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The research community is working to create new capabilities to share data and to deal with issues of data
quality, standards, and protection, and ethical and responsible use of shared data. These issues have been
found to influence the willingness of researchers to publish data created during the course of their research.
We use the results of a survey conducted by the working groups of the DataONE project to present a new un-
derstanding of challenges to the development of global data collections and preservation by systematically
examining the determinants of the researchers' likelihood to openly publish research data. This study
found two key determinants affecting researchers' willingness to publish their data. First is data management
in terms of data management skills and organization support. Second is the acknowledgement of the data
set's originator in terms of appreciation and legal and policy requirements. This study also found that the im-
pact of the significant determinants is contingent on the amount of data to be published. Finally, this study
calls for further investigation to ascertain the relationship of data management and data quality, and system-
atic investigation on the roles and responsibility of government within these global data preservations.

© 2012 Elsevier Inc. All rights reserved.
1. Introduction

Advances in computing, information and communication technol-
ogies produce dramatic and significant impacts on scientific research,
making them increasingly data intensive and collaborative (Hey,
Tansley, & Tolle, 2009; Tenopir et al., 2011). The rapid advances in
computing capabilities also provide useful tools in manipulating and
exploring massive data sets (Hey et al., 2009; Savage & Vickers,
2009). Recognizing the magnitude and significance of digitalization
and data-intensity in scientific research, in 2007, NSF solicited a pro-
posal entitled Sustainable Digital Data Preservation and Access Network
Partner (DataNet)2 to trigger development of the necessary systems
of data preservation by engaging the research community and other
interested stakeholders at the frontiers of computer and information
science. Two projects were selected to create a set of exemplar na-
tional and global data research infrastructure organizations (called
the DataNet Partners) that would provide unique opportunities to
communities of researchers to advance science and engineering re-
search and learning. DataONE and The Data Conservancy were
established to build a robust national and global digital data framework.
), tpardo@ctg.albany.edu
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DataONE, short for “DataNet ObservationNetwork for Earth”, is a virtual
federated database to support universal access to earth and environ-
mental data (www.dataone.org). The Data Conservancy (DC) is
intended to collect, organize, validate, and preserve data for future
reuse (www.dataconservancy.org).

Open data initiatives for preservation of research data such as
DataONE and Data Conservancy could encourage a wealth of scientific
opportunities with less effort and fewer resources. Having access to
such data, data in some cases collected over a lifetime, researchers
could creatively innovate from archival data sets, promote new dis-
coveries from old data sets, and connecting new meaning from
existing research data sets (Nelson, 2009). Researchers could effi-
ciently create more opportunities without the burden of data collec-
tion and repetition of efforts. As such, with an increase in the
importance of the open data initiative, the role of data sharing be-
comes more important (Tenopir et al., 2011). Historically, access to
and sharing of research data sets was part of collegiate tradition
(Stanley & Stanley, 1988), operationalized through one-to-one per-
sonal means. The act of sharing data sets was regarded as a privilege
among trusted colleagues based on mutual interest and respect
(Kaye, Heeney, Hawkins, de Vries, & Boddington, 2009). A researcher
seeking access to a data set would begin by locating the data and the
owner, initiate a relationship, build trust, respect and mutual interest,
and create a collaborative enterprise in the form of shared data sets.
On the other hand, the proliferation of efforts to create global data
preservation, to enable data sharing and reuse, challenges the gener-
ally accepted data sharing practice and raises new uncertainties and
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concerns for researchers regarding methods of sharing research data
sets with the public.

This paper uses the survey response conducted by the Usability and
Assessment and SocioculturalWorking Group of DataONE project.3 The
objective of the survey is to understand and assess the current data
sharing practices (Tenopir et al., 2011). The survey results provide an
assessment of the perceptions of the barriers and enablers of data shar-
ing that a federated data repository such as DataONE needs to consider
in building the system. Through the understanding of the barriers and
concerns inhibiting the willingness of researchers to publish their
data, DataONE could design their project to provide secure but flexible
infrastructure, policies and best practices that would help to build re-
searchers' confidence in data sharing (“DataONE,” n.d.; Tenopir et al.,
2011).

In the natural sciences, a number of researchers have found that the
existence of basic setups for scientific data sharing, such as technical, or-
ganizational and legal conditions, are necessary but do not automatical-
ly convince researchers to engage in data sharing practices. Extant
literature asserts that data sharing practices at present are minimal,
with researchersmore likely towithhold their data than to share it pub-
licly (Rodriguez, 2009; Tenopir et al., 2011). Building from this asser-
tion, this research focuses its analysis on the supply part of the data
sharing process, attempting to understand the determinants of individ-
ual researchers' motivation, factors that may convince individual re-
searchers to publish their research data, particularly in earth and
environmental science. In this regard, this paper does not consider the
challenges facing the users in accessing, using, and extracting data
from particular open data initiatives.

Existing literature has discussed at length the challenges of data
publication in open data initiatives, for example, Reichman, Jones,
and Schildhauer (2011), Tenopir et al. (2011), Zimmerman (2007,
2008), Nelson (2009), Piwowar and Chapman (2010), and others.
Furthermore, a limited number of studies have focused on the role
of the researchers' motivation and intentions for data publication
using bibliometric measure (Piwowar & Chapman, 2010). On the
other hand, the matter of how challenges affect the researchers' mo-
tivation to publish their data has received little systematic attention.
This research was designed to contribute greater understanding of
the behavior in publishing research data by correlating the challenges
to the propensity of researchers to openly share their data. Using the
survey response from DataONE, this paper will address two main re-
search questions: 1) what are the critical challenges facing individual
researchers in publishing their research data openly to the public and
2) to what extent do these challenges influence the propensity of re-
searchers to openly share their data sets?

In accordance with the research objectives and questions, the rest
of the paper is organized as follows. Section 2 will outline the theoret-
ical background, focusing on the challenges for researchers to publish
research data sets, and subsequently propose the model of the deter-
minants in sharing research data. Section 3 briefly explains the re-
search design and methodology used in this study. In accordance to
the objective, we equate data owner as the researchers/initiator
who initiate and conduct the research the first time. Limitation of
such assumption is discussed in the implication section. Section 4
presents the findings and Section 5 provides discussion highlighting
the findings' implications on policy for open data initiatives and, final-
ly, Section 6 provides concluding remarks.

2. Theoretical background

The theoretical background consists of two parts. The first part
summarizes the challenges and barriers for data sharing and the sec-
ond part outlines the research model and theoretical justification. In
3 For further description of the survey instruments and descriptive interpretation of
the survey result, refer to Tenopir et al. (2011).
this paper, we follow the formal definition given by the U.S. OMB
(Office of Management and Budget)4 to define research data as “the
recorded factual material commonly accepted in the scientific com-
munity as necessary to validate research findings, but not any of the
following: preliminary analyses, drafts of scientific papers, plans for
future research, peer reviews, or communications with colleagues.”
We review literature on data sharing in ecological and biological do-
mains by focusing on the two leading journals in natural science,
namely: Nature and PLoS ONE. Efforts to create a global data reposito-
ry to encourage data sharing in ecology and biology have a long histo-
ry. For instance, NSF sponsored workshops in 1977 as a starting point
on the establishment of the Long Term Ecological Research (LTER)
network. Nevertheless, a current study found that data sharing prac-
tices in those domains are minimal (Rodriguez, 2009; Tenopir et al.,
2011). Thus, focus on ecology and biology domains will not only
allow for deriving insights from abundant studies addressing the re-
searchers' motivation to share data in the global data repository, but
will also allow identification of the elements that inhibit the sharing.
In addition, we use the snowball approach reviewing citations of the
identified articles in the first step and web searching using Google
scholar to search the articles using keywords such as “data sharing”,
“scientific data sharing” and “data sharing by scientists.” Where nec-
essary, we supplement the review with literature from inter-agency
information sharing particularly in the legal and policy discussion
and, when doing so, we provide plausible justifications for the appro-
priateness of the literature.
2.1. Barriers to data sharing

Research by Savage and Vickers (2009), which explores the will-
ingness of researchers to share their data sets to independent investi-
gators following the publication of the result in the scientific journal,
found that only one out of ten researchers agreed to do so. Thus, argu-
ably, sharing research data sets is mostly driven by personal decision
(Savage & Vickers, 2009; Vickers, 2006) propelled in part by social in-
fluence (Tucker, 2009). The researchers have specific reasons, ranging
from technological aspect, organizational aspect including financial
and budgetary elements, legal and policy aspect, and behavioral as-
pect (Arzberger et al., 2004). The first part of this literature review
outlines these specific reasons from four perspectives, namely: tech-
nology, organizational, legal and policy, and data complexity due to
local context and specificity.
2.1.1. Technological barriers
Technology infrastructure to ensure open access is reasonably

established (Parr & Cummings, 2005), but technology to ensure data
protection and data quality is still open for discussion. This section
will discuss the technology-related issue in the perspective of data
protection and data quality. Numbers of researchers in the natural
sciences express their concerns over the issue of ineffective sharing
infrastructures, more specifically related to the data architecture
and data protection (Nelson, 2009; Schofield et al., 2009). In terms
of data protection, researchers often question the existence of a
mechanism that would guarantee that data will not be scooped,
poached, or misused (Nelson, 2009; Van House, Butler, & Schiff,
1998), and that freely shared data will indeed be used ethically and
responsibly (Schofield et al., 2009). Similarly, the PARSE Insight sur-
vey suggested that misuse of data becomes the major concern for sci-
entists publishing their research data to the public (Kuipers & van der
Hoeven, 2009). The technology to support the protection of their data
trative Requirements for Grants and Agreements With Institutions of Higher Educa-
tion, Hospitals, and Other Non-Profit Organizations (http://www.whitehouse.gov/
omb/circulars_a110).

http://www.whitehouse.gov/omb/circulars_a110
http://www.whitehouse.gov/omb/circulars_a110
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once it is made available to the public significantly influences their
willingness to share the data openly (Nelson, 2009).

The second major issue is related to data architecture, in particular
the issue of data quality and standardization. Assurance of data qual-
ity and compatibility are pertinent not only to the scientific data shar-
ing domain but also to interagency information sharing. There are
two aspects which influence effective sharing, namely: sufficiency of
data or information quality and compatibility/standardization. Incon-
sistencies of data definition and content could challenge the integra-
tion of a large volume of different forms of data from organizationally
and geographically dispersed origins (Pardo, Cresswell, Dawes, &
Burke, 2004). The expected result from data reuse and sharing can
be distorted when the data sources have different formats, definitions
and contexts resulting in disjointed information. This is especially
critical considering the heterogeneity and complexity of data in
earth and environmental science (Reichman et al., 2011). Thus, a de-
gree of standardization of the procedure for data management be-
comes a prerequisite for data sharing (Postle, Shapiro, & Biesanz,
2002). The standardization and increased quality of data is achievable
by creating more attention to the usability and user-friendliness of
metadata management and increasing skills for data management
(Michener, 2006).

Similarly, the heterogeneity and complexity of earth and environ-
ment data influences the concern for preserving data quality. The lit-
erature pointed at researchers' perception that no one other than
themselves could understand the data because their primary data is
far too complex for others to understand (Koslow, 2000, 2002). And
vice versa, the researchers also expressed their distrust or limited un-
derstanding of the data produced by others (Koslow, 2002). The issue
of preserving data quality to avoid misinterpretation once again
points at the significance of data management skills. The concern
over misinterpretation of the data can be mitigated if the description
of relevant experimental conditions and variables are clearly specified
and explained in the data sets (Koslow, 2002).

2.1.2. Social, organizational, and economical barriers
Four aspects of organizational and economic barriers have been

found to discourage sharing: 1) cost of sharing, 2) incentives and
merit system, 3) the culture of open sharing, and 4) structural con-
flicts and managerial practices in organization.

Researchers argue for the logistic barriers to data sharing (Parr &
Cummings, 2005). Cost and incentives for sharing the research data
become one of the major barriers to sharing research data. Based on
a national survey of 3000 scientists, Campbell et al. (2002) found
that the majority of scientists were withholding their data and refus-
ing to share because of lack of resources (Campbell et al., 2002). Sci-
entists tend to deny requests to share data due to the costs of
complying with such requests in terms of time and effort (Postle et
al., 2002; Vision, 2010). Data documentation is a labor-intensive pro-
cess (Borgman, 2010) and researchers need to prepare data sets be-
fore they are readily available for sharing (Nelson, 2009), not to
mention that some data and materials are costly (Blumenthal,
Campbell, Anderson, Causino, & Louis, 1997), and some of these
data are collected over the lifetime of the researchers.

The reluctance to share is also due to the current lack of sufficient
rewards and incentives for researchers to do so (Koslow, 2000, 2002).
The composition of incentives and rewards in the scientific world
range greatly from financial incentives to reputation and public rec-
ognition. Birnholtz and Bietz (2003) argue that research data sets ac-
crue “monopoly rents” for scientists. Monopoly rents refer to the
creation of a monopoly situation, that is, exclusive control over re-
sources, which typically generate higher real income (Krueger,
1974). Thus, there is a possibility that a scientist's ability to maintain
exclusive control over his or her data will significantly correlate to the
financial interest of the researchers or their home organization
(Birnholtz & Bietz, 2003; Blumenthal et al., 1997). The researchers
might be concerned about losing patent rights or securing future
grants/funding (Ceci, 1988; Rodriguez, 2009).

The other types of incentives relate to reputation andmerit. Compe-
tition for merit and reputation is more aggressive in the scientific field,
which contributes to stronger resistance to data sharing (Birnholtz &
Bietz, 2003). Researchers and scientists in the academic world rely on
their reputations to signify prominence, and to act as a warranty of
the quality of their work (Ding, Levin, Stephan, & Winkler, 2010). The
researcher's reputation depends on his or her ability to understand
data, and the consequent generation of publications based on the re-
search data (Tucker, 2009). As such, Ardichvili, Page, and Wentling
(2003) found, in the virtual community of practice, “fear of losing
face” to be the most important barrier in sharing data/information
(Ardichvili et al., 2003, p. 70). The fear that someone elsemight find dif-
ferent results, or something that the researcher missed which would
undermine the previous publication and pre-empt subsequent publica-
tions, significantly affects their propensity to share (Koslow, 2000,
2002). The researchers also have concerns that procedural and compu-
tational errors will be discovered (Ceci & Walker, 1983).

Similarly, personal recognition and public appreciation significantly
affects the desire to make the data publicly available. Promotion for ac-
ademe is tied to publication and not data, whichmakes publishing data
sets less advantageous for scientists (Borgman, 2010; Rodriguez, 2009).
In addition, data is viewed as private intellectual property regardless of
the funding sources (Nelkin, 1982) and is tied to personal glory and rec-
ognition. For instance, Barnes (1987) found that themotivation for per-
sonal recognition significantly affects researchers' willingness to share
AIDS research data (Barnes, 1987).

Finally, data sets might be stored in the researchers' home institu-
tion. As a result, there exist administrative reasons for refusal to share
data, such as security reasons for non-release (Ceci & Walker, 1983)
or protection of institutional financial interests (Blumenthal et al.,
1997). The individual researcher might be constrained by their insti-
tutional policies in sharing the data (Tenopir et al., 2011). On the
other hand, this issue might not hold in the future. With the conten-
tion that research data funded by public funding is regarded as a pub-
lic good and should be made openly available, the availability of data
should only be restricted by legitimate considerations such as protec-
tion of national security (Arzberger et al., 2004). For instance, starting
from January 18, 2011, all NSF funded research should include sup-
plementary documents detailing the data management plan.

2.1.3. Legal and policy barriers
Legal and policy can both enhance and inhibit data sharing. Re-

searchers could use the rigidity of policies and regulations as legitimate
reasons for not sharing their data under the pretext of confidentiality or
legal rights (Savage & Vickers, 2009). The liabilities associated with the
breach of privacy deter researchers from sharing their data sets publicly
(Tucker, 2009) and “de-identifying” sensitive data could take a lot of
time (Vickers, 2006). Thus, there is a trade-off between the vagueness
of sharing policies and the flexibility of sharing (Nelson, 2009). On the
other hand, learning from the lesson from inter-agency information
sharing, legal regulation and policy is necessary to enhance data sharing
by ensuring proper and accountable use of data and information, con-
sidering that lack of policies does not guarantee a neutral sharing envi-
ronment (Zhang & Dawes, 2006). In fact, unresolved legal issues can
deter or restrain the development of collaboration, even if scientists
are prepared to proceed (Bos et al., 2007). Thus, the legal and policy re-
quirements could actually mitigate the primary concerns of data being
scooped, misused or misinterpreted. Policies for data management
and regulation to protect confidentiality and privacy have a crucial
role in supporting data accessibility (Arzberger et al., 2004).

2.1.4. Local contexts and specificity
Local contexts and specificity are regarded as the distinctive chal-

lenges to data sharing in the natural sciences. By nature, data in earth
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and environment domains are heterogeneous and complex (Reichman
et al., 2011). The data collection process in earth and environment
domains are extremely complex and significantly influenced by the
local context where the data is collected (Zimmerman, 2007, 2008).
Borgman (2010) points to four dimensions pertinent to the difficulties
in sharing due to the complexity of data, namely: specificity of purpose,
specificity of events, specificity of methodology, and the duration of re-
search. Natural scientists usually pursue a specific question at a specific
site about a specific phenomenon; therefore, each subject might have
different characteristics and require a different methodology (Borgman,
2010).

There are primary concerns expressed by researchers who pointed
out that details and local contexts underlying the data are often un-
known (Smith, Seligman, & Swarup, 2008) and not captured in the
secondary data (Borgman, 2010; Zimmerman, 2007, 2008). This con-
dition results in accentuating the fear of data misinterpretation and
misuse because the data will not be easily understood by others
(Koslow, 2000, 2002). According to the intrinsic data quality pattern
formulated by Strong, Lee, and Wang (1997) local context and judg-
ment will eventually lead to data not being used, due to little added
value or poor reputation (Strong et al., 1997). Strong et al. (1997) ar-
gued that local contexts from multiple sources of data will lead to
questionable believability of data, resulting in poor application and lit-
tle added value. Similarly, the involvement of judgment in data pro-
duction will result in questionable objectivity and believability of
data that lead to poor application, little added value, and eventually,
data uselessness (Strong et al., 1997).

2.2. Research model

This section summarizes the above reviews of challenges to data
sharing as well as providing theoretical justification for the tested
model. Motivation to act is constrained by certain facilitating condi-
tions, and their absence represents a barrier to perform particular ac-
tions (Ajzen, 1991). Building from this assertion, this paper argues
that the challenges confronting the researchers in publishing their re-
search data sets openly to the public affect their likelihood to share
their data sets. Particularly with the tendency that researchers will
withhold their data due to the assumption that research data is pri-
vate intellectual property. Drawing from a rich, cumulative body of
empirical research, this study identifies the following factors which
influence the willingness of researchers in sharing research data
sets openly: support from the organization to manage the data, tech-
nology to manage data, legal and policies in place to protect the data,
and assurance from data misinterpretation and misuse.

Data in earth and environment science is heterogeneous and very
complex (Reichman et al., 2011), thus complicating the open sharing
of research data sets. It is not easy for others to understand the data
owing to the complexity of research design and methodology
(Koslow, 2000, 2002). This complexity and heterogeneity provokes
the fear of data misuse and misinterpretation. The data need to be un-
derstoodwithin the environment inwhich the data is originally collect-
ed to preserve the important details and contexts during the data
collection (Smith et al., 2008). As a result, extant literature argues that
the inclusion of relevant contexts and conditions underlying the data
in the data sets could overcome and mitigate the fear of data misuse
andmisinterpretation. Hence, researchers have the responsibility to en-
sure that their data is clean, accurate, well-annotated, and that they pro-
tect confidentiality and privacy in the data (Vickers, 2006).

Undertaking this responsibility requires the acquisition of data
management skills, and appropriate legal and policy requirements.
Data management skills are needed to ensure the quality of data. In
addition, legal and policies are needed to support data protection
and prevention from misuse. Legal and policy will ensure proper
and accountable use of data and information (Zhang & Dawes,
2006). Hence, adequate data management skills and the existence
of legal and policies protecting data sharing become necessary ele-
ments to promote data sharing.

On the other hand, preparing data for publication requires a lot of
effort and can be costly. Researchers need to invest adequate re-
sources and time to prepare the data for publication and sharing
(Borgman, 2010; Nelson, 2009; Postle et al., 2002; Vision, 2010). Un-
fortunately, the resources are usually lacking for researchers, and data
management is a labor intensive process (Borgman, 2010). Conse-
quently, promoting data sharing necessitates the availability of two
elements, 1) creating more usability and user-friendliness of technol-
ogy supporting metadata and data management, and 2) support from
organization to manage data. Resource lacking researchers need sup-
port from their organization for technical training, managing, and
storing the data during and beyond the research project. Previous
studies in knowledge sharing pointed out that organizational sup-
ports are significant in influencing sharing behavior, either directly
(Bock, Zmud, Kim, & Lee, 2005), or indirectly, mediated by subjective
predictors such as perceptions and trust (Lin, 2006).

Another important aspect to promote data sharing is sufficient re-
wards and incentives for researchers sharing their data (Blumenthal
et al., 1997; Koslow, 2000, 2002; Postle et al., 2002). Research data
have various meanings for researchers; it entails financial, reputa-
tional, and promotional functions. Thus, adequate forms of rewards
and incentives need to be in place to stimulate researchers to share.
In light of the above theoretical justification, there are seven factors
that the literature identified as potential predictors which could affect
the motivation of researchers in sharing their data, namely: data
management, organizational support, institutional barriers, legal and
policy barriers, incentives (in terms of economic and acknowledge-
ment), and misinterpretation of data reuse.

The extant literature also pointed out the influence of age, gender,
and time to encourage sharing. Tenopir et al. (2011) found that youn-
ger researchers are prone to associate a barrier to access data with an
impediment to scientific progress and demonstrate a different behav-
ior and place different conditions on the fair exchange of using other
people's data. Time is also regarded as an important constraint for
data sharing, considering that preparing data for open publication re-
quires a lot of effort (Postle et al., 2002; Tenopir et al., 2011; Vision,
2010). As a result, this study generates a model illustrated in Fig. 1.

3. Methods

3.1. Sample description

Data used in this paper is based on the online survey administered
by two DataONE working groups—1) the Usability and Assessment
and 2) Sociocultural working group.5 The link for this baseline assess-
ment survey was open from October 07, 2009 to July, 2010. The
survey's objective is to understand the current practices in data shar-
ing (Tenopir et al., 2011). The descriptive interpretation of researcher
perceptions in regard to the barriers and enablers of data sharing, in-
cluding the description of survey instruments, was published in
Tenopir et al. (2011). The research sample is a random selection of in-
dividuals identified by the Usability and Assessment and Sociocultur-
al working groups as stakeholders: scientists, librarians, computer
scientists, decision makers, citizen scientists, students, and teachers.
This paper analyzes the data without differentiating the stakeholders
and assumes that all of the above mentioned stakeholders are re-
searchers. After data cleaning the final observations of 555 respon-
dents were used in this paper.

The respondents were mostly mature adults (an average of
44 years old) and well-educated (49% were employed as professors
or lecturers; 19% were graduate or post-doctoral students). The
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Fig. 1. The tested model.
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respondents' distribution was comprised of a North American major-
ity with 73% of the sample, 15% of participants from European re-
gions, and the remaining participants from various other regions
(see Table 1.).

3.2. Description of the variables

3.2.1. The dependent variable
Themain dependent variable for this research study is the propen-

sity of researchers to publish their data sets. This variable measured
the extent to which researchers publish their data sets online or in a
research network, and the amount of data that they are willing to
publish. This variable consists of four sub-variables, namely: a) pub-
lish on PI (principal investigator) website, b) publish on organization-
al website, c) publish in regional research network, and d) publish in
national research network. The measurement of this variable is based
on a 4-point ordinal scale with a value of 1 indicating “does not pub-
lish data,” value of 2 indicating “publishes some data,” value of 3 indi-
cating “publishes most data,” and value of 4 indicating “publishes all
of their data.” The ordinal scale measurement of the dependent vari-
able affects the choice of statistical analysis in this paper. In order to
avoid biases, this paper uses ordered logistic regression as the main
technique to examine the determinants of data publication.

3.2.2. The independent variables
There are seven independent variables of interest in this research

study. These seven independent variables are: organizational
Table 1
Sample characteristics.

Characteristics Category %

Regional Distr. (region) North America 73
Europe 15
Other regions 12

Age distr. (age) 20 to 39 years 37
40 to 50 years 30
Over 50 years 33

Status and position (status) Professor or lecturers 49
Grad./post doc students 19
Researchers 21
Other occupation 11
involvement, data management skills, misinterpretation of data, legal
regulations and conditions of use, appreciation and acknowledgement
of data reuse, economic motives, and institutional requirements. Sever-
al of these variables are composite variables created from the survey
questions.6 These independent variables weremeasured using different
scales.7 The instruments to measure organizational involvement, data
management skills, and researcher perspective of sharing data aremea-
sured using a 5-point Likert scale (1: strongly agree, 2: agree, 3: neither,
4: somewhat disagree, and 5: strongly disagree). The instruments to
measure conditions for fair exchange of data and institutional
requirements to publish the data are measured using dichotomous
coding. As specified in the Introduction, we assume that the
researcher/initiator of data who conducted the research is the owner
of the data. The operationalization of these independent variables is as
follows:

a. Organizational involvement refers to the level of organizational
support provided to the scientist during and after the research
project is completed. Organization support is a significant predic-
tor of sharing behavior (see Bock et al., 2005; Lin, 2006). This var-
iable is a composite variable derived from seven questions in the
baseline survey pertaining to organizational support in terms of
funding, training, technical support, storing data, and data man-
agement.

b. Data management skill refers to the researchers' level of skills in
managing their data sets before openly publishing them online
or in a network database. This variable is a composite derived
from seven questions in the survey regarding skills in storing,
cataloging, documenting, searching, and collecting data sets.
These skills conform to the main activities in data management
lifecycle such as discovering, collecting, describing, preserving,
and analyzing (Ball, 2012; Hook, Santhana-Vannan, Beaty, Cook,
& Wilson, 2010).

c. Appreciation and acknowledgement of data reuse refers to the form of
acknowledgement given to the data owner for publishing his/her
data sets online or in a network database. Incentives and rewards
are important aspects to promote data sharing (Blumenthal et al.,
6 The theme of each survey question is depicted in Tables 2 to 6 in Sections 4.2 to 4.5.
7 The survey instrument was developed by the Usability and Assessment and the

Socio-cultural working groups of DataONE and not by the authors.
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1997; Koslow, 2000, 2002; Postle et al., 2002). This variable is a com-
posite variable consisting of three questions from the survey
pertaining to the form of acknowledgment for sharing data, namely:
co-authorship on publications, formal acknowledgement, and col-
laboration opportunity.

d. Legal and policy refers to the legal requirements and policy in
reusing the data sets placed by data set owners. A number of studies
pointed at the significance of protecting privacy and security of data
(see Tucker, 2009). This variable is a composite variable resulting
from six questions on the survey to specify respondents' agreement
for data reuse, namely: by placing conditions on access, acquiring
approval from the data provider, asking for review from the data
provider, giving a copy of product to the data provider, obtaining
legal requirement for reuse, and acquiring a statement of use from
the data provider.

e. Misinterpretation of data reuse refers to the concern of data owners
that their data might be misinterpreted or misused. Researchers
might fear that data is misinterpreted ormisused owing to the com-
plexity of research design and methodology (see Koslow, 2000,
2002). This variable is a composite variable resulting from three
questions from the survey. These questions ask for the respondent's
agreement on the statement about the possibility of data misinter-
pretation due to complexity of data, data misinterpretation due to
poor quality of data, and data being misused.

f. Economic motive refers to the extent to which the data owner re-
quires recovery of part of the cost to generate the data sets. This
variable is based on the assertion that to some researchers, research
data entails financial interests (Birnholtz & Bietz, 2003), be they the
cost of collecting and preparing the data (Blumenthal et al., 1997)
or potential income accrued from the research data (Rodriguez,
2009). This variable is not a composite variable.

g. Institutional requirement refers to the degree to which the primary
funding agency requires the data owner to publish the data. Institu-
tional factors could constrain individual researchers' ability to share
data (Tenopir et al., 2011). This variable is a dummy variable and
not a composite variable.

In addition to the seven independent variables of interest, this re-
search study also includes three control variables, namely: age of re-
searchers, gender of researchers, and time availability of the researcher.
3.3. Analysis tools

This paper uses four different techniques to construct and analyze
the data. One technique – factor analysis – is used to construct the
data sets. The other three techniques – network visualization, de-
scriptive statistics and ordered logistic regression – are used to ana-
lyze the data. The main analysis technique in this paper is using the
ordered logistic regression to correlate the determinants with the
propensity of researchers to publish their research data. The choice
of these four techniques is motivated by the two underlying reasons,
1) to meet the research objective of analyzing the determinants af-
fecting researchers' motivation to share their data and 2) to conform
to the construct of the data. The construct of the data will influence
the appropriateness of the analysis technique. For instance, a social
network is used because this technique is regarded as the most ap-
propriate tool to study a direct understanding of social structures
(Wellman & Berkowitz, 1988, p.3) and “offers a more powerful way
of describing social interactions” (Emirbayer & Goodwin, 1994, p.
1413). Similarly, the ordered logistic regression is used, due to the
categorical characteristics of the dependent variable. The use of ordi-
nary linear regression, could be problematic, as it tends to induce bias
for dependent variables with categorical properties (Scott Long &
Freese, 2006). A brief description of each technique is presented
below.
3.3.1. Factor analysis
Factor analysis is used to create the composite score for each of the

seven independent variables. The factor analysis is run for each set of
questions which pertain to a particular variable. The composite score,
predicted from each factor with the highest eigenvalue, is used as the
score of the independent variable. A composite can be expected to
have higher reliability. Each of the dependent variables in this re-
search is generated from the factor with the highest eigenvalue. The
analysis found that each set of questions only loaded to a single factor.
Collapsing the sub-variables into a single composite variable is neces-
sary to avoid multicollinearity issues and freeing the degree of free-
dom (Thompson, 2004).

3.3.2. Network visualization
The purpose of this analysis is to provide a visualization of respon-

dents' data access patterns. This is a supporting analysis to depict the
current practices in accessing data across different data repositories.
The use of a 2-mode network is due to the fact that the connection
among actors is based on their use of a particular data repository.
The visualization of the 2-mode network of data access on a particular
network or databases refers to the degree of relationship between re-
searchers, mediated through their access to particular networks or
databases. The visualization is generated using NetDraw.

3.3.3. Descriptive statistics
Descriptive statistics of survey responses are provided for each of

the seven independent variables. The descriptive statistics are used to
characterize the challenges identified from the survey results on an
aggregate level.

3.3.4. Ordered logistic regression
The ordered logistic regression is the main analysis technique in

this paper. The ordered logistic regression is used to predict the like-
lihood of researchers to publish their research data sets online or in a
network database, given the set of determinants (the independent
variables). This paper uses ordered logistic regression because the de-
pendent variable is measured on an ordinal scale. When the depen-
dent variable is measured by categorical value, the use of an
ordinary regression could induce bias (Scott Long & Freese, 2006).

4. Result

4.1. The disconnected clusters of access pattern

Efforts to create a network to promote national and international
collaborative research are not new. The U.S. LTERN (Long Term Eco-
logical Research Network), for instance, was founded by the NSF in
1980 to serve this purpose. Yet, the challenge of creating global col-
lections of research data is compounded by the diversity, size and
complexity of those data sets. This diversity and complexity is argu-
ably influencing the sharing of research data sets. This section pre-
sents a mapping of patterns of access to research network databases
to provide a visualization of the behaviors in sharing research data
sets.

The network visualization is generated from the 2-mode network
of data access patterns (see Fig. 2). This network is created from the
affiliations of researchers with particular network databases, such as
LTERN, NEON, or GBIF. The findings from this network visualization
show the existence of many disconnected clustered relationships.
The majority of researchers (the circles) used only one network data-
base (the square) with only a few of the researchers connecting or
accessing more than one database. The disconnected cluster suggests
that sharing is actually somewhat limited and that a number of spe-
cific factors that limit data sharing may be operating in the network.
This suggests that there exist certain challenges that restrict the pro-
pensity of researchers to share. In this regard, the next section
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outlines the challenges, as identified in survey results, of sharing re-
search data sets openly with the public.
4.2. The organizational challenges to data sharing

This section outlines the organizational related challenges identi-
fied through the survey results. Respondents were asked to express
to what degree they agreed with the importance of the following
items: 1) organizational involvement in supporting data sharing; 2)
the importance of appreciation and acknowledgement for the data
sets owner; and 3) the importance of having part of their research
and collections costs recovered.

In terms of organizational involvement, the survey results indicat-
ed that 57% of the respondents noted the importance of receiving
technical support for data management during the period of the pro-
ject, while only 43% noted the importance of technical support for
data management beyond the life of the project. Similarly, 51% of
the respondents noted the significance of having organizational sup-
port in terms of data management. In addition, 46% of the respon-
dents found organizational support for data storage during the life
of the project to be important. On the other hand, organizational
funding and training support for data management were regarded
as less important determinants. By averaging the respondents' re-
sponses on the two questions related to funding, between 60% and
70% of the responses showed organizational support for funding and
training for data management to be of lesser importance than the
other determinants.

The majority of respondents expressed the importance of appreci-
ation and acknowledgement of data owners in the process of reusing
data; 93% indicated the significance of a formal acknowledgement to
the data owner. The respondents also indicated the importance of col-
laboration in terms of co-authorship on publications (60%). The
Respondent

Source: Netdraw Result

Fig. 2. Data acce
majority of respondents (70%) noted that acknowledgement in
terms of cost recovery or other economic purposes is not important.

4.3. Technology related challenges

In this study the technological barriers were measured in terms of
data management skills and data management tools. An average of
the responses from three questions on searching, collecting, and
cataloging data, shows that 85% of the respondents seem to agree
on the importance of data management skills in the form of
searching, collecting, and cataloging the data. 85% of the respondents
also expressed the significance of skills in storing research data sets
during the life of the project, but the significance of this skill becomes
less important (56%) after the project is over. Interestingly, 82% of re-
spondents pointed out that the lack of data standards is not an impor-
tant determinant in the propensity to publish research data sets
online (Table 4).

4.4. Legal and policy-related challenges

In terms of legal and policy issues related to publishing research
data sets online, the majority recognize the significance of citation,
legal agreement, statement of use, conditions of use, and approval
for reuse. 98% of the respondents indicated the importance of cita-
tions when using the data sets from another researcher. In addition,
62% indicated that a review from data set owners should be required
before results of data sets' reuse are disseminated, and that reprints of
products from data sets' reuse must be provided to data set owners
(70%). The respondents also indicated that statements of use and
agreement on statements of use should be required before reusing
data sets (67%). In addition, the respondents agreed that legal agree-
ments should be obtained for data sets' reuse (45%) and approval
Research Network

ss pattern.



Table 3
Form of acknowledgement.

Form of acknowledgement Agreement

Yes No

Co-authorship on publications 60% 40%
Formal acknowledgement of the data providers 93% 7%
Opportunity to collaborate with others 81% 19%
Part of cost of data must be recovered 30% 70%
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from the owner of data is a must (48%). If the respondents are re-
quired to publish their data sets, 82% of respondents asserted that
conditions should be placed on access when data sets are made avail-
able (Table 5).

4.5. Local context and specificity challenges

The majority of respondents acknowledged the presence of a fear
of data misinterpretation and misuse. 91% of respondents indicated
concerns that data may be used in ways that were not initially
intended. Additionally, the majority of respondents noted that their
fear that data may be misinterpreted came from either the poor qual-
ity of the data (87%) or because of the complexity of the data itself
(90%) (Table 6).

The descriptive statistics show that the majority of respondents
found several potential challenges to be significant determinants of
publishing research data sets openly to the public. These descriptive
results support the initial visualization of the 2-mode network
which highlights the potential of several determinants to be chal-
lenges and inhibitors of data sharing.

The next step employs stochastic-based statistics to ascertain the
suggested findings from the descriptive statistics and visualization.
This involves an examination of the relationship of selected variables
from the four categories of challenges to the likelihood of researchers
to publish their data sets online or in a research network identified
previously.

4.6. The determinants and likelihood of sharing data

4.6.1. The significant determinants of publishing research data sets
Table 7 presents the ordered logistic regression used to test the re-

lationship of selected challenges to the likelihood of researchers to
publish their data sets on the public web or in research networks.
There are four models in Table 7 pertaining to four different publica-
tion outlets, namely: organization website, principal investigator
website, national research network, and regional research network.
The number in parentheses represents the standard error of coeffi-
cient and the number above it represents the coefficient estimate.
The coefficient of estimate of each variable is in log-odds ratio. In lo-
gistic regression, the coefficient estimate does not provide a meaning-
ful interpretation without transforming the result. For instance, the
estimate of organizational involvement in the organizational website
model is−0.3763 (Table 7). Direct and brute interpretation of the es-
timate will be that a one-unit increase in organizational involvement
is associated with a 0.3763 decrease in the ordered log-odds of pub-
lishing data sets on an organizational website. For this reason, and
considering the objective of this study which is to identify significant
determinants, we focus on the significance test of each variable. Sub-
sequently, we will transform the estimates to measure the probability
of publishing data sets and the influence of significant determinants
on this probability.

The results in Table 7 show that organizational involvement consis-
tently appears as a significant determinant of publishing data sets on an
organizational website with a z value of−6.71, a principal investigator
Table 2
Form of organizational support.

Form of organizational support Support

Yes No

Support on data management 51% 49%
Support on data storing during the project 46% 54%
Tech. support for data management during the proj. 57% 43%
Tech. support for data management beyond the proj. 43% 57%
Training for data management 27% 73%
Fund for data management during the project 39% 61%
Fund for data management beyond the project 27% 73%
website with a z value of−2.56, a national level research networkwith
a z value of−7.36, and a regional level research network with a z value
of−5.26. Acknowledgement and appreciation for data reuse is not sig-
nificant for all four publication outlets. Arguably, researchers do not
consider acknowledgement and appreciation as an important determi-
nant for publishing their research data online. On the other hand, eco-
nomic motive emerges as a significant predictor for publishing data
on an organizational website (z=1.70) and national network (z=
1.82) at 0.10 significant levels and on the regional network (z=2.79)
at 0.05 levels.

Legal and policy requirements also emerge as a significant determi-
nant of publishing data sets on an organizational website (z=−2.99)
and a national level research network (−3.26) at 0.05 significant levels
and on a principal investigator website (z=−1.85) at 0.10 levels. But,
legal and policy requirements do not have a significant impact on pub-
lishing data sets in the regional network. Data management skills also
appear to be a significant determinant for an organizational website
(z=2.31), national network (z=1.65) and regional network (z=
2.25) while the result shows insignificant influence of data manage-
ment skills for the principal investigator website.

It appears that the outlet for publishing is relevant in terms of the sig-
nificance of only some determinants. Data misinterpretation is statisti-
cally significant in affecting the publication of research data sets (at a
level of 10%), only if the data set is published in a research network
(z=1.90). Logically, publishing research data sets in a research network
will have wider distribution and therefore, the researcher assumes that
the data will have a greater chance of beingmisinterpreted. Coercive re-
quirements from funding agencies are statistically significant at a level
of 5% only for publication of data sets on a principal investigatorwebsite.
Arguably, the principal investigator is the person responsible for com-
plying with the funding agency requirement.

In terms of the control variables, the significant impact of the con-
trol variables varies especially for age and gender, while the availabil-
ity of research time is shown to have a non-significant influence on
publishing research data sets. Age has a significant influence for pub-
lishing research data sets on an organizational website (z=1.87) and
at the national network (z=1.79). On the other hand, gender only
has influence for publishing research data sets in an organizational
website with a z value of 2.81 and in a principal investigator website
with a z value of 1.70.

4.6.2. The different likelihood of publishing research data sets
Considering that the dependent variable consists of four sets of or-

dinal values representing the number of data sets respondents are
Table 4
Technological challenges.

Technological challenges—data management Satisfaction

Yes No

Lack of data standards 18% 82%
Research data collection process 89% 11%
Research data searching process 86% 14%
Research data cataloging process 76% 24%
Research data storing during the project 85% 15%
Research data storing beyond the project 56% 44%



Table 5
Legal context and policy challenges.

Legal context and policy challenges Agreement

Yes No

Place a condition on access to make data available 82% 18%
Citation is required to use the data 98% 2%
Approval from data providers is a must for data reuse 48% 52%
Review from data providers is need for data reuse 62% 38%
Reprint copy of products must be given to data owner 70% 30%
Legal agreement should be obtained for data reuse 45% 55%
The data provider is agrees to a statement of uses 67% 33%
The funding agency requires data management plan 34% 66%
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willing to publish, either on a website or in a research network, it is
necessary to measure the probability of publishing data sets, contin-
gent to the amount of data to be published. Table 8 represents the
probability to publish data sets on a website or research network
based on the mean values of the independent variables. Hence, if all
independent variables are set at their mean value (and gender is set
to 1, to represent male), the probability of not publishing data sets
is higher than the probability of publishing some, most, or all of the
data sets for male respondents. However, among the probability to
publish some level of data, there is a higher probability to publish
just some of the data sets, rather than publishing most or all of the
data sets.

The findings in Table 8 suggest that the probability of publishing
data sets either on a website or in a research network depends on
the amount of data a researcher had to publish. There is an inverse re-
lation between probability to publish and the amount of data to be
published. The probability to publish a data set will decrease with
an increase in the amount of data. Findings from Table 7 point out
three variables that consistently emerge as significant predictors at
0.05 levels, namely: organizational involvement, data management
skills, and legal and policy requirements. Considering both findings,
a simulation is used to test the influence of the significant predictors
(Table 2) to predict the change in probability to publish research data
sets.

4.6.3. The amount of data and the likelihood to publish research data sets
Fig. 3 represents the change in probability to publish data sets on

an organizational website depending on the three significant predic-
tors, namely: organizational involvement, data management skills,
and legal and policy requirements.

In general, there is a high probability of researchers not publishing
data sets on an organizational website (see Table 8). However, the
data shows that changes in the significant predictors will subsequent-
ly change the probability to publish. As shown in Fig. 3, an increased
level of data management skills by one unit will move the likelihood
from “not to publish” into “publish some.” Furthermore, increased re-
quirements to publish higher numbers of data sets (most or all data)
is also expected to decrease the probability of publishing data sets on
an organizational website. A change from “publish some” to “publish
all” decreases the probability from 0.1 to approximately 0.04 with the
inclusion of data management. In terms of legal and policy require-
ments, there is a high probability of not publishing data sets, but the
data also shows that increased legal and policy requirements will
change the probability from “publish some” into “publish all” of the
Table 6
Local context and specificity challenges.

Local context and specificity challenges Agreement

Yes No

Misinterpretation of data due to complexity of data 90% 10%
Misinterpretation of data due to poor quality of data 87% 13%
Data may be used in other ways than intended 91% 9%
data sets; from −0.1 for “publish some” to approximately −0.02 for
“publish all”. A higher level of legal and policy requirements correlates
positivelywith the amount of data to be published. Additionally, organi-
zational involvement will increase the likelihood that researchers will
publish data if they are required to publish all of their data; increasing
from approximately − .028 for “publish most” to −0.11 for “publish
all” (see Fig. 3).

5. Discussion

Connecting back to the larger picture of NSF's global vision of a
Cyberinfrastructure for 21st Century Discovery, the analysis in this
paper presents a new understanding of challenges to the develop-
ment of global data collections and the preservation of those collec-
tions. Creating the open system is arguably influenced not only by
new methods, management structures and technologies but by the
human aspect as well. The willingness of researchers and data owners
to participate in the creation of this global network through the shar-
ing of their data affects the achievement of the above-mentioned vi-
sion. This paper contributes to understanding the propensity of
researchers to share their data. For its preliminary assessment, this
paper visualized the affiliated network based on the survey results
(Fig. 2). The visualization shows a disconnected access pattern
where only very few researchers are connecting to more than one da-
tabase. This result might raise questions of specific factors limiting
data sharing that may be operating in the network. The survey results,
analyzed using descriptive and inferential statistics, identify several
key determinants affecting researchers' motivation to share their re-
search data sets openly, namely: data management, organizational
involvement, legal and policy requirements, and acknowledgement
to the data set's owner.

5.1. Data management as a crucial element of publication of research da-
ta sets

The significance of data management is captured in two determi-
nants, namely: 1) data management skills and 2) organizational in-
volvement. The survey questions for organizational involvement
pertain to the organizational support for data management (see
Table 2). The survey results indicate that 80% of respondents empha-
sized the importance of data management skills and 51% noted the
importance of organizational involvement to support data manage-
ment. The ordered logistic regression results also support this finding;
data management skills and organizational involvement emerge as
significant determinants of the likelihood of researchers to publish re-
search data sets on a website or research network. This study offers
three plausible explanations in regard to the significance of data
management, namely: 1) achieving certain levels of data quality,
2) maintaining reputation and merit and 3) resource and time
constraints.

The literature points out the inherent complexity and heterogene-
ity of the data, especially ecology and earth and environmental data
(Reichman et al., 2011; Tenopir et al., 2011; Zimmerman, 2007).
With this inherent complexity and heterogeneity, achieving certain
levels of data quality before publishing data openly becomes neces-
sary to avoid data being misinterpreted. Achieving the benefits of an
open data initiative is subject to the quality and format of the data
(Vogel, 2011), it must be credible, usable and interpretable
(Hinrichs & Aden, 2001). The researchers need to take precautionary
actions to make sure that their data will not be misinterpreted. As a
result, the description of relevant information needs to be clearly
specified and explained in the data sets (Koslow, 2000, 2002). Thus,
the researchers need to acquire certain levels of data management
skills to help them prepare the data for open publication. The result
indicates that data management skills are a significant predictor
influencing researchers' willingness to publish their data on the



Table 7
The odds of publishing data on the website (in odd ratio).

Variable Website Research network

Organizational Principal invest. Regional National

Organizational involvement −0.3763 (0.0560)⁎ −0.1411 (0.0550)⁎ −0.3177 (0.0604)⁎ −0.4354 (0.0591)⁎

Appreciation for data re-use 0.0329 (0.0884) 0.0159 (0.0854) 0.1248 (0.0919) 0.0767 (0.0855)
Economic motive 0.1487 (0.0876)⁎⁎ 0.0671 (0.0923) 0.2493 (0.0895)⁎ 0.1461 (0.0804)⁎⁎

Data management skills 0.1281 (0.0555)⁎ −0.0221 (0.0547) 0.1310 (0.0581)⁎ 0.0889 (0.0538)⁎⁎

Legal and policy requirements −0.2419 (0.0807)⁎ −0.1474 (0.0797)⁎⁎ −0.1189 (0.0732) −0.2435 (0.0748)⁎

Institutional requirements 0.0507 (0.0886) 0.1845 (0.0858)⁎ −0.1000 (0.0873) −0.0014 (0.0793)
Misinterpretation of data 0.0174 (0.0701) 0.0905 (0.0690) 0.1326 (0.0697)⁎⁎ 0.0962 (0.0812)
Availability of research time 0.4307 (0.3712) −0.2062 (0.3479) −0.1442 (0.3982) 0.1214 (0.3692)
Age 0.0155 (0.0083)⁎⁎ 0.0016 (0.0079) 0.0036 (0.0085) 0.0145 (0.0081)⁎

Gender 0.5817 (0.2069)⁎ 0.3372 (0.1986)⁎ 0.2683 (0.2138) 0.3138 (0.2029)
Wald Chi2 66.44 26.36 41.64 73.84

Standard errors in parentheses.
⁎ Significant at 0.05 level.

⁎⁎ Significant at 0.1 level.
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organizational website, national network and regional network. This
result is interesting since data management skills were found to be
not significant for open publication in the principal investigator (per-
sonal) website (Table 7). Anecdotally, this might relate to the magni-
tude of impact for a different outlet in the sense that data publication
in organizational and national or global networks has a greater im-
pact than on a personal website. Hence, researchers are more
concerned with preparing their data for outlets with larger impact
than those with less impact. Yet, this assertion warrants further in-
vestigation to understand more about the value of data quality as a
predictor of open publication.

Likewise, this finding supports the argument on the significance of
merit and reputation for researchers' willingness to publish their data
(Ceci & Walker, 1983; Koslow, 2000, 2002). Developing and prepar-
ing quality data for publication is closely related to researchers' incen-
tives to maintain their reputation and merit. Birnholtz and Bietz
(2003) argued that competition for merit and reputation is more ag-
gressive in academe. One of the indications of researchers' promi-
nence and quality is their ability to understand the data and
generate publications based on the data (Tucker, 2009). Thus, when
publishing their data openly to the public, the researchers were
faced with several concerns, such as 1) someone else could find dif-
ferent results and something that the researcher missed in the previ-
ous publication that would undermine their work (Koslow, 2000,
2002) and 2) someone else could find procedural and computational
errors from their previous publications (Ceci & Walker, 1983). Argu-
ably, ensuring data quality before publishing it openly becomes an
important factor to save researchers from future humiliation regard-
ing errors in the data. Thus, researchers value data management skills
and organizational support for data management as significant pre-
dictors of their action to publish data.

On the other hand, researchers are always faced with resources
and time constraints. Data, materials, and storage facilities are costly.
Active researchers have many activities to do that restrict them in
preparing their data by themselves. Researchers need assistance in
preparing their data for open publication. Such supports could be in
two forms: technology and/or organizational support. Michener
(2006) argues for an increase in usability and user-friendliness of
Table 8
Probability to publish data sets.

Probability Website Research network

Org. PI Regional National

Pr(not_publish) 55% 62.6% 68% 52.6%
Pr(publish_some) 34.5% 28.9% 26% 34.5%
Pr(publish_most) 7.5% 5.8% 4.6% 10%
Pr(publish_all) 3% 2.6% 1.4% 2.9%
metadata management to help alleviate the burden of preparing
data. On the other hand, an organization could play a significant
role in helping researchers to prepare their data for publication. The
survey results indicate the need to have support for data storing
(47%), technical support (57%) and support for data management
(51%). Organizational supports for data management could help
researchers preserve the quality of their data and avoid data
misinterpretation.

5.2. The significance of acknowledgement

The significance of acknowledgement is captured in two variables,
namely: forms of acknowledgement and legal and policy requirements.
Although the logistic regression result shows that the forms of acknowl-
edgement are not statistically significant (Table 7), the survey results
pointed at the high percentage of respondents agreeing on the impor-
tance of certain forms of acknowledgement. Due to this, we argue that
there is suggestive evidence for the importance of acknowledgement.
The survey results indicate that, on average, 90% of respondents
expressed the importance of acknowledging data providers. The survey
results also indicate a high percentage of agreement on the various
forms of acknowledgement, including opportunities for collaboration,
co-authorship, formal recognition, and proper citation (Table 3). This
result suggestively supports the assertion of extant literature arguing
for the importance of appreciation and acknowledgement of the data
owner (Birnholtz & Bietz, 2003; Ceci & Walker, 1983; Koslow, 2000,
2002). The fact that the logistic regression result does not conform
with the survey indicates a venue for future research to understand bet-
ter the impact of reward and acknowledgement. The compositions of
acknowledgement in the survey instruments only focus on four aspects,
namely: co-authorship, formal acknowledgement, cost recovery and
legal permission to use. The survey instrument did not consider the
Fig. 3. Change in probability to publish in organizational website.
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intrinsic reward as another form of acknowledgement, while extant lit-
erature argued for the significance of reputation and merit for
researchers.

As mentioned above, the majority of respondents indicated the
significance of appreciation and acknowledgement by emphasizing
the importance of legal and policy requirements to support data
re-use and attribution. On average, 70% of the respondents asserted
the need to have in place a proper legal and policy framework before
making their data sets open to the public. The ordered logistic regres-
sion result also shows that the existence of a legal and policy frame-
work is a significant predictor of a researcher's likelihood to publish
his or her data sets on a website or in a research network.

Regulation and policy requirements could enhance data sharing
by ensuring proper and accountable use of data and information
(Zimmerman, 2007). Similarly, the results show that respondents
are emphasizing legal and policy requirements to ensure that data
are not poached and owners are properly acknowledged. Knowing
that a legal framework exists to support and guide data sharing
might provide assurances for data set owners that their data sets
will not be misused, and attribution upon re-use can be ascertained
which will result in a higher propensity to share. The literature also
indicates the importance of an appropriate balance in legal and policy
requirements. Rigidity of these requirements could deter sharing; yet
lenient legal policies also can lead to not sharing due to the fear of li-
abilities (Savage & Vickers, 2009; Tucker, 2009). In this regard, much
can be learned from the interagency information sharing literature in
the public administration domain. For instance, Dawes (2010a,
2010b) proposes a useful framework as a guide for information poli-
cies in information sharing across different agencies. Similarly, in the
public sector, the needs to share information across different agencies
are hindered by the need to protect sensitive data and privacy rights.
In this regard, the need to use shared information conflicts with the
need to guarantee that the same information is not being misused
(Dawes, 1996). Dawes proposes the balancing of two complimentary
requirements in the framework, namely: information stewardship
and information usefulness (Dawes, 2010a, 2010b). Information
stewardship conveys the idea of safe handling of the information
while information usefulness refers to the principle that more acces-
sible information provides a wide variety of public and private uses.

5.3. Implications

5.3.1. Policy and management implications
The findings show that data management emerges as one of the

key determinants of open data publication. In addition, the study
also found an inverse relationship between the probability to publish
online and the amount of data to be published. The previous
Section 5.1 extensively argues for the connection between data man-
agement, data quality and time and resources constraint. These find-
ings present implications for policies and management supporting
open data initiatives.

a. Systematic investigation on the roles and responsibility of govern-
ment within these global scientific data preservations. Extant lit-
erature pointed out that researchers have the upper hand in
deciding to release or withhold the data due to various reasons,
such as: cost, lack of resources, reputation, or financial aspect
(Blumenthal et al., 1997; Campbell et al., 2002; Vision, 2010). On
the other hand, more efforts are on the way to govern the data
produced by publicly funded research. The movement toward
“open initiatives” could plausibly change the culture of sharing
among researchers. In time, publicly funded data will no longer
be regarded as private intellectual property. Thus, more research
is needed to understand the implications of change in this culture.
In addition, with an increased effort on global data repositories
and access, it will be necessary to further examine the roles and
responsibilities of governments as they relate to the governance
of this new practice. For instance, despite the growing efforts to
position publicly funded research data as public good, policy
makers need to clearly specify the conceptualization of data own-
ership within a global data repository.

b. The result shows that the amount of data matters. The level of data
to be published significantly correlates to the likelihood to publish
the data. Linking this issue to the time and resource limitations
and the time needed to prepare the data, publishing large
amounts of data required large chunks of time commitments.
This condition led to two implications:

1) Policy makers andmanagers of federated data repositories such as
DataONE need to take into account the amount of data re-
searchers are required to publish. For instance, the development
of policies in setting a requirement on the amount of data could
be taken into consideration. Policymakers and managers of feder-
ated data initiatives need to be able to balance their policies with
the amount of data researchers are required to publish.

2) Another policy implication related to the difficulties in preparing
the data for publication is specifying which types of metadata prin-
ciples the repositories used. Different researchers might use differ-
ent metadata principles when preparing their data. As a result,
policymakers of federated data repositories should consider speci-
fying policies to either accommodate all different metadata princi-
ples or provide tools to transform different metadata principles.

3) Considering the difficulties related to preparing data sets for pub-
lication, the managerial implication for managers of federated
data repositories is to consider the level of support provided to
the researchers when publishing in certain repositories. For in-
stance, virtual data management trainings and supports could be
created and applied to guide researchers in publishing their data.

c. For researchers, appreciation and acknowledgement are signifi-
cant factors affecting their sharing behavior. In addition, policy
makers also need to consider that reward and appreciation have
various forms in academe including recognition for merit and rep-
utation. Policies are needed to ensure appropriate recognition of
the originator of the data and of those who are responsible for
the re-use of the data and to include factors such as reputation
as consideration.

d. There exist large numbers of dialogues, discussions and literature
in the fields of public administration and information science of-
fering rich insights on the information/data policies and securities.
This literature could provide a useful framework to understand
the trade-off between policies and flexibility of sharing for earth
and environmental science. This paper cited one of them, a frame-
work proposed by Dawes (2010a, 2010b).

5.4. Limitations and future research

This study attempts to provide a preliminary assessment on the
determinants of a researcher's motivation of sharing data sets from
the perspective of a personal decision. As a preliminary assessment,
this study identifies and acknowledges various limitations which
warrant future research.

a. This study is based on the assumption that the researchers have a free
role in decidingwhat andwhen to publish their raw data sets. On the
other hand, individual researchers might be constrained by their in-
stitutional policies in sharing the data (Tenopir et al., 2011). This
studydoes not differentiate between institutional and individual con-
straints due to the limitation in the data. Still, this issue warrants
further research, adding new institutional variables asmediating var-
iables to understand the impact of institutional restriction.

b. This study found that data management skills is significant for open
publication of data except on the principal investigator website. An
anecdotal assertion is that researchers are more concerned with
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data quality when publishing in outlets with larger impact, thus re-
quiring data management skills. Contrastingly, the researchers as-
sume that publishing on a personal website requires less effort to
ensure data quality. This assertion demands further research to bet-
ter understand the value of data quality for publication for the re-
searchers.

c. Extant literature shows the importance of reputation and merit as
one form of appreciation and acknowledgement. Yet, the survey in-
struments do not account for this form of acknowledgement. Consid-
ering the possible importance of intrinsic rewards such as reputation
andmerit, future surveys could consider including this factor in their
instrument.

d. This study only focuses on the propensity of researchers to supply
data to an open data initiative such as DataONE. The success of
sharing depends on both the initiator/owner and the requester
(Rodriguez, 2009). Future research could consider integrating both
the supply and the demand aspect of data sharing.

e. We recommend future research to consider using the adoption the-
ory as the theoretical basis, such as: the Theory of Planned Behavior,
the Technology Adoption Model, the United Theory of Acceptance
and Use of Technology, or other adoption theories. For instance,
using the Theory of Planned Behavior by Ajzen (1991), we can ex-
amine the determinants which could be influencing researchers' in-
tentions to share data, as well as assessing to what extent the
researchers' intentions lead them to an action to share data.

f. Different domains might yield different behavior in regard to sharing
research data sets openly. This study does not account for the impact
of different domains into the equation. Future research should con-
sider integrating the different behavioral impacts across domain.

g. The authors acknowledge that almost 75% of the distribution of sur-
vey respondents was from the North American region. Thus, the
findings of this research study are best interpreted as evidence of
North American researchers' motivation to share data sets. Further
research is needed to establish the generalizability of these findings
in other regions of the world.

6. Conclusion

NSF's vision of global scientific discovery through global data pres-
ervation and access entails major challenges. These challenges rest on
human aspects as well as the new methods, management structures,
and technologies. Achieving the above vision rests in large part on the
researchers' willingness to contribute to this vision by sharing their
data. This research study provides a preliminary analysis of the deter-
minants of the likelihood of researchers to publish their research data
sets online. Survey results were analyzed using descriptive and infer-
ential statistics. The analysis identified two key determinants for
sharing research data sets. Each of the determinants is supported by
two challenges, namely: 1) data management in terms of skill and or-
ganizational involvement, and 2) acknowledgement in terms of legal
and policy requirements and acknowledgement to the data set's
owner.

The importance of data management to ensure open publication
of data manifests not only in the significance of data management
skills, but also in terms of organizational involvement to provide sup-
port for data management. Data management skills and support for
data management are necessary elements for ensuring data quality.
The second key determinant found is the significance of proper attri-
bution to data set owners. The importance of attribution in this study
manifests in various forms of articulated acknowledgement of the
data owners, such as opportunities for collaboration, co-authorships,
formal recognition, and proper citation. Equally important are legal
regulations and policies to support data re-use and attribution.

This finding highlights the significance of creating new capabilities
to share data and to deal with the issues of sharing data. The capabil-
ity of researchers to manage their data sets and deal with the issues of
data quality, standards, and protection, in addition to ethical and re-
sponsible use of shared data will significantly influence their propen-
sity to share their data.
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