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ABSTRACT

This article describes how virtual research environments (VREs) offer new opportunities for 
researchers to analyse open data and to obtain new insights for policy making. Although various 
VRE-related initiatives are under development, there is a lack of insight into how VREs support 
collaborative open data analysis by researchers and how this might be improved, ultimately leading 
to input for policy making to solve societal issues. This article clarifies in which ways VREs support 
researchers in open data analysis. Seven cases presenting different modes of researcher support for 
open data analysis were investigated and compared. Four types of support were identified: 1) ‘Figure 
it out yourself’, 2) ‘Leading users by the hand’, 3) ‘Training to provide the basics’ and 4) ‘Learning 
from peers’. The author provides recommendations to improve the support of researchers’ open data 
analysis and to subsequently obtain new insights for policy making to solve societal challenges.
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INTRODUCTION

Access to data, and particularly to open data, can be beneficial for science, public policy and society, 
and can inform evidence-based governmental decisions (Sá & Grieco, 2016; Sivarajah et al., 2016). 
Open data may be obtained from governments, publicly funded research organisations and private 
organisations (Vercamer, Steurtewagen, Van den Poel, & Vermeulen, 2016), as well as from social 
media (Kalampokis, Hausenblas, & Tarabanis, 2011; Poel et al., 2015) and sensors (Poel et al., 2015). 
For instance, open government data (OGD) concerning the design, construction, management and 
maintenance of the road network can be combined with data from GPS navigation companies and 
with social media data from individual drivers to identify issues related to traffic congestion. The 
combination of these data obtained from different sources and disciplines may be used to improve 
traffic policy making and ultimately to decrease traffic congestion. Valuable insights are expected to 
be derived from novel combinations of data from different disciplines (Choi & Tausczik, 2017). Open 
data can be analysed by anybody, and the analysis results can be used to make informed arguments 
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for embracing, rejecting or proposing new or improved policies (Janssen & Helbig, 2016). Open data 
can then be used for evidence-based policy analysis and evaluation (Markaki et al., 2014).

Just as new data combinations offer new opportunities (Janssen, Konopnicki, Snowdon, & Ojo, 
2017), collaboration between the various actors involved in analysing open data is also expected 
to facilitate new opportunities to obtain new insights to solve societal problems (Susha, Janssen, 
& Verhulst, 2017). Collaboration is an important aspect of many open data analysis projects (Choi 
& Tausczik, 2017). For example, to improve policy making regarding energy sustainability, policy 
makers need not only data from a range of domains (e.g. energy, industry, pollution, climate, weather, 
housing, geography), but also the ability to interpret the data. Collaboration to combine the relevant 
domain knowledge of different parties (e.g. energy saving experts, pollution experts, climate experts) 
is needed to investigate and interpret the data and to take appropriate measures.

Virtual research environments (VREs) offer new opportunities to collaboratively analyse data 
and obtain new insights, especially when data from multiple disciplines are combined (Jeffery et al., 
2017). Such insights may provide input for public policy making to solve societal issues (Zuiderwijk, 
Jeffery, Bailo, & Yin, 2016). VREs provide researchers with access to the resources, including data 
and software, of a multiplicity of e-research infrastructures. Although various VRE-related initiatives 
are under development, they suffer from user experience issues (Zuiderwijk et al., 2016). There is a 
lack of insight into how VREs support collaborative open data analysis by researchers and how this 
might be improved. The potential of VREs and open data is largely unexploited.

This paper clarifies in which ways VREs support researchers in open data analysis. It presents an 
analysis of VRE cases that employ a variety of support modes for open data analysis in Europe. As such, 
the contribution of this paper is in the form of an overview of and recommendations for user support 
for data analysis by researchers using VREs. The user support modes and the recommendations may 
be used by technical developers in the design and development of VREs, and they may be considered 
by policy makers of governmental and non-governmental organisations in the creation of open data 
policies. This paper focuses particularly on VREs that support researchers analysing open data (see 
Figure 1). Open data includes data from public and publicly-funded organisations (OGD), as well as 
research data from research organisations and data from private parties, such as data obtained from 
SMEs and from citizens (social media data).

Policy makers were outside the scope of this study, and the premise was that insights from open 
data analysis through VREs will support policy making. We focused on revealing functionalities 
rather than the quality of the data that is provided through the VRE. Moreover, the meeting of 
requirements, such as reliability and scalability, and how users learn to use VREs were also outside 
the scope of this study.

This article is structured as follows. First, related literature in the areas of VREs and support 
for OGD use is discussed. Then the approach used in this study is outlined. This is followed by a 
cross-case comparison of modes to support OGD use for policy making. Finally, recommendations 
and conclusions for VRE developers and policy makers are discussed.

Figure 1. Open data analysis in virtual research environments
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RESEARCH BACKGROUND

Virtual Research Environments
VREs have become critical to modern research processes (Buddenbohm et al., 2015). VREs are 
created to “support collaboration, encourage multidisciplinary research, allow the use (and reuse) 
of data, and facilitate the research environment” (Terras, Warwick, & Ross, 2016, p. 153). A VRE 
can be defined as “an online environment offering a set of tools aimed at providing a collaborative 
research environment for researchers that may be geographically dispersed” (Sarwar, Doherty, Watt, 
& Sinnott, 2013, p. 551). VREs typically consist of three main components (Zuiderwijk et al., 2016):

1. 	 The bottom layer: The e-infrastructures that provide information and communication technology 
(ICT) facilities (e.g. EUDAT, www.eudat.eu/ and PRACE, www.prace-ri.eu);

2. 	 The middle layer: The e-research infrastructures that provide homogeneous access to heterogeneous 
data, software and resources of a range of e-research infrastructures for end users (e.g. LifeWatch, 
www.lifewatch.eu/). They also offer services and applications (Terras et al., 2016);

3. 	 The top layer: The VRE itself with its users, who can work together and collaborate through 
the VRE (Zuiderwijk et al., 2016).

Through the VRE, the end user can easily access the data, software and resources of a 
range of underlying e-research infrastructures without knowing about the underlying e-research 
infrastructures (Zuiderwijk et al., 2016). Access is provided through a single, uniform web portal 
that minimises the level of detail and complexity of the back-end process, such as interaction with 
services and handling heterogeneous data resources (Sarwar et al., 2013). VREs are at a higher level 
of hierarchy than e-research infrastructures and their underlying e-infrastructures, and they offer 
more advanced functionalities for their end users than the underlying e-research infrastructures 
do (Bornschlegl, Manieri, Walsh, Catarci, & Hemmje, 2016; Candela, Castelli, & Pagano, 2013; 
Zuiderwijk et al., 2016). VREs should assist data users throughout the “scholarly processing 
cycle”, which consists of 1) conditioning and augmentation by metadata, 2) modelling and creating 
annotated linked sources, 3) applying data analysis and inference tools, and 4) releasing, presenting 
and publishing the results in various formats (Scholz & Goerz, 2012). Thus, VREs should provide 
the complete research environment.

VREs are focused mainly on research collaborations, in addition to the support for all aspects of 
research activities (Sinnott & Stell, 2011). Other research supporting environments, such as science 
gateways (SGs) and virtual laboratories (VLs), tend to be domain specific and linked with one or a small 
number of e-research infrastructures (Jeffery et al., 2017). Research collaborations in the context of VREs 
include 1) access to data, tools and other resources from different research infrastructures, 2) cooperation 
or collaboration between researchers at the same or different institutions, 3) cooperation at intra- and inter-
institutional levels, and/or 4) preserving or taking care of data and other outputs (Carusi & Reimer, 2010).

VREs can potentially support cooperation or collaboration between researchers and policy 
makers. VREs do not need to be restricted to particular sectors (e.g. governmental organisations, 
companies, universities or research institutes) or disciplines (e.g. energy, mobility or climate) and 
can span across them (European Union, 2016). VREs allow researchers to combine OGD with other 
types of data (e.g. research data and sensor data), to analyse that data and to obtain novel insights 
that may provide input for policy makers to solve societal issues.

ISSUES OF USING VREs FOR OPEN DATA ANALYSIS

Various VRE-related initiatives are under development, including EPOS for earth/geo-physical 
sciences (http://www.epos-eu.org/), ENVRIplus for environmental sciences (http://www.envriplus.
eu/) and EXCELERATE for biological/biomedical sciences (http://www.elixir-europe.org/about/eu-
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projects/excelerate). However, existing VRE projects are restricted to particular domains (Jeffery et 
al., 2017). For instance, the ESLab VRE is focused on ecosystem services (Holmberg et al., 2015), 
the ENS@T-CANCER VRE is focused on adrenal cancer research (Sinnott et al., 2016) and the 
ENROLLER VRE is focused on the humanities (Sarwar et al., 2013).

The literature shows that VRE-related initiatives suffer from user experience issues (Zuiderwijk 
et al., 2016). Whereas user satisfaction is critical for benefitting from data sharing and reuse in a 
VRE (Crosas, 2011), “a lack of support emerges as one of the most critical barriers to the uptake of 
VREs” (Carusi & Reimer, 2010, p. 35), resulting in a lack of community uptake of VREs (Candela 
et al., 2013). Critical user support issues concern the lack of ongoing technical support for further 
development and fixing bugs, and the lack of direct support of researchers engaged with VREs (Carusi 
& Reimer, 2010), and there are many more issues. These user support issues may present a serious 
barrier to the collaborative analysis of open data in VREs and may thus hinder the creation of new 
opportunities for public policy making. Most importantly, there is a lack of insight into how VREs 
can support collaborative open data analysis by researchers.

REQUIREMENTS FOR OPEN DATA ANALYSIS USING VREs

To be successful, VREs must be easy to use and embedded in the scholars’ workflow (Connaway & 
Dickey, 2010). End user requirements for VREs can be categorised as follows:

1. 	 Intuitive VRE user interface: It has been stated that “existing VREs lack efficient and 
effective user interfaces able to satisfy the needs of the different types of people collaborating in 
performing certain tasks” (Ardito, Costabile, Desolda, Matera, & Buono, 2016, p. 115). VREs 
have to cater for a broad range of users, including researchers and policy makers, with different 
backgrounds, reasoning strategies, daily practices, languages and notations (idem). Sarwar 
et al. (2013) emphasise minimising the level of detail required by end user researchers in the 
back-end processes in interacting with services and dealing with issues. This is confirmed by 
Jeffery, Asserson, Houssos, Brasse and Jörg (2014), who posit that the user interface can offer 
a simplified virtualisation whereby the user does not need to know how or where the computer 
processing of the data takes place, provided that service level demands are met. Furthermore, 
user requirements may evolve over time (Terras et al., 2016), and thus the user interface should 
be easily adaptable to the needs of the end users;

2. 	 Easy-to-use data analysis tools: VREs should enable researchers to conduct a variety of complex 
research activities (Terras et al., 2016). Data processing tools include tools for searching data 
(Jeffery et al., 2017; Zuiderwijk, 2015), tools for analysing and visualising data, and tools for 
assessing data quality (Zuiderwijk, 2015). Moreover, the tools should also enable the composing 
of workflows and the tracking of data publications (Jeffery et al., 2017);

3. 	 Clear data use and sharing conditions: To support the use of open data through VREs, it 
should be clear to VRE users under which conditions they are legally allowed to use the data 
(with different levels of sensitivity) and with whom and under which conditions they can share 
the datasets that they have processed and combined. The literature shows that researchers are 
concerned with privacy and safety aspects when sharing data (Connaway & Dickey, 2010; 
Rockhold, Nisen, & Freeman, 2016) and that there may be usage restrictions when data is shared 
(Chen & Zhao, 2012). For example, datasets may contain sensitive information, such as data 
related to persons and their diseases (Sinnott et al., 2013). Additionally, various trust issues, such 
as rapid changes in datasets and a lack of clarity regarding how data can be cited, make data 
sharing and reuse challenging. There may be concerns about ownership and attribution (Candela 
et al., 2013). To improve the user experience, the data use environment should be user centred, 
secure, privacy compliant and sustainable (Jeffery et al., 2017);
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4. 	 Support of interaction and collaboration: An important characteristic of VREs is that they 
allow for the generation of new results, including scientific results, by facilitating collaboration 
between scientists (De Roure & Goble, 2007). This is a type of open collaboration, meaning that 
the collaboration produces a shared artifact and that it is supported by a technological platform 
that allows for flexible social structures and enables contributors to enter and exit the collaboration 
easily (Choi & Tausczik, 2017; Forte & Lampe, 2013). VREs can be used to handle the complex 
tasks that multidisciplinary collaboration demands (Edwards et al., 2014). Within VREs, virtual 
research communities can be created (Carusi & Reimer, 2010). VREs enable workflows to be 
made available to scientists and can provide mechanisms to share such workflows within and 
across communities and disciplines (De Roure, Goble, & Stevens, 2009). When developing 
VREs, considerable attention should therefore be paid to community building aspects (SURF 
Foundation, 2010);

5. 	 Provision of user training and a helpdesk: Carusi and Reimer (2010) state that in VREs there 
should be ongoing technical support for further development and fixing bugs. A user helpdesk 
may support users by answering questions regarding both technical and content-related issues. 
Furthermore, data users may be unfamiliar with the opportunities afforded by open data and 
they may not have enough technical knowledge and/or skills to use the data (Welle Donker & 
Loenen, 2017). Training might improve this situation. Candela et al. (2013) confirm this lack 
of training, which they term “instructional support”. Scholars should be trained to obtain more 
knowledge of how the system can be used (Connaway & Dickey, 2010).

RESEARCH APPROACH

A multiple case study design was used to gain insight into how VREs support collaborative open data 
analysis by researchers. Multiple-case designs are preferred over single-case designs, as the analytic 
conclusions that arise independently from multiple cases will be more powerful than those coming 
from a single case (or single experiment) alone (Yin, 2003). As suggested by Yin (2003), a protocol 
for the investigation of cases was created.

Theoretical sampling concerns choosing cases because they are expected to replicate previous 
cases, extend emergent theory, fill theoretical categories or supply examples (Eisenhardt, 1989). 
Theoretical sampling was used to select the cases, as the aim of this study was to contribute to theory 
building in the field of open data and VREs, rather than to test theories in this field. Open data is a 
relatively new field in which many studies neither apply existing theories and models nor develop 
theory and models from scratch, and no single theory or model dominates (Hossain, Dwivedi, & 
Rana, 2016). There is a need for theory building, which made theoretical sampling an appropriate 
approach for the case study selection in this research.

The following criteria were formulated to allow for theoretical sampling and to define which 
characteristics the cases needed to have:

1. 	 The cases employ e-research infrastructures that are technically ready to interoperate with 
VREs or be expandable to VREs: We selected cases in which the e-research infrastructures 
underlying the VREs were at least ESFRI Landmarks or ESFRI projects of the European Strategy 
Forum on Research Infrastructures (ESFRI)1, which means that the underlying e-research 
infrastructures were technically ready to interoperate with VREs or be expandable to VREs. 
Selecting ESFRI Landmarks and projects also ensured that all cases had a European Research 
Infrastructure Consortium (ERIC2) and that the e-research infrastructures had reached the 
implementation phase before the end of 2015, ensuring at least a certain level of maturity;

2. 	 The cases involve a relation between data analysis and policy making: The selection of ESFRI 
Landmarks and projects ensured that this criterion was met, since ESFRI has an important role 
in policy making (e.g. concerning health issues; see Calzolari et al. (2014) for an example);
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3. 	 The cases represent open data analysis in Europe: Many VRE-related initiatives are under 
development all over the world, but we focused on European initiatives, since the European 
ESFRI Landmarks and projects, which ensure the technical readiness of the cases to interoperate 
with VREs or be expandable to VREs, also focus on Europe;

4. 	 Case study information should be available and accessible: The cases were explored by 
performing desk research and interviews. The desk research included studying websites, 
applications and documents, including policy documents. For each case, at least one interview 
was conducted, and if this did not result in sufficient information, an additional interview was 
held. Nine interviews were conducted in total. The interviews were conducted by various members 
of the VRE4EIC project (www.vre4eic.eu), using an interview protocol (obtainable from the 
author upon request) that ensured consistency between the interviews. The interviewees were 
experts who were closely involved in the cases and had knowledge of both the technical and the 
social aspects.

Based on these criteria, seven cases were selected (see Table 1). Five cases are ESFRI Landmarks, 
one (CLARIAH) is based on two ESFRI Landmarks, and one (EPOS) is an ESFRI project. A protocol 
for the characterisation of the VRE-related cases was created in the form of an Excel file that contained 
all the relevant aspects on which the cases were evaluated and compared. In this paper we focus on the 
requirements for supporting data analysis by researchers as identified in the ‘Research Background’ 

Table 1. Overview of the selected cases

Case Domain Objectives

1. ICOS: Integrate Carbon 
Observation System

Environmental 
science / earth 
sciences

“Integrate atmosphere, ecosystem and ocean greenhouse gas observations to provide timely 
and reliable data for research, policy making, and the general public. ICOS RI brings 
together high quality European national research communities and measurement stations and, 
through coordination and support, constitutes a European-wide research infrastructure that 
serves both scientists and society.” (https://www.icos-ri.eu/icos-research-infrastructure)

2. Euro-Argo: A new 
European research 
infrastructure contributing 
to the international Argo 
programme

Marine / 
environmental 
sciences

“Optimise, sustain and improve the European contributions to Argo and to provide a world-class 
service to the research (ocean and climate) and operational oceanography (Copernicus Marine 
Service) communities” (as stated by the interviewee, also see http://www.euro-argo.eu/About-us/
The-Research-Infrastructure).

3. EPOS: European Plate 
Observing System Earth sciences

“Creating a pan-European infrastructure for solid Earth science to support a safe and 
sustainable society. EPOS will enable innovative multidisciplinary research for a better 
understanding of the Earth’s physical and chemical processes that control earthquakes, 
volcanic eruptions, ground instability, tsunami, and all those processes driving tectonics and 
Earth’s surface dynamics.” (https://www.epos-ip.org/)

4. ELIXIR: A distributed 
infrastructure for life-
science information

Biological 
sciences, life 
sciences

“Unite Europe’s leading life science organisations in managing and safeguarding the 
increasing volume of data being generated by publicly funded research. It coordinates, 
integrates and sustains bioinformatics resources across its member states and enables users 
in academia and industry to access services that are vital for their research” (https://www.
elixir-europe.org/).

5. LifeWatchGreece: 
e-Science European 
infrastructure for 
Biodiversity and Ecosystem 
Research

Biological sciences

LifeWatchGreece Research Infrastructure (LWG RI) is the national effort within LifeWatch, 
which supports relevant studies related to, for example, tourism development, fisheries, 
agriculture and maritime transport. LifeWatch aims to “advance biodiversity and ecosystem 
research and to provide major contributions to addressing the big environmental challenges 
(e.g. climate change), including knowledge-based solutions to environmental managers for 
its preservation, by providing access through a pan-European distributed e-infrastructure to a 
multitude of sets of data, services and tools […] .” (see http://www.lifewatch.eu/)

6. CESSDA: Consortium 
of European Social Science 
Data Archives

Social sciences

“Provide large-scale, integrated and sustainable data services to the social sciences. It brings 
together social science data archives across Europe, with the aim of promoting the results of 
social science research and supporting national and international research and cooperation” 
(http://cessda.net/).

7. CLARIAH: Common Lab 
Research Infrastructure for 
the Arts and Humanities

Humanities and 
social sciences

Provide researchers with access to large collections of humanities and social science data 
and with user-friendly applications for processing this data. “CLARIAH designs, implements 
and exploits the Dutch part of the European CLARIN and DARIAH infrastructures” (https://
www.clariah.nl/en/about)
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section. The characterisations of the cases were carried out in 2016 and 2017. The characterised user 
support aspects were presented to interviewees as a template that they were asked to complete and 
discuss. After the template had been analysed by the author and the findings had been interpreted, 
the findings were sent to the interviewees, who were asked to check the findings and to supplement 
them, if necessary. This resulted in Table 2, in the following section.

CROSS-CASE COMPARISON: HOW VREs SUPPORT 
COLLABORATIVE OPEN DATA ANALYSIS BY RESEARCHERS

Table 2 shows how the selected VRE cases support collaborative open data analysis by researchers. The 
colours of the cells indicate the types of support given in each case. Green indicates that all questions 
in that cell were answered positively (pointing at user support for open data analysis through the VRE), 
red that all questions were answered negatively (pointing at a lack of user support) and orange that 
some questions were answered positively and some negatively. The interpretation of each case requires 
one to examine the text in the cells; it is not possible to simply count the number of green cells per 
case, as the colours indicate in which areas more or less support for open data analysis is provided.

The cross-case comparison shows that VREs provide different degrees of researcher support 
for collaborative open data analysis. For example, in some cases researchers receive much support 
in terms of training, but limited support in terms of data analysis tools, whereas this is different in 
other cases. The limited number of red cells in the table shows that all seven cases provide at least 
some user support for open data analysis for each of the five areas, namely 1) intuitive VRE user 
interface (UI), 2) easy-to-use data analysis tools, 3) clear data use and sharing conditions, 4) support 
of interaction and collaboration, and 5) provision of user training and a helpdesk. The limited number 
of green cells in the table shows that there is also still much room for improvement regarding user 
support for open data analysis.

We found that the seven cases differ on two main variables, namely 1) interaction and collaboration 
and 2) training and helpdesk. By combining these two variables, we identified four support modes 
(see Figure 2):

1. 	 ‘Figure it out yourself’ (limited collaboration, training or other user support) (cases 1 and 2);
2. 	 ‘Leading users by the hand’ (considerable collaboration, training and other user support) 

(cases 3 and 4);
3. 	 ‘Training to provide the basics’ (support in the form of training but only limited collaboration 

support) (cases 5, 6 and 7);
4. 	 ‘Learning from peers’ (collaboration support but only limited support in the form of training) 

(none of the cases belongs to this category).

As far as training and collaboration support are concerned, the first and the second case 
(ICOS and Euro-Argo) belong to the category ‘Figure it out yourself’. In these cases, limited 
or no training and training-related support in using open data is provided, and there is limited 
collaboration support for researchers. For instance, these VRE-related initiatives do not offer a 
group setup, do not allow for group discussions or forums, and do not provide co-editing tools. 
The first and second cases do not offer an extensive training programme, although the second case 
does provide user manuals and there are plans to organise training workshops in the future, and it 
offers a helpdesk. Thus, while collaboration, training and user support are essential if researchers 
want to collaborate through VREs, these two cases offer limited collaboration and training support 
to researchers. Researchers who want to use the infrastructures that these cases relate to need a 
supporting network in case they encounter problems or need to have the knowledge and skills to 
use this data and solve problems themselves.
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Table 2. VRE user support for collaboratively analysing open data in the seven selected cases
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However, the fact that the first and second cases do not provide much training and collaboration 
support does not mean that they do not support open data use. For instance, in the ICOS case, data 
processing is supported as all analysis are documented and accompanied by uncertainty estimates. 
An example from the Euro-Argo case is that the user is assisted in recognising the appropriateness of 
certain data analyses, as each observation in Euro-Argo has an associated quality control flag, which 
is assigned by automated quality controls and, when needed, by a visual inspection performed by a 
specialist in Argo data. This shows that data use is supported in a different way, but not that much 
via training and collaboration support. Moreover, both ICOS and Euro-Argo offer publicly accessible 
data free of charge and allow users to request data, and open source solutions are used for ICOS.

A second type of user support model is ‘Leading users by the hand’. Compared to the ‘Figure 
it out yourself’ model, this is the other side of the coin: much collaboration support for the use of 
open data through VREs is offered, and extensive training in and training-related support for using 
open research data are given. In this model, less support from the researcher’s own network is needed 
compared to the other models. Instead, data users can ask other researchers for support through the 
VRE or they can get support through the offered training programme. The third and the fourth case 
(EPOS and ELIXIR) belong to the ‘Leading users by the hand’ model. Both EPOS and ELIXIR allow 
for group discussions and/or forums and for data requests, and they offer a programme to train end 
users. For instance, ELIXIR provides a Training eSupport System (TeSS) portal, e-learning and face-
to-face training. In the case of both EPOS and ELIXIR, the system is improved based on feedback 
from users and information is (or will be) available on how well the system operates. In both cases, 
information on the usability of the user interface is collected. However, also in these two cases user 
support can be improved. For example, neither case has a group setup or a user helpdesk. EPOS does 
not offer co-editing tools and does not assist the user in recognising the appropriateness of certain 
analyses (whereas ELIXIR does), and ELIXIR does not protect the user against errors and does not 
offer a multilingual user interface (whereas EPOS does).

The third and fourth models are variations of the ‘Figure it out yourself’ model and the ‘Leading 
users by the hand’ model. In the third model, the VRE provides ‘Training to provide the basics’ (training 
but limited collaboration). In this model, the VRE enables users to learn how to use data and basic 
data use skills. However, there is limited collaboration support. The fifth, sixth and seventh cases 

Figure 2. Overview of the four user support models concerning interaction, collaboration, training and helpdesk identified in the 
seven VRE-related cases
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(LifeWatchGreece, CESSDA and CLARIAH) belong to this model. LifeWatchGreece and CESSDA 
do not offer a group setup, provide co-editing tools or offer a user helpdesk. CLARIAH does offer a 
group setup and a user helpdesk. Moreover, in all three cases the user is not assisted in recognising 
the appropriateness of data analyses. Regarding the provision of tools to support data analysis, 
LifeWatchGreece and CLARIAH do not allow users to request data, whereas CESSDA allows this 
only in certain cases. CESSDA does not enable group discussions or forums (yet LifeWatchGreece 
does). For all three cases there is no information available on how well the system operates or how 
usable the user interface is. On the other hand, training is provided. For instance, CESSDA participates 
in the FOSTER–CESSDA training project, which “supports European researchers in implementing 
sustainable data management and sharing concepts in their projects by offering training and resources 
on these topics” (https://cessda.net/CESSDA-Training). Furthermore, in the three cases, open source 
software is provided. CESSDA data are also licensed for reuse, yet for LifeWatchGreece this depends 
on the data license that the data providers indicate. CLARIAH data cannot be reused commercially. 
The CESSDA user interface will be multilingual. Thus, whereas users are trained in such skills as data 
management and preservation, there are various opportunities to improve user collaboration support.

The fourth user support model for VREs is ‘Learning from peers’. In this model, there is 
collaboration support but limited training for end users. Since none of the cases that we analysed 
belongs to this fourth category, the question is whether this model actually exists in practice.

RECOMMENDATIONS FOR IMPROVING VRE OPEN DATA 
ANALYSIS AND SUBSEQUENT POLICY MAKING

Even though there is much potential for using open data to make more informed arguments for 
embracing, rejecting or proposing new or improved policies (Janssen & Helbig, 2016; Markaki et 
al., 2014), our case studies showed that this is not as simple as it may seem. Based on the findings 
presented in the previous sections, we drew up the following recommendations for VRE developers 
and open data policy makers to support open data analysis in VREs.

Learn From Other VRE Initiatives and Further Develop User Support
First, the cases showed that user support is often limited and should be improved. Table 2 revealed 
that there are still areas for improvement. This confirms previous findings. For instance, Candela et al. 
(2013) state that there is a lack of community uptake of VREs, and among the reasons for this are user 
support factors. According to these scholars, “Virtual Research Environments should be designed, since 
the beginning, to promote uptake, ensure usability, and guarantee sustainability” (idem, p. GRDI79). 
We found that users are supported in many ways, which suggests that the stakeholders involved in 
the VRE design can learn from each other. Some user support aspects may be similar for all VRE 
initiatives (e.g. how to use a particular tool that can be used for co-editing datasets, or how to use a 
tool to ask for feedback from other researchers). We recommend that VREs encourage the reuse of 
user support modules and functionalities that have already been developed, including the following:

•	 A multilingual user interface;
•	 Feedback mechanisms (e.g. for users to provide feedback on the usability of the user interface 

or on how well the system operates);
•	 Functionalities for automatic user protection against errors in data analysis;
•	 Functionalities to offer users a group setup, group discussions and forums;
•	 Functionalities to allow users to co-edit and request data;
•	 Training modules (e.g. online courses and joint workshops with end users);
•	 A user helpdesk.
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The modules and functionalities that are used in one case may also be useful in another case, so 
that the usability of the VRE-related initiatives can be improved. In addition, user support should be 
developed further, since several user support types were not found in the cases. For example, massive 
open online courses (MOOCs) can be created to train users and improve their data analysis skills.

Develop a VRE for Multidisciplinary Data to Obtain New Insights 
for Policy Making and Encourage New Collaborations
We found that most of the investigated VRE-related initiatives are focused on a single domain, whereas 
it is stated in the literature that the added value comes from new combinations of data (Janssen et al., 
2017), especially when the data come from different domains (Jeffery et al., 2017). Collaboration 
between researchers who analyse open data from different domains and policy makers who use the 
outcomes of this open data analysis, requires a different type of support than a collaboration involving 
the analysis of open data from a single domain. Although some of the tools supporting the collaboration 
are generic and may be similar across domains (e.g. Skype and Google Documents), the actual data 
analysis may be different and some data analysis tools may be domain specific (e.g. certain modelling and 
simulation tools). This is because each domain has its own standards and semantics to describe datasets. 
For instance, standards used to describe geographical data are often different from standards used to 
describe social science data, and terms may have different meanings. Analysing open data from different 
domains requires support for providing homogeneous access (e.g. data analysis tools that can be used 
across domains, a single point of access, a similar user interface) hiding the complexity of integrating 
heterogeneous data sources, standards and domain-specific tools. We recommend the development 
of a VRE that offers access to data from multiple disciplines combining both domain-specific data 
analysis tools and generic data analysis tools. This can lead to new insights when, for instance, new data 
combinations are made or researchers and policy makers from different disciplines start collaborating:

1. 	 VREs should offer clear and effective communication mechanisms for researchers (as open data 
users) and policy makers (using the outcomes of open data analysis).

Using the outcomes of open data analysis as input for policy making is complex. Public policy 
making can be considered a wicked problem (Rittel & Webber, 1973). Wicked problems are related 
to cognitive, strategic and institutional uncertainty and different stakeholders are dependent on each 
other (Bueren, Klijn, & Koppenjan, 2003). In the context of this study, policy makers are dependent 
on researchers who analyse open datasets, which means that the communication between these two 
stakeholders should be well supported. Moreover, for wicked problems, there are no criteria that tell 
when the or a solution has been found (Rittel & Webber, 1973) and the problem definition of wicked 
problems changes over time. Furthermore, different types of societal stakeholders are involved in 
value conflicts about the wicked problem (Batie, 2008; Dentoni & Bitzer, 2013, 2015). Various 
analyses of open data sets could provide different or even contrasting results and stakeholders may 
disagree about their value. It may not be clear which outcomes can be trusted and which may be 
disregarded, and policy makers may not be able to assess this. Based on the foregoing, we formulated 
the recommendation for VREs to offer clear and effective communication mechanisms for researchers 
working with open data on the one hand, and policy makers using the outcomes of open data analysis 
on the other hand. Furthermore, the quality of the data and the data analysis should be very clear, so 
that the value of the data analysis results can be assessed by policy makers.

2. 	 Develop multilingual VREs.

Many of the societal challenges studied by researchers (e.g. climate change, health in relation to 
aging) do not respect national borders. Open data analysis to study these challenges often requires 
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data from multiple countries as well as collaboration between researchers in multiple countries. These 
data are often in different languages, which makes it difficult to combine the data. A multilingual 
user interface and multilingual metadata help researchers to study datasets from different countries 
in different languages. This also enables policy makers to compare data from certain countries (e.g. 
regarding the level of pollution in the UK) to data on the same topic in other countries (e.g. the level 
of pollution in the US and China) and to work on joint solutions and programmes to solve international 
societal problems.

CONCLUSION

This paper contributes to the literature by providing insight into how VREs support researchers in 
open data analysis. Seven cases presenting different modes of VRE user support for open data analysis 
in Europe were investigated and compared. Four types of support were identified: 1) ‘Figure it out 
yourself’ (limited collaboration, training and other user support), 2) ‘Leading users by the hand’ 
(considerable collaboration, training and other user support), 3) ‘Training to provide the basics’ 
(training but limited collaboration support) and 4) ‘Learning from peers’ (collaboration but limited 
training). While collaboration, training and other user support are essential characteristics of VREs, 
some cases offer limited collaboration and training support to end users. This is remarkable, since 
we focused on ESFRI Landmarks and ESFRI projects, which are considered relatively mature cases. 
Although various initiatives are developing VREs, most of them provide limited user support and can 
still be improved. Furthermore, we found that most of the investigated VRE initiatives are focused 
on a single discipline and are not multilingual, whereas societal challenges often require data from 
multiple disciplines and countries. Recommendations for improving policy making using the results 
of open data analysis in VREs include:

1. 	 Learn from other VRE initiatives and further develop user support;
2. 	 Develop a VRE for multidisciplinary data to obtain new insights for policy making and encourage 

new collaborations;
3. 	 VREs should offer clear and effective communication mechanisms for researchers (as open data 

users) and policy makers (using the outcomes of open data analysis);
4. 	 Develop multilingual VREs.

This paper provides an overview of and recommendations for user support for data analysis by 
researchers using VREs. The user support modes and the recommendations may be used by technical 
developers in the design and development of VREs, and they may be considered by policy makers of 
governmental and non-governmental organisations in the creation of open data policies.

This study has several limitations that need to be taken into account when interpreting the findings. 
First, a limited number of user support elements were selected, whereas there are other elements that 
may directly or indirectly influence user uptake of VREs and they have not been assessed. Furthermore, 
we focused on seven relatively mature VRE initiatives and do not claim that the findings can be 
generalised to all types of VREs. In addition, the assessment of the VRE initiatives was based on desk 
research and interviews with one or more persons per case, and therefore reflects the understanding 
of the author and the selection of the interviewee(s). And finally, the cases evolve over time, so their 
evaluation and comparison may become outdated relatively quickly. Some interviewees indicated that 
certain user support elements were under development. Future research should investigate additional 
VRE-related initiatives and additional elements that influence user support for analysing open data 
through VREs, such as sustainability and types of tools that are provided to data users. Furthermore, 
the understanding of VREs should be enhanced by examining the evolution of VREs and the support 
that they provide to open data users over time.
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ENDNOTES

1	  See http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=esfri
2	  See https://ec.europa.eu/research/infrastructures/index_en.cfm?pg=eric
3	  CC-BY 4.0 means that the data/software user is free to share and adapt the data/software, but must give 

appropriate credit, provide a link to the license and indicate whether changes were made, see https://
creativecommons.org/licenses/by/4.0/.

4	  CC-BY-NC means that the data/software user is free to share and adapt the data/software, but must give 
appropriate credit, provide a link to the license and indicate whether changes were made. It is not allowed 
to use the data/software for commercial purposes. See https://creativecommons.org/licenses/by-nc/2.0/

5	  CC-BY-NC-SA means that the data/software user is free to share and adapt the data/software, but must 
give appropriate credit, provide a link to the license and indicate whether changes were made. It is not 
allowed to use the data/software for commercial purposes. If the user remixes, transforms or builds on 
the data/software, the user must distribute his/her contributions under the same license as the original. 
See https://creativecommons.org/licenses/by-nc-sa/3.0/
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