrived” in many disciplines, as the
topic has only gained momentum in recent years, which can be seen in the increasing
number of publications on the topic [12]. It could also be possible that international
comparisons will slowly increase attention to this topic. The technical aspects that could
be derived from the interviews can already be found in similar categories in the literature
that describes the requirements of the researchers [25, 30].

Especially technical functions for data sharing, collaboration or access and release
control are essential for RDM to be applicable at all. It is certainly important to recognize
that, especially with such centralized functions, the effort required to achieve the goal
of sharing data with others must be low, since the willingness to share data decreases as
the effort increases [31].

The focus on data protection and security is also currently relevant due to the EU’s
General Data Protection Regulation (EU-GDPR). The principle therefore applies that
the more personal the data, the more relevant data protection is. Finally, however, it must
be recognized that some research data cannot be released for subsequent use because
anonymization of the data would be too costly [32]. At the same time, researchers are
rather skeptical about the functionalities of data provision and reusability by others,
as they fear data misuse or even loss of control over their self-generated data [30].
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Fig. 1. Identified requirement categories and their relationships

Nevertheless, these functionalities must be in place, as they will become central to
research work and are demanded by the various institutions (such as DFG or EU).
However, technical functions formere data storagewill not be sufficient tomake research
data usable in the long term [33]. It must be clarified how the actual information content
of the data can be preserved because the added value of information preservation only
becomes apparent when the data can be accessed and also analyzed [34].

Research data can also benefit from metadata, as metadata can be used to contex-
tualize and view the data [35]. Thus, the use of metadata also influences the search
function and, secondarily, the effectiveness and speed of research. Metadata simplifies
data sharing [36]. If there are no standards, this could prevent researchers fromultimately
making their data available within the framework of open access [37]. Standards may
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therefore have to be defined first. These specifications are needed simply because the
unification or standardization of workflows, data formats and metadata will ensure that
data can be kept clear in the long term and the associated sharing of data will be greatly
simplified [36]. It is unclear who is to issue these rules. As with the aspect of metadata,
the individual research communities would probably be the best option here, since they
have a high level of expertise in the respective fields and thus know what is relevant,
and the guidelines are then not simply prescribed by outsiders, but created involving the
very communities who will later have to follow them. In addition to the actual functions,
usability must also be given priority. It is therefore essential that the technical solution
and all functionalities are designed intuitively so that there is as much willingness as
possible among researchers to use the system. The functions and tools must therefore
be usable and useful for the target group in the first instance [38].

Despite all possible obstacles, initiatives must be taken to encourage researchers to
practice RDM. If one asks the researchers themselves what possible incentives might be,
the answer is that one of the biggest incentives would be the increased visibility& impact
of their own research [30]. For this reason, there are also three major areas that need to
be stimulated in open access solutions: the publication of data, the use of published data
and the value added using published data and the value added using published data [39].

In this context, individual aspects must also be considered. Aspects such as loss of
control or fear of knowledge theft, as well as the perceived effort that researchers have
to “take on” in order to provide research data, must be taken seriously and included if a
virtual research environment is to be implemented. There is also evidence that there are
individual aspects that are deeply rooted in the researcher, especially when it comes to
fears of loss of control and knowledge theft. Likewise, the aspect that first, the awareness
has to be developed that one’s own research will be long-term research that should also
be available to others, is a point that has yet to be internalized by the researchers. Those
points, in turn, seem to have an influence on technical aspects that could affect the
possible acceptance and actual use of a technical solution.

The present study also has its limitations. In groupswith seven participants ormore, it
became difficult to assign all of the statements in the interviews to the correct participants
during transcription. The group discussion can also mean that the discussed topics are
determined by particularly eloquent or convincing participants who strongly voice their
opinion.

In summary, it can be stated that a platform for RDM should be more than just the
sum of technical functions. Not only the technical requirements have to be considered,
but also the organizational requirements as well as the concerns and fears of individual
researchers.

6 Conclusion

The goal of this studywas to evaluate howRDMplatforms need to be designed to support
academic researchers. Three categories of requirements were identified.

In general, basic functionalities should be given so that the system can fulfil its
purpose at all. These include functions for data sharing, long-term availability for re-
use, and the protection and secure use of data. In addition, functionalities for metadata
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and file formats should be integrated, as these functions play a key role. In general,
however, sufficient infrastructure and usability must be provided for when using the
system. In addition, already established functions from other contexts should be adapted
if possible, as these functions are then already field-tested and have proven themselves.

In cooperation with various research disciplines, rules and standards for metadata
must be established in addition to the existing guidelines for handling research data.
Furthermore, the issue of legal certainty must be comprehensively regulated.

Since this study first provides initial indications of connections between various
categories and aspects, future studies should deal with the connections between technical
and non-technical aspects as well as human concerns and fears in order to be able to
make statements in the future as to whether and how these connections could have an
influence on user behavior.
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