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Abstract. Open data (OD) use and the opening of data have become
major strategic objectives in different communities. Nevertheless, the
potential of OD is still not leveraged in many areas. In this work, we
focus the OD impact information systems research. We review the respec-
tive literature for different domains of OD research and analyze cases of
data-intensive decision support systems in transportation as well as open
research grid systems. The resulting changes, challenges, and opportuni-
ties that OD causes are categorized according to different OD activities in
IS research. Hence, they may serve as an agenda to foster OD practices,
platforms, and administration in the area.

1 Introduction

In research, open data (OD) is considered as a transitional term in the process
of defining how scientific data may be published and re-used without price or
permission barriers [16,18]. Technological development has made it increasingly
convenient to share even big and dynamic data in various relations between
individuals and organizations under the OD paradigm. Companies share data
with customers and developers, governments share data with citizens, researchers
work on OD and share data they created, and many more examples can be
observed. Applications are documented in transport [13,20], health care [12],
e-government [14], and other domains. In contrast, an OD movement in sci-
ence claims that information processing habits of scientists dramatically lag this
development [5] and wants science to be understood as a public enterprise with
open doors. The mounting presence of open data poses the question how research
practices will change when data is on the edge from proprietary good of single
researcher or research group to free public resource. Molloy [17] and Vision [24]
explicitly address this question. While Molloy discusses specific principals for OD
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in science, Vision points out that open data may alter centuries-old social con-
tract governing scientific publishing. In general, literature provides a significant
body of theoretic foundations on the topic. However, there is little work that
evaluates the impact based on cases. In this paper, we make use of the theoreti-
cal hypotheses and evaluate them for the case of OD based research on decision
support for data-intensive vehicle sharing systems. In the following, we present
relevant literature on OD research, three distinct cases of OD use in IS research,
a discussion on OD shifts in information systems (IS) research, and conclusions
drawn from the study. After the literature review in Sect. 2, we introduce cases
of data-intensive systems in decision support research and open research grids in
Sect. 3. On this foundation, Sect. 4 discusses changes, challenges, and opportu-
nities arising with OD emergence. Finally, Sect. 5 concludes the study and gives
an outlook on future research.

2 Open Data in Research

Research on OD can be classified in four major domains. First, studies that apply
OD to develop methods, approaches, and generate results that fundamentally
depend on the usage of OD are observed. These studies often do not explicitly
discuss the contribution of OD for their research, but still provide significant
insights on the value and importance OD in science. Second, research that focuses
on the development of platforms, communities, systems to gather and provide
OD for their users. These endeavors also cover the challenge to link OD on the
Internet. Third, studies that examine the use of OD in different communities
and institutions such as science, government, or enterprises. Fourth, endeavors
that examine social and technological impediments of OD implementations. In
the first domain, a plenty of studies can be found in decision support systems
(DSS), public systems, and research systems. OD use cases in respective systems
are discussed in detail in Sect. 3. A vivid example for related research is provided
by the smart* project [2]. This project is based on a system that gathers data
from three real homes to enable an in-depth data analysis, e.g., time-dependent
electricity usage for every plug load, rather than collecting abstract data for a
larger set of households. Both, the tools for data collection and the generated
data sets, are made openly available to encourage the design of future sustainable
homes.

In the second domain, the OD project DBpedia stands out [1]. The project
uses Wikipedia articles and data tables to generate structured OD available on
the Web. This enables all kinds of users to perform sophisticated queries on
the generated datasets. Another glaring example for OD platforms is the cBio
cancer genomics portal [6]. The portal provides access to more than 5000 tumor
samples and enables cancer researchers to use the complex genomics data for
their studies. To multiply the positive effects of OD on the Internet, researchers
are engaged to link OD platform and portals [3,4]. Bizer et al. [4] describe the
application of semantic Web techniques to interlink OD on the Internet. These
techniques enable an automated linking process of OD sets on the Web. Bauer
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and Kaltenböck [3], on the other hand, provide a guide with case studies of linked
open data. A semantic Web approach for linked open geographical data based
on OpenStreetMap is introduced by [23].

In the third domain, OD use in science and public administration are the
dominating topics. Boulton et al. [5] frankly lament that research habits in deal-
ing with data dramatically lag behind the information technology progress made
to improve science by means OD. The authors describe a kind of protectionism
of researchers in dealing with data stating: “Scientists have tended to regard
their data as personal property. After all, it is they who worked hard to gener-
ate it and ownership has never been seriously challenged.” Next to this work,
there are numerous other studies that claim a new research culture around OD.
Murray-Rust [18] reviews the need for OD in science and discusses examples of
OD use as well initiatives to formalize the right to access and re-use scientific
data. In the same realm, Molloy [17] is convinced the more data becomes openly
available the more efficient the scientific process will be to serve the society. The
author discusses the so called Panton principles for OD in science. On the other
side, public administration OD is discussed for e-government [14] and health
care [12]. These studies also take a critical perspective on the ethics, economics,
social, and political effects of OD use.

In the fourth domain, social and technological obstacles as well as opportuni-
ties of the OD movement are discussed. Zuiderwijk et al. [27] provide an overview
of socio-technical impediments of OD. Based on literature, interviews, and work-
shops the authors derive 118 OD adoption issues. Reichman et al. [19] examine
the potential of open data for ecology and distinguish technological challenges
like heterogeneous data and sociological challenges, e.g., adequate rewards to
encourage data sharing. Janssen et al. [15] gather qualitative data based inter-
views and workshops to analyze benefits and adoptions barriers of OD. This
work reveals wrong views and myths on OD.

3 Open Data Use Cases

As shown in Sect. 2, OD is viewed from different angles in research. Subse-
quently, we discuss cases of data-intensive decision support systems (Sect. 3.1)
and research grid systems (Sect. 3.2) to shed some light on different domains.

3.1 Decision Support Systems in Transportation

Major applications of public and commercial OD are examined by research on
DSS in transportation. For instance, free-floating car-sharing systems (FFCS)
face a rapid growth, making car sharing an attractive alternative to a self-owned
car. Literature has furthermore demonstrated that, like in bike-sharing, FFCS
tend to get imbalanced and system providers are challenged to reposition vehi-
cles in an economic and eco-friendly fashion. The business model and related
decision support research make use of OD provided by the system provider. To
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encourage app development and to enter social network (SN) communities, sys-
tem providers, such as car2go, started to provide web based interfaces that offer
comprehensive real-time OD from their systems. This creates new opportunities
for researchers to develop smart strategies and optimization algorithms to guide
relocation and balancing attempts in car sharing [13,20]. In addition, access to
SNs enables new forms of sharing. In FFCS, SNs can, e.g., connect users, com-
bine trips, help to share demand, and relieve high demand areas in car sharing
systems. Thus, OD enables an integrated approach for decision support in bal-
ancing FFCS and evaluating user-orientated relocation strategies based on SNs.
A Facebook-based app may facilitate ride sharing based on open provider data
and user-based relocations. For the demand analysis, a clustering approach may
be used to model car2go demand data and support effective relocation plans.
Furthermore, demand forecasts and real-time data from the system provider can
serve in an integrated decision support approach to control the application of
relocation strategies. For the evaluation, a simulation study may use booking and
availability data from a provider like car2go [13]. This paves the way for new
approaches towards short term forecasting of FFCS demand and an integrated
decision support approach for relocation in FFCS with a quantitative analy-
sis of costs and emissions for various relocation strategies using real-time data.
The case study clearly demonstrates that the OD based car sharing provides
more options for decision support research. Here, forecasts could be improved
significantly based on extensive real-time data, and a potential app could be
interfaced for future ride-sharing. Moreover, the data availability also grants
that researchers can easily replicate the conducted studies and enrich them with
their own ideas.

While FFCS may be an obvious application of OD based DSS research, there
are more cases in the transportation area in which DSS leverages new OD avail-
ability. For instance, airport emissions have recently received plenty of attention
by regulators, airport operators, and researchers developing approaches for envi-
ronmental sustainability. Empirical research has shown that airside or ground
operations form a significant percentage of overall airport related emissions [25].
Among those operations, taxiing is one of the most emission-intensive processes,
closely related to the initiating pushback process – that in many cases determines
the taxiing duration [22]. Thus, various approaches to reduce taxiing emissions
have been introduced recently [22,26]. Possible approaches to tackle this problem
are simulation and optimization models for an effective management of push-
backs as a resource at the airport. Promising relocation models [13] and adop-
tions of the vehicle routing problem [21] have been proposed for related problems
in different domains. To produce realistic results, such approaches need realistic
data on airside operations such as pushback movements and aircraft movements
during taxiing. Other than that, proposed approaches are not able to model a
comprehensive planning environment for airside operations and pushback avail-
ability would rather be understood as an input for taxiing planning. Fortunately,
OD on airport ground movements became available for various airports [11]. It
is proposed to plan taxiing in order to minimize waiting times and emissions and
to schedule pushbacks on that basis. For this approach, pushback vehicles need
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to be relocated according to their position and the position of the aircraft sched-
uled for taxiing. This data is also available as OD. Respective algorithms are
applied in a realistic simulation environment for airside operations with proba-
bility distributions derived from OD and evaluated for real-world cases of various
airports. In this case, OD allows easy real-time data access for airside operations
visualized in a map. Based on this information, comparisons between different
airports can be conducted easily.

3.2 Open Research Grid Systems

Distributed data grids enable users to store, access, and download large amounts
of data for research purposes as open research data. These data grids serve OD
using open technologies that constitute an e-research platform for open use of
data. Distributed data grids are also linked to each other in the form of a network
to form larger federations. They mainly serve research communities interact-
ing with distributed data grid federations. These communities include biology,
physics, earth system modeling (ESM) and other research areas. The researchers
or the end-users interact with the data grids for research purposes. The end-users
perform operations such as finding data, downloading data, visualizing data and
processing of data amongst other operations. Interaction of the end-users with
the data grid interfaces is not always smooth; generally users face various prob-
lems while interacting with data grids [7].

These systems have been evolving from the technical test-bed to service ori-
ented systems [9]. The organization, function, technical-architecture, data man-
agement, high performance computation facilities, usability, and level of inclusion
of users have been constantly on a change. In order to meet the change, there
have been numerous challenges that span from technical impediments to political
problems. At the same time, there are number of opportunities of improvement
and further development that are associated to challenges and changes. In this
paper, we take an example of a well-known e-research facility called Earth Sys-
tem Grid Federation (ESGF) that is serving data projects in climate science
domain. ESGF facilitates to study climate change and impact of climate change
on human society and earths eco system. It has currently 27000 users, mainly
researchers [8]. There have been organizational changes proposed in ESGF that
facilitate collaboration amongst partners such as user support working team. It
is evident from the observations that the aspects of usability and user experi-
ence within e-research facilities especially in climate science need improvement
[8]. Moreover, ESGF needs to scale with big data produced by higher reso-
lution models, satellites, and instruments [9]. The server side functionality is
expected to be expanded. Server side processing through WPS (climate indexes,
custom algorithms) is needed and computer scientists are working on that as
well as expanding the GIS mapping services for climate change impact stud-
ies at regional and local scale. ESGF is making advances to facilitate a model
to observations, inter-comparisons, and expand direct client access capabilities.
The need for increased support for OpenDAP based access is felt by the ESGF
development team and it is expected to meet this need in the next few years
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[9]. Tracking provenance of complex processing work flows for reproducibility as
well as the origin of data sets is a major challenge and ESGF has some top sci-
entists working on that [9]. At the same time, ESGF intends to package virtual
machines for cloud deployment and instantiate ESGF nodes on demand for short
life-time projects. As the data demands increase, ESGF is creating an environ-
ment with elastic allocation of back-end storage and computing resources. In the
future, ESGF will cover other scientific domains such as health sciences, biology,
chemistry, energy as well radio-astronomy [10]. With these additions of domains
more users will be using the ESGF e-research facility, making usability and user
experience very important. Consequently, there are opportunities to invest to
enhance the user experience and customized interfaces to attract not only more
and more researchers, but also other interested public who want to know and
contribute to climate science by accessing or modifying climate open data.

4 Evolution of Open Data in Information Systems
Research

Based on the literature review in Sect. 2 and the use cases in Sect. 3, we derive
changes initiated by emerging OD and discuss challenges and opportunities that
go along with it. Table 1 lists those items and distinguishes OD practice, provi-
sion, and administration in IS research.

Changes in OD practice predominately relate to an equal right of access that
goes a long with fact that pure data will no longer perceived as the property or
achievement of a researcher or a research group. Also the validation and repli-
cation of academic work is eased, creating opportunities as transparency and
transforming data into a public resource or infrastructure. Furthermore, effi-
ciency in scientific work may benefit from data re-use, simplified collaboration,
real-time data access, and pre-processed data. Nevertheless, successful OD appli-
cations have to overcome a number of challenges. Data availability depends on
the development of the right incentives for data sharing and breaking habits of
data protection as well as finding publisher agreements data sharing. Moreover,
data quality assurance needs to grant data validity and complete information
about the data sets. Further challenges relate to data pre-processing that often
requires sound statistical skills. OD provision, on the other hand, is character-
ized by connected data structures and Web-based access. This goes along with
opportunities for combination of data, data re-use, and standards development.
Furthermore, users may generate data structures and enrich data using apps
or social networks. On the contrary, challenges are created by data acquisition,
opening data, infrastructure costs, and establishing the OD network. Especially,
for the discussed data-intensive systems, a scalable server architecture is needed.
This also entails indexing, meta-data generation, and semantic Web approaches.
Finally, OD enables an administration with simplified knowledge transfer, addi-
tional user services, and accountability. This may also lead to improved visibility
and user services for the administrating organization, triggering participation
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Table 1. Development of OD practice, provision, and administration in research

Category Changes Opportunities Challenges

OD practice equal right data access more efficient science incentives for sharing

data no longer property transparency habits of protectionism

data no longer achievement eased collaboration publisher restrictions

eased replication data re-use data quality assurance

eased validation pre-processed data incomplete information

real-time data access data validation

data as infrastructure data pre-processing

statistics often required

OD provision connected data structures combination of data opening data

Web-based access data re-use organizing OD network

standards development data acquisition

user based structures infrastructure costs

data enrichment indexing

meta-data development

semantic Web

OD administration eased knowledge transfer improved visibility definition of OD rules

additional user services improved user service data governance

accountability trust generation user support

participation privacy legislation

triggering innovation security

data ethics

and innovations as well as generating trust. On the side of challenges, nonethe-
less, the definition of OD rules is a major issue that also needs to capture data
governance, privacy legislation, data ethics, and security. Moreover, user support
needs to be taken into account.

5 Conclusion

The general benefits of OD use in science and other domains are widely acknowl-
edged. Nevertheless, OD is still far from being a standard in information sys-
tems research. We have reviewed the OD literature and analyzed three cases of
data-intensive systems to organize changes, challenges, and opportunities that
OD generates in the field. We found that, despite the widely accepted immense
potential, there are still some significant challenges to overcome until open data
becomes an IS research standard and its prefix may be abolished. Though, OD
is often seen as temporally limited expression that will vanish as soon as related
practices have become standard. Hence, future work may also include an analysis
of open science – where not only data, but also analyses and methods are shared
to provide better transparency and reproducibility of results.
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26. Wollenheit, R., Mühlhausen, T.: Operational and environmental assessment of elec-
tric taxi based on fast-time simulation. Transp. Res. Rec. J. Transp. Res. Board
2336, 36–42 (2013)

27. Zuiderwijk, A., Janssen, M., Choenni, S., Meijer, R., Alibaks, R.S., Sheikh Alibaks,
R.: Socio-technical impediments of open data. Electron. J. eGovernment 10(2),
156–172 (2012)


	Open Data Evolution in Information Systems Research: Considering Cases of Data-Intensive Transportation and Grid Systems
	1 Introduction
	2 Open Data in Research
	3 Open Data Use Cases
	3.1 Decision Support Systems in Transportation
	3.2 Open Research Grid Systems

	4 Evolution of Open Data in Information Systems Research 
	5 Conclusion
	References


