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Introduction

Universities and research institutions are increasingly 
responsible for providing researchers with institutional 
structures and services designed to maintain the sustaina-
ble handling of research data. When it comes to the bound-
ary conditions of this process, research institutions often 
have to face insufficient data literacy, unclear responsibili-
ties or the lacking integration of research data management 
(RDM) into study or advanced training curricula. In sum, 
knowledge of RDM and the adequate handling of research 
data often seems to be limited to the process itself rather 
than its boundary conditions.1

To the best of our knowledge, there is currently no 
comprehensive theoretical framework regarding the 
institutional conditions, under which the RDM process 
reaches maximum effectiveness and efficiency. This is 
quite surprising, since research institutions have found 
many different paths to incorporate RDM in practice 
over the last years. However, this may be because the 
goals associated with RDM have mainly been considered 
from an infrastructural perspective. Focusing on techni-
cal infrastructures is the result of treating RDM as a tool 
to fulfil specific quality criteria stated by the open sci-
ence movement. In this context, Wilkinson et al. (2016) 

have excellently summarized that, for example, data 
curation and long-term archiving of research data should 
be guided by the FAIR principles. According to these 
principles, guidelines regarding the documentation of 
research data as well as infrastructures for their long-
term preservation should ensure that research data are 
findable, accessible, interoperable and reusable. Besides 
the FAIR principles, lots of research funding agencies 
(for instance, the German Research Foundation DFG, 
2013) have established similar principles, for example by 
declaring long-term preservation of research data manda-
tory. However, both the FAIR principles as well as fund-
ing agency policies and other guidelines in the context of 
RDM and open science rather describe general quality 
criteria that should be fulfilled by research data and the 
technologies entrusted with their curation and preserva-
tion. Thus, the quality of the RDM process is mainly 
determined by technical infrastructure or more specifi-
cally by the quality of archives and repositories.
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This technical view disregards the fact that RDM is not 
a purely technical process. Instead, we understand RDM 
as an information process, its implementation demanding 
the integration of different process perspectives. This 
means that the realization of RDM functions and activities 
does not only require technological solutions, but also an 
organizational structure that describes the organizational 
units involved in RDM as well as the communication and 
direction relations between them (Scheer, 2000).2 This 
organizational perspective, which considers organizational 
units, positions and persons as well as their specific tasks, 
is essential for the implementation of an optimized RDM 
process. In particular, an organizational perspective 
increases the quality and functionality of the RDM process 
because it allows for a synchronization of the information 
processes and related workflows involved in RDM. The 
importance of a synchronization on an organizational level 
cannot be overstated notably in that it lays the foundations 
for the important technical synchronization. The remain-
der of this article is dedicated to the description of an RDM 
reference model for the implementation of RDM infra-
structures and services at universities and research institu-
tions. The aim of the model is to help research institutions 
fully incorporate RDM into their service and infrastructure 
landscape. To stretch the framework of our reference 
model, we begin with an introduction of its basic concepts, 
defining the research process itself as the proximal refer-
ence frame of the RDM process and the ‘Architecture of 
Integrated Information Systems’ (Scheer, 2000) as the dis-
tal reference frame. In this context, the dichotomy of prox-
imal and distal – usually used as anatomical terms of 
location – describes the extent to which the circumstances 
of RDM have a direct (proximal) or indirect (distal) impact 
on the implementation of RDM functions. By integrating 
these two reference frames we then outline our RDM ref-
erence model, which helps to cut the ‘rough diamond’ of 
research data and is therefore named after the German 
term for diamond: Designing an Information Architecture 
for Data Management Technologies (DIAMANT).

Research data management and its 
different reference frames

The research process as the proximal 
framework of RDM

The relevance of RDM mainly results from two goals for-
mulated by the open science movement, namely improv-
ing research economy and research integrity. Research 
economy addresses the circumstances under which scien-
tific exchange is promoted. This includes establishing con-
ditions that enable the quick and easy access to research 
data, facilitate a better return of research investments and 
contribute to more sustainable research data. While 
research economy is mainly directed to improving the 

efficiency of the research process (Hinrichs-Krapels and 
Grant, 2016), research integrity focuses on improving the 
quality of scientific work. According to this concept, 
researchers should ensure reliability, honesty, respect and 
responsibility regarding all activities and results associated 
with the research process (ALLEA – All European 
Academies, 2017).

As the research process and the quality criteria directed 
towards it determine the conditions directly affecting 
RDM, we define it as the proximal reference frame for the 
implementation of RDM infrastructures and services. 
Thus, the primary function of RDM is implementing both 
research economy and research integrity within the 
research process. RDM reaches this functionality by tell-
ing a tale about research data (Surkis and Read, 2015). In 
contrast to publishing a journal article, which mainly 
reports the results of a study, RDM tells the whole story 
according to the research process. This means that RDM 
already starts with developing a research concept, and then 
goes on during data collection, analysis, dissemination and 
archiving (Vardigan et  al., 2008). Conducting and docu-
menting all these activities not only ensures research integ-
rity, but also fosters efficiency of the research process, 
since additional work is averted, errors are avoided and 
resources are saved due to re-use of the data (ICPSR, 2012; 
UK Data Archive, 2011).

The Architecture of Integrated Information 
Systems as the distal reference frame of RDM

Whereas the research process provides a rather clear proxi-
mal reference frame of RDM, the information architecture, 
in which RDM is conducted, has been rather poorly con-
ceptualized so far. As RDM is mainly performed in 
research institutions (i.e. universities and other research 
institutions), its information architecture should reside 
within this framework. The Architecture of Integrated 
Information Systems (ARIS) (Scheer, 2000) is especially 
suitable for application in this context, since the integra-
tion of IT and management – a crucial issue in RDM – was 
the origin of the concept. More specifically, ARIS relies on 
a ‘common language for IT and management’ (Schwickert 
et al., 2011), and thus allows modelling business processes 
accounting for the needs of all stakeholders involved in 
RDM. Furthermore, ARIS helps reducing the perceived 
complexity of RDM by allowing for an independent view 
on organizational, functional or performance issues of the 
business process. For this purpose, the ARIS information 
architecture is split into five perspectives, from which 
three are relevant to the application of ARIS on RDM.3 
While the functional and the organizational perspective 
enable the review of a specific level, the governance per-
spective represents the relationships between the two. 
Each of these perspectives is represented by three descrip-
tion levels (subject, data processing and implementation). 
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On the subject level, ARIS requires that users model actual 
and target situations, while on the data processing level the 
description of these situations is translated into IT require-
ments and tasks. Finally, software and hardware solutions 
carry out these tasks on the implementation level. As our 
reference model aims at providing a general basis for 
establishing business processes in the context of RDM, we 
restrict the model to the subject level. Thus, research insti-
tutions remain flexible when modelling the concrete speci-
fications on the data processing and implementation level 
according to their specific needs.

The DIAMANT model

The aim of our reference model is to enable research insti-
tutions to Design an Information Architecture for Data 
MANagement Technologies (DIAMANT) that allows for 
the ideal use of these technologies. This means, by imple-
menting an appropriate information architecture, research 
institutions support researchers in cutting their ‘rough dia-
monds’ of research data into ‘high-carat’ ones. While the 
quality of the research data ‘diamonds’ depends on their 
compliance with open science criteria (e.g. FAIR), the 
quality of their manufacturing conditions depends on a 
proper subject level concept for effective and efficient 
RDM. Therefore, the following sections elaborate on the 
subject level concept of the different ARIS perspectives 
within the DIAMANT model (for a summary of the refer-
ence model see Figure 1).

The ideal RDM process from the functional 
perspective

The functional perspective of the ARIS concept applied 
to the RDM process defines and describes all functions 
required from universities or research institutions in 
order to maintain research integrity and research econ-
omy. Therefore, we present these functions and their 
respective location within the research process. To help 
fulfilling these ideal RDM functions, we additionally 
provide to-do lists that define the conditions under 
which the respective activities have to be performed 
(King, 1967).

Typically, the RDM process starts with conceptualiz-
ing the research process. In developing a new research 

concept, the primary RDM functions are information 
search (Table 1), method selection (Table 2) and the estab-
lishment of a funding framework (Table 3). Whereas 
information search is designed to validate and conceptual-
ize the research question, the method selection is associ-
ated with its operationalization. In other words, theoretical 
concepts and hypotheses are made measurable by defin-
ing observable events. In contrast, finding and establish-
ing an adequate funding framework determines the 
effective and efficient conduct of the research project. It 
will be successful only when there are enough resources 
for staff and equipment. Additionally, the funding frame-
work specifies strategies to fulfil the relevant RDM guide-
lines and determines which ethical and legal requirements 
have to be met.

In fact, fulfilling these three RDM functions is mostly 
the basis for every research project seeking external funds. 
Thus, it is an essential part of the value chain of universities 
and research institutions in general. Following the classifi-
cation of Porter (1985), we can define these functions as 

Figure 1.  Schematic depiction of the DIAMANT model.
Note: This includes the envisaged relations between the functional and 
the organizational perspective within the governance perspective and 
following the different stages of the research process. For reasons of 
clarity, we omit the depiction of the direct relations between RDM 
functions and executing organizational units.

Table 1.  Decision table: Information research.

Decision table: Information research Rules

R1 R2 R3 R4

Conditions Access to up to date information search services Y Y N N
Information search competence Y N Y N

Activities Establish access to up to date information search services – – x x
Offer trainings/workshops – x – x
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primary functions or primary activities. Thus, research 
institutions should ensure support regarding these functions 
in order to compete efficiently.

In this paper, we present the activities associated with 
the RDM functions via decision tables. These tables 
define the criteria that have to be met in order to fulfil a 
specific function. Additionally, they define those activi-
ties that should be done in case the requirements are not 
met yet. Whether a specific activity has to be carried out 
(‘x’) or not (‘-ʼ) is defined by the specific decision rules 
(R1, R2, …, Rn). These rules then in turn describe which 
criteria are met by the institution (‘Y’ = yes), and which 
are not met yet (‘N’ = no).4

After conceptualizing a research project, data collection 
and analysis are usually the next steps. In these stages, 
RDM has to provide technical support and consulting 
regarding the method selection. The technical support of 
the RDM process mainly accounts for safe data storage, 
data cleaning and documentation within the data lifecycle 
and the persistent findability of research data. Technical 
support activities (Table 4) usually do not have a direct 
impact on the creation of research data and thus can be 
defined as secondary activities (Schwickert et al., 2011). In 

general, secondary activities can be outsourced without 
impairing the value chain.5

The last two stages of the research process are publica-
tion and archiving. In these stages, researchers publish 
results, archive their data and disseminate them if appro-
priate. The main RDM function required in the stage of 
publication (Table 5) is the choice of a publication plat-
form, while in the archiving stage (Table 6) the main RDM 
function is choosing a suitable archiving infrastructure. 
Again, these functions can be defined as secondary, so that 
outsourcing is possible regarding the related activities.

In total, there are six RDM functions related to the 
research process, while half of them are defined as pri-
mary. The other three functions are secondary or support-
ing functions not directly involved in the creation of 
research data. Thus, we conclude that these functions can 
be outsourced to external infrastructure and service part-
ners. However, in case universities or research institutions 
would like to outsource these functions, they should make 
sure that there is sufficient information about these part-
ners at hand (e.g. on the institution’s website). This way, 
researchers have a quick access to relevant infrastructure 
and service providers.

Table 3.  Decision table: Establishment of funding framework.

Decision table: Establishment of funding framework Rules

R1 R2 R3 R4 R5 R6 R7 R8

Conditions Knowledge of relevant legal and ethical parameters Y Y Y N Y N N N
Knowledge of relevant discipline-specific and 
interdisciplinary RDM guidelines

Y Y N Y N Y N N

Knowledge of relevant scientific network structures Y N Y Y N N Y N
Activities Establishment of a legal aid office – – – x – x x x

Establishment of an ethical committee – – – x – x x x
Establishment of an information webpage regarding 
relevant RDM guidelines

– – x – x – x x

Establishment of an information webpage regarding 
relevant funding agencies

– x – – x x – x

Table 2.  Decision table: Method selection.

Decision table: Method selection Rules

R1 R2 R3 R4 R5 R6 R7 R8

Conditions Methodological competence Y Y Y N Y N N N
Access to relevant software and hardware Y Y N Y N Y N N
Access to discipline-specific methodological 
consulting

Y N Y Y N N Y N

Activities Provide methodological trainings/
workshops

– – – x – x x x

Provide software and hardware 
components

– – x – x – x x

Provide access to discipline-specific 
methodological consulting

– x – – x x – x
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The ideal RDM process from the organizational 
perspective

The organizational perspective of ARIS offers a proper 
representation of the organizational units and key players 
of a research institution as well as their relations and 

structures. Thus, it also presents an overview of the ways 
of communicating and directing between the different 
organizational units occupied with RDM. As organiza-
tional units do not only structure human resources, but also 
physical ones, services performed by machines can also be 
included in organizational units (e.g., in an IT centre).6

Table 4.  Decision table: Technical support.

Decision table: Technical support Rules

R1 R2 R3 R4 R5 R6 R7 R8

Conditions Safe data storage Y Y Y N Y N N N
Data cleaning and documentation within the data lifecycle Y Y N Y N Y N N
Persistent findability of research data Y N Y Y N N Y N

Activities Provide necessary data storage capacities – – – x – x x x
Provide access to relevant support tools for the 
(discipline-specific) documentation of data

– – x – x – x x

Provide information about the use of data documentation 
software and/or provide access to respective trainings/
workshops

– – x – x – x x

Provide infrastructures ensuring the persistent findability 
of data (e.g. bitstream preservation, persistent identifiers)

– x – – x x – x

Table 5.  Decision table: Choice of publication platforms.

Decision table: Choice of publication platforms Rules

R1 R2 R3 R4

Conditions Knowledge of suitable (open access) publication platforms Y Y N N
Access to (open access) publication platforms Y N Y N

Activities Provide information material regarding relevant (discipline-
specific) publication platforms for research data and 
research data-related publications

– – x x

Provide access to (open access) publication platforms  
(e.g. open access publication fund)

– x – x

Table 6.  Decision table: Choice of data archive.

Decision table: Choice of data archive Rules

R1 R2 R3 R4 R5 R6 R7 R8

Conditions Knowledge of and access to existing data centres and 
repositories

Y Y Y N Y N N N

Warranty of persistent findability of data Y Y N Y N Y N N
Matching between terms of use on the one hand, and 
project-specific, discipline-specific and legal requirements 
of data and texts on the other

Y N Y Y N N Y N

Activities Provide information about relevant existing data centres 
and repositories

– – – x – x x x

Support mechanisms guaranteeing the persistent 
findability of data (e.g. labelling with persistent identifiers)

– – x – x – x x

Provide support for assessing the matching between 
terms of use on the one hand, and project-specific, 
discipline-specific and legal requirements of data and 
texts on the other

– x – – x x – x
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From the organizational perspective, eight general 
organizational units can be defined within the RDM pro-
cess. Their relevance stems from their key roles in fulfill-
ing the respective RDM functions. These relevant units 
are an information research unit, an ethical committee, a 
legal aid office, a methods consulting office, software and 
hardware providers, an information unit, publication plat-
forms and a data archive. It is important to note that nam-
ing these units in our model should be understood as 
naming general types of organizational units. This means 
that we do not make any suggestions regarding the struc-
ture and resources of these units, but rather think that 

research institutions should find their own ways of design-
ing them based on their needs.

To illustrate the relations between the different organi-
zational units within RDM, we assume a process-oriented 
view of the organizational structure depicted in Figure 2. 
According to this model, there are four organizational 
units with human service providers only (highlighted in 
yellow). Together with the information unit, they are 
grouped on a higher hierarchical level. Thus, they form the 
functional units already needed in the early stages of the 
research process. The lower hierarchical levels, whose 
functionality is dependent on the interaction between 
human and information processing service providers 
(highlighted in green), correspond to the later stages of the 
research process.

The ideal RDM process from the governance 
perspective

While the functional and the organizational perspective 
reduce the complexity of RDM by focusing on a specific 
aspect of the process, the governance perspective accounts 
for the proper implementation of RDM infrastructures and 
services by modelling the interactions and relationships 
between the different perspectives. For reasons of keeping 
the DIAMANT model generalizable, we restrict it to mod-
elling the structural relations between RDM functions and 
organizational units.7 Thus, it offers structural relations 
between RDM functions and organizational units that 
allow for the efficient and effective performance of the dif-
ferent RDM activities. By relying on already existing 
RDM literature as well as expressed needs of researchers 
(Blask and Förster, 2018), we define how strong each 
organizational unit is involved in fulfilling RDM functions 
within the model.

The best way to depict the structural relations between 
RDM functions and organizational units is a matrix (Table 7). 
Within this matrix, we define clear areas of accountability 
and responsibility allowing research institutions to identify 

Figure 2.  The organizational structure as the basis of the 
RDM process.

Table 7.  Type of involvement of the different organizational units regarding the initiation, advancement, provision and conduction 
of support mechanisms fulfilling the RDM functions.

                      �Organizational 
units

RDM  
functions

Information 
research 
service

Methods 
consulting 
office

Ethical 
committee

Legal aid 
office

Information 
unit

Software 
and 
hardware

Publication 
platforms

Data 
archive

Information research p r x  
Method selection p r x p  
Establishment of funding 
framework

p p r x  

Technical support r x p x
Choice of publication platform r x p  
Choice of data archive r x p

Functional relations are marked as follows: r = responsible; p = provides/executes; x = receives results.
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the ways of communicating and information processing 
that have to be implemented for realizing the respective 
RDM functions. For this purpose, we suggest three types 
of relationships between RDM functions and organiza-
tional units within the DIAMANT model. The first type 
describes which organizational unit is responsible for initi-
ating support mechanisms regarding the fulfilment of a 
specific RDM function. Specifically, they are authorized 
to issue directives toward the organizational units of the 
second type. These second type units are involved in the 
provision and execution of support mechanisms. In order 
to ensure effective, accurate and complete execution of 
RDM functions the organizational units of the first type 
supervise these executive units. The third type of relation-
ship is the link between the various function-specific 
organizational units. Units of this type have to be informed 
about relevant results stemming from the execution of 
function-specific event process chains. In doing so, they 
help to advance support activities, reduce additional work 
and create a more transparent and flexible RDM process.

The responsibilities and relations between RDM func-
tions and organizational units depicted in Table 7 show 
that a researcher contacting the information unit always 
initiates the respective functions in the various stages of 
the research process. Thus, not only the research process 
itself but also the RDM process lies within the autonomy 
of each researcher. In contrast, the information unit pro-
vides researchers with RDM knowledge (e.g. via training, 
workshops or information material) and forwards research-
ers’ requests to the appropriate executive unit, if necessary. 
For selected RDM activities, it is also possible for research-
ers to contact the relevant executive unit directly.8 
However, DIAMANT recommends the interposition of the 
information unit, especially if external units provide RDM 
support mechanisms. Restricting the main responsibilities 
to the information unit allows for boosting the efficiency 
of the RDM process. Furthermore, this reference model 
meets the demand of many researchers regarding the ‘one-
stop’ solution of RDM service (Blask and Förster, 2018). 
Last but not least, feedback loops from the organizational 
units to the information unit help evaluating and refining 
RDM services and therefore increase both effectiveness 
and efficiency of the RDM process. This (self-) learning 
process shortens the event process chains within the whole 
process as growing RDM competencies of researchers ren-
der forwarding RDM needs to executive units more and 
more unnecessary.

Summary: The DIAMANT model and 
its implications

In this article, we have presented a reference model pro-
viding an orientation framework for the implementation 
of RDM infrastructures and services at universities and 
research institutions. The DIAMANT model hereby 

focuses on making the RDM process more effective and 
efficient. In other words, it provides the ideal framework 
for performing RDM tasks in a manner that minimizes 
the effort researchers have to put into RDM during their 
scientific work.

To this end, we have modelled the RDM process within 
the DIAMANT model on the basis of the ARIS concept 
(Scheer, 2000). In accordance with this concept, our mod-
elling strategy covered multiple perspectives, namely the 
functional perspective, the organizational perspective and 
the governance perspective. Together, they form a model 
that enables the optimization of the RDM process for the 
benefit of a user-friendly implementation into the research 
process. Most importantly, this implementation process is 
practically independent of current resource allocation at 
research institutions and thus extremely flexible. 
Specifically, one might create the relevant boundary con-
ditions for an optimized RDM just by implementing (and 
institutionalizing) the information unit and corresponding 
feedback loops with the remaining outsourced organiza-
tional units.

We believe that following the implementation strategy 
proposed in the DIAMANT model has several practical 
advantages regarding RDM. For one thing, it curbs doing 
RDM things for the sake of doing RDM things (Klump and 
Ludwig, 2013), since the DIAMANT model makes clear 
statements about which RDM functions are relevant for 
the value creation process (i.e. the research process) of 
research institutions, and which functions in contrast have 
a rather supporting character. For another thing, research 
institutions can use existing infrastructures and services on 
the basis of this classification without facing competitive 
disadvantages. Finally yet importantly, the DIAMANT 
model reduces the creation of isolated applications of 
RDM at research institutions as a whole, supporting the 
establishment of national as well as the formation of inter-
national research data infrastructures. This increased struc-
turing and organization of existing infrastructures also 
promotes the implementation of quality criteria such as the 
FAIR principles or the development and establishment of 
community-specific standards.

In conclusion, the DIAMANT model demonstrates the 
conceptualization of an RDM information architecture 
that is guided by the requirements of the research pro-
cess. Given that the requirements related to the RDM 
infrastructure and service landscape are oriented towards 
the needs of researchers this model essentially contrib-
utes to the implementation of an optimized RDM pro-
cess. Optimized, because it is directed towards using 
RDM in its intended function, namely to cut the ‘rough 
diamond’ of research data.
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Notes

1.	 One of the best known representations of the RDM process 
is, for example, the Curation Lifecycle Model of the Digital 
Curation Centre (Higgins, 2008).

2.	 In this context, the term ‘organizational structure’ does not 
mean to build up a specific institute, but rather to (re-)struc-
ture the design of an already existing organization or institu-
tion (e.g. a university) regarding its governance mechanisms 
of RDM.

3.	 Since the data perspective and the performance perspective 
are hardly generalizable in the context of RDM, we limit 
our model to the functional, organizational and governance 
perspective.

4.	 Example for Table 1: A research institution has established 
the access to up-to-date information search services (Y), 
but information search competence is insufficient (N). This 
situation is reflected in decision rule R2: appropriate train-
ing should be provided, whereas there is no call for action 
regarding the information search services.

5.	 However, the method selection is a primary function, since 
the activities associated with this choice have a direct impact 
on creating data. Thus, this function has to be assigned to the 
core business of any university or research institution.

6.	 Following this argument, organizational units mainly con-
sist of human or technical service providers, while the latter 
can be divided into material machining and information pro-
cessing (e.g. a computer) (Scheer, 2000). As the technical 
service providers involved in the RDM process are occupied 
with information processing only, a technical organization 
unit in our model always consists of information processing 
service providers.

7.	 Besides the structural relations, ARIS usually requires the 
additional description of system dynamics within the gov-
ernance perspective via event-driven process chains (EPC). 
However, the design of these EPC is highly dependent 
on the structure of the specific institution. Thus, it would 
reduce the model’s generalizability.

8.	 This should be possible in case these organizational units 
have already been established at the researcher’s institution.
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