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Abstract 
 

Despite of increasing availability of open data as a 

vital organizational resource, large numbers of start-

ups and organizations fail when it comes to utilizing 

open data effectively. This shortcoming is attributable 

to the poor understanding of what types of capabilities 

are required to successfully conduct data related 

activities. At the same time, research on open data 

capabilities and how they relate to one another 

remains sparse. Guided by extant literature, interviews 

of these organizations, and drawn from Interpretive 

Structural Modeling (ISM) approach which are pair 

comparison methods to evolve hierarchical 

relationships among a set of elements to convert 

unclear and unstructured mental models of systems 

into well-articulated models that act as base for 

conceptualization and theory building, this study 

explores open data capabilities and the relationships 

and the structure of the dependencies among these 

areas. Findings from this study reveal hitherto 

unknown knowledge regarding how the capability 

areas relate one another in these organizations. From 

the practical standpoint, the resulting architecture has 

the potential to transform capability management 

practices in open data organizations towards greater 

competitiveness through more flexibility and increased 

value generation. From the research point of you, this 

paper motivates theory development in this discipline.      

 

1. Introduction  

Open data is a vital organizational asset. While new 

start-ups have began to benefit from the vast potential 

of this resource [1], large numbers of these 

organizations fail to effectively use open data and fully 

leverage its potential [2][3]. Only a small percentage of 

organizations benefit from using open data and very 

few organizations can attribute a value [2]. Many do 

not yet know how to conduct data related activities 

more effectively [4]. One major reason for failure is 

the fact that these organizations do not clearly know 

what data capabilities they require to effectively 

exploit open data for their business objectives [5]. As 

an example, an exploratory research of 33 Open Data 

Organizations  (ODOs) in UK in 2016 [6] found that 

data capabilities remain unclear to many of these 

organizations. Lack of clear understanding of open 

data capabilities put open data utilizing organizations 

at huge risk [3]. Studies show that in order to compete 

and survive in the fast changing and competitive open 

data industry, ODOs are required to develop 

capabilities for generating value from open data, 

increasing agility and competitive advantage [7][3].  

While few existing studies have investigated open 

data capability types and areas [8][9]–[11], to our 

knowledge, no previous scholarly work has attempted 

to comprehensively identify and investigate 

relationships and dependencies between different 

capability areas and, articulate a capability architecture 

for ODOs. Many studies [12][13][14] strongly suggest 

further research into open data capabilities and their 

dependencies. Therefore, in this study, we attempt to 

robustly address this research gap driven by two 

research questions (RQ): RQ1) what are the main 

elements of the open data capability architecture and 

RQ2) how do these elements relate to each other?. 

To develop open data capability architecture, we 

adopt the ISM technique, which is a well-established 

methodology for developing relationships within a 

system of related elements [15]. We built upon existing 

studies on open data capabilities and included in this 

study expert experiences of Chief Executive Officers 

(CEOs) of 11 ODOs to explore relationships between 

different areas.  

In this research, we define open data organizations 

as both non-profit and for-profit organizations that use, 

produce, or otherwise invest in open data as a key 

aspect of their operation for generating customer value 

and achieving organization’s mission goals. In 

addition, adopting IEEE-1471 definition of architecture 

and the capability architecture definition given by [16], 

we propose that open data capability architecture 

identifies open data capabilities that are required to 
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support the organizational mission goals and provides a 

common language and framework to understand how 

to do things in ODOs to effectively harness the real 

value of data. The architecture also provides 

interdependencies or relationships between different 

capability areas.  

 

2. Background  

The background study of this research includes 

investigation of different types and areas of open data 

capabilities. Based on the well-known edicts of 

Capability-based-View and Dynamic-Capability 

Theory, we have identified three types of 

organizational capability: 1) Value capabilities, 2) 

Dynamic capabilities, and 3) Competitive capabilities. 

Below we present the three types and their associated 

areas. 

Value Capabilities - The creation of  customer 

‘value’ is the key in every organization [17]. Value 

capabilities are source of value and can assist the 

organization to generate value proposition for the 

customers. While value capabilities are not the source 

of competitive advantage, they are necessary to 

produce customer value [18]. For value generation 

from open data, an analytical report by the European 

Data Portal [19] reports on four areas of capabilities 

including: 1) technical capabilities, 2) statistical 

capabilities, 3) analytical capabilities and personality, 

and 4) business insight and domain knowledge. 

Moreover, HM Government [13] highlights three 

overarching aspects to data capability which include 1) 

human capital, 2) tools and infrastructure, and 3) data 

re-use. In [8] and [20], authors developed an empirical 

investigation of ODOs to synthesize and introduce five 

value creating capabilities which are necessary for 

every ODOs. The five open data capability areas for 

generating value from open data include: 1) Open Data 

Individual Competences and Expertise, 2) Open Data 

Processes, 3) Open Data Organization, 4) Open Data 

IT and Technological Infrastructures, and 5) 

Management Capability and Data Governance.  

Dynamic Capabilities - The majority of the studies 

on dynamic capability assert that dynamic capabilities 

are the ability of the organization to renew its 

capabilities to deal with rapidly changing environments 

(Helfat and Peteraf 2003). [21] defines dynamic 

capabilities as “a firm’s capacity to deploy resources, 

usually in combination, using organizational processes, 

to effect a desired end”. According to [22], in dynamic 

markets, it makes sense to use dynamic capabilities to 

build new resource configurations and move into new 

competitive positions. [22] further highlight that 

jettisoned resource combinations that no longer 

provide competitive advantage are also critical 

capabilities as markets undergo change. According to 

[23] “dynamic capabilities are built rather than bought 

in the market”, and they include organizational 

processes or ‘routines’ that are employed to 

reconfigure or to combine the organization’s resources 

and paths which are the choices open to the 

organization today and likely to be in the future. [24] 

suggest that whilst market-based learning enables the 

organization to learn what the market needs, the 

organization must acquire knowledge from other 

sources to develop leading edge innovative products 

and services that will fulfill organization’s needs. 

However, as highlighted by [25] and [26], the network 

relationship specifically with the suppliers plays a 

significant role in enhancing the supplier network, 

sensing and seizing opportunities, knowledge creation, 

resource configuration and integration and know-how 

exchange. Despite earlier studies on dynamic 

capabilities and how to achieve agility, very limited 

studies exist to investigate dynamic capabilities for 

ODOs. Empirical studies of open data dynamic 

capabilities in ODOs in [20] and [11] revealed five 

capability areas that facilitate and improve agility in 

ODOs. The areas include: 1) Open Data Process 

Innovation, 2) Open Data Knowledge Management and 

Organizational Learning, 3) Open Data Value Chain 

Performance, 4) Open Data Relationship Infrastructure, 

and 5) Management Functions of ODOs. 

Competitive Capabilities – Competitive capabilities 

foster the organization’s competitive advantage and 

allow organizations to stay competitive and outperform 

competitors [18] [27]. Although value and dynamic 

capabilities are important, we also need to recognize 

the role that the competitive external environment 

plays in the competitive advantage of ODOs [10]. 

Insights from a scenario, interviews, and a survey 

study [1] reveals three areas where the ODOs need to 

build capability to gain competitive advantage: 1) 

Information Technology, 2) Information and Data, and 

3) Human. The Boston Consulting Group’s study [28] 

also reveals six level open data capability areas in three 

top-level components: 1) Data Usage, 2) Data Engine, 

and 3) Data Ecosystem. While not many related works 

exist to study open data capabilities which are source 

of competitive advantage, [20] and [10] identified and 

described four dimensions of competitive capabilities 

required for ODOs. These are capability areas related 

to: 1) Open Data Enterprise Infrastructure, 2) Open 

Data Product and Service, 3) Open Data Business 

Development, and 4) Open Data Relational Rent. 

According to [10], open data competitive capability 

has strategic nature as the level of dynamics in the 

external environment increases it provides strategic 

alternatives that will differentiate the organization from 
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its competitors. Table 1, presents the open data 

capability areas identified from the literature. 

Table 1. Open data capability areas from literature 

Capability 

No.  

Open Data Capability Types and Areas 

 Value Capabilities 

C1 Individual Data Competences and Expertise 

C2 Open Data Processes 

C3 Organization 

C4 IT and Technological Infrastructure 

C5 Management and Data Governance 

 Dynamic Capabilities 

C6 Data Process Innovation 

C7 

Knowledge Management and Organizational 

Learning 

C8 Data Value Chain Performance 

C9 Relationship Infrastructure 

C10 Management Functions 

 Competitive Capabilities 

C11 Enterprise Infrastructure 

C12 Data Products and Services  

C13 Business Development 

C14 Relational Rent 

 

3. Methodology  
3.1. Case selection 

The selection criteria include ODOs that: 1) rely on 

open data as one of their main operational resources to 

achieve organization’s mission goals, 2) the application 

of open data is primarily in developing new products 

and services, and 3) has long history of practice. 

Selected organizations must meet all the three criteria 

to be included in this study. Shortlisted organizations 

lead to diversity in our cases [29] in terms of the 

followings: geographical location, organizational size, 

sector, stream,  data domain, data types, and data 

applications (see Table 2). Diverse cases bring unique 

perspective which enriches our understanding of open 

data capability architecture in which in our future 

research can lead to generalization [29].  

Table 2. Organization’s brief profile 

 
 

3.2. Data collection and interviews 

In the absence of adequate literature, the nature of 

the associations between the capability areas and the 

level of criticality in practice are not well understood. 

Therefore, to understand whether or not a relationship 

exists between any two capability areas, we have 

included expert experiences of CEOs of ODOs. 

To know and identify ODOs around the world, we 

request to access the third party’s dataset of 685 

ODOs. In 2016, this dataset was the largest and fast 

growing dataset of organizations using open data 

around the word. We shortlisted 43 organizations that 

meet all the criteria. Initial invitation email was sent to 

all 43 organizations informing them about the aim of 

the study and our purpose to conduct interviews. A 

follow up email was sent to all in two rounds, each 

within two weeks period. 11 organizations showed 

interest to participate in this study. We have emailed 

each participant, a document containing the cover 

letter, purpose of the study and interview, expected 

timing, interview structure, pattern of the interview 

questions, definition of concepts used in the interview, 

and trigger words and examples for each definition of 

capability area to ensure that all participants 

understand different concepts in a unified manner. 

Interested organizations were asked to provide their 

availability. Experiences were collected through one-

to-one interview session with each expert [30]. The 

interview was designed to take no more 75 minutes and 

GoToMeeting application was used for all interviews.  

The interview protocol lists the lines of inquiry that 

we wanted to explore in the course of an interview. 

The protocol served as a checklist during the interview 

to make sure that all relevant questions or issues are 

covered within the limited time of the interviewees as 

well as allowing individual perspectives to emerge 

[31]. The interview protocol developed series of 

questions categorized in three main parts: 1) 

Organizational background (questions such as type of 

the organization, sector of operation, business model 

and etc.), 2) Application of open data (questions 

around the use of open data in the organization such as 

the open data as the key resource, specific purpose to 

use open data, type of open data and etc.), and 3) Open 

data capabilities (this main part include questions to 

investigate adopted value, dynamic, and competitive 

data capabilities in the organization and possible 

relationships between them). Before the interview 

begins, permission was granted from interviewees and 

all interviews have been voice recorded. To prepare the 

interview protocol, we followed number of guides 

including: 1) Using scripts at the beginning and end of 

the interview, 2) Having open ended questions and free 

discussions, 3) Starting with basics and a more easy to 

answer questions, and 4) Using prompts for each 

question that can help us ensure that the used concepts 

and questions are understood by all the interviewees in 

a unified manner. 

 

3.3. Coding and analysis 
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The lead researcher prepared single transcript 

document for each interview. Then, the two researchers 

involved in this study coded and analyzed all the 

interviews transcripts. For coding, NVivo was used 

which is a strong and comprehensive qualitative data 

analysis software platform which can be used to 

organize and analyze any types of qualitative data 

[32][33] and to “obtain rigor in dealing with such data” 

[33]. In this study, to capture all possible details, we 

analyzed data that shows that a relationship exist 

between any two capability areas. To code the possible 

relationships between the capability areas, we 

developed logic for coding. For example, we coded all 

the data that shows that a relationship exist between 

Capability A and Capability B under ‘A impacts B’ 

Relationship Node in NVivo. Through the coding 

process, we 1) select a particular expert experience and 

2) assign this fragment to a specific relationship node. 

This allows us to investigate all the possible 

relationships between any two capability areas based 

on the experiences of experts. In addition, to increase 

rigor and prevent bias during coding, involved 

researchers independently conducted coding three 

times. We were not given consent to share the data for 

any purposes including analysis with researchers other 

than those involved in this study. To reduce data 

analysis bias, we have been open to all kinds of 

viewpoints that would ultimately help us to take better 

decisions and we have avoided analyses that only favor 

this study. 

 

3.4. Modeling 

For modeling our dependency structure of different 

open data capability areas, we adopted ISM 

methodology. ISM is one of the most popular 

techniques for identifying and understanding mutual 

relationship among the elements or variables of a 

particular context [34] and is able to uncover  hidden 

relationships between elements far more accurately 

than individual’s experiences. Because people are 

limited in their ability to address complex issues 

involving a significant number of elements at one time, 

the use of ISM can advance the collective 

understanding of such relationships [35]. It is used to 

establish dependencies among elements and to develop 

a dependency structure of a set of elements.  

Followings are the steps for ISM methodology as 

discussed by Sushil [30][15], Jain and Raj [34] and 

Sindhwani and Malhotra [36]. Step 1: Identification of 

elements (open data capability areas) from the 

literature; Step 2: Identification of contextual 

relationship between the elements (driven by the RQs, 

“impact” is identified and later confirmed through the 

interviews); Step 3: Development of Structural Self-

Interaction Matrix (SSIM); Step 4: Development of 

Adjacency Matrix [35] or First Reachability Matrix 

(FRM) [34]; Step 5: Development of Reachability 

Matrix (RM) and transitivity check (an algorithm-

based process developed and implemented by the 

researchers in MATLAB); Step 6: Level partitioning; 

Step 7: ISM Digraph is drawn; and Step 8: The final 

ISM model is drawn. Each of these steps is further 

illustrated in section 4.   

 

4. Eliciting Relationships between Open 

Data Capability Areas 

The various ISM steps, which lead to the 

development of the open data capability architecture, 

are illustrated below: 

Step 1: Identifying Open Data Capability Areas 

Open data capability areas have been identified 

through literature survey as shown in Table 1. 

Step 2: Identifying Contextual Relationship and 

Interpretation 

There is a need to find a type of contextual relationship 

between the capability areas [30]. The contextual 

relationship in this study is “impacts” which is 

identified from the literature review. The contextual 

relationship could be for example “capability area A 

impacts capability area B”. Contextual relationship was 

discussed and confirmed during the interviews session 

with the experts. Through ISM, the contextual 

relationship interprets the nature of the relationship and 

how that relationship really works [34].  

Step 3: Structural Self-Interaction Matrix (SSIM) – 

Pairwise Comparison 

Keeping in view the contextual relationship, the 

existence of a relation between any two capability 

areas (i and j) is checked from the coded data (experts’ 

experiences). Capability areas are aligned in row and 

column format where areas in row are denoted by “i” 

and those in column are denoted by “j”, the matrix 

hence obtained is the result of each pair of capability 

area being analyzed separately. SSIM is shown in 

Table 3. Four symbols are used to denote the nature of 

possible relationship between any two capability areas 

i and j (see Sushil [30][15] for the meaning of 

symbols). 

Table 3.Structural Self-Interaction Matrix 
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Step 4: Adjacency Matrix or First Reachability 

Matrix (FRM) 

Table 4 presents the FRM in which ‘0’ indicates no 

relationship and ‘1’ indicates relationship exists 

between i and j capability areas. The information in 

SSIM coded in V, A, X, O is transformed into 0s and 

1s based on a set of rules (see Sushil [30][15] for the 

set of rules). 

Table 4.First Reachability Matrix 

 
Note: For completeness, we define the (i, i) entry in the Adjacency 
Matrix as 1. 

Step 5: Transitivity Check and Final Reachability 

Matrix (RM) 

The transitivity of the relationship states that if element 

“A” is related to element “B,” and “B” is related to 

element “C,” then “A” is necessarily related to “C”. 

The Final Reachability Matrix (RM) indicates whether 

a column variable can be “reached” from a row 

variable along a continuous, directed path [35]. RM is 

obtained from performing the transitivity check over 

the FRM [37], as shown in Table 5.  

Table 5.Reachability Matrix 

 
Note: * denotes the values which are changed from “0” to “1” during 

transitivity check in MATLAB 

Step 6: Level Partitions on the Reachability Matrix 

Level Partitioning is mandatory to identify the levels of 

each element (resulting the hierarchical model) 

affecting any system or problem. ISM-based level 

partitioning is obtained from the RM [36]. The RM 

must be processed to form different levels. From the 

RM, we determine the reachability set (RS), antecedent 

set (AS), and Interaction Set (IS) RS∩AS for all the 

elements [15][37].  

The element for which the RS and IS are the same is 

the top-level elements in the ISM Diagraph [35]. For 

example, the first row of the RM shows that C1 occurs 

for all variables except C2, C9, and C10, indicating 

that C1 can reach or impact all capability areas except 

C2, C9, and C10. Therefore, in this case, the RS(C1) = 

{1,3,4,5,6,7,8,11,12,13,14}. Similarly, in the first 

column, C1 occurs for all variables except C2, C3, C9, 

and C11, indicating that C1 can only be reached or 

impacted by itself, C4, C5, C6, C7, C8, C10, C12, C13, 

and C14. Thus, the AS(C1) = 

{1,4,5,6,7,8,10,12,13,14}. The IS of the RS, and the 

AS (the common elements in both sets), results in 

RS∩AS = {1,4,5,6,7,8,12,13,14}.  

Once the top-level element/s is/are determined, it is 

separated out from the other elements. The same 

process is then repeated to constitute the next level 

[35]. This iteration continues until the level of last 

remaining element is derived from the process [37]. 

The elements in the top level of the hierarchy will not 

reach any elements above their own level [15].  

This analysis was completed in three iterations (as 

shown in Table 6) which means that analysis revealed 

three levels of the ISM digraph. First iteration suggests 

Level 1 = {C2, C3, C9, C11}, second iteration suggests 

Level 2 = {C1, C4, C5, C6, C7, C8, C12, C13, C14}, 

and the third and the last iteration suggests Level 3 = 

{C10}. 

Table 6. Level Partitioning 

 

Step 7: Digraph for ISM 

The ISM model or Digraph (Directed Graph) is useful 

to interpret the dependencies between all capability 

areas and hierarchies pictorially [35]. The Digraph is 

generated from the level partitions and RM [37]. First, 

the elements are arranged graphically in levels based 

on the analysis in step 6. Second, the directed 

relationships are drawn as per the relationships shown 

in the RM (i–j link with “1” entry). In case of ISM, all 

the transitive links (i–j link with “1*” entry) are 

dropped in the digraph [30]. The model is generated 

using nodes or vertices and lines connecting the nodes, 

as shown in Figure 1. The lines depicts relationship or 

dependencies [37]. Once the transitive relations are 
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removed from the digraph the resultant Digraph is the 

initial ISM Digraph. 

Step 8: ISM Final Model – Open Data Capability 

Architecture 

The open data capability architecture which is a 

structural model is derived from the connective 

information contained in the digraph. The details of 

capability areas are indicated in the respective boxes 

with indicated relations as worked out in the digraph. 

The architecture depicts the open data capability areas 

and their reachability to the higher level capability 

areas and, provides a clear picture with an 

understanding of the dependencies among the 

capability areas. The open data capability architecture 

is shown in Figure 2. 

 

5. Findings and Interpretation  

The main finding of this research is the open data 

capability architecture shown in Figure 2. The 

architecture emerged from ISM analysis. We 

summarize and organize the findings based on the two 

research questions.  

RQ1. What are the elements of the Open Data 

Capability Architecture? 

Answer to this question identifies and improves our 

understanding about open data capability areas for 

generating value from open data, improving agility and 

competitive advantage in ODOs. The resulting open 

data capability architecture shows 14 elements. 

Capabilities required to generate value from open data 

include: Individual Competences and Expertise; Open 

Data Processes; Organization; IT and Technological 

Infrastructure; and Management and Data Governance. 

Capabilities required to enable and improve agility in   

the organization include:  Process Innovation; 

Knowledge Management and Organizational Learning; 

Value Chain Performance; Relationship Infrastructure; 

and Management Functions. Capabilities required that 

are necessary for competitive advantage include: 

Enterprise Infrastructure; Product and Service; 

Business Development; and Relational Rent. Two 

research findings stand out in this part which include: 

1) while literature indicates the importance of 

‘Management Functions’ capability area on the agility 

of the organization only [25][24], findings suggest that, 

this area is the most influential capability area in 

ODOs, but are relatively underdeveloped in these 

organization and 2) looking at the resulting open data 

capability architecture shows that many open data 

capability areas - from all the three capability types - 

are placed at the middle layer of the architecture which 

indicates that, these capability areas are factors of 

instability, since any action towards them has 

consequences not only on them but also on other 

capability areas. 

 RQ2. What is the relationship between the 

elements of the Open Data Capability Architecture? 

Answer to this question identifies relationships 

between open data capability areas and improves our 

understanding on how these areas influence one 

another and, what are the dependencies between them. 

The resulting open data capability architecture

 
Figure 1. ISM digraph
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identifies 26 relationships in which each indicates that 

a direct relationship exists between two particular open 

data capability areas. One major finding stand out in 

this part which includes: 1) open data capability areas 

are dependent on one another both within one 

capability type and across types. This means that, the 

three types are related to one another and they can 

influence development of one another. As a result of 

this dependency, our finding shows that, clear structure 

in the relationships exists. In ODOs, capabilities can be 

developed as the result of these dependent relationships 

and the two-ways communication among them. This 

communication between capability areas enables 

capability implementation loop where capabilities are 

assessed and innovated to improve agility in the ODOs. 

In addition, implementation loop generates knowledge 

and improve learning within the organization which 

can also contribute to the agility of the organization. 

As demonstrated in our architecture, Knowledge 

Management and Organizational Learning capability is 

at the very centre and has many relations to other 

capability areas. This can also generate and improve 

feedback loop where knowledge is actively generated 

and used to improve open data capabilities toward 

achieving organization’s mission goals. 

 

6. Discussion  

6.1. Implications of findings 

Open data capability architecture shows that, 

‘Management Functions’ as one influential dynamic 

capability plays a critical role in enabling and 

improving agility in ODOs. We argue that, traditional 

management approach where management power is 

centralized cannot adequately tackle the open data 
market agility. Now more than ever management teams 

in ODOs are required to develop innovative 

approaches and encourage inter- and intra 

organizational collaborative environment where 

knowledge, creative ideas and power can be freely 

shared and used within the organization. We further 

argue that, management agility as a capability has been 

of concern within the context of open data. We believe 

that management capability in the area of agility is 

poorly developed. As many new start-ups are emerging 

to tap into the vast potentials of open data, data 

collected from the interviews show that these relatively 

young managers may not have the adequate levels of 

knowledge and understanding about management 

capabilities to deal with the fast changing demands in 

the open data market in particular. Consequently, when 

the management teams in the ODOs fail to address the 

required changes effectively, the changes may turn out 

to be crises, which could lead to organizational failure. 

However, when decisions regarding the needed 

changes are made by a competent management, they 

may conveniently be used to improve capabilities in 

 
Figure 2.The Open Data Capability Architecture
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the organization. We state that, this could be one key 

reason why many of these start-ups fail when they are 

still at their early stage. As a result and supported by 

the developed architecture in this study, we argue that, 

Management Functions capabilities serve as ‘input’ to 

the development of open data capabilities in the ODOs.   

As highlighted in our findings section, nine open 

data capability areas located in the middle layer of the 

architecture are factors of instability in the ODOs. This 

means that, any change towards them has 

consequences beyond them to other capability areas 

and also on the produced open data products and 

services. Hence, based on our findings, we claim that, 

organizational agility is established and improved in 

this layer where, different capability areas are 

impacting each other to enable development of 

valuable open data products and services. Therefore, 

we have labelled this layer as the ‘interaction’ layer of 

the open data capability architecture. In addition, we 

argue that, considering the importance of this layer, it 

is very vital that management team is capable of 

providing sufficient inputs to enable agility by 

adopting and developing appropriate innovative 

capabilities. 

Top layer of the architecture is where the final 

transformation happens. Therefore, capability areas 

located in this layer are the ‘outcomes’ of this effort. 

Taking into an account their autonomous nature, they 

still get influenced by the interactions and the feedback 

loop that are established in the middle layer. In Figure 

3, we illustrate the interaction between the three layers 

of the open data capability architecture. 

 

6.2. Relating findings to some existing works 
Insights from a scenario, interviews, and a survey 

study [1] reveals three areas where ODOs need to build 

capability: 1) IT: having access to the Internet, 

adopting cloud computing to run software and 

applications without having to own, manage, and 

operate the internal cloud resources and capabilities, 

and adopting tools for data processing, linking, 

cleaning, and other tools; 2) Information and Data: 

having database with open dataset for commercial open 

data use, developing company database to obtain 

commercial benefits, and using data to develop new 

company products and services; 3) Human: computer 

skills, finding and accessing open data, tool selection 

and use, data and result interpretation, and stakeholder 

network management. The resulting open data 

capability architecture and findings from our study 

confirm the importance of the three capability areas 

and adds to it by outlining other open data capability 

areas that are equally important to the competitiveness 

of ODOs. In addition, the relationships identified in 

our study show that there is a relationship between the 

three capability areas presented in study by Zuiderwijk 

et al. [1].  

Agarwal et al. (2014) [28] claim that by developing 

three core capability components organizations can put 

in place a framework for enabling and succeeding with 

data and big data. The three components are: 1) Data 

Usage (Identifying Opportunities and Building Trust), 

2) Data Engine (Laying the Technical Foundation and 

Shaping the Organization) and 3) Data Ecosystem 

(Participating in a Big-Data Ecosystem and Making 

Relationships work). We confirm that the reported 

capabilities in Agarwal et al. [28] can contribute to 

realizing the potential of open and big data. In this 

regard, Identifying Opportunities and Building Trust 

can both relate to Business Development Strategic 

capabilities; laying the Technical Foundation and 

Shaping the Organization can each relate to 

Technological Infrastructure Capabilities and 

Organization capabilities;

 
Figure 3. Communication between the three layers of the architecture
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Participating in a Big-Data Ecosystem and Making 

Relationships Work can each relate to Knowledge 

Management and Organizational capabilities and 

Relational Rent Strategic capabilities in our work. 

In the empirical study completed by Dremel et al. 

(2017) [38], a capability model was developed for big 

data analytics to address all relevant facets of a 

company that performs big data analytics to deliver 

new products and services or to improve existing 

ones. The model includes eight capability areas or 

what the authors called as ‘competence fields’. The 

eight areas are: 1) Customer Relationship 

Management, 2) Partner Life Cycle Management, 3) 

Product/Service Life Cycle Management, 4) 

Enterprise Risk Management, 5) Strategy 

Development, 6) Transformation Competence, 7) 

Enterprise Architecture and 8) Process Management, 

and Information Management. Authors highlighted 

that the capability model provides a generic library of 

capabilities that can be used to assess a company’s 

ability to successfully perform big data analytics. 

However, the model comprises no relationship or link 

between the capabilities. Despite the differences that 

exist in open data and big data domains, this study 

[38] and our thesis develop some similarities and 

overlapping elements or capabilities. Customer 

Relationship Management and Partner Life Cycle 

Management can be interpreted as Relationship 

Infrastructure Capabilities; Product/Service Life 

Cycle Management can be interpreted as Open Data 

Value Chain Performance; Both Enterprise Risk 

Management and Strategy Development can fit into 

Open Data Business Development Strategies and 

Other Strategic Capability Areas; Transformation 

Competence could be similar to Knowledge 

Management and Organizational Learning 

capabilities and other capabilities associated with 

Dynamic Capabilities; Enterprise Architecture can be 

categorized as Organizational Capabilities; and 

Process Management and Information Management 

can fit into Open Data Process Capabilities. The 

authors can use the relationships identified in this 

study to refine their model.  

Nevertheless, we understand that no existing 

study developed open data capability architecture 

with clear link and dependencies between the areas. 

 

7. Conclusion  

Although open data belongs to one of the most 

intensively discussed topics today, few research 

efforts have investigated the capabilities required for 

generating value from open data, improving agility 

and competitive advantage in organizations utilizing 

this resource to meet their mission goals and, no 

study has attempted to articulate open data capability 

architecture.  

Building upon the identified capability areas from 

the related literature and expert experiences collected 

from the CEOs of 11 ODOs, we have developed open 

data capability architecture which gives an initial, yet 

unique and empirically grounded view of the 

capabilities that ODOs require to generate value from 

open data, improve agility and obtain competitive 

advantage. The architecture includes main open data 

capability areas, relationships between the capability 

areas and, clear dependency structure between the 

areas.  

The developed architecture will help ODOs and 

organizations or start-ups whose aim is to use open 

data to meet their business objectives to understand 

open data capabilities, how different capability areas 

are related to one another and their dependencies. By 

utilizing and implementing the open data capability 

architecture, ODOs can create a solid foundation for 

effectively harnessing open data.  

This study does not claim to be completely 

exhaustive. The findings are largely based on the case 

analysis of the interviewed ODOs. To empirically 

generalize conclusions, the research of other 

organizations in open data industry is needed. 

Therefore we are unable to claim that factors beyond 

the scope of this study will not have an influence on 

capability development and competitive advantage of 

ODOs. In addition, through multiple data coding 

iterations, we avoid any data coding bias in this 

research and, to reduce data analysis bias, we have 

been open to all kinds of viewpoints that would 

ultimately help us to take better decisions. However, 

we recognize that possible bias may exist for for-

profit ODOs due to the higher number of 

organizations participating in this study. The findings 

of this study were reviewed by peers to provide 

confirmation that these research conclusions are 

sound and reasonable given the data.  

We anticipate that future research will aim to 1) 

take into consideration the transitive relationships 

and develop interpretation of each transitive 

relationship, 2) apply MICMAC technique (applied 

widely with ISM) to classify capability areas as 

driver, linkage, dependent and autonomous areas 

[30], 3) categorize capability areas based on the 

different application of open data (organizations 

using open data, producing open data, and investing 

in open data) and 4) to develop a better understanding 

of the nature of organizations who had conflicting 

experiences. 
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