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Abstract 

Open Research Data is gaining popularity nowadays, and various research units and 

individuals are interested to join this trend. However, due to variety of Open Research 

Data technologies, they have found it is difficult to select proper ones for their specific 

requirements. Thus, a method for evaluating of Open Research Data related technologies 

is developed in this study for researchers to select proper ones. 

Firstly, the theoretical knowledge of research data sharing and reusing barriers is resulted 

from a structured literature review. As a result, from the 19 primary studies, 96 instances 

of existing barriers are identified and classified to seven categories, where four of them 

are research data sharing barriers and rest of them are reusing barriers. This knowledge is 

regarded as an important resource for understanding researchers’ requirements on Open 

Research Data technologies, and utilized to develop the technology evaluation method.  

Additionally, the Open Research Data Technology Evaluation Method (ORDTEM) is 

developed basing on the Goal/Question/Metric (GQM) approach and resulted research 

data sharing and reusing barriers. To develop this method, the GQM approach is adopted 

as the main skeleton to transform these barriers to measurable criterion. Consequently, 

the ORDTEM, which is consisting of six GQM evaluation questions and 14 metrics, is 

developed for researchers to evaluate Open Research Data technologies.  

Furthermore, to validate the GQM-based ORDTEM, a focus groups study is conducted in 

a workshop. In the workshop, nine researchers who has the need to participate Open 

Research Data related activities are recruited to form a focus group to discuss the resulted 

ORDTEM. And by analysing the content of the discussion, 16 critical opinions are 

addressed which resulted eight improvements including one refinement on an existing 

metric and seven new metrics to ORDTEM.  

Lastly, a testing process of applying ORDTEM to evaluate four selected Open Research 

Data technologies is implemented also for validating whether it can be used in solving 

real-world evaluation tasks. And more than the validation, this experiment also results the 

materials about usage of ORDTEM, which is useful for future adopters.  

However, more than developing the solution to eliminate the difficulty of selecting 

technologies for participating Open Research Data movements, this study also provides 

two additional contributions. For one thing, resulted research data sharing and reusing 

barriers also direct the future effort to prompt Open Research Data and Open Science. 

Moreover, the experience of utilizing the GQM approach to transform existing 

requirements to evaluation criterion is possible to be studied for developing other 

requirement-specific evaluation. 

Keywords 
Open Research Data, Open Data, data sharing, data reusing, Goal/Question/Metric, 

technology evaluation. 
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1. Introduction 

Open Science, an organizational innovation emerged in modern society, is gaining 

increasingly more attention around the world (David, 2004). Since its widely recognized 

benefits which cannot only contribute to researches by prompting research findings to 

flow among research units, but also help industrial parties and citizens to leverage 

research results, it has become an outstanding thinking studied and practiced by 

diversified organizations (European Commission, 2015b). For example in Finland, the 

Finnish Ministry of Education and Culture founded the Open Science and Research 

Initiative (ATT) in order to spur the open science activities, create environment for 

science and research openness and further support Finland to become a leading country 

for the open science movement (Ministry of Education and Culture, 2014). 

Historically, similar movements about Open Science can be traced back to the revolution 

of scientific findings and new knowledge disclosure around the late sixteenth and early 

seventeenth centuries, as well as the nascent booming of scientific journals in the 

eighteenth century, which formed the initial environment of collaborative research 

(David, 2004; Groen, 2007; Kronick, 1976). Differently, Open Science in nowadays has a 

broader meaning that “scientific knowledge of all kinds should be openly shared as early 

as is practical in the discovery process” (Nielsen, 2011).  

Practically, four concrete aims, which are acknowledged by the European Commission 

(European Commission, 2015a), are summarized by the OpenScience Project (2009): 

Open Source used methodologies, experiment details and other information for providing 

the research transparency; Open Access scientific communication; Open Research Data 

with reusability; and Open Notebook of science to share research details to collaborators.  

As one special type of Open Data, Open Research Data also has the same benefits, for 

instance, increasing the possibility of innovation, advancing the quality of scientific 

research; benefiting data contributors, offering resources to train researchers, preventing 

data loses, etc. (Arzberger et al., 2004; Fienberg, Martin, & Straf, 1985; Jennifer, 2011; 

Kuipers & van der Hoeven, 2009; Thaesis & van der Hoeven, 2010; Wicherts & Bakker, 

2012). In this case, diversified parties are showing the willing to participate the Open 

Research Data movement. Especially, Finland, where this study is placed, is running a 

national science data sharing service named Finnish Social Science Data Archive, which 

shows their inspiration for Open Research Data.  

Simultaneously grown with people’s enthusiasm on Open Research Data is the 

development of Open Research Data technologies. In recent years, various applications 

are invented for implementing the idea of Open Data, for the examples of some data 

archiving platforms like CKAN, DKAN, Socrata, and so on (NuCivi, 2014; Open 

Knowledge Foundation, 2015a; Socrata, 2015). However, the outstanding availability of 

useful applications also brings possible adopters a problem that the technology selection 

is a difficult task. 

Currently many knowledge can be used for supporting the decision making on 

technology selection. For example, adopting the Quality/Function/Deployment (QFD) in 

developing criterion for selecting software in organizations (Şen & Baraçlı, 2010). 

Moreover, there also has famous method can be directly used for technology evaluation. 
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Famous instances are the Technology Acceptance Model (TAM) and the 

Goal/Question/Metric (GQM) approach (Basili, Caldiera, & Rombach, 1994; Davis, 

1986). Even though, there still exist a gap that there does have any methods are 

specifically developed for supporting Open Research Data technology selection. Thus, 

this study is conducted to develop a method which can effectively evaluate technologies 

basing on researchers’ requirements about Open Research Data.  
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2. Research Question and Methodology  

With the global trend of Open Data, its practice in academic area, the Open Research Data 

is drawing surprising attention from academic community because of the realization of its 

broad prospect, which turns out a phenomenon that increasingly more academic units and 

individuals are showing their intention to participate it. Moreover, under such context, 

various technical applications are emerged to serve people’s requirements about 

participating Open Research Data related activities.  

However, the diversity of technologies could be a double-edge sword because alongside 

with offering extensive convenience, it also brings a problem of selecting proper ones to 

use. Consequently, Open Research Data practitioners have to spend extra effort on 

technology selection, which is a critical but not a simple task. Thus, in order to provide 

help on solving such a problem, this study is conducted to develop a method to evaluate 

Open Research Data technologies.   

2.1 Research question 

This research question is addressed from the global context of Open Science and Open 

Research Data, and driven by the need of evaluating possible Open Research Data 

technologies for further adoption. According to a Technical Research Question Template 

defined by Wieringa (2014), the research question of this thesis is defined in Table 1.  

Table 1. The research question basing on the Technical Research Question Template 

(Wieringa, 2014) 

How to  
<(re)design an artefact> 

Open Research Data Technology Evaluation Method 

that satisfies  
<requirements> 

the requirement of evaluating Open Research Data 
Technologies  

so that  
<stakeholders goals can 
be achieved> 

researchers can adopt it to evaluate and select relevant Open 
Research Data Technologies to support their Open Research 
Data Related activities 

in  
<problem context> 

the context of Open Science and Open Research Data 

Furthermore, for providing a better explanation on the given research question, three key 

terminologies are clarified. First off, Open Research Data Related Activities are relevant 

research activities which are related to the idea of Open Research Data. In this study, such 

kind of activities mainly indicate sharing and reusing research data. 

Moreover, Open Research Data Technologies in this study could be possible systems, 

tools, platforms, or other applications that can be used for practicing Open Research Data 

activities, especially research data sharing and reusing.  

Lastly, Open Research Data Technology Evaluation Method is the artefact of a 

systematic method for evaluating possible Open Research Data Technologies basing on 

the need of practicing researchers’ Open Research Data Related Activities, which is the 

solution to solve the given research question.  
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2.2 Research methodology 

Before developing procedures to implement the research, a comprehensive understanding 

on the research should be acquired for adopting research methodologies more properly. 

Consequently, Hevner et al.’s (2004) Information System Research Framework is 

acknowledged for seeking a better understanding on the research by exploring the study 

context. Supported by this framework, context information can be acquired from two 

aspects, one is the environment where the research is placed which reveals the bilateral 

influence between each other, and the other one is related knowledge base.  

2.2.1 Understanding the research context 

Hevner et al.’s (2004) Information System Research Framework is presented in Figure 1. 

The framework reveals the interactions among three components, IS Research, 

Environment, and Knowledge Base, which that the IS Research is presented as a 

develop-evaluate cycle for constructing scientific artefacts to answer research questions 

according to business needs addressed from the Environment basing on applicable 

knowledge provided by the Knowledge Base (Hevner et al., 2004). 

 
Figure 1. Hevner et al.’s Information System Research Framework (Hevner et al., 2004) 

Environment 

Organizations represent research groups in this study. And this study is conducted for 

research groups which holds the intention or needs of participating the initiative of Open 

Research Data, for example the M3S Group from University of Oulu.  

People represents researchers from the introduced type of Organizations. Specifically, 

researchers are considered as two possible roles inner the research group: Research Data 

Provider for sharing research data and Research Data Consumers for reusing research 

data, each researcher can retain either or both of the two roles. And because this study 

aims at developing a method to evaluate Open Research Data technologies for 
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researchers in particular research groups, the information about People associated with 

given Organizations should be studied for generating organizational requirements which 

can scope the artefact development and increase its relevance to practical usage.  

Technologies are Open Research Data technologies according to the research questions, 

which are any possible technical applications or tools that can be used for supporting 

Open Research Data related activities that sharing and reusing research data basing on the 

given two roles of People, researchers. And those technologies provide the functional 

requirement that the developed method should be able to evaluate them  

Basing on the three components from the study environment, two kinds of business needs 

are revealed and require further effort, the organizational needs about the People in 

specific Organizations and the functional requirement about the characteristic of 

Technologies. Thus, to ensure the developed method can eventually solve the 

researchers’ question in practice, an exploration on researchers’ requirements is required. 

And because the method is used for evaluating Open Research Data technologies, the 

involved requirements should be technical related.  

IS Research 

Development part contributes two results in this study. For one thing, a Theoretical 

Knowledge of research data sharing and reusing barriers is developed by conducting a 

structured literature review mainly for understanding the requirement of researchers. 

Articles about barriers of sharing and reusing research data could be a critical source for 

gathering researchers’ requirement on this field, because problems they have encountered 

mean potential needs. Thus, this knowledge is applied as the evaluation criteria to 

develop the expected Open Research Data Technology Evaluation Method. 

Moreover, the Artefact of the Goal/Questions/Metrics (GQM)-based Open Research Data 

Technology Evaluation Method (ORDTEM) is developed by transferring these identified 

barriers to GQM questions and metrics for evaluating Open Research Data technologies 

according to the GQM three-layer structure (Basili et al., 1994). Adopting the GQM 

method to develop this ORDTEM mainly because of two reasons. On one hand, it can 

provide a purposeful evaluation according to specific evaluation goals; on the other hand, 

its hierarchical structure can perform like a hub let adopter to flexibly add and remove 

evaluation criterion (GQM question and metrics) according to practical evaluation goals 

(Basili et al., 1994).  

Evaluation takes the responsibility of validating the research output in this study. Firstly, 

a Focus Group Study is conducted in a workshop, which recruits a list of researchers who 

are interested to share and reuse research data, to validate the GQM-based ORDTEM. As 

an effective evaluation technique for design science research projects, focus group can 

not only provide sufficient data from experts for improving the development of research 

artefacts, but also can validate its future utility because participants could be direct users 

(Hevner et al., 2004; Stewart, Shamdasani, & Rook, c2007).  

Besides, a Testing is implemented by applying the GQM-based ORDTEM to evaluate 

some selected Open Research Data technologies. The purpose is for validating weather 

the method is capable for solving real world evaluation tasks.  

As discussed above, totally four main research activities are introduced. However, for 

supporting conducting them, further theoretical evidence is required. For example the 

knowledge about structured literature review for constructing the Theoretical Knowledge 
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of research data sharing and reusing barriers; the GQM approach for developing the 

GQM-based ORDTEM, and the theory about focus group study to support the research 

validation. And those required knowledge are presented in the Knowledge Base part. 

Knowledge Base 

Structured Literature Review is applied to identify barriers of sharing and reusing 

research data. Mainly three processes are conducted to implement this review: Study 

Identification and Selection, Data Extraction, and Data Analysis. The Study 

Identification and Selection is conducted according to Kitchenham’s (2013) Systematic 

Review protocol.  

Goal/Question/Metric Approach is introduced by Basili et al. (1994) as a systematic 

measurement mechanism for understanding and evaluating projects, processes, 

resources, or other objects. It contains three levels of analysis: Conceptual Level, 

Operational Level, and Quantitative Level, and each level produces specific results 

(Basili et al., 1994). To give a brief overview of the GQM method, the three-level GQM 

hierarchical model is presented in Figure 2 (Basili et al., 1994). 

Conceptual Level (Goal)

Defining GQM Goals

Operational Level (Question)

Defining GQM Questions for Achieving GQM Goals

Quantitative Level(Metric)

Developing Metrics for Answering GQM Questions

Goal 1 Goal 2

Question 1 Question 2 Question 3 Question 4 Question 5

Metric 1 Metric 2 Metric 3 Metric 4 Metric 5 Metric 6

 

Figure 2. The GQM Hierarchical Model 

Focus Group Study can be Exploratory Focus Group for improving the artefact design, 

and the Confirmatory Focus Groups for studying the utility of the design artefact in 

practice, and usually two forms of focus groups are conducted collaboratively and 

iteratively to make sure all possible findings are acquired, with obvious cost of time and 

money (Hevner, Chatterjee, Gray, & Baldwin, 2010; Krueger, 1994). However, because 

the limitation of the resource, only one round of Confirmatory-like Focus Group is 

implemented. 

Wrapping up 

Basing on addressed contextual factors discussed above, the completed study context in 

presented in Figure 3. However, apart from the affection from these contextual factors, 

the study itself is also projected to contributing the given Environment and Knowledge 

Base. For Experiment, the GQM-based ORDTEM should be an effective tool for 

researchers to evaluate Open Research Data technologies. And for Knowledge Base, the 

method and the Theoretical Knowledge of research data sharing and reusing barriers are 

also useful knowledge that can be studied by other researchers.  
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Figure 3. The study contextual information (Hevner et al., 2010) 

2.2.2 Developing the research procedure  
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tasks in the IS Research. As a result, procedures in detail for each task are presented in 

Table 2. The first row denotes major activities in further part. Knowledge Construction 

represents developing the knowledge of research data sharing and reusing barriers by 

conducting a structured literature review. And Artefact Development represents 

constructing the GQM-based ORDTEM. Besides, Research Validation represents the 

focus group study and testing the developed artefact in solving real world tasks. 
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Table 2. Research process basing on selected research methodology 

Research Activities Procedures 

Knowledge 
Construction  

Constructing the theoretical knowledge of research data sharing 
and reusing barriers by implementing a structured literature review. 

 Identifying studies  

 Selecting studies 

 Extracting data 

 Interpreting data 

Artefact Development 

Developing the GQM-based ORDTEM basing on the GQM 
approach and the prepared knowledge about research data sharing 
and reusing barriers. 

 Defining GQM evaluation goal 

 Generating GQM evaluation questions according to the 
resulted knowledge about research data sharing and reusing 
barriers 

 Developing measurable metrics for each evaluation 
questions. 

 Assembling developed goal, questions, and metrics to 
construct the GQM-based ORDTEM 

Research 
Validation 

Focus 
Group 
Study 

Conducting a focus group study in a workshop that recruits 
researchers have research data sharing and reusing requirements 
to validate the GQM-based ORDTEM. 

 Collecting data 

 Analysing data 

 Interpreting data 

Testing 

Conducting a testing by applying the GQM-based ORDTEM to test 
some selected Open Research Data technologies 

 Selecting candidate system 

 Implementing the experiment and collecting experiment data 

 Analysing the data  

 Interpreting data 
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3. Structured Literature Review 

This structured literature review is conducted according to the planned research 

procedures in previous chapter to generate a theoretical basis of barriers that researchers 

have encountered during participating data sharing and reusing activities for supporting 

further development of the Open Research Data Technology Evaluation Method 

(ORDTEM).  

3.1 Research identification and selection 

Related articles are discovered according to the retrieval defined in Table 3. In this thesis, 

only the Scopus database is involved in discovering articles. This is because the main task 

of this thesis is developing the routine of transforming possible requirements about Open 

Research Data technologies to measurable criterion to form an evaluation method, rather 

than comprehensively understanding those requirements. And also the developed 

GQM-based ORDTEM can allow people to flexibly add and remove further additional 

requirements, which are only gathered from literatures.  

Table 3. Defined retrievals for article collection 

Search Strings Sources Search Fields 

("scientific data"  OR  "research data"  OR  "science 
data"  OR   "research data" ) AND “barrier” AND (“share” OR 
“reuse”) 

Scopus 
Article Title, 

Abstract, 
Keywords 

The result of the two retrievals are returned as Table 4 shows that in total 44 articles are 

identified. Among those articles, 42 of them are related to research data sharing barriers 

and 12 of them are related to research data reusing barriers, which means 10 of them 

study on both issues. 

Table 4. Results of each retrieval 

Sources Dare of Search Number of Studies 

Scopus 30.03.2015 44 

Because the amount of returned articles is affordable for a full-text reading based 

selection. So a study selection process is conducted according to a list inclusion and 

exclusion criterion presented in Table 5.  
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Table 5. Study selection description and inclusion criteria 

Selection Description Inclusion Criteria Exclusion Criteria 

Full-text reading based study 
selection, associating with 
inclusion criterion 

When the full text includes: 

 Barriers about sharing 
research data 

 Barriers about reusing 
research data 

 Weaknesses on current 
research data sharing 
and reusing strategies, 
supports or 
technologies 

 
When the full text does not 
include: 

 Barriers about sharing 
research data 

 Barriers about reusing 
research data 

 

In this study selection process, the full-text of each article is read by the implementer of 

this thesis, and if the article satisfies the inclusion criteria and rejects the exclusion 

criteria, the article is selected as one primary study. As a result, 19 articles are selected for 

the usage of further study, which concentrates on studying barriers about research data 

sharing and reusing. And the full list of selected primary studies are presented in the 

Appendix A.  

3.2 Data extraction and aggregation 

Two stages of analysis are involved to derive the final result of this structured literature 

review. An initial analysis is performed basing on reading the full-text of primary studies 

to identify relevant barriers. Moreover, an aggregation on identified information is 

performed as a knowledge synthesis is conducted to prepare for further result generation.   

3.2.1 Barrier identification 

The operation of barrier identification is performed as directly extracting relevant texts 

from selected articles. As a result, in total 96 instances of text about research data sharing 

and reusing barrier are identified, and 73 of them considers the barrier of sharing research 

data and 33 of them considers the research data reusing barrier (10 of them considers both 

of the two barriers). A statistic about numbers of barriers have been extracted from each 

paper is presented in Table 6. And the full list of identified barriers is presented in the 

Appendix B. 
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Table 6. Statistic on the result of classifying identified barriers.  

 Source Studies 

Numbers of barriers about research data 

Sum 

Sharing Reusing Both 

(Bezuidenhout, 2013) 2 0 0 2 

(Bisol et al., 2014) 9 1 0 10 

(Cragin, Palmer, Carlson, & Witt, 

2010) 
6 0 0 7 

(Dallmeier-Tiessen et al., 2014) 8 2 2 12 

(Cros et al., 2014) 0 2 0 2 

(Diekmann, 2012) 6 2 1 9 

(Douglass, Allard, Tenopir, Wu, & 

Frame, 2014) 
5 2 0 7 

(Mauthner & Parry, 2013) 7 0 1 8 

(Mauthner, 2014) 6 0 0 6 

(Mason, Cleveland, Llovet, 

Izurieta, & Poole, 2014) 
1 1 0 2 

(Kowalczyk & Shankar, 2011) 6 5 1 12 

(Karasti, Baker, & Halkola, 2006) 3 0 1 4 

(Horsburgh et al., 2009) 0 2 0 2 

(Fecher, Friesike, & Hebing, 

2015) 
0 0 1 1 

(Poelen, Simons, & Mungall, 

2014) 
1 0 0 1 

(Sayogo & Pardo, 2013) 2 0 0 2 

(Swamidass, Matlock, & 

Rozenblit, 2015) 
1 0 0 1 

(Treloar, 2014) 0 1 1 2 

(Volk, Lucero, & Barnas, 2014) 0 5 2 7 

Sum 63 23 10 96 

3.2.2 Barrier grouping 

To interpret identified barriers to structured knowledge, a synthesis process is performed. 

Firstly, barriers talk about similar or same issues are grouped together, and sharing and 

reusing barriers are grouped separately. Secondly, naming each barrier group basing on 

the content of these barriers in the regarding group.  

As a result, basing on the 73 research data sharing barriers, four groups are outputted in 

Table 7: Data security concerns, Data misusing concerns, Unsatisfied external supports, 

and Insufficient internal readiness. 
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Table 7. Result of classification on barriers about research data sharing barrier 

Classes Involved barriers 

B.1 Data security concerns 26, 58, 77. 

 

B.1.1 Losing control of data  9, 30, 52, 76. 

B.1.2 Leaking sensitive information  3, 20, 35, 57, 59, 63, 88 

B.1.3 Unauthorized or unpredicted access  39, 64, 67, 75. 

B.1.4 Difficulties on determining data 
openness 

 2, 4, 31, 62. 

B.2 Data misusing 27. 

 

B.2.1 Misinterpretation  14, 40, 61. 

B.2.2 Maliciously using  1, 5. 

B.2.3 Difficulties on qualifying users  15. 

B.3 Unsatisfied external supports (Data 
sharing) 

NA 

 

B.3.1 Unsatisfied technical supports  8, 13. 

 

B.3.1.1 Digital data preservation services 
with the requirement of stable, 
easily used 

  23, 46, 68, 19, 10, 43 

B.3.1.2 Data documentation tools   47 

B.3.1.3 Data changes tracking tools   79 

B.3.1.4 Communication supports between 
data users and providers 

  90, 91, 92. 

B.3.2 Unsatisfied policies supports  NA 

 B.3.2.1 Data sharing standards   10, 29, 45. 

 B.3.2.2 Metadata collection standards   81. 

 
B.3.2.3 Intellectual Property and data 

management policies 
  87. 

B.3.3 Unsatisfied practical guidance  36. 

B.4 Insufficient internal readiness (Data 
sharing) 

NA 

 
B.4.1 Insufficient internal incentives  7, 22, 37, 39, 56, 85. 

B.4.2 Losing potential benefits  17, 50, 54, 55, 60, 66. 

 

B.4.3 Insufficient resources  11, 12, 16, 21, 41, 78. 

 B.4.3.1 Insufficient skills and knowledge   18, 84, 86. 

 B.4.3.2 Insufficient fund   28, 43, 84. 

 B.4.3.3 Insufficient time   44, 84. 
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Moreover, for those 33 research data reusing barriers, three group are resulted in Table 8, 

which are Unclear data quality, Unsatisfied external supports, and Insufficient internal 

readiness. 

Table 8. Result of classification on research data reusing barrier 

Classes Involved barriers 

B.5 Unclear data quality 24, 32, 65, 69. 

 

B.5.1 Correctness  6, 95. 

B.5.2 Completeness  96, 97. 

B.5.3 Intelligibility  21, 51, 70, 74, 83, 93, 94. 

B.5.4 Metadata richness  33, 74, 81, 89. 

B.6 Unsatisfied external supports (Data 
reusing) 

23. 

 

B.6.1 Unsatisfied technical supports  NA 

 B.6.1.1 Data discover tools   23. 

 B.6.1.2 Automated data fixing tools   73. 

 B.6.1.3 Data formats supports   71, 80, 82. 

 
B.6.1.4 Communication tools between data 

users and providers 
  90, 91, 92. 

B.6.2 Unsatisfied practical guidance  36, 49. 

B.7 Insufficient internal readiness (Data 
reusing) 

38, 42. 

 

3.3 Result presentation  

This section illustrates grouped barriers in detail as the result of this structured literature 

review. The first four barriers are research data sharing barriers, and the last three are 

research data reusing barriers. 

B.1 Data security concerns 

The data security is an important issue that researchers always have to consider when they 

are going to share their research data. And the certainty on this issue has become a 

significant barrier. As a result of studying literatures in this filed, four critical aspects are 

discussed in following: 

B.1.1 Losing control of data. Researchers are afraid of losing the control to their datasets 

after sharing them on online repositories or similar services (Bisol et al., 2014; 

Dallmeier-Tiessen et al., 2014; Kowalczyk & Shankar, 2011; Mauthner & Parry, 2013). 

Nowadays, using online preservations for information sharing has become a trend their 

outstanding convenience and feasibility. However, then there proposes a challenge of 

giving the initiative of control to their data to these services providers. And the 

consequence is that what researchers would like to accept. 
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B.1.2 Leaking sensitive information. Sometime researchers’ data can contain some 

sensitive information like personal privacy, confidentiality, or commercial potentials, 

especially for some qualitative research data. Researchers are holding a concern that such 

kind of information should be well protected from exposing to the public because of 

avoiding potential losses (Bisol et al., 2014; Dallmeier-Tiessen et al., 2014; Mauthner & 

Parry, 2013; Swamidass et al., 2015). So it turns out to be a conflict to data sharing. 

Moreover, if anyway such data with sensitive information is shared, then the consequence 

could be not only leaking sensitive information, but also harming respondents’ 

willingness on participating further data collections because some datasets are 

contributed by behaviors from public supporters (Mauthner, 2014).  

B.1.3 Unauthorized or unpredicted access. Questioning that how to prevent shared 

dataset from unauthorized access by untrusted users, sometime researchers would not 

want perform an ultimately sharing to the public without any restrictions (Kowalczyk & 

Shankar, 2011; Mason et al., 2014). Although it may obviously violate the open data 

principle that data should be freely accessed. However, continuously considering the 

context of this study: the research group hopes to share their data inner the group or even 

just project teams, then this request still makes its sense. And indeed it is a need to solve 

this question.  

B.1.4 Difficulties on determining data openness. This aspect is raised by two questions. 

On one hand, to eliminate unwanted access, researchers usually perform restricted 

sharing to a specific group of researchers. This is usually effective but it proposes an 

embarrassing question that how to balance the open data principle and data security 

(Bezuidenhout, 2013; Bisol et al., 2014; Dallmeier-Tiessen et al., 2014). On the other 

hand, the second question is how to balance the data integrity and sensitive information 

protection under the circumstance of hiding sensitive information while performing 

research data sharing for protecting sensitive information (Mauthner, 2014). The two 

questions here require strategic thinking and planning before data sharing. 

B.2 Data misusing 

After datasets have been shared, normally their owners (usually researchers) cannot 

restrict other users’ way or purposes to use them. So there turns out a risk that those 

datasets might be used inappropriately. Following there presents two kinds of misusing 

that researchers really concern and how the concern performs as a barrier to affect 

researchers to share data. 

B.2.1 Misinterpretation. If people have not enough relevant knowledge or the 

information about the datasets they are going to use, such behaviors are always easily 

happened (Cragin et al., 2010; Dallmeier-Tiessen et al., 2014; Mauthner, 2014). More 

specifically, users can even misinterpret the data to the result which is contradicting to 

data providers’ (Diekmann, 2012). Such consequences are what researchers are not 

willing to see. Thus, to eliminate the risk of misinterpreting shared datasets, researchers 

have to pay more efforts to help people to understand their data. And this is really they 

should and want to do, but it is very costly.  

B.2.2 Maliciously using. More critically, shared datasets have the risk to be used for 

malicious purposes and generating harmful results (Bezuidenhout, 2013; Bisol et al., 

2014). The consequence here is much more dangerous than misinterpretations. And it 

will harm researchers’ willing to share data heavily.  
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B.2.3 Difficulties on qualifying users. For the purpose of reduce the possibility that shared 

datasets being used inappropriately, researcher have tries the approach of only sharing to 

trusted researchers or qualified users. But, if in this way, researchers have to spend more 

efforts on qualifying users that they will not misuse the data (Cragin et al., 2010; 

Diekmann, 2012). 

B.3 Unsatisfied external supports (Data sharing) 

Appropriate external supports can increase efficiency of researchers on data sharing. 

However, oppositely, it also means that it could be costly if such supports are insufficient. 

This section concentrates on literatures to study researchers’ opinions about external 

supports for researcher data sharing currently. And following as a result to list some 

critical needed supports which were claimed by researchers.   

B.3.1 Unsatisfied technical supports. Bisol et al. (2014) and Cragin et al. (2010) stated 

that currently researchers are lacking technical tools to support their research data 

sharing. And basing on selected literatures, needed technical supports or expected 

features are identified in below: 

B.3.1.1 Stable and easily used data preservation services: the data preservation 

services should be easily and available for long lasting usage. (Cragin et al., 

2010; Dallmeier-Tiessen et al., 2014; Diekmann, 2012; Douglass et al., 2014; 

Kowalczyk & Shankar, 2011). However, the measurement on easiness and 

stable of a system is relative complicated task, so this issues is only presented 

as a barrier, but this study will not take it as a further criteria for evaluating 

candidate systems.  

B.3.1.2 Data documenting tools: for giving people a better understanding on 

the data to achieve the corrective and appropriate data usage, relevant tools 

should be provided for researcher to document data (Douglass et al., 2014). 

B.3.1.3 Data changes tracking tools: for the purpose of data management, 

researchers hope the change of datasets should be visible (Karasti et al., 2006). 

B.3.1.4 Communications tools for data users and providers: usually data 

providers need to communicate with potential uses to understand their 

requirements or current defects and weakness. Thus there an efficient strategy 

and tool for support data provider to communicate with data users are needed 

(Treloar, 2014).  

B.3.2 Unsatisfied policies supports. In the context of this thesis, policies can be useful for 

guiding people’s practical behavior on data sharing. But basing on the result from 

literature review, current situation is some policy issues are still insufficient and needed 

to develop in the future: 

B.3.2.1 Data sharing supporting standards: researchers are needing 

appropriate standards to help them to perform research data sharing activities, 

for example data sharing standards. (Dallmeier-Tiessen et al., 2014; Douglass 

et al., 2014; Karasti et al., 2006).  

B.3.2.2 Metadata collection standards: Kowalczyk & Shankar (2011) have 

discussed the need of standardized approaches for metadata collection. A 

standardized metadata collection approach is not only helpful for data provider 

to define their metadata conveniently, but also helpful for users to understand 
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the data because data providers have to follow the standard to generate 

metadata rather than following their own norms.  

B.3.2.3 Policies for Intellectual Property and data management: these two 

policies concentrate on regulating data providers’ behaviors on data 

management and protecting their intellectual property of their data (Sayogo & 

Pardo, 2013).  

B.3.3 Unsatisfied practical guidance. This aspect is learned by Diekmann (2012) about 

the vacancy of successful user experiences. User experiences are meaningful supporting 

materials which could be very helpful for new open research data practitioners. Different 

with any technical documentation or instruction, this kind of practical guidance usually 

can provide more issues that is validated by practices which is more useful. But if without 

such materials, researchers usually have to wholly consider their own cases from scratch 

which can be more costly on time and fund.  

B.4 Insufficient internal readiness (data sharing) 

The internal readiness considers the internal issues that may inhibit researchers’ 

willingness to share their research data. Those issues could come from both of individuals 

and research units.  

B.4.1 Insufficient internal incentives. Currently there may not have enough stimulations 

for researchers to participate on research data sharing activities (Dallmeier-Tiessen et al., 

2014; Poelen et al., 2014). Especially, they would not like to share to those researcher 

who are collaborating with them (Diekmann, 2012). As an addition, sometimes 

researchers are rarely like to share “raw” data (Mauthner & Parry, 2013).  

B.4.2 Insufficient potential benefits. On one hand, one consequence can be leaded by 

publically sharing data is the loss of potential benefits, like intellectual property, business 

opportunities, or other new value. On the other hand, there also exists the risk of the data 

contributors and relevant respondents being harmed if the data could be accessed by the 

public (Mauthner & Parry, 2013). Moreover, some discussion about the case of 

pre-sharing research data before relevant studies have been published have been made 

(Bisol et al., 2014). Basing on the three concerns above, there really has a need to protect 

benefits for those open data contributors. 

B.4.3 Insufficient resources. Researchers are lacking resources to handle the activity on 

research data sharing, for example editing and formatting datasets, and documenting data 

understandable (Bisol et al., 2014; Dallmeier-Tiessen et al., 2014; Diekmann, 2012; 

Fecher et al., 2015; Karasti et al., 2006; Mauthner & Parry, 2013). Following lists three 

critical resources in research data sharing: 

B.4.3.1 Insufficient skills and knowledge: Researchers’ relevant skills and 

knowledge are playing important roles in research data sharing activities 

(Cragin et al., 2010; Fecher et al., 2015). So usually researchers have to learn 

skills and knowledge about performing data sharing, management, and 

handling different data formats, and that is usually costly and difficult for 

researchers (Kowalczyk & Shankar, 2011).  

B.4.3.2 Insufficient time: sharing data is not researchers’ main tasks because 

they usually have their own research projects, which means that they only have 
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limited time to participate open research data movements (Douglass et al., 

2014; Fecher et al., 2015).  

B.4.3.3 Insufficient funds: sharing data also requires additional financial costs, 

for example running data sharing services. So this is also one important issues 

that researchers need to consider (Dallmeier-Tiessen et al., 2014; Douglass et 

al., 2014; Fecher et al., 2015). 

B.5 Unclear data quality  

The quality of shared datasets plays an important role in influencing the willingness to 

use them, which should be well controlled for the sake of having a better research data 

reusing experience (Cros et al., 2014; Dallmeier-Tiessen et al., 2014; Kowalczyk & 

Shankar, 2011; Mason et al., 2014). If the data quality is not clear, then researchers cannot 

reuse them trustingly, or they have to spend more time on validating them, or they even 

would not use them. As a result, if the data quality is not clear to its potential users, then it 

could be a significant barrier to them to use it. As followed, there lists four important 

factor that may influence the quality of data: correctness, completeness, intelligibility, 

and metadata richness. 

B.5.1 Data correctness. Sometimes shared datasets may contain potential errors, which 

could decrease their quality (Bisol et al., 2014; Volk et al., 2014). In data, errors are 

various that they can be grammar mistakes, mistyping, or even incorrect data. And it 

usually very costly for people to identify them. 

B.5.2 Data completeness. The completeness regards the shared datasets are complete or 

not, or in another word, integrity. And Volk et al. (2014) have discussed that the 

incompleteness can decrease the data quality.  

B.5.3 Data intelligibility. Intelligibility refers to the degree of how researchers can 

understand datasets. Shared datasets should be understandable to users or users may not 

able to use them appropriately (Dallmeier-Tiessen et al., 2014; Mauthner & Parry, 2013). 

Kowalczyk & Shankar (2011) and Mason et al. (2014) have pointed the importance of 

data description on increasing the data intelligibility. Moreover, if the data description 

including relevant references about the datasets, then it would be very help for user to 

understand the data (Kowalczyk & Shankar, 2011). Furthermore, if the data provider also 

describe the detail about data collection process and intimated knowledge, that is a far 

more benefit for data users (Horsburgh et al., 2009). Thus, the quality of data description 

should be consider to evaluate the quality of datasets.  

B.5.4 Metadata richness. Metadata is gaining its popularity and nowadays. References’ 

claims about that currently shared datasets are lacking metadata, which means that 

metadata is valued by increasingly more researchers (Cros et al., 2014; Douglass et al., 

2014; Treloar, 2014; Volk et al., 2014). And basing on this consideration, this study takes 

the metadata sufficiency as a factor to affect data quality. 

B.6 Unsatisfied external supports (Data reusing) 

Similar to the barrier of lacking external supports for sharing data, data users also requires 

relevant supports. This barrier is explained basing on the discussion of technical supports 

and documentations that specifying on practicing guidance.  
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B.6.1 Unsatisfied technical supports. Basing on the discussion conducted in selected 

literatures, four needed tools or unsatisfied current tools are identified: 

B.6.1.1 Data discover tools: potential users hope to have the tool for helping 

them to discovery valuable datasets (Dallmeier-Tiessen et al., 2014; 

Kowalczyk & Shankar, 2011). 

B.6.1.2 Automated data fixing tools: potentials users hope to have the tools can 

help them to help them to control the data quality, for example identify and 

potential errors in share datasets, so that they can use better quality data 

(Kowalczyk & Shankar, 2011).  

B.6.1.3 Data formats supports: researchers hope the system can offer help for 

supporting various popular data formats to server a greater coverage of users 

(Horsburgh et al., 2009; Karasti et al., 2006; Kowalczyk & Shankar, 2011).  

B.6.1.4 Communications tools for data users and providers: similar request 

about such tools has been given under data sharing barriers. However, data 

users also have the willingness to communicate with data providers to provide 

data comments, and further request. So they hope there could be an efficient 

strategy and tools could support this request (Treloar, 2014).   

B.6.2 Unsatisfied practical guidance. Researchers requires useful practical guidance that 

could help researchers to better practice research data reusing activities (Diekmann, 

2012). For example, Douglass et al. (2014) have proposed the need of user experience on 

data integration or combination. However, the sufficiency of such kind of practical 

guidance can strongly prompt the development of research data sharing and reusing 

activities.   

B.7 Insufficient internal readiness (Data reusing) 

B.7.1 Insufficient internal incentives. Diekmann (2012) have found that some researcher 

are not willing to user others’ data, maybe because it is not “new” or worrying about the 

quality. Different researchers may have their own reason, nevertheless, this fact is 

existed.  

3.4 Summary 

Thus, seven types of issues are identified as barriers may inhibit researchers to share and 

reuse research data. And overcoming these barrier is regarded as researchers’ expectation 

to available related technologies and used for developing the GQM-based ORDTEM. 
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4. The Development of the GQM-based ORDTEM 

Basing on the result of barriers about research data sharing and reusing from previous 

chapter, the Open Research Data Technology Evaluation Method (ORDTEM) is 

developed with the guidance of the GQM paradigm (Basili et al., 1994). Initially, the 

evaluation goal is defined according the research setting of this study. Moreover, 

evaluation questions are specified for achieving the evaluation goal. And corresponding 

measurable evaluation metrics are generated for the sake of answering defined evaluation 

questions.  

4.1 Evaluation goals 

The evaluation goal is defined with the alignment of the GQM goal definition template in 

Table 9 (Basili et al., 1994). The object under evaluation are selected candidate 

technologies. When the detail of the ORDTEM is defined completely, to be evaluated 

candidate technologies can be added as a group in an ad-hoc way. And different 

technologies will be evaluated within defined criterion at the same time to provide a 

compared result to pursue a purpose of understanding the difference of their performance 

for on each evaluation metrics. Moreover, the evaluation will be conducted by focusing 

on candidate technologies’ functionalities for fulfilling the requirement of open research 

data from the viewpoints of the main adopter in this study—researchers. Lastly, the 

taking environment of this evaluation is the academic research group which has the 

requirement or willingness to get involved in the open research data movement.  

Table 9. The GQM goal of ORDTEM 

Analyse the candidate technologies 

For the purpose of  understanding their performance 

With respect to their functionalities to support open science data practices 

From the viewpoint of researchers 

In the context of  
the research group with an open research data involving 
requirement 
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4.2 Evaluation questions 

In this study, evaluation questions are generated basing on identified research data 

sharing and reusing barriers. The proposal is that if the system can eliminate the barrier, 

then it can offer a better performance to researchers. Thus, each barrier is transformed to 

one GQM evaluation question that can be used to support the evaluation goal. As a result, 

questions are presented in the third column of Table 10, and the source barrier which is 

used for generating regarding question is presented in the second column.  

Table 10. GQM questions of the GQM-based ORDTEM 

Index 
Source 
barrier 

GQM evaluation question 

Q.1 B.1 Is the system able to secure shared datasets? 

Q.2 B.2 Is the system able to eliminate potential data misusing? 

Q.3 B.3 
Is the system able to eliminate the barrier of lacking external supports 
for data sharing? 

Q.4 B.4 
Is the system able to eliminate the barrier of lacking internal readiness 
for data sharing? 

Q.5 B.5 Is the system able to ensure the data quality? 

Q.6 B.6 
Is the system able to eliminate the barrier of lacking external supports 
for data reusing? 

Q.7 B.7 
Is the system able to eliminate the barrier of lacking internal readiness 
for data reusing? 

4.3 Evaluation metrics 

Metrics are developed for answering those evaluation questions. In previous section, the 

GQM evaluation questions are defined basing on identified barriers. Moreover, in a more 

concrete level, each barrier are specified by several practical issues as presented. For 

example, the barrier Data security concerns presents the barrier in an abstract level, 

however, under this barrier, four concrete issues, like Losing control of data, are 

presented to support this barrier. Thus, the metrics here are developed basing on studying 

these concrete issues to find an answer of evaluation questions. 

Moreover, to make the evaluation on each metric objective, different scales should be 

developed under each one. So after the metric definition section, a metric scaling step is 

presented.  

4.3.1 Metrics definition 

However, not all the issues can be used for developing evaluation metrics because of 

different reasons. For example some issues under those barriers is too complicated to be 

measured under this scale of this study, and some are emotional related barriers (e.g. 

barriers B.4.1 and B.7.1) that is not the study area of this thesis. So a preparation task of 

the metrics definition is filtering those irrelevant or inapplicable issues. Issues are not 

involved in the metrics definition process and their regarding reasons are present in Table 

11. 
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Table 11. Uninvolved barriers for the GQM-based ORDTEM development and reasons 

Uninvolved barrier Uninvolving reason 

B.1.4    Difficulties on determining data 
openness 

High complexity 

B.2.3    Difficulties on qualifying users High complexity 

B.3.1.1 Stable and easily used data 
preservation services 

High complexity 

B.4.1    Insufficient internal incentives (data 
sharing) 

Irrelevance 

B.4.2    Losing potential benefits High complexity 

B.4.3.1 Insufficient time Irrelevance 

B.4.3.3 Insufficient skills and knowledge Irrelevance 

B.7.1    Insufficient internal incentives (data 
reusing) 

Irrelevance 

Barriers B.1.4 and B.2.3 are similar issues and uninvolved because of their high 

complexity, and they cannot be easily eliminated only by technical aspects. So these two 

barriers are not considered for generating metrics in further study. Moreover, barrier 

B.3.1.1 is also a very big issue that will also uninvolved because measuring a system’ 

stability and easiness of using is highly complicated. Furthermore, barriers B.4.1, B.4.2 

and B.7.1 are uninvolved by irrelevance because they are emotional issues, but this study 

only concentrate on technical aspect. Lastly, barriers B.4.3.1 and b.4.3.3 are also 

excluded because of their irrelevance. Time, skills and knowledge are inner issues of 

researchers, usually systems are not able to help them to eliminate corresponding barriers.  

After the barrier filtering, the evaluation criterion can be developed. For answering the 

evaluation question from the perspective of research data sharing, 10 metrics are 

proposed. And their relationships to regarding barriers are mapped in the Figure 4. 

In Figure 4, barriers marked as grey are uninvolved barriers. Moreover, basing on barrier 

B.1, three evaluation metrics are derived. Metric M.1 is defined for serving the barrier 

B.1.1, because if research can share their datasets while storing them in their own 

computers, then the risk of losing control of data could be decrease. Additionally, barriers 

B.1.2 and B.1.3 can be eliminated by only sharing the data to trusted parties by having an 

authentication control on the data accessing, which results in the metrics M.2 and M.3. 

However, the barrier B.1.4 requires more strategic planning than technical supports, so 

there no metric regards this issue.  

Under the barrier B.2, two metrics of M.2 and M.3 that defined under barrier B.2 are 

reused here for eliminate the barrier B.2.2 Maliciously using, because if restricting to only 

be accessed by trusted people, the possibility of data being used malicious could be 

decreased. In addition, a new metric M.4 is developed here basing on the barrier of B.2.1 

Misinterpretation. As discussed in the literature review, uses cannot get an appropriate 

understanding on the data is a critical reason that could cause potential misinterpretation. 

So here hopes to provide more supports for researchers to document their data for people 

to understand the data. Lastly, there is no metric defined for barrier B.2.3.  
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Metrics for barrier B.3 are developed basing on directly transformation on needed 

supports. If the expected support is realistic enough than can be measured by one 

functionality, then it will be used to generate metrics. First off, barrier B.3.1 listed five 

expected technical supports. However, former two that Long lasing used systems and 

Easily learned and used system are not used for deriving in this section. But the metric 

M.4 is reused here to serve the need of data documenting tools. Furthermore, the Data 

changes tracking still contributes to one metric: M.5, and Communications tools for data 

users and providers contributes to the metric M.6. Similarly, metrics M.3.6, M.3.7, M.3.8, 

and M.3.9 are all defined directly basing on regarding barrier. 

Lastly, in the last barrier, only the time issue is used for deriving metrics with the result 

M.10, which is used to evaluate the cost of a system.  

 

Figure 4. GQM evaluation criterion and their mapping to research data SHARING barriers 
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On the other hand, for evaluation questions within the perspective of data reusing, 

relevant metrics are mapped in Figure 5. Initially, metric M.11 is defined under the barrier 

B.5 for dealing with the data correctness and completeness. Moreover, the metric M.4 is 

reused here for increasing the data intelligibility because better data documentations are 

helpful for people to understand shared datasets. Lastly, the metadata richness 

contributes to the metric M.12.  

 

Figure 5. GQM evaluation criterion and their mapping to research data REUSING barriers 

Moreover, similar with metrics development under the barrier B.3, issues in barrier B.6 

also will used to derive metric directly. Except the Automated data fixing tools reuse the 

metric of Data quality control and the Communications tools for data users and 

providers reuse the metric M.6, all of other factors have their own metrics.  

Lastly, incentives in the last barrier is abandoned because it focus on emotional issues, 

which are difficult for technical functionality to solve.  
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4.3.2 Metric scaling 

Defined metrics are finalized by assigning each one with explicit scales. Metrics, and 

their scales are listed in following paragraphs. Under each metrics, more than one scales 

are defined incrementally and started from level 0. And in default, each scale are 

considered that covers all other scales in lower levels from the same metric. Consequently, 

the result are presented in Table 12: 

Table 12.  Scaling result of each metric 

Metrics Scales 

M.1 
0 Providing no locally distributed databases; 

1 Providing locally distributed databases. 

M.2 

0 Providing no constrains about data access; 

1 
Providing capabilities of that only allowing managements of shared datasets can 
access regarding datasets; 

2 
Providing capabilities of that managements of shared datasets can grant other 

users the permission to access their datasets; 

3 
Providing capabilities of that managements of shared datasets can grant other 

users various permissions with different allowed operations to their datasets. 

M.3 

0 Providing no capabilities of collaboration mechanism; 

1 
Providing capabilities of that users can create collaboratively organizations but 
without any effects on shared datasets; 

2 
Providing capabilities of that users can create collaboratively organizations and 
assign organizational datasets which could be accessed by member within the 
organization.  

3 
Providing capabilities of that users can create collaboratively organizations with 
different organizational roles, and assign organizational datasets which could be 
accessed differently basing on organizational roles. 

M.4 

0 Providing no capabilities of data documentation support; 

1 Providing capabilities of that displaying data description in the form of plain text; 

2 
Providing capabilities of that displaying data description in the form of text as well 
as associating other kinds of files; 

3 
Providing relatively comprehensive data description protocols for helping users to 
describe and understand datasets. 

M.5 

0 Providing no capabilities of datasets changing tracking; 

1 
Providing capabilities of tracking changings of datasets and displaying them only 
to the management of datasets; 

2 
Providing capabilities of tracking changes of datasets and displaying them to 
different users basing on their roles for regarding datasets according to the need 
of dataset managements. 

M.6 

0 Providing no capabilities of such communication support; 

1 
Providing capabilities of supporting data providers and users to communication by 
private messages; 

2 
In addition to private messages sending, also providing capabilities of a forum like 
module to support data providers and users to communicate and discuss;  

3 
In addition to private messages sending and forum like module, also providing 
capabilities of a live chat like module to support data providers and users to 
communicate and discuss. 

M.7 

0 Providing no standards support; 

1 
Providing standards to support on one of the following areas: data collection, 

intellectual property, and data management; 

2 
Providing standards to support on two of the following areas: data collection, 

intellectual property, and data management; 

3 
Providing standards to support on all of the following areas: data collection, 
intellectual property, and data management. 
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Table 12 (Cont.). Scaling result of each metric (Cont.) 

Metrics Scales 

M.8 

0 Providing no policies support; 

1 
Providing polices to support on one of the following areas: data collection, 
intellectual property, and data management; 

2 
Providing polices to support on two of the following areas: data collection, 
intellectual property, and data management; 

3 
Providing polices to support on all of the following areas: data collection, 
intellectual property, and data management. 

M.9 

0 Providing no user experiences for others to study; 

1 
Providing user experiences, but cannot cover either aspects of data sharing or 
reusing;  

2 
Providing user experiences that can cover both aspects of data sharing and 
reusing; 

3 
Providing at least one user experience for covering each aspect of data sharing 
and reusing. 

M.10 
0 The candidate system is no free (Amount of cost); 

1 The candidate system is free. 

M.11 

0 Providing no capabilities of data quality control; 

1 
Providing capabilities of displaying data quality information that provided by data 
providers and users; 

2 
Providing capabilities of displaying data quality information that provided by data 
providers and users, and detecting the completeness of shared datasets; 

3 
Providing capabilities of displaying data quality information that provided by data 
providers and users, and detecting completeness and potential errors of shared 
datasets. 

M.12 

0 Providing no capabilities of metadata; 

1 Providing predefined metadata; 

2 
Providing capabilities of enabling user to create and customize their own 
metadata. 

M.13 

0 Providing no capabilities of data discovering; 

1 Providing capabilities of basic searches; 

2 Providing capabilities of basic searches, and classification on datasets; 

3 
In addition to the capabilities of medium level, also providing capabilities of 
semantic tagging datasets. 

M.14 
0 Only supporting following data formats: .doc/.docx, .xls/.xlsx, .csv, and .pdf; 

1 In addition to those formats above, also providing supports on other data formats. 
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4.4 Summary 

Started with the research question, and empirically supported by identified barrier in 

relevant field, the ORDTEM is developed basing on the GQM approach. And as the result 

of synthesising previous steps of analysis, the approach can illustrated in Figure 6.  

 

Figure 6. The diagram of the GQM-based Open Research Data Technology Evaluation Method 

Different with the development of the approach which is conducted in a top-down 

analysis, the usage of the approach should be conducted by the bottom-up direction. 

Practically, for analyzing a system, firstly the system should be evaluated by developed 

metrics. Moreover, trying to answer GQM evaluation questions basing on the result from 

regarding metrics. And concluding the evaluation result according to the evaluation goal 

at last.  
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5. Research Validation 

To validate proposed results of barriers of research data sharing as well as reusing, and 

the Open Research Data Technology Evaluation Method, two strategies are deployed in 

this chapter. On one hand, to give an initial research validation and improvement, the 

results are evaluated by the process of expert assessments. As a result, the improved 

ORDTEM is outcome. On the other hand, a testing is implemented by applying the 

approach to evaluate few significant tools. And basing on the validation result, a 

discussion is made to analyse the effectiveness of this approach. 

5.1 Expert assessment 

The expert assessment is a focus group study implemented by organizing a workshop. 

The workshop recruits a group of experts withholding the needs of sharing or using 

research data to provide practical opinions on proposed research results, which are the 

barrier of research data sharing and reusing, and ORDTEM. The form the assessing 

process is group discussing, and during the discussion, diversified opinions on the 

research result are given by experts basing on their experiences, needs, knowledge and 

other factors. As a result, a validation and improvement on the research result are 

acquired by analysing the content of discussion in the workshop. 

5.1.1 Data collection 

The focus group study is conducted in a workshop at the 2nd of October (Friday), 2015, 

from 1:30 p.m. to 3:30 p.m. 9 researchers are recruited to participate, and all participants 

are from the Department of Information Processing Science, University of Oulu. The 

conductor of this thesis performs as the moderator. 

At the beginning of the workshop, a brief background of this research is introduced to let 

the participants to obtain an initial understanding. Moreover, the main results, barriers of 

research data sharing and reusing, and developed GQM based ORDTEM, are presented. 

During this part, the results are presented by the form of merging each barrier and its 

corresponding evaluation metrics as groups, and meanwhile, discussions are also led 

alternately during presenting each group. And the content of the discussion is the data 

being collecting.  

The data is collecting by recording the whole conversation during the workshop with the 

permission of all participants, and the total length of the recorder is 1 hour 33 minutes 5 

seconds. Furthermore, the recorder is transcribed to plain text and analysed in following 

parts.  
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5.1.2 Data coding 

Transcript of the focus group study is coded for identifying participants’ opinions about 

the research result. The process of data coding contains two phases: 1) initial coding for 

identifying conversations or discussions on any issues of the research result, and 2) 

conclusive coding for summarizing the conversation or discussion to clear workshop 

comments (W.C.s). As a result, in total 16 comments are coded and presented in Table 13. 

Table 13. Coding result of focus group study (in a workshop) data 

Workshop 
Comment 

Comment Description Example 

W.C.1 
Locally controlled databases 
provides no help for keep 
controlling shared datasets 

“I am the opposite. I think if physically in more 
machines, my data is not safe. For some GitHub 
server, somewhere, nothing to happen there” 

“How many millions laptops are lost in London in 
one year?” 

W.C.2 
Access and authentication 
control can violate the 
principle of open data 

“This is actually common way to lead you to do 
this, in my opinion, it does not matter, because 
violate in my opinion the principle of the Open 
Data. If be access controlled, it is not open data.”  

W.C.3 

Data is suggested to be 
shared as real as possible, 
and should not be easily 
tampered 

“The actual Open data that should go raw data 
itself, not rather something is already 
(elaborating) built or analyzed.” 

“Well. I would like to share open source, the data 
has open access to anyone, I would make sure, 
and I would implement such platforms that 
prevent data temper. So no one can TAMPER. 
This is the nature, it is just data, and it should as 
real as possible. No one should be able to 
change it. Should be just measuring, and sharing 
the data here.” 

W.C.4 

How to keep shared datasets 
secured or reducing data 
misusing is not a simple 
issue, at least cannot be 
easily solved by just 
technologies 

“Different things just have to be taken into 
account depending on what kind of data. There 
no simple task for that.” 

W.C.5 

Data licenses are required 
for regulating people's 
behaviours of using shared 
datasets 

“Right, exactly. So, of course, those licenses 
include the fact that you can re-share the data 
but you need to cite the source, or you can freely 
modify or re-share the data without citing the 
source.”  

 

 



34 

Table 13 (Cont.). Coding result of focus group study (in a workshop) data 

Workshop 
Comment 

Comment Description Example 

W.C.6 
Researchers' intentions of 
sharing data affect the need 
of interests protection 

“If my intention is just to share it with then we can 
collaborate on this, it is one thing. If I share it: just 
work on it, publish it, whatever, I do not care, it is 
just my gift to you, and use it.” 

W.C.7 

Researchers' intentions of 
sharing data affect the 
relationality of using data 
intelligibility to measure data 
quality 

“It depends the context. If I am sharing my data, 
because I want you to replicate the experiment, I 
don't want you to know anything about the data, 
because this will translate the same bias.” 

W.C.8 

For a data management 
purpose, a way of recording 
who has accessed the data 
is needed. And it may 
provide helps for securing 
the data and protecting data 
providers' benefits 

“And actually this implies that if you are using 
some systems for data sharing, it should have a 
way of tracking, for example a record about who 
has accessed the data.” 

 

W.C.9 

In order to view the data 
quality, researchers would 
like to check how the data 
was analysed by others, or 
even the original research 

“But I also would like to have the ability to see the 
other analysis’s quality as well by going back to 
the source that where the data was coming. (The 
analysis has done by others.)” 

 

W.C.10 
Data misinterpretation is 
acceptable for data 
providers 

“There is nothing wrong in the thought. That is a 
common way people think. But if you think about 
scientific work. And you just share that data with 
persons you know that they will interpret the way 
you do, or trusted interpretation. If think it is 
actually violating the scientific principle, because 
now you are thinking presenting a new one but 
not as an observer that can accept any results of 
analysis.” 

W.C.11 
Digital Objective Identifies 
are required to associate 
with data 

“Digital object identifier. DOI. That litter number. 
Because that makes it easily to track who cited 
the paper, make it digital to track who cites that 
data. Ok maybe internally it does not make much 
sense.” 

W.C.12 
A data blinding function for 
hiding sensitive information 
is useful 

“I would be very interested about what he said 
that the data is blinded already. It was at least in 
experimental software engineering, and that be 
an issue you want to replicate the experiment 
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Table 13 (Cont.). Coding result of focus group study (in a workshop) data 

Workshop 
Comment 

Comment Description Example 

W.C.13 

Sharing research data needs 
skilled and knowledgeable 
people, but usually 
researchers do not have 
sufficient time 

“For example, thinking that, because this make 
makes needing resources when you are doing 
the sharing 

W.C.14 
Guidance for using the data 
is useful 

“I have to write like a readme file that says this 
variable B means this one, I mean the basic that 
people could understand.  

It like a data documentation.  

Guide!” 

W.C.15 
Anonymous peer review is 
helpful for enhancing data 
quality, but costly 

“How to control the quality of the data? 

Anonymous peered review of data. 

That's depending on the research method, it 
cannot see, because it has to be someone who 
knows a lot. But the problem is that we need 
some specific persons for doing that I mean we 
don't have time to do because everyone is busy 
with their own things. So if someone has to peer 
review the data, has to see like what I’m going to 
get back. 

W.C.16 
The capability of merging 
different datasets is 
expected by researchers 

“Yes. Merging and combining different datasets.” 

“That's actually interesting on the policy point of 
view, ow can you, how much, to what sense you 
are allowed, to combine data that you have 
acquire?” 

Each comment represents an opinion on the barriers and GQM evaluation metrics. Table 

14 gives the matrix of how each workshop comment maps on different barriers or metrics. 

In this table, comments are classified into four categorizes basing on participants’ 

attitude: positive comments, negative comments, mutual attitude comments, and new 

requirement proposing comments. Positive comments are shown in the table with a prefix 

of “(+)”, which indicates that the comment has a positive influence on regarding barriers 

or metrics. Similarly, negative influence is come from the negative comments which has a 

prefix of “(-)”, and mutual attitude comments that without any prefixes just give the 

general discussion on specific barriers or metrics. As for new requirement proposing 

comments which are presented with the prefix of “(N)”, they just illustrate researchers’ 

expectation from the workshop, but provide no attitude regarding any existing barriers or 

metrics. Just for example, the comment W.C.1 gives a negative implication on the metric 

M.1 for eliminating the barrier B.1.1.   
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Table 14. Implication of each workshop comments on barriers and metrics 

Metric 
 

Barrier 
M.1 M.2 M.4 Non-Metrics 

B.1 

B.1.1 (-) W.C.1 
  

(N) W.C.12 

W.C.4 (N) W.C.5 

B.1.2 
 

(-) W.C.2 
  

B.1.3 
 

(-) W.C.2 
  

B.1.4 
    

B.2 

B.2.1 
 

(-) W.C.2 
 

(-) W.C.10 

B.2.2 
 

(-) W.C.2 
  

B.2.3 
    

B.3 

B.3.1 
   

(N) W.C.3 (N) W.C.11 

 

B.3.2 
     

B.3.3 
     

B.4 

B.4.1 
     

B.4.2 
   

W.C.6 (N) W.C.8 

B.4.3 
   

(+) W.C.13 
 

B.5 

B.5.1 
    

(N) W.C.15 (N) W.C.9 
B.5.2 

    
B.5.3 

  
(-) W.C.7 (N) W.C.14 

B.5.4 
    

B.6 
B.6.1 

   
(N) W.C.16 

  
B.6.2 

      
B.7 B.7.1 

      

5.1.3 Data analysis  

The analysis of coded comments is started from giving a simple discussion on positive 

comments and mutual comments, to analysing the negative comments and new 

requirement proposing comments for finding defects on current result and developing 

new insights, which are the main purposes of this expert assessment. 

Positive and mutual workshop comments 

According to the Table 14, W.C.13 is the only positive comment, which gives an evidence 

to the barrier that researchers’ resources is limited for sharing research data. Moreover, 

W.C.6 and W.C.4 are assigned as mutual comments because they provide a mutual 

attitude from researchers.  

W.C.4 stresses the importance of any strategic planning for the data security before 

sharing the data. Technologies are just the way to support, but more importantly, any 

detailed issue for securing the data should be well-planned, for example what kind of 

users can access the data or how the data could be used. However, even though 

researchers have good plans about securing the data, the result is still unoptimistic, 

because researchers can retain no control on how others will use the data. An instance 

from the workshop that “But they (data users) can decide probably to use it for whatever 

they want. But the legal consequence for me, (and) they do not need to care about 

anything” has pointed researchers’ awkward situation. In this case, some workshop 

participants propose the requirement of recording who has accessed the data to gain a 
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better management about users’ behaviours on using the data. And this requirement is 

concluded as a new requirement proposing comment that will be discussed later.  

Similarly, W.C.6 also discusses the important of planning from another viewpoints that 

the necessity of protecting researchers’ interests depends on the intention of sharing data. 

Ways of protecting researchers’ benefits should be planned according to the type of data 

and the intention of sharing, for example, if some researchers just want to share their data 

as a gift, then there is need for taking such effort on benefit protection. 

Negative workshop comments 

Then the discussion is turned to negative comments, which are W.C.1, W.C.2, W.C.7, and 

W.C.10. They are regarded as critics which offer the opportunity to improve current 

results. First off, W.C.1 claims the losing control of data cannot be easily eliminated by 

the metric M.1, because natural crisis, or possible burglaries are other threats. And online 

repositories are considered as a better choices by some participants because they think 

that “(there) is nothing (like crisis or burglaries) happened there”. As a result, a new 

GQM evaluation metric is defined as a compensation to M.1: a backup service to avoid 

the loss of crisis or burglaries.  

Additionally, W.C.2 is proposed for criticizing the metric M.2 because data shared as 

open data should not have any accessing and using restrictions. However, the case 

discussed in this study is different with open data, which is the requirement of sharing 

data from the viewpoint of the research group. So violating the open data principle is 

acceptable because the result should fulfil the research group’s requirement first. Thus, 

this evaluation metric is still retained. But this discussion is meaningful, and should be 

discussed in detail if practicing any open data activities in the future.  

Furthermore, different from W.C.1 and W.C.2 that concentrating on both barriers and 

metrics, rest two comments are barriers oriented comments. W.C.7 considers that whether 

B.5.3 is a barrier or not is depending on the researchers’ intention of sharing. According 

to the discussion from the workshop, participants consider that information on describing 

the data can transfer the same bias of the data provider, which is harmful for other users to 

replicate the same experiment. Oppositely, if researchers share the data with the intention 

of expecting others to discover more values from the data, then it is better to provide as 

much information as possible. However, these two aspects are measurements to data, if 

taking the perspective of measuring a data sharing platform or not, it should better to have 

the support for researchers to provide the intelligibility for their data. As a result, there are 

no further modification on this barrier. 

The last negative comment is W.C.10 that claims that data misinterpretation should not be 

regarded as a barrier of sharing. Indeed misinterpretations are natural and acceptable in 

science, but seems it is better such behaviours can be reduced. So in this study, potential 

data misinterpretation is still retained as a barrier, but it is more like a problem that 

researchers should solve. 

As a result of analysing the 4 negative comments, a new metric of data backup services is 

derived by W.C.1. However, even other three comments are also really meaningful, but 

basing on the discussion, no improvement is resulted from them. 
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New requirement proposing workshop comments 

Except comments discussed above, 9 new requirement proposing workshop comments 

are left for further analysis. The method of analysing this kind of comments is 

transforming the content to technical requirements. And the transformation result is 

present in the Table 15. 

Table 15. New requirement proposing workshop comments and derived technical requirements 

Workshop 
Comment 

Derived technical requirement 

W.C.3 (No new technical requirements) 

W.C.5 Data license  

W.C.8 Data access recoding  

W.C.9 Referring existing analyzing result 

W.C.11 Associating digital objective identifiers (DOIs) 

W.C.12 Sensitive information cleaning  

W.C.14 Data using guidance 

W.C.15 Data reviewing  

W.C.16 Dataset merging  

As presented in the Table 15, no new technical requirements are developed basing on 

W.C.3. The reason is that it focuses more on the data itself, it suggests that shared data 

should be kept as the raw data and not easily tampered. However, there two issues depend 

more on researchers’ willingness rather than technologies. Thus, the comments are not 

applied for improving the research result. Additionally, analyzing W.C.14 results in the 

need of data using guidance. Nevertheless, because it overlaps with the metric of M.4: 

data documentation supports, so it also will not be adopted for improving the research 

result. Besides, other seven requirements are really meaningful and have not been 

involved by the original result, so the result is improved by making them as a 

compensation.  
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5.1.4 Assessment result 

Basing on the analysis on the focus group study data, in total 8 new metrics are developed 

for improving the research result: one of them from a negative comment of W.C.1, and 

others from new requirement proposing comments. Associating them to the hierarchical 

model of ORDTEM from Figure 6, the approach can be updated to the one presented in 

Figure 7. And in the figure, objects marked in red are those new metrics developed from 

researchers’ opinions.   

 

Figure 7. The updated GQM-based ORDTEM 
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Moreover, those new metrics also should be associated with scales for providing a 

standardized evaluation. Thus, for each metric, relevant scales are defined in Table 16: 

Table 16.  Scaling result of newly generated metrics 

Metrics Scales 

M.15 
0 Providing no capabilities of data backup 

1 Providing capabilities of online backup 

M.16 

0 Providing no capabilities of data licenses 

1 Providing predefined licenses for user to use 

2 Providing predefined licenses and capabilities for creating customized licenses 

M.17 
0 Providing no capabilities of data access recording 

1 Providing the capability of recording who has accessed shared datasets 

M.18 

0 Providing no capabilities of referring existing analysing results 

1 
Analysing result of original research can be provided as additionally material of 
shared datasets 

2 
Providing capabilities for users to store and present their analysing results and 
associate them to regarding datasets 

M.19 
0 Providing no capabilities of supporting DOIs 

1 Providing capabilities for users to associate their data to DOIs 

M.20 

0 Providing no capabilities of sensitive information cleaning or hiding 

1 
Providing capabilities of cleaning or hiding specific data elements basing on 
users’ requirements 

M.21 
0 Providing no capabilities of data merging 

1 Providing capabilities for user to merging existing dataset from the system 
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5.2 Artefact testing 

The testing is implemented to examine the effectiveness of the proposed GQM based 

Open Research Data Technology Evaluation Method in solving real world problems by 

applying it on evaluating specific systems. Meanwhile, an example about the usage of the 

approach is provided by presenting this experiment. The experiment is designed as Figure 

8 shows. It is started by selecting appropriate candidate systems, and ended with 

evaluating those candidate systems by applying the GQM-based ORDTEM 

 

Figure 8. Procedures of testing the GQM-based ORDTEM 

Initially, candidate systems used for testing the GQM-base ORDTEM are selected. 

Because the method is expected to provide a generalized evaluation to any possible Open 

Research Data technologies, so there are no more selection criterion than that the 

technology should have sufficient documentation and a release for testing. 

In the evaluation phase, firstly, evaluation data is collected from rating each candidate 

system according to defined GQM metrics and their scales of the ORDTEM, so that each 

candidate system has a grade regarding each metrics. Secondly, grading result of each 

metrics are analysed to answering defined GQM evaluation questions basing on the 

hierarchical relation between metrics and questions. Lastly, the evaluation result are 

generated basing on the answer of candidate systems to those GQM evaluation question.  

5.2.1 Candidate system selection 

The World Wide Web Consortium (W3C) has dedicated to prompt the movement of Open 

Data for many years. In a past meeting in the eGoverment Interest Group of W3C, Hoppin 

et al. (2013) have introduced four instances of data sharing platforms. Besides, alongside 

with a mail session from the W3C mailing list, Katkov (2014) also suggested a list of 

platforms for publishing experiment data. Thus, 11 candidate systems are introduced by 

summarizing the two sources, and their general information is presented in Table 17. 

Obviously nowadays there are many more Open Research Data technologies than those 

in Table 17, but because this testing is conducted for examining the ability of developed 

GQM-based ORDTEM to evaluate Open Research Data technologies in researchers’ 

daily lives rather than selecting betters ones for using, so what Open Research Data 

technologies are selected for testing will not be a critical problem. But there still has a 

minimum requirement that the technology should be able to be tried and has sufficient 

documentation.   
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Table 17. Introduction about suggested system for further selection  

Platform Homepage 
Trail 

availability 
Document 
availability 

Source code 
availability 

CKAN ckan.org Yes Yes Yes 

DKAN 
www.nucivic.com/
dkan/ 

Yes Yes Yes 

DSpace  www.dspace.org/ Yes Yes Yes 

Dataverse Network dataverse.org/ Yes Yes Yes 

junar junar.com No No No 

Socrata www.socrata.com No No No 

Open Government 
Platform 

ogpl.gov.in/ Yes No Yes 

Wikibase wikiba.se/ Yes Yes Yes 

Semantic MediaWiki 
semantic-mediawi
ki.org/ 

Yes Yes Yes 

Open Data PHILLY 
www.opendataphil
ly.org 

Yes Yes Yes 

iRODS irods.org/ Yes Yes Yes 

The selection of candidate systems is conducted upon the 11 systems from Table 17. And 

finally, CKAN, DKAN, DSpace, and Dataverse Network are selected as candidate systems 

that are evaluated in further. Reasons of unselecting of other systems are simply 

presented in Table 18. 

Table 18. Systems unselected as testing candidates and relevant reasons 

Platform Unselecting reasons 

junar 
 No readily used trial release have been found 

 No comprehensive documentation has been found 

Socrata 
 No readily used tails have been found 

 No comprehensive documentation has been found 

Open Government 
Platform 

 No comprehensive document found 

Wikibase  Wasn’t specifically designed for data sharing 

Semantic 
MediaWiki 

 Wasn’t specifically designed for data sharing 

Open Data PHILLY  Overlapped with CKAN 

iRODS  Cannot complete a data sharing requirement independently 

Junar and Socrata are proprietary products. Their trails and comprehensive 

documentation are currently not available on their homepage. So testing them requires 

further application to their providers. So currently they are not planned to test in this 

stage. Similar to the reason of insufficiency of comprehensive documentation, the Open 

Government Platform is also excluded.  
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Wikibase and Semantic MediaWiki are excluded because they are not specifically 

designed for data sharing. So other platforms may have a higher priority to be tested. But 

because they have been widely used in diversified fields, so testing them might be 

meaningful, but might be in further studies.  

Open Data PHILLY is a customized distribution of CKAN, however, the CKAN will be 

evaluated in this experiment, so there is no need to conduct a duplicate evaluation on it. 

Because of such reason, this platform is also excluded from this testing phase.  

iRODS is an outstanding application for support data sharing, and it also provide 

extensive support on Linked Data technology. But it is more like a mid-ware, and cannot 

complete a data sharing requirement independently. A significant defect of it is it does not 

have a user interface. Even currently plenty of people have developed user interface for it, 

but comparing with other candidate platforms, it is still not competitive. But this 

application is very helpful for people to build their own data driven applications, so there 

is a meaning to study this application in future studies. 

5.2.2 Data collection 

Data is collected by rating the candidate systems on each GQM metric basing on the 

understanding of each candidate systems. And the understanding to candidate systems is 

built on the understanding of their documentation, which is the data source in this 

experiment. Table 19 presents involved data sources of each candidate systems. And all 

of them are official documentations and available on the main page of each system. 

Table 19. Data sources of each platform 

         Platform Data Sources 

CKAN  CKAN documentation (Open Knowledge Foundation, 2015b) 

DKAN 
 NuCivic Guide to DKAN (NuCivic, 2015) 

 DKAN Documentation Site (NuCivic, 2014) 

DSpace   DSpace 5.x Documentation (The DSpace Developer Team, 
2015) 

Dataverse Network  User Guide of Dataverse Project (The President & Fellows of 
Harvard College, 2015) 

Thus, basing on provided documentations, data is collected metrics by metrics, and 

described below: 

M.1 Locally controlled database: Similarly, all of the four candidate platforms have their 

own database that should be distributed on local servers. But slight differences are 

products of database they are using. For example CKAN and Dataverse use PostgreSQL; 

DKAN uses MySQL; and DSpace provides multiple choices which are PostgreSQL (9.0 

or later) and Oracle (10g or later). 

M.2 Access and authentication control: The evaluation result on current metric for the 

four candidate platforms are close. All of them have provided the capability for user to 

control potential data accessing by managing roles of users and different permissions on 

each role.  
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M.3 Collaboration mechanism: These four candidate platforms provide similar way for 

users to define, create, and manage groups or organizations. Members of groups or 

organizations can be assigned different roles and permissions, and through this way, the 

resources can be managed efficiently and safely. 

M.4 Data documentation support: Concerning documenting shared datasets, four 

candidate platforms still provide similar performance: data can be described by plain text 

description, by associating appendix, and by specifying data describing protocol. And all 

of them permit users to customize their own data describing basing on their requirements. 

M.5 Data changing tracking: To track the changing of shared datasets, all of the four 

candidate platforms provide the version control capability. And the openness of the 

revision history to different parties can be controlled by the management of regarding 

datasets. For example, they can choose to enable normal data user to see the revision 

history or not.  

M.6 Communication support between data providers and users: Apart from the scoring 

result, detail information of provided features on current metric is presented in Table 20, 

which means that except DSpace, other three platforms can provide some means for users 

to contact the dataset provider, but have not reached the highest level.  

Table 20. Provided features about metric 6 of the four candidate platforms 

Candidate 
platform 

Provided features which are relevant to current metric 

CKAN 

 Presenting contact information (e.g. emails) to enable users to 
send message to the data provider 

 The forum like discussion module 

DKAN 

 Presenting contact information (e.g. emails) to enable users to 
send message to the data provider 

 The forum like discussion module 

DSpace  No relevant support 

Dataverse 
Network 

 A build-in feature of sending emails to dataset contactors 

 The forum like discussion module 

M.7 Relevant standards support: According to the data source, no standard relating to 

data collection, intellectual property, or data management was found. Besides, CKAN has 

referred some external standards about data publishing and describing. But because this 

kind of standard has not been mentioned by the predefined metric scales, so the rating 

result of is still 0 for CKAN. 

M.8 Relevant policy support: Dataverse Network has a better performance on current 

metrics: it provides relevant policies about data management and intellectual property. 

However, for the other three platforms, no similar support has been found basingon the 

understanding on the data source. 

M.9 Providing successful user experiences: Concerning this metric, all of the four 

candidate platforms provide plentiful of cases about organizations that use them to 

publish and share information. But no valuable experiences about using shared materials 

have been found from those data sources.  



45 

M.10 Low-cost: All candidate platforms are open source products, and can be freely used 

with slight difference according to their licenses.  

M.11 Data quality control: Except DSpace, other three platform provide a basic support 

for controlling quality: enable users to provide quality information, which can be 

regarded as another way of peered data review. And none of them provide any automatic 

features for controlling data quality.   

M.12 Metadata support: According to the understanding of data sources, metadata is well 

supported by the four platforms. Each of them does not only provide well defined 

metadata, but also enables users to create their own metadata according to their specific 

requirement.  

M.13 Data discover tools: Four candidate platforms offer the similar performance on 

current concern: providing search engines, enabling discovering datasets according to 

their categorizations. Moreover, they also provide the feature of semantically tagging 

shared datasets. But different with CKAN and DKAN, which enable data providers can 

directly tag their datasets, DSpace and Datavers Network use another way. They enable 

user to assign keywords to shared datasets, so that people can discovery the datasets by 

keywords. And both of the two ways have provided a similar effectiveness. 

M.14 Data formats support: All of candidate platforms do not have any restrictions on the 

format of shared datasets. However, as a plus, CKAN and DKAN provide a preview 

feature for some data formats so that users can directly have a glance on the datasets on 

the platform. Now plenty of plugins are available on these two platforms for supporting 

the data preview for various data formats, for example, csv format, excel format, pdf 

format, GeoJSON format, and etc.  

M.15 Data backup services: According to the evaluation result, none of them provide a 

build-in feature to backup data stored in the platform. But users can back up their data by 

utilizing such features which are provided by databases which are used by the four 

platforms. 

M.16 Data licenses: The evaluation result shows that four candidate platforms provide a 

relative good performance on providing relevant data licenses. Each platform provides 

predefined data licenses and also enable users to create their own licenses basing on their 

needs. A slight difference among them is that Dataverse Network uses a different term 

which is term of use, but with a similar effectiveness with licenses.  

M.17 Data access recoding: Unfortunately, none of them have provide the features of 

recording the information about how the dataset has been accessed.  

M.18 Referring existing analysing result: Among the four candidate platforms, relevant 

analysing results can only be provided as the supplementary materials that associated 

with the datasets as an appendix. However, according to the predefined scales of current 

metric, the best projection practice is that analysing results can be linked by shared 

datasets and shared as independent resources. And this study regard it can be a very useful 

feature which can help users to discover meaningful data and analysis efficiently.  

M.19 Associating digital objective identifiers (DOIs): Among the four candidate 

platforms, only DKAN does not provide the feature to assign DOIs to datasets.   

M.20 Sensitive information cleaning (hiding): No build-in features about cleaning or 

hiding sensitive information have been provided by the four candidate platforms. 
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However, DKAN suggested an external product name Google Refine (or Open Refine) 

which is a famous data cleaning tool.  

M.21 Dataset merging: Basing on the understanding of the documentation about the four 

candidate platforms, no capabilities about supporting merging existing datasets have been 

provided, which means that users have to conduct such operation offline. 

Basing on collected data, each candidate systems are graded according to each metrics 

and their scales, which results the evaluation matric in Table 21. However, those rating 

results cannot be used directly for evaluating candidate system. For example the 

evaluation result cannot be acquired by just simply summing grading up because different 

metrics might have different weights for different researchers. So in section 5.2.3, rating 

results of metrics are associated with related GQM questions to evaluate those candidate 

systems’ functionality for serving research data sharing and reusing activities, which is 

the GQM evaluation goal. 

Table 21. Evaluation result of candidate platforms 

Platform 
Metric 

CKAN DKAN DSpace 
Dataverse 
Network 

M.1 (0~1) 1 1 1 1 

M.2 (0~3) 3 3 3 3 

M.3 (0~3) 3 3 3 3 

M.4 (0~3) 3 3 3 3 

M.5 (0~2) 2 2 2 2 

M.6 (0~3) 2 2 0 2 

M.7 (0~3) 0 0 0 0 

M.8 (0~3) 0 0 0 2 

M.9 (0~3) 1 (Sharing) 1 (Sharing) 1 (Sharing) 1 (Sharing) 

M.10 (0~1) 1 1 1 1 

M.11 (0~3) 1 1 0 1 

M.12 (0~2) 2 2 2 2 

M.13 (0~3) 3 3 3 3 

M.14 (0~1) 1 1 1 1 

M.15 (0~1) 0 0 0 0 

M.16 (0~2) 2 2 2 2 

M.17 (0~1) 0 0 0 0 

M.18 (0~2) 1 1 1 1 

M.19 (0~1) 1 0 1 1 

M.20 (0~1) 0 0 0 0 

M.21 (0~1) 0 0 0 0 

5.2.3 Data analysis 

Data is analysed to answer GQM evaluation questions in this part. For doing this task, a 

new view is created in Table 22 by jointing each question with corresponding metrics and 

rating result. The rule of jointing is totally based on the relationship between each 

questions and metrics, and such relationship is revealed by Figure 7. For example, 

question Q.1 and metrics M.1, M.2, M.3, M.15, M.16, and M.20 are jointed together 

because hierarchical relationships are existed between Q.1 and each metric presented 

above. Thus, through Table 22, each question can be answered by discussing related 

metric based rating result.  
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Table 22. Evaluation result on each metric associated by related GQM evaluation questions 

Candidate  
Platform 

Evaluation  
questions  
and metrics 

CKAN DKAN DSpace 
Dataverse 
Network 

Q.1 

M.1   (0~1) 1 1 1 1 

M.2   (0~3) 3 3 3 3 

M.3   (0~3) 3 3 3 3 

M.15 (0~1) 0 0 0 0 

M.16 (0~2) 2 2 2 2 

M.20 (0~1) 0 0 0 0 

 Q.2 

M.2   (0~3) 3 3 3 3 

M.3   (0~3) 3 3 3 3 

M.4   (0~3) 3 3 3 3 

M.16 (0~2) 2 2 2 2 

Q.3 

M.4   (0~3) 3 3 3 3 

M.5   (0~2) 2 2 2 2 

M.6   (0~3) 2 2 0 2 

M.7   (0~3) 0 0 0 0 

M.8   (0~3) 0 0 0 2 

M.9   (0~3) 1 (Sharing) 1 (Sharing) 1 (Sharing) 1 (Sharing) 

M.19 (0~1) 1 0 1 1 

Q.4 
M.10 (0~1) 1 1 1 1 

M.17 (0~1) 0 0 0 0 

Q.5 

M.4   (0~3) 3 3 3 3 

M.11 (0~3) 1 1 0 1 

M.12 (0~2) 2 2 2 2 

Q.6 

M.6   (0~3) 2 2 0 2 

M.9   (0~3) 1 (Sharing) 1 (Sharing) 1 (Sharing) 1 (Sharing) 

M.11 (0~3) 1 1 0 1 

M.13 (0~3) 3 3 3 3 

M.14 (0~1) 1 1 1 1 

M.18 (0~2) 1 1 1 1 

M.21 (0~1) 0 0 0 0 

Q.7      

Answering Q.1: These four candidate systems’ answers to this question are same and 

negative, which they are not able to fully secure shared datasets because their common 

weaknesses on serving some metrics. According to the Table 22, all of these four systems 

offer no relevant support for two common metric which are metric M.15 (Data backup 

services) and M.20 (Sensitive information cleaning (hiding)). Thus, researchers have to 

perform the data backup and cleaning sensitive information by themselves if they are still 

insist to use them. 

Answering Q.2: For the four metrics which are related to this question in Table 22, each 

candidate system has been resulted in same rates. Thus, the answer for this question is 

that each candidate system can offer similar positive support for reducing possible data 

misusing. 

Answering Q.3: Speaking generally, the four candidate systems are commonly not able to 

eliminate the barrier of lacking external supports for data sharing. Commonly all of them 

contains two same weaknesses. One weakness is about metric M.7 that no relevant 
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standard was provided by the system. And the other one is about metric M.9 that only the 

user experience about sharing data has been provided by them. 

Answering Q.4: Because most of the barriers related to this questions have not been able 

to be transformed to metrics successfully, so the data from the Table 22 cannot provide a 

comprehensive answer to this question. But basing on the current data, the answers are 

negative. Concerning the metric M.17 that about recording data accessing history, none of 

the four system can provide relevant support.  

Answering Q.5: CKAN, DKAN, and Dataverse Network systems are able to provide 

similar levels of support to ensure the quality of shared datasets. However, such support 

still cannot fully satisfy the expectation. Regarding the metric M.11, there are no 

functionalities about automated errors detecting or data fixing provided by them so that 

researchers still have to spend their precious time on controlling the data quality. 

Moreover, what is worse, DSpace even does not have a way to conveniently displaying 

the data quality information which is provided by data providers, which causes the failure 

of it to ensure the data quality.  

Answering Q.6: Because the Table 22 reveals that one metric under current question, 

which is M.21, is not supported by any of the four systems, so that they are not able to 

eliminate barriers of lacking external support for data reusing activities. Moreover, 

DSpace provides the worst performs among them, because it also has no support for other 

two metrics which are M.6 and M.11. But others are relatives similar because their result 

in the Table 22 is exactly the same.  

Answering Q.7: Unfortunately, because no relevant technical metrics have been derived 

under this barrier, so this question cannot be answer in this study. But this question should 

be taken as an important issue in further research.  

5.2.4 Test result 

According to answers for those GQM evaluation question presented in the section above, 

an understanding about those candidate systems’ ability to serve research data sharing 

and reusing activities is acquired. Then researchers should make the selection decision 

basing on their understanding on these grades in metric-level and answers in 

question-level.  

Currently, this GQM-based Open Research Data Technology Evaluation Method cannot 

provide a discriminative result to compare which candidate technology is better. 

Sometimes, different researchers consider the importance of different metrics differently, 

so it is difficult to provide a general evaluation result for all the researchers who may have 

different requirements. Thus, researchers have to make the selection decision differently 

according to the evaluation data and their specific requirements. 

Also, usually researchers need not to select Open Research Data technologies according 

to the result about all the GQM questions, because they may not have that many 

requirements. Similarly, they also can add additional evaluation questions and metrics 

basing on some specific requirements that are not existed in this GQM-base ORDTEM to 

collect further information of those technologies. This evaluation method is allowed to be 

customized by researchers basing on their practical needs. 
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6. Discussion and Conclusion 

In order to finalize this study, findings discovered in this research are concluded in this 

chapter. In addition, potential defects are discussed to present the limitation of this study. 

Besides, some meaningful issues, for example unsolved questions, newly discovered 

problems are explained for providing further insights and directing future studies.   

6.1 Study results and contributions  

For solving the given research question, three major results are studied in this thesis. For 

one thing is the theoretical knowledge of research sharing and reusing barriers. In this 

study, such knowledge is used to develop criterion for evaluating Open Research Data 

technologies. Moreover, the Goal/Question/Metric (GQM) based Open Research Data 

Technology Evaluation Method (ORDTEM) is developed for supporting researchers’ 

decision making on technology selection. Lastly, an application instance of applying 

ORDTEM on evaluating some Open Research Data technologies in real-world is 

provided as a study material for further adopter of the resulted ORDTEM. 

6.1.1 The knowledge of research data sharing and reusing barriers 

For understanding researchers’ requirement on Open Research Data technologies to 

support the development of ORDTEM, a structured literature review is conducted on 

articles about research data sharing and reusing barriers. Consequently, ninety-six 

barriers are identified from nineteen selected primary studies, which are classified to four 

categories of research data sharing barriers and three categories of reusing barriers. The 

result of this review is presented in Table 7 and Table 8. 

Additionally, the contribution of this knowledge is not only limited to support the 

development of ORDTEM. However, it is also a valuable resources which is worthy to be 

studied continuously. For example, it can direct the future study on improving 

researchers’ experience about Open Research Data. According to discovered barriers, not 

all of them can be solved just by technologies, however, there exists many emotional and 

policy related issues. Thus, for prompting the movements of Open Research Data and 

Open Science, more support should be provided to solve these barriers. 

6.1.2 The GQM based ORDTEM 

For helping research to selecting technologies to support their Open Research Data 

related activities, the Open Research Data Technology Evaluation Method (ORDTEM) is 

developed basing on the resulted barriers and the Goal/Question/Metric (GQM) 

approach. Similar to the GQM approach, ORDTEM also consists of three components: 

GQM goal, GQM question, and GQM metric (Basili et al., 1994).  

To develop the ORDTEM, firstly, the goal is defined according to the research question, 

which is presented in Table 9. Secondly, seven questions are defined against each type of 

barriers, which are presented in Table 10. Thirdly, metrics are developed basing on 

detailed barriers to answer these evaluation questions, which are presented in Figure 4 

and Figure 5. Besides, to provide a standardized evaluation, each metric is assigned with 

difference scales in Table 12, so that the approach can provide a standardized result even 
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when evaluating several different systems. Thus, as a result, the approach is constructed 

as Figure 6 shows.  

However, to validate the resulted ORDTEM, a focus group study is conducted in a 

workshop which recruits researchers with research data sharing and reusing related 

requirements. And the validation result improves on one existing evaluation metrics and 

proposes seven new metrics. As a result, basing on the validation, the final version of the 

ORDTEM is developed in this study and presented in Figure 7. 

Besides, more than solving the research question, the artefact of ORDTEM also provides 

the experience on applying the GQM approach to transforming existing requirements to 

develop requirement-specific evaluation method. And this experiment can also be used 

for evaluating technologies with other purposes.  

6.1.3 The application instance of the GQM-based ORDTEM 

The application instance of ORDTEM is the testing process of the GQM-based 

ORDTEM, the second process of research validation. The testing process applies 

ORDTEM on evaluating four candidate systems which are selected from eleven Open 

Research Data technologies. And the detailed process of this experiment provides two 

contribution to practice. For one thing, the experiment itself is a useful materials for 

future adopters to study the usage of ORDTEM. Moreover, the result the experiment 

reveals the capability of each candidate technology regarding each metrics, so that 

researchers can select a possible technology basing their requirement and evaluation 

result.  

6.2 Limitations 

A primary limitation of this thesis is that the developed GQM-based Open Research Data 

Technology Evaluation Method cannot directly provide a discriminative result when 

evaluating multiple technologies. So that currently researchers still have to inevitably 

spend further time to analyse the evaluation result by metrics and questions basing on 

their practical needs to make the selection decision, which makes this ORDTEM not 

efficient and convenient. 

Additionally, the study on researchers’ requirement on Open Research Data technologies 

is limited. In this study, the only source for gathering relevant requirements is articles 

about research data sharing and reusing barriers from only the Scopus database, so the 

requirement for developing the evaluation criteria is not comprehensive.  

Moreover, according to Table 11, some barriers are not considered when developing the 

approach because of two reasons: highly complexity which is not able to figure out by 

this study, and irrelevance with technical factors. Consequently, because the absence of 

those issues, the questions might not be able to be answer comprehensively, especially 

question Q.4 and Q.7, which should be noted by adopters. However, it also turns a critical 

direction for further study, how to solve those complex issues and emotional issues with 

the support of technologies.  

Furthermore, the fourth limitation somehow criticizes defined scales of each metrics. 

Those scales are defined basing on the author’s experience, rather empirical or 

experimental studies. So some of them may not fit some adopters’ expectation. However, 

the intention of setting scales is just for making the evaluation standard when evaluating 

multiple systems. And the scales can be redefined by researchers according to their needs, 
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also, researchers can also gather qualitative data to measure each metric rather than using 

scales. 

The last limitation originates from the data used during the artefact testing part. Because 

four candidate systems are evaluated according to the data collected by reading the data 

source, which are official documentations in this study. So there might exist that the 

experiment implementer does not understand the documentation properly, or the 

documentation does not cover all features that the system has, which can affect the 

accuracy of the experiment result. Thus, when adopters try to directly use this result, it is 

better to check the data source. Additionally, a better evaluation should be based on the 

data not only collected from reading the documentation, but also practical testing the 

candidate systems.  

6.3 Future study 

Basing on the five limitation of this thesis discussed above, three directions are reflected 

for studying in the future. For one thing, which is reflected by the first research limitation, 

the developed GQM-base Open Research Data Technology Evaluation Method should be 

improved to be able to provide discriminative evaluation results among multiple 

candidate technologies.  

Secondly, currently, the approach can only evaluate systems according to technologies 

related issues. However, normally, technologies cannot solve all the problems, for 

example those unprocessed barriers in Table 11. So a further topic can be that to find a 

more comprehensive strategy to evaluate systems’ capability on solving those 

non-technical issues, for example those emotional barrier (e.g. B.4.1, B.4.2, B.7.1).  

Lastly, one limitation of this study is that researchers’ requirements on Open Research 

Data technologies are not studied comprehensively. For example in this study the 

requirements are only gathered from few articles from just one database. However, 

requirements can not only from scientific publications, but also from researchers’ daily 

work or other sources. Thus, within the increasingly more researchers are going to share 

and reuse research data, it is meaningful to have a comprehensive understanding on 

related requirements, which cannot only helpful for improving the GQM-base ORDTEM, 

but also for improving the development of Open Research Data technologies.  
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Appendix B. Identified Barriers from Selected Studies 

Article Identified Barriers Type 

(Bezuidenhout, 
2013) 

1. The threat of being misused with malicious purposes; SHARING 

2. The difficulty of seeking the balance between freedom and 
control. 

SHARING 

(Bisol et al., 2014) 

3. Infringements of personal privacy or confidentiality from 
shared data; 

 
SHARING 

 

4. Conflicting between protecting personal privacy and sharing 
data wider; 

SHARING 

5. The threat of the shared data might be dual-used in a way of 
harming individual or public benefits; 

SHARING 

6. Statistical data is easy to contain errors; REUSING 

7. Unwillingness to share before related results have been 
published; 

SHARING 

8. Lack of technical supports; SHARING 

9. The fear of losing control over the data; SHARING 

10. Lack of data standards and repositories in some fields of 
research. 

SHARING 

11. Costly of data and effort to make shared data reusable (e.g. 
Editing and reformatting.) 

SHARING 

12. No norms to involve a data management plan or a structured 
data repository at the early stage of a study, which make it is 
costly to manage the data for sharing and reusing purposes; 

SHARING 

(Cragin et al., 
2010) 

13. Lack of readiness of supports by local technical 
infrastructures; 

 
SHARING 

 

14. Risks of data misusing: inappropriate interpreting or 
misinterpreting the data; 

SHARING 

15. Concerns of the trust of the people to be shared will misuse 
the data; 

SHARING 

16. Costly of sharing data if relying on individual work rather than 
effective or efficient infrastructures; 

SHARING 

17. Worries of results derived by efforts and time might be easily  
“stolen” by some industry groups if depositing the data on a 
public repository; 

SHARING 

18. Lacking of skills or resources of scientists to spend for 
publicly data sharing; 

SHARING 
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(Dallmeier-Tiessen 
et al., 2014) 

19. The openness of some sensitive data should be considered 
according to the issues of privacy, commercial potential and 
intellectual property right; 

SHARING 

20. Difficulties of making data can be understood and interpreted 
by any user; 

SHARING 
& 

REUSING 

21. Lack of incentives for data contributors; SHARING 

22. Lack of an effective, stable and cost-efficient preservation 
infrastructure for serving the data sharing and reusing 
activities; 

SHARING 
& 

REUSING 

23. Lack of strategies for ensuring the data quality; REUSING 

24. Lack of a well-established data discovery mechanism; REUSING 

25. Concerns of the safety of the data preserved on an online 
data sharing platform; 

SHARING 

26. Fear of data misusing; SHARING 

27. Lack of financial funding; SHARING 

28. Lack of standard to publish data; SHARING 

29. Lack of a trustful data preservation service; SHARING 

30. Different data may require different levels of openness; SHARING 

(Cros et al., 2014) 

31. Needing of quality control  
 

REUSING 

32. Losing or incompleteness of core standard metadata; REUSING 

(Diekmann, 2012) 

33. Lack of an easily studied and used digital archiving service 
for fulfilling long-term data storage requirement; 

 
SHARING 

34. Issues of protecting privacy and sensitive information of the 
data; 

SHARING 

35. A best-practice guidance is missing; 
SHARING 

& 
REUSING 

36. Lack of personal experience of sharing research resources 
with other researchers; 

SHARING 

37. Researchers would not like to use relative older data; REUSING 

38. Researchers would not want to share the data to those who 
do not cooperate with them because data is valuable and 
generating data is costly; 

SHARING 

39. Concerns about the data interpretation, especially for those 
interpretations could contradict to the data providers’ results; 

SHARING 

40. Making the annotations for enabling the data is 
understandable and can be used accurately is costly; 

SHARING 

41. Researchers are rarely like to use the data from others rather 
than their own projects; 

REUSING 
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(Douglass et al., 
2014) 

42. Insufficient funding; SHARING 

43. Insufficient time; SHARING 

44. Lack of standards; SHARING 

45. Lack of appropriate data archiving services; SHARING 

46. Unsatisfied tools for documenting shared data; SHARING 

47. Lack of could be widely used metadata; REUSING 

48. Unsatisfied experiences of integrating their datasets with other 
datasets; 

REUSING 

(Mauthner & 
Parry, 2013) 

49. The data need to be shared without harming the interests of 
researchers and their respondents; 

SHARING 

50. Difficult to make the data understandable; 
SHARING 

& 
REUSING 

51. To be losing the control of the data if sharing it by a public data 
archive; 

SHARING 

52. The data sharing procedure should lightweight; SHARING 

53. Issues of Intellectual Property are needed to be considered 
because data collection is costly; 

SHARING 

54. Concerns of how to keep the ownership of the data provider 
while sharing the data; 

SHARING 

55. In some cases, researchers are rarely like to share the “raw” 
data; 

SHARING 

56. Afraid of disclosing of personal information; SHARING 

(Mauthner, 2014) 

57. Data security; SHARING 

58. How to protect the confidentiality and privacy of respondents; SHARING 

59. Concerns of protecting researchers’ contributions; SHARING 

60. Data misinterpretation and erroneous findings generated; SHARING 

61. The conflict between anonymization and  data integrity; SHARING 

62. Sharing data may have the risk of break the trust from 
respondents and consequently make the public unwilling to 
participate in research activities; 

SHARING 

(Mason et al., 
2014) 

63. Concerns of distrustful collaborators; SHARING 

64. Quality control and quality assurance for the data are needed; REUSING 
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(Kowalczyk & 
Shankar, 2011) 

65. How to protect the interests and competitiveness of data 
contributors after sharing the data; 

 
SHARING 

66. Some datasets are not allowed for unrestricted sharing 
because without approvals of trustees, donors or other 
shareholders; 

SHARING 

67. A need of infrastructures could preserve the data persistently 
for long-term easy retrieval and usage; 

SHARING 
& 

REUSING 

68. The quality of shared data should be sufficient for reuse; REUSING 

69. Data should be described comprehensively for people to use 
easily; 

REUSING 

70. How to support various formats of shard datasets from 
different disciplines; 

REUSING 

71. How share the data with the “right” format which could 
maximize its usability, because some datasets in complex and 
not transparent formats are difficult to be recognized and used; 

SHARING 

72. Data fixity feature should be provided; REUSING 

73. A feature of reference collections should be supported for 
prompting to reuse shard data; 

REUSING 

74. Trustworthiness of data users, and results in a need of the 
issue of data access 

SHARING 

75. The trustworthiness of a data repository; SHARING 

76. How ensure the safety of shared data SHARING 

(Karasti et al., 
2006) 

77. The problematic cost of documenting data to be shared; SHARING 

78. How manage the datasets are continuously being changed for 
long-term scientific usages; 

SHARING 

79. The complexity of dealing various types of data; SHARING 

80. A standardized approach for collecting metadata is needed; 
SHARING 

& 
REUSING 

(Horsburgh et al., 
2009) 

81. Heterogeneous formats and vocabularies of the data need to 
be supported; 

REUSING 

82. Data users might lack of intimate knowledge of the data 
collecting process, which will lead to ambiguous 
interpretations;  

REUSING 

(Fecher et al., 
2015) 

83. Needing resources of time, effort, skills and knowledge, 
financial resources; 

 
SHARING 

& 
REUSING 

(Poelen et al., 
2014) 

84. Insufficient incentives of data providers; SHARING 

(Sayogo & 
Pardo, 2013) 

85. Data management in terms of skill and organizational 
involvement; 

 
SHARING 

86. Acknowledgment in terms of legal and policy requirements 
and acknowledgement to the dataset’s owner; 

SHARING 
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(Swamidass 
et al., 2015) 

87. Some data contains sensitive information (e.g. privacy) that 
cannot be freely shared; 

SHARING 

(Treloar, 
2014) 

88. Lack of metadata ---- the information about the data; REUSING 

89. Lack of communication strategies; 
SHARING 

& 
REUSING 

(Volk et al., 
2014) 

90. Lack of clarity in data request; 
SHARING 

& 
REUSING 

91. Format of data request not specified; 
SHARING 

& 
REUSING 

92. Lack of data collection description; REUSING 

93. Lack of explanation of data aggregation or summarization; REUSING 

94. Failure to define zeros, empty cells, ‘N/A’, or placeholders; REUSING 

95. Column headers are absent or undefined; REUSING 

96. Incomplete datasets; REUSING 

 


