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Digitalization has been predicted to change the future as a growing range of non-routine 

tasks will be automated, offering new kinds of business models for enterprises. Service-

oriented architecture (SOA) provides a basis for designing and implementing well-

defined problems as reusable services, allowing computers to execute them. Service-

oriented design has potential to act as a mediator between IT and human resources, but 

enterprises struggle with their SOA adoption and lack a linkage between the benefits 

and costs of services.  

 

This thesis studies the phenomenon of service reuse in enterprises, proposing an 

ontology to link different kinds of services with their role conceptually as a part of the 

business model. The proposed ontology has been created on the basis of qualitative 

research conducted in three large enterprises. 

 

Service reuse has two roles in enterprises: it enables automated data sharing among 

human and IT resources, and it may provide cost savings in service development and 

operations. From a technical viewpoint, the ability to define a business problem as a 

service is one of the key enablers for achieving service reuse.  

 

The research proposes two service identification methods, first to identify prospective 

services in the existing documentation of the enterprise and secondly to model the 

services from a functional viewpoint, supporting service identification sessions with 

business stakeholders.  

 

Keywords: service-oriented architecture, data, reuse, ontology, business model, profit, 

value, qualitative research, case study, enterprises 
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1 Introduction 

Digitalization is predicted to change the future, potentially affecting forty-seven percent 

of the total US employment, including educated office workers (Frey, Osborne 2013). 

Frey and Osborne have estimated the probability of future computerization of different 

occupations, acknowledging the automation trend in routine intensive occupations 

enabled by increased cognitive problem-solving skills in enterprises. These higher-

income occupations involve redesign of tasks that can be performed following well-

defined procedures and algorithms by using computers (ibid.).  

A wide range of non-routine tasks may be automated in the future with the raise of big 

data technologies, exceeding the data processing skills of any human being (Frey, 

Osborne 2013).  However, turning non-routine tasks into well-defined problems for 

computer algorithms require relevant data to substitude human labor. The occupations 

in transportation, logistics and bulk office work are estimated to be at highest risk (ibid.) 

and the added value of sharing data in supply chains is known to provide added value 

for the value chain (Caridi et al. 2010). On the other hand, information is predicted to be 

“the new oil” (Van't Spijker 2014), a new kind of resource for enterprises that provides 

a fundamental difference compared to tangible physical resources. Information can be 

reused at almost no cost, with the constraint that it needs to be shared by the users 

somehow. 

Traditionally, computers or IT have been seen as tools used by human workers to 

execute non-routine tasks, but in the future these non-routine tasks should be redesigned 

as well-defined problems, which computers can solve with the relevant data. The ability 

to redesign these tasks and the related data can provide enterprises competitive 

advantage as well as totally new occupations related to the gathering and creating the 

data itself. 

“I may not have gone where I intended to go, but 

I think I have ended up where I needed to be” 

 – Dirk Gently  

The Long Dark Tea-Time of the Soul  

by Douglas Adams 
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The value of IT has been studied quite extensively, but so far no ‘silver bullet’ has been 

found (Schryen 2013, Marthandan, Tang 2012). The value of IT has been studied on 

different levels, and in a literature review by Marthandan and Tang (ibid.) covering 194 

articles, it was found that 82% of the papers studied the topic at the organization level, 

8% at the individual level, 5.2% at the industry level, and 4.6% at the national level. A 

total of 159 papers studied the value at organizational level, but only one reported 

negative findings, 85 reported positive findings, and 67 mixed findings, suggesting that 

IT brings value somehow.  At the organizational level, 74 papers out of the 159 studied 

the value of a specific kind of IT, e.g. supply chain management systems, enterprise 

resource planning systems, or enabling deeper understanding of the benefits of a 

specific kind of IT (ibid.). Furthermore, the lack of theoretical frameworks was found to 

be one of the key challenges in IT value research (ibid.).  

In another literature review (Schryen 2010) combining the knowledge of 22 earlier 

literature reviews of IT value it was found that even when the productivity aspect has 

been studied extensively, it lacks the viewpoint of contextual factors and 

complementary assets. Moreover, the past research on IT value tends to fail to go 

beyond productivity and has largely ignored the importance of categorizing and 

conceptualing the ‘IT’ (ibid.).  

Melville et al. (2004) argue that a systematic construct for IT is needed, and propose 

that such a linkage could be formed through the resource-based view of the firm. Nevo 

and Wade (2010) further propose systems theory to be applied to link the ‘IT’ with the 

resource-based view of the firm (RBV) conceptually, theorizing that both human and IT 

resources can be seen as composite systems. 

In general, the current research tends to agree on the need for a conceptual linkage 

between business value and IT, and suggestions have already been made about how this 

could be done (Osterwalder, Pigneur 2013, Yoo 2013, Melville et al. 2004, Nevo, Wade 

2010), but no generic model is yet available (Schryen 2013, Schryen 2010, Marthandan, 

Tang 2012).  

The lack of generic models to link IT to its value creates a demand for more specific 

models to provide such linkages in more specific kind of IT. One kind of IT is based on 

service-oriented architecture (SOA), and the adoption of SOA is known to have a 

positive relation to the organization’s ability to integrate and reuse existing IT assets 

(Mueller et al. 2010, Joachim 2012). The markets related to SOA are also growing, the 

current $5.7 billion (2013) market is anticipated to grow into $16.4 billion by 2020 

(WinterGreen Research 2014). 

Furthermore, service-oriented design enables the analysis and design of IT at the 

business level, enabling the design and implementation of well-defined, non-routine 

problems as services. This makes SOA and service-oriented design potential actors as a 

mediator between IT and human resources, enabling the design of “IT-enabled 

resources” as described by Nevo and Wade (2010). SOA is widely used to store and 
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distribute data within and between enterprises (Papazoglou, Van Den Heuvel 2007), 

offering means to gather and deliver “new oil” at the enterprise level. 

The promise of the service-oriented architecture has been the elimination of the 

technical barriers for business development, enabling agile business process 

development with reusable services (Papazoglou, Van Den Heuvel 2007). Reusability is 

fundamental for SOA design and a technical prerequisite for sharing data resources, or 

any state in general, between IT applications based on SOA (Foster et al. 2004).  

SOA is already widely adopted in enterprises, enabling empirical research on how it fits 

the role of designing the “well-defined problems” and sharing the “new oil” in 

enterprises. Moreover, the investments in SOA are growing, making it an interesting 

field of study as one kind of IT alone. 

1.1 Objectives and scope of the thesis 

The objective of this research is two-fold, first to understand the role and value of 

different kinds of services and the need for service reuse in enterprises, and secondly to 

help enterprises achieve the identified benefits of SOA.  

The scope of the research is further focused on the use of service-oriented architecture 

in the development of enterprise IT applications and their integration, excluding ICT 

infrastructure (computer science) and information security considerations.  

In Finland, the fundamental purpose of an enterprise is defined in the law, stating that 

the purpose of an enterprise is to make profit for its owners, unless otherwise stated in 

the articles of association (Oikeusministeriö 2006). Scoping out the non-profit 

exceptions and organizations sets the primary objective of the study as helping 

enterprises make more profit with better understanding of the phenomena of service 

reuse.  

This research contributes to the profit-making objective both in short and long term; in 

the short term, by introducing new methods to be used in business/IT alignment and by 

helping the involved enterprises in their business development. In the long term the 

study contributes with better understanding of the role of services in enterprises and the 

potential of service-oriented design to define well-designed problems, such as reusable 

services and enabling the automation of repeatable tasks, as described by Frey and 

Osborne (2013), in the human-IT ecosystem (Nevo, Wade 2010).  

A secondary objective of this research is to inform the academic world of the findings 

of the phenomena of service reuse in enterprises to be used in other contexts as well. 
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The research questions contributing to the objectives of the study are: 

Research Question 1 (RQ1): How does the purpose of the service affect its later reuse 

in enterprises? 

Research Question 2 (RQ2): What kind of services do enterprises need and how can 

they be described to link them with their business value in the enterprise context? 

Research Question 3 (RQ3): What are the challenges in service identification in 

enterprises and how is reusability taken into account?  

RQ1 provides insights into the conditions when service reuse is needed in enterprises to 

understand the impact of the technical constraints related to sharing data between 

services.  RQ2 addresses the need to link the services with their business value by 

taking the conditions related to the reuse into account, and RQ3 refines the current 

practice related to service identification as one way of defining well-designed problems. 

Figure 1 provides an informative overview of the research questions and their rough 

positioning with the research disciplines as seen by the author.  

 

Figure 1 Fields of academic studies related to service reuse in enterprises 
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service affect its later reuse in enterprises?

Research Question 3: What are the challenges 
in service identification in enterprises and how 
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This thesis consists of an introduction and appendixes containing Publications I-IV. The 

introduction provides an overview to the relevant fields of research in chapter 2, 

followed by a description of the overall research process and methods in chapter 3.  

The research approach is iterative, consisting of four iterations providing insights into 

the role of services in enterprises by using qualitative research methods and building the 

theory of their role iteration by iteration. The main scientific contribution of the research 

is the conceptual linkage between different kinds of services and their business value 

using ontology as the means to present the theory. For practitioners, the publications 

provide novel methods to identify reusable services in enterprises. 

Chapter 4 summarizes the methods and results of Publications I-IV, which are provided 

in full text in the appendixes. The contribution and implications of the overall research 

are discussed in chapter 5 and summarized in chapter 6 with recommendations for 

further research. All four publications have gone through a scientific referee process, 

and two of them are journal papers. A revised version of Publication II has been 

republished later (Alkkiomäki, Smolander 2015). 

As a result of the research, a service-oriented business model ontology is proposed, 

linking service-oriented architecture conceptually with one business model ontology. 

The merged ontology provides means to link the process automation and data reuse 

aspects of the services to the business model and its design as an integrated part. This 

enables enterprises to take the role of service and data reuse into account already in their 

business development.  

Additionally, this research presents two novel service identification methods for 

practitioners to use, namely integration use cases (IUC) and qualitative service 

elicitation (QSE), as well as a framework for evaluating the value of services in simple 

cases. 

1.2 Fields of research 

This thesis is inherently a cross-discipline work, combining the knowledge from the 

software engineering and business disciplines. The subject of service-oriented 

architecture sets the fundamental basis of the thesis into software engineering, and the 

context of an enterprise links it with the business through the use of services in the 

enterprise context, delivering value for the enterprise. 

Software engineering is an established domain of science, building on top of computer 

science and mathematics (Bourque, Fairley 2014). ISO/IEC/IEEE 24765:2010 defines 

software engineering as ’the application of a systematic, disciplined, quantifiable 

approach to the development, operation, and maintenance of software; that is, the 

application of engineering to software’ (IEEE Computer Society 2010).  
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The IEEE Computer Society has recently published a third version of the guide to the 

software engineering body of knowledge (SWEBOK), further defining software 

engineering into fifteen knowledge areas (Bourque, Fairley 2014). Three of these 

knowledge areas are related to this research and visualized in Figure 1. SWEBOK is 

used as a framework in this thesis, providing a terminological basis and a reference to 

compare the contributions within the context of software engineering. Furthermore, the 

focus within software engineering is in service-oriented architecture and in its specific 

software engineering methods and research.  

First of all, service-oriented architecture is one kind of architectural style, as defined in 

the software design knowledge area of software engineering (Bourque, Fairley 2014). 

Software engineering studies its linkage to the business context through the economics 

knowledge area concerning the decision making and software requirement knowledge 

area by elicitating and specifying the functional requirements, or what the system does 

(Bourque, Fairley 2014). 

The phenomenon of service reuse in enterprises can be also studied from the enterprise 

context point of view through business lenses. To the best knowledge of the author, no 

authoritative taxonomy is available in the areas of business disciplines, but like software 

engineering, business research consists of several and partially overlapping disciplines 

(Biehl et al. 2006) relevant for this thesis. The areas identified to be relevant for this 

thesis include the service science, strategic management and (management) information 

systems. 

Information Systems (IS) is a discipline studying the use of IT, including SOA in 

enterprises. Sidorova et al. (2008, p.475) define the IS academic discipline as focusing 

‘on how IT systems are developed and how individuals, groups, organizations, and 

markets interact with IT’. 

So far the IS field has not succeeded in providing a solid linkage between software 

engineering and its business value (Schryen 2013, Schryen 2010, Marthandan, Tang 

2012), nor the linkage between SOA services and their value in particular (Mueller et al. 

2010). To find such a linkage, it is necessary to understand what value means in the 

enterprise context. This is studied within strategic management, which is a relatively 

young discipline addressing topics explaining the reasons underlying firms’ competitive 

advantage and success in general (Guerras-Martín et al. 2014). Nag et al. (2007, p.944) 

define the discipline as ‘The field of strategic management that deals with the major 

intended and emergent initiatives taken by general managers on behalf of owners, 

involving utilization of resources, to enhance the performance of firms in their external 

environments’. The concepts used within the strategic management discipline, namely 

business model ontology (Osterwalder 2004), are used for defining how services link to 

the value delivery and creation processes of the enterprise. 

To also provide a glance to the future and to the new forms of value, an emerging area 

of service science is included in the study. Service science attempts to unify the 



1.2 Fields of research 17 

concepts related to the service business, instigated primarily by applied researchers from 

the industry (IBM) (Sampson 2010). Maglio et al. (2009, p. 405) define service science 

as ’the study of the application of the resources of one or more (service) systems for the 

benefit of another (service) system in economic exchange.’. Furthermore, Maglio et al. 

(2009, p.399) describe the basic abstraction of service system as ‘a configuration of 

people, technologies, and other resources that interact with other service systems to 

create mutual value’. Ostram et al. (2010, p. 5) promote the interest of other disciplines 

towards service science with their more inclusive definition of it as ‘an emerging 

interdisciplinary field of inquiry that focuses on fundamental science, models, theories, 

and applications to drive service innovation, competition, and well-being through co-

creation of value.’. 

In the context of this thesis, what makes service science interesting, is the emerging 

business around digital services and data, mainly delivered through 'IT', such as on-line 

advertising with cookies (Beales, Eisenach 2014). Recently, service science has gained 

lots of interdisciplinary interest and with information technology, it is profoundly 

transforming the way customers interact, co-create and personalize services (Ostrom et 

al. 2015).   

In the context of service science and enterprises, service means a service offered by 

enterprise to customer, and it needs to be separated from the concept of service in the 

context of service-oriented architecture. In SOA, the concept of service refers to 

software resources packaged in reusable form to be used during the business processes 

of the enterprise. However, in the special case of an enterprise offering data as a service 

to their customers by using a fully automated delivery of the service, these two concepts 

can actually merge from the service delivery point of view.  





19 

2 Service-Oriented Architecture in Enterprises 

This chapter introduces service-oriented architecture (SOA) and its role and reuse in 

enterprises. The current literature is approached from the software engineering and the 

management science point of view. Figure 2 illustrates the scope of the chapters within 

the academic disciplines involved, according to the authors’ understanding. 

Chapter 2.1 “Service-oriented architecture” provides the foundation of the thesis by 

introducing the basic concepts of service and service-oriented architecture. Chapter 2.2 

“Classification of services” continues by providing an overview of the current practice 

of classifying different kinds of services. 

Chapters 2.3 “Adoption of SOA in enterprises” and 2.4 “Service identification 

methods” add the information systems perspective, providing an overview of what is 

known of the adoption of SOA in enterprises and the current practice of service 

identification methods. 

Chapter 2.5 “Resource-based view of the enterprise” explains the basic concepts related 

to value used in examining the phenomena of reuse from the business benefit point of 

view. Chapter 2.6 “Value of service reuse in enterprises” extends the view further by 

introducing the concept and current practices of measuring the value of service reuse, 

which is further extended in chapter 2.7 “Value of business data reuse” with the new 

business potential of data and the concepts related to it. 

 

Figure 2 Scope of Chapter 2 as related to academic disciplines 
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2.1 Service-oriented architecture 

Service-oriented computing (SOC) is a computing paradigm which uses services as a 

basic construct to support rapid and low-cost composition of distributed applications in 

heterogeneous environments. Service-oriented architecture (SOA) is an architectural 

style which supports service-oriented thinking and development of applications based 

on self-contained services, which may be composed of other services (The Open Group 

2011). 

OASIS (Organization for the Advancement of Structured Information Standards) 

provides a generic definition of SOA: 

“Service Oriented Architecture (SOA) is a paradigm for organizing and utilizing 

distributed capabilities that may be under the control of different ownership domains. It 

provides a uniform means to offer, discover, interact with and use capabilities to 

produce desired effects consistent with measurable preconditions and expectations. A 

paradigm for organizing and utilizing distributed capabilities that may be under the 

control of different ownership domains.”(MacKenzie et al. 2006, p.29). 

SOA can be considered to be an architectural style, as described in SWEBOK (Bourque, 

Fairley 2014), and it is not bound to any specific technology. There are many competing 

and complementary technologies available, web services being the most popular one 

currently. 

In a way, the history of the service-oriented computing is as old as computing in 

general. The architecture of ENIAC, the first general purpose electronic computer made 

in 1945, had a concept of “numerical units” (Goldstine, Goldstine 1996). These units 

separated input and output channels consisting from 11 wires and a ground  These 

channels acted like a “service” interface hiding the actual implementation behind the 

interface used by the controlling units.  

Procedural programming languages started to evolve around the 1960s, followed by 

object-oriented programming in the 1990s. From implementation point of view, the shift 

from structured systems development to object-oriented development may be rather 

evolutionary, but the from the analysis and design point of view, it was a rather 

revolutionary change in the mindset (Sircar et al. 2001). Object-oriented architecture 

introduced a new unifying concept of an object to be used as a basis for the analysis and 

design of software, while the actual implementation tasks remained similar in many 

aspects (Sircar et al. 2001). 

SOA can be also seen as just a next generation for object-oriented programming, if 

looked purely from the implementation point of view, but again there is a big difference 

in the mindset (Hirschheim et al. 2010). Instead of structuring the software logic of one 

application into objects, SOA enables the software to be analyzed and designed from a 

business perspective as services, discoupled from the actual implementation of the 
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services. Additionally, the scope of the software logic from the business perspective has 

grown from simple arithmetical operations to cover full business transactions. In recent 

years, the focus of the information systems discipline has shifted from internal IT 

resource management to include also human and social aspects of extended enterprises 

(Merali et al. 2012) . 

2.1.1 Services and applications 

Service-orientation means a way of designing systems using autonomous services as 

sole building blocks, which are not aware of the requestor, nor need to care 

(Papazoglou, Dubray 2004).  

The OASIS definition (MacKenzie et al. 2006, p. 29) for service is: 

 ‘Service is the means by which the needs of a consumer are brought together 

with the capabilities of a provider’. 
 

Open Group (2011) describes a service as follows: 

 'Is a logical representation of a repeatable business activity that has a specified 

outcome (e.g., check customer credit, provide weather data, consolidate drilling 

reports)' 

 ‘Is self-contained’ 

 ‘May be composed of other services’ 

 ‘Is a black box to consumers of the service’. 
 

Papazoglou and Van Den Heuvel (2007, p. 389) provide a more concrete description for 

services:  

‘packaged software resources, which are well defined, self-contained modules 

that provide standard business functionality and are independent of the state or 

context of other services’. 

The common core concepts of these definitions can be boiled down to services being 

self-contained, being a package of software resources, providing standard functionality, 

and fulfilling the needs of the environment. Applying the above definitions into the 

enterprise context and to the context of this thesis, the definition of a service in this 

thesis is: 

A service is a self-contained software resource providing a standard business 

function used in an enterprise to execute or support business activities. 
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For the sake of clarity, the term service offering is used in this thesis to refer to the 

concept of a service as used in service science. The definition proposed by Maglio et al. 

(2009, p.403) is used:  

Service offering ‘is the application of resources (including competences, skills, 

and knowledge) to make changes that have value for another (system).’ 

Enterprises operate and manage software, including services, by grouping and 

deploying them as applications during the runtime. Many definitions have been given to 

application within the software engineering community, including: 

 ISO/IEC 24570:2005:  ‘system for collecting, saving, processing, and presenting 

data by means of a computer’ (IEEE Computer Society 2010) 

 ISO/IEC 20968:2002: ‘a coherent collection of automated procedures and data 

supporting a business objective’(IEEE Computer Society 2010) 

 ISO/IEC 20926:2009: ‘cohesive collection of automated procedures and data 

supporting a business objective, consisting of one or more components, modules, 

or subsystems‘ (IEEE Computer Society 2010) 

 TOGAF 9.1: ‘A deployed and operational IT system that supports business 

functions and services; for example, a payroll. Applications use data and are 

supported by multiple technology components but are distinct from the 

technology components that support the application.’(Open Group Standard 

2011) 

 

The essence of these definitions is that the application is a collection of functionalities, 

it uses data, is an IT asset deployed as a whole, and a mediator between business 

functions and implementation technology. Applying the above definitions into the 

enterprise and service-oriented context, the definition of an application used hereafter in 

this thesis is: 

An application is a self-contained asset, consisting of a group of runtime 

services managed and operated as a whole in an enterprise. Application 

exposes its functionality through service interfaces towards other applications 

or through user interface services towards human users.  

 

This definition of an application enables the service-oriented architecture to be 

integrated with applications implemented internally with other architectural styles, as 

long as they expose necessary functionality through service interfaces. The term 

application is used in this thesis instead of information system, to be consistent with the 

other terminology used in SWEBOK (Bourque, Fairley 2014). The term information 

system can be considered as a synonym for application (IEEE Computer Society 2010).  
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2.1.2 Interactions of services 

The interactions between the services are based on three fundamental roles, which are 

the essence of SOA (Papazoglou, Dubray 2004):  

 Service provider 

 Service requestor (also known as client or consumer) 

 Service registry (also known as directory) 
 

The service provider has the role of hosting and controlling access to the service 

implementation containing the logic of the service, and additionally, the service 

provider is responsible for publishing the service in  service registry (Papazoglou, 

Dubray 2004).  

The service requestor has the role of the user of the service (Papazoglou, Dubray 2004). 

This role is also known as a service client or consumer. In the enterprise context, this 

usually means a human requiring a function of some sort to be executed, directly or 

indirectly, as a part of some business activity. From the architectural point of view, this 

is a runtime application, which searches and invokes an external service.  

 

Figure 3 Roles and operations of service-oriented architecture based on (Papazoglou, Dubray 

2004) 

 

The third role between the service consumer and the provider is the service registry, 

which acts as a mediator between the two. The registry is a searchable directory, which 

contains the information needed to find the right service and to bind to it (Papazoglou, 

Dubray 2004). In practice, runtime service registries are rarely built in enterprises 

(Papazoglou, Van Den Heuvel 2007, Leotta et al. 2012). 

In order to invoke services, a set of operations is needed between the service roles. The 

basic operations needed in service invocation are (1) publication of the service 

description, (2) finding the service descriptions and (3) binding (invocation) of the 
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service through a service interface (Papazoglou, Dubray 2004). These operations can 

also occur iteratively.  

Building new services out of existing ones is one of the basic principles of SOA, and 

services consisting of other services are called composite or aggregate services. 

(Papazoglou, Dubray 2004). These services act in two roles at the same time; they are 

both service providers and service consumers (Papazoglou, Dubray 2004). The 

composability of services enables the reuse of existing services, which is fundamental 

for service-orientation. 

2.1.3 Composite services and service reuse 

Designing complex applications in a service-oriented way means packaging the needed 

software logic into independent services and building new services based on the 

existing ones. Reusing existing services to build more complex services and packaging 

the complex services as applications enable enterprises to develop new functionality 

based on existing and proven components and also providing a centralized development 

of existing logic, as the changes need to be done only to one service. (Krafzig et al. 

2005). 

In addition to composing new services and applications out of existing services, the 

service-oriented architecture enables composite applications to be built in enterprises 

(Papazoglou, Dubray 2004). In the enterprise environment, this kind of service 

reusability enables also runtime reuse of application data, reducing inconsistencies in 

business data significantly, which can be a much bigger benefit than code reuse (Krafzig 

et al. 2005).  

In general, reusability is fundamental to SOA design and can provide several benefits 

for the enterprises adopting SOA. Runtime reuse provides benefits through the shared 

use of the business data itself, as well as by reducing the effort needed to run 

overlapping applications and services. Design time reuse enables the reuse of existing 

source code to develop and test the new services faster. 

However, only little empirical evidence exists on what the enablers for successful reuse 

and the achieved benefits of reuse are. 

2.1.4 Enterprise Service Bus 

Web services have an important role in current SOA implementations, but it has not yet 

fully replaced other technologies like J2EE, CORBA and various message-oriented 

middleware (MOM) in enterprises (Papazoglou, Van Den Heuvel 2007). 

Communication between the applications using different platform standards is difficult, 

but essential to allow the applications to share the data within the enterprise by reusing 

the services of each other.  
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Fundamentally, there are two alternatives to solve this technological mismatch, either to 

build point-to-point integrations, using separate client modules (adapters) in 

applications, adapting to the characteristics of each connected application,or to have a 

separate layer between the applications, providing the needed technical adaptation 

(Papazoglou, Van Den Heuvel 2007). 

A typical solution for enterprises is to have an Enterprise Service Bus (ESB) as such a 

layer, enabling in-house application integration. The ESB provides two main benefits 

for the enterprise: it decouples the applications taking part in the integration and 

provides a standardized solution for the technical adaptation needed in the 

communication. In other words, the ESB enables SOA-based solutions to be built on top 

of existing applications and their heterogeneous platforms. The ESB can be seen as an 

evolution from the MOM and EAI middleware technologies, providing a simpler store-

and-forward mechanism. (Papazoglou, Van Den Heuvel 2007) 

Applying the definition of an application of this thesis, ESB is an application, capable 

of providing composite services through several kinds of technical interfaces, providing 

both technical adaption and data translation services to enable invocation of the service 

interfaces of other applications. Two main design patterns for implementing these 

composite services on ESB are synchronous “Request & Reply” and asynchronous 

“Publish & Subscribe” services (Papazoglou, Van Den Heuvel 2007).  

Synchronous services act as a proxy between the applications, waiting for the reply 

from the application (B) acting as a service provider, before responding to the original 

application (A), as visualized in Figure 4 Enterprise Service Bus. In the asynchronous 

mode, the application invoking the composite trusts on ESB to deliver the data to the 

subscribering applications and does not wait for reply, as presented in Figure 4.  

The concept of the ESB is presented here because it provides the technical means to 

reuse the services within the scope of an enterprise. Also the concept of an integration 

use case presented in Publication I represents the functionality of composite services, 

and the services analyzed in Publication III were implemented on top of the ESB. 
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Figure 4 Enterprise Service Bus 

 

2.1.5 Criticism of SOA and competing paradigms 

One viewpoint to SOA is information security, as web service technology and SOA in 

general introduce some new security threats (Epstein et al. 2006). For example, public 

service directories and service descriptions (UDDI and WSDL of web services) provide 

valuable information for malicious attackers, allowing direct attack attempts against 

business applications without knowledge of the business software itself. Service 

descriptions are often self-describing, providing full service specifications also for 

malicious attackers in addition to legitimate users, which makes the “security by 

obscurity” approach even more dangerous, and security must be built into the services 

(Yunus, Mallal 2005). 

A variety of security technology is available for web services, but it is not enough 

alone; the practitioners must also understand the threats themselves to build secure 

services. This tends to lead to a decision between the usability and the security of the 

service. Optional security features make the use of the service inconvenient and 

cumbersome, but needs to be enabled, as the traditional firewalls are no longer effective, 

especially when web services are used in the public network (Epstein et al. 2006). 
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Another challenge for SOA is the testing. Testing service conformance with the design 

and automated tests of asynchronous services require new kinds of tools and practices 

(Leitner et al. 2013, Wotawa et al. 2013). The tests should also include penetration and 

vulnerability tests for the services to address the security issues (Epstein et al. 2006).  

From the technical perspective, one fundamental problem is related to the stateful 

services. Sharing a common state requires both the consumer and the provider of the 

service to share the same consumer-specific context. This context must be referenced in 

the messages exchanged or in the header information. This constraint may have an 

effect on the overall scalability of the architecture and increase the level of coupling 

between the service provider and the consumer. Naturally, there is yet another standard 

developed issuing this problem, called WS-Resource. (Foster et al. 2004) 

In a way, as an architectural style, SOA needs to compete with other architectural styles 

like Representational State Transfer (REST), Event Driven Architecture (EDA) and 

Model Driven Architecture (MDA). On the other hand, these other architectural styles 

can be seen also as complementary for SOA, especially when they can be integrated 

with SOA through the concept of a service interface. 

REST is an architectural style for distributed hypermedia systems using concepts from 

the Web. Fielding (2000) argues that the Web's scalability and growth are the result of a 

few key design principles like stateless connections and cacheable and directly 

accessible data. Basically REST defines the principles of how resources are defined and 

addressed, abstracting also functions and states as resources.  

Event Driven Architecture (EDA) focuses on events which are “notable things” 

occurring inside or outside the enterprise. The events are distributed to all interested 

parties, which evaluate and optionally take an action based on the event. The action can 

be for example invocation of a service, triggering a business process or further 

information syndication. The EDA approach provides a looser coupling than SOA, as 

the publisher of the event does not even know who the potential recipients of the event 

are. The event-driven approach is used in enterprises to provide an asynchronous 

solution to complement the SOA solution. (Michelson 2006) 

Model Driven Architecture (MDA) focuses on platform-independent modelling of 

applications using a platform-independent model (PIM) to define the the business 

functionality and behaviour of the application. Platform-independent models can be 

further mapped by using platform-specific models (PSM) in a platform -specific and 

executable form (Object Management Group 2014). This mapping can include 

automated code generation, or alternatively only a platform-specific skeleton can be 

generated. This way MDA can be used to model the needed services with the top-down 

approach, and thus it can be seen both as a competitor and as a complementary approach 

to SOA.  
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2.2 Classification of services 

Services can be differentiated according to their technical properties, but services differ 

also from the business point of view. Differentiating business applications from 

infrastructure has been suggested to manage these assets differently in enterprises 

(Osterwalder 2004, Melville et al. 2004, Iacob et al. 2014) and to understand the role 

and value of IT assets, a classification of IT assets is needed in general (Schryen 2010, 

Schryen 2013, Melville et al. 2004). In the SOA context, this means classification of 

services. 

A systematic literature review of service description methods divides the dimensions of 

service descriptions into representation, content and perspective (Teka et al. 2012). 

Representation refers to the syntactic and semantic aspects of services, content to the 

requirements of services and perspective to the context where the service is being used, 

including both business and technical views. 

The main method for classifying services in SOA has been through the granularity of 

services (Huergo et al. 2014). Granularity of service means the functional richness 

provided by the service. The coarser the service is, the larger the functionality offered 

by it. In other words, coarse-grained services provide more functionality within a single 

service operation than fine-grained services (Rosen et al. 2008).  

In addition to service granularity, services can be categorized from other viewpoints as 

well, and this chapter provides an overview on the conceptual models and 

categorizations related to services. 

Several models have been proposed to separate the business and technological views, 

i.e. what the service does versus how it is technically implemented. Erl (2005) has 

presented a model for a service-oriented enterprise, separating different kinds of service 

implementation styles and layers (eg. web service, service-oriented application 

architecture, service-oriented integration architecture, etc.) from the business context 

consisting of different levels of business activities (e.g. primitive business activity, 

business service, primitive business process, etc.). Galster and Bucherer (2008) apply 

this kind of thinking in their service identification method (SIM) by separating and later 

mapping the problem and solution domains with their own granularity levels. Similarly, 

Rolland and Kaabi (2007) propose SIM for identifying the intention, i.e. the goal of a 

service, prior to the technical functionality it executes. 

The Open Group has published SOA Reference Architecture (SOA RA), a standard 

including categorization of services as one kind of architecture building blocks (ABB) 

(The Open Group, 2014). SOA RA categorizes ABBs into layers, separated from the 

functional capabilities of the ABBs. In SOA RA, the ABB layers are: Consumer 

Interfaces, Business Processes, Services, Service Components, and Operational System. 

The functional categories are: Interaction, Process, Information, Partner, Business 

Application and Access.  
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Papazoglou and Dubray (2004) provide an intermediate classification in the context of 

web services and their business usage, classifying the services into (simple) content 

services, complex (composite) services and information syndication services (sharing 

the data among enterprises).  

Steen et al. (2005) introduce another approach, attempting to map the service-oriented 

architecture concepts with the cells of the Zachman framework (Zachman 1987) 

through architecture domains, supporting the alignment between these architectural 

domains. Meta-models linking the business concepts with SOA have been later 

proposed for example by Dwivedi and Kulkarni (2008) and Alahmari et al. (2010). 

Dwivedi and Kulkarni propose that services should be classified as process, business, 

composite, informational, data, utility, infrastructure, and partner services. Alahmari et 

al. classify services as process, composite, business, transactional-data, master-data, 

utility, and infrastructure services. 

Service-Oriented Architecture Ontology (The Open Group, 2014) provides a generic 

and extendable ontology for SOA, abstracting the things related to SOA. System and 

element are two of the core concepts of this ontology, used to describe the system of 

systems hierarchically, while the human actor and tasks represent the external context 

where the elements are used. The standard does not define what kind of tasks or actors 

there may be, however. 

Another standard for SOA ontology is the OWL-S standard (W3C 2004), dividing the 

knowledge viewpoints of a service into three: service profile, service grounding and 

service model. Service profile presents what the service does, while service category 

can be used for classifying the services using external taxonomies, such as NAICS and 

UNSPCP.  

Yet another viewpoint to services is the division between existing services and service 

candidates, which enables the evaluation of different service candidate options prior 

their implementation (Erl 2005). This enables for example the potential reusability of 

the service candidates to be estimated through their complexity (Thammarak 2010) or 

through the identification of common business process fragments (Zhilei Ma, Leymann 

2009, Grolinger et al. 2014) 

As a summary, there is no concensus in the academia on how to classify services, 

despite the standards available in the domain. All the classification schemes presented 

above offer a technical view to services, i.e. how services are constructured from 

composite and atomic services. Some of the schemes identify the business view as a 

separate domain of its own, proposing a different classification from the business point 

of view.  

Common for the above conceptualizations is defining other viewpoints for services in 

addition to the technical viewpoint, with the idea that these viewpoints should be more 
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or less independent, i.e. the technical viewpoint is not aware of the requestor and should 

not need to care either. 

So far, none of the conceptualizations presented above succeeds to provide a viewpoint 

which could be linked to the value creation process of the organization using it. 

2.3 Adoption of SOA in enterprises 

To understand the role of services in the enterprise context, it is essential to understand 

what is currently known of SOA adoption and its benefits in enterprises. The adoption 

of service-oriented architecture and design in enterprises has a comprehensive effect on 

the whole organization, how it operates and how it is developed. On the other hand, 

reuse is a measurable and inseparable part of the SOA design philosophy and can be 

considered as a metric for successful SOA adoption. 

The benefits of overall SOA adoption in enterprises has been studied through surveys 

and interviews quite extensively, but only a few reports show any success in service 

reuse. Some attempts have been made to provide models explaining the links between 

business benefits and the aspects of SOA adoption in enterprises (Mueller et al. 2010, 

Joachim et al. 2011).  

Enhanced business agility or IT flexibility has been seen as one of the most promising 

mediators for SOA adoption and its business value. Varying definitions have been 

proposed to describe this agility or flexibility, e.g. Joachim et al. (2012) summarize the 

IT flexibility aspect as “technical IT infrastructure flexibility in terms of modularity, 

integration and scalability”, arguing that these capabilities can contribute to the firm’s 

success through the dynamic capabilities theory (DCT) derived from the resource-based 

view (RBV) of a company. Using this definition and survey data from 162 German 

companies, Joachim et al. (2012) have identified statistical relationships between SOA 

and its business value, using “IT flexibility” as a mediator.  

The application integration aspect is supported by another statistical analysis of a survey 

with 108 organisations (Boh, Yellin 2010). The benefit of IT flexibility (or “business 

agility”) has also been supported by several case studies, with varying or lacking 

definitions of the “flexibility” (e.g. (Baskerville et al. 2010, Van den Bergh, Viaene 

2012, Nasr et al. 2010). Baskerville et al. found support to the application integration 

benefit of SOA in a study of two banks, complemented with improved agility in IS 

development as well as reuse of existing IT assets in mergers and acquisitions. Van den 

Bergh and Viaene report successful SOA implemention by a telecommunications 

operator side by side with BPM, resulting in tangible business benefits, and also IT 

flexibility in the form of scalability of the IT and flexibility in IT development. The 

benefit of SOA in improving the reusability of existing IT assets (applications), can be 

merged with the above-mentioned definition of IT flexibility, supported by additional 4 

cases (Legner, Heutschi 2007) and interviews of 15 experts (Luthria, Rabhi 2009). 
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Yoon and Carter (2007) present a multi-case study, merging the results of 5 cases and 

dividing the identified benefits into improved business agility and lowered costs. 

Business agility consists of various aspects, “easier-to-integrate systems, better 

alignment of IT with the business, and quicker IT response to business (changes)” 

(Yoon, Carter 2007, p.7), being the most important ones.  

Yet another multi-case study of 164 SOA cases (Mueller et al. 2010), proposes a model, 

fundamentally rooted on the resource-based view of a firm, to explain the causal chains 

between the service-oriented design and its business benefits. The identified findings 

were explained with the chains established through the design principles of loose 

coupling, modularity and use of standards, each linking to several business benefits 

related to infrastructure, managerial and operational aspects, as well as organizational 

and strategic benefits. However, no dominant chains were identified; instead more than 

half of the chains were unique, suggesting that the benefits of SOA are rather versatile. 

Most chains were linked to the infrastructure (41%), operational (32%) and strategic 

(19%) benefits. From the service-oriented design point of view, Mueller et al. identified 

most of the chains linked to the business benefits to originate from the modularity 

(58%), use of standards (30%) and loose coupling (12%) aspects of SOA. 

Overall, the traditional view on SOA benefits through cost reduction in service 

development and/or operations has relied on cases supporting the aspect (Yoon, Carter 

2007, Joachim et al. 2011, Legner, Heutschi 2007) as well as a survey disagreeing with 

this argument (Boh, Yellin 2010). Based on survey data (Joachim et al. 2011), the cost 

reduction effect is explained mainly through the terms of modularity and application 

integration. Cost reduction through integration is supported by Legner and Heutschi 

(2007), with the addition that the standardization of the SOA platform enables savings 

in SOA platform maintenance. On the other hand, Yoon and Carter (2007) report major 

savings in the maintenance in Verizon, significantly reducing the time and resources 

needed to pinpoint a problem in the operational system. The means to evaluate the 

design and runtime cost savings is discussed further in chapter 2.6.  

Business process automation, both internal and external, has been found to have a 

relation with SOA adoption. Van den Bergh  and Viane (2012) report of the merged use 

of SOA and BPM as an enabler for achieving a breakthrough realized by separating the 

product and process concerns, enabling a reusable business concept of product factory 

to be defined in Belgacom. Internal process automation and monitoring has been 

identified to be a concrete benefit of merged SOA/BPM adoption in 5 companies, 

emphasizing the importance of service reusability as an enabler (Brahe 2007). Also 

Joachim et al. (2011) have identified a relation between SOA adoption and 

improvements in process monitoring, speculating of its relationship with simultaneous 

adoption of SOA and BPM.  

Process integration with external business partners has been found to provide tangible 

benefits (Löhe, Legner 2009, Kumar et al. 2007, Löhe, Legner 2010, Joachim et al. 

2011). External process integration extends the requirements of modularity and IT 
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flexibility to the external partners as well, who need to have adequate means to integrate 

(Joachim et al. 2011). Kumar (2007) reports that SOA adoption improved the 

effectiveness of electronic supply chains in a survey made for 388 companies, and this 

is supported by the findings of Löhe and Legner (2010), who report SOA adoption to 

contribute to a better integration of business partners, based on 33 cases.  

SOA adoption in general has been reported to improve data sharing (Löhe, Legner 

2009, Kumar et al. 2007, Löhe, Legner 2010) and data quality (Joachim et al. 2011, Van 

den Bergh, Viaene 2012). There are several examples of how sharing data between 

enterprises can provide business value, linking the data reuse benefit into tangible 

business benefits (Caridi et al. 2010, Beales, Eisenach 2014, Löhe, Legner 2009).  

As a summary, the current knowledge of the business benefits achieved by SOA 

adoption can be considered to be mediated through: 

 Improved IT flexibility, including modularity, integration and scalability aspects 

as defined by Joachim et al. (2012). 

 Cost savings in IS development and operations 

 Process integration within the extended enterprise 

 Data sharing within the extended enterprise 

 

The adoption of SOA is not a technical project; it affects all layers of the enterprise 

(Joachim et al. 2011, Hirschheim et al. 2010). Succesfull SOA adoption requires several 

enablers to be in place, and several of such enablers have been identified, e.g. the 

development of the reusable business concept together with the business (Van den 

Bergh, Viaene 2012) and close co-operation between business and IT in general 

(Baskerville et al. 2010, Joachim et al. 2013), the use of standardized SOA technology 

(Joachim et al. 2013, Mueller et al. 2010), established service management processes for 

SOA development (Joachim et al. 2013), SOA competences (Joachim et al. 2013, 

Baskerville et al. 2010), top management support for SOA adoption (Boh, Yellin 2010, 

Joachim et al. 2013), and being hard to gain (Hirschheim et al. 2010, Luthria, Rabhi 

2008). 

Similarly, a set of typical challenges have been reported to hamper SOA adoption. The 

concept of SOA and a service is difficult to understand (Baskerville et al. 2010). Lack 

of means to evaluate the return of investment (Luthria, Rabhi 2009, Nasr et al. 2010) 

can lead to a technology-driven approach, resulting in waste of time and resources 

(Klischewski, Abubakr 2010, Kokko et al. 2009). The use of process models as a basis 

for service identification may conflict with implementation issues (Ruokonen 2012). 

Change resistance of the personnel and lack of culture for business process modelling 

are major obstacles for SOA adoption (Kokko et al. 2009). Finally, but not the least is 

the finding that centralization of IT decision making does not seem to have a significant 

effect on the success of SOA implementation (Boh, Yellin 2010, Joachim et al. 2013) 

and over-governance can even hamper the SOA deployment (Joachim et al. 2013).  
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Based on literature surveyed above, succesful SOA adoption seems to require an 

approach which provides (1) solid economical justification (to gain top managent 

support), (2) the business services to be modeled in co-operation between IT and 

business and (3) a suitable level of governance in terms of technical standardization and 

clear development processes. 

Combining the enablers and challenges with the achieved benefits, plausible strategies 

for SOA adoption seem to be: 

 Adoption SOA with BPM in close co-operation between business and IT, 

enabling the benefits on process automation to be used as business justification 

with a standardized SOA platform. 

 Using SOA for centralizing the application integration only, enabling the 

enterprise to use its existing IT (application) and data assets to enable new data 

driven business models, but delegating the business process development to the 

applications. 

 Centralizing the SOA infrastructure, enabling cost savings in SOA maintenance, 

but delegating the business process development to the applications. 

 

The role of reusable services has been rarely mentioned or promoted with the benefits of 

SOA adoption, with the exeption of the case study in Belgacom, where the merged 

SOA/BPM adoption resulted in building reusable business concepts (Van den Bergh, 

Viaene 2012). On the other hand, survey data did not reveal any mediating effect for 

reuse in German industry (Joachim et al. 2011). 

Reuse has faced several challenges, one of them being the need for small enhancements 

to the original services due to variations in processes (Baskerville et al. 2010, Luthria, 

Rabhi 2008, Joachim et al. 2013, Hirschheim et al. 2010). Also missing or imprecise 

specifications of services make their reuse difficult (Brahe 2007). Furthermore, despite 

the assumptions, the rigid service development processes show no positive relationship 

with reuse (Joachim et al. 2013). 

As a summary, the academia has not yet been able to link the service implementation 

efforts and costs to their benefits conceptually. Statistical analyses and case studies 

indicate that SOA adoption provides a wide variety of business benefits, but the 

mechanism remains unsolved. 

2.4 Service identification methods 

Service identification is one of the most challenging parts in SOA, as traditional 

software development practices cannot be applied to it, because SOA requires methods 

which addresses the key elements of SOA: services, service compositions, flows of 

information and implementation of the services (Papazoglou et al. 2008).  
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The purpose of a service identification method (SIM) is to address the challenges of 

service identification and define services that fulfil the need, taking into account all 

viewpoints of the service, including reusability (Huergo et al. 2014). Service 

identification can be seen crucial for reusability, as this is the phase where functionality 

is packaged into a service. Understanding what SIMs provide and how they fit the 

enterprise environment can provide insights into the phenomena of service reuse. 

A wide variety of service identification methods has been developed over the years, and 

in general these methods can be categorized according to their identification strategy 

into three groups: top-down, bottom-up and meet-in-the-middle (Huergo et al. 2014).  

Service identification methods with the bottom-up strategy aim at providing an 

inventory analysis prior to the physical design and development of services. The top-

down strategy, on the other hand, focuses on the fulfillment of immediate business 

requirements, while the meet-in-the-middle strategy is a combination of both. (Huergo 

et al. 2014) 

The top–down approach promotes alignment with business goals or processes, whereas 

the bottom–up strategy reverse-engineers existing assets to identify reusable building 

blocks (Huergo et al. 2014). Most top-down methods focus solely on service 

identification, leaving out implementation concerns, and similarly, most bottom-up 

approaches focus on reorganizing existing technical implementations into service 

packages to enable the reuse of existing IT assets (applications).  

Only a few, 12 out of 105 methods, evaluated in a systematic literature review used the  

meet-in-the-middle strategy, even though it is considered to be more complete, as it 

evaluates the services from both viewpoints. The methods using the meet-in-the-middle 

approach, are often based on either ontology mapping or service classification (Huergo 

et al. 2014). Furthermore, only two (Medeiros et al. 2010, Jamshidi et al. 2009) out of 

these 12 meet-in-the-middle methods have been published with real experiments from 

enterprises. A wide variety of SIMs has been developed, but the SIMs do not seem to be 

able to address the practical issues of service identification in enterprises (Hirschheim et 

al. 2010).  

On the other hand, there have been extensive efforts to merge the business process and 

service modeling practices by introducing technical mappings between the business 

process and services notations. Of the 26 publications proposing such mappings 

(Grolinger et al. 2014) only three used real business processes to evaluate the feasibility 

of their approach. Only Meertens et al. (2010) use a real “accounting close” process, 

discovering more limitations than predicted by the theory. The other two (Upadhyaya et 

al. 2011, Paolucci et al. 2003) use publicly available services found in the internet, 

bypassing the challenges of transformation of internal business processes into services.  

In general, development methodologies have been focal areas for both software 

engineering and information systems research, and a wide variety of methodologies 
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have been proposed to be used in IS development with the promise of a streamlined and 

more predictable way of working. Unfortunately, the feedback from the industry 

towards predefined methodologies is not as convincing (Mohan, Ahlemann 2013).  

Ramasubbu and Balan (2009) report how development process selections were made in 

112 software projects conducted in high maturity companies. The main result of the 

survey was that the process choice matters, and that projects adopting agile methods 

even in a high maturity environment performed better than the ones using standard plan-

driven processes. The best predictors for selecting between standard plan-driven and 

non-standard agile processes were the novelty of the technology used, the overall effort 

of the planned project and the project team’s knowledge of the customer’s business/IT 

environment (Ramasubbu, Balan 2009).  

It is also notable that actual practitioners are more skeptical towards IS development 

methodologies than their managers, and that the more hierarchical the organization 

culture is, the higher is the adoption of rigid software development methods (Iivari, 

Huisman 2007). In short, a wide variety of SIMs exists, but little is known of how well 

they fit the needs of enterprises. 

2.5 Resource-based view of the enterprise 

The resource-based view of the firm and the related resource-based theory (RBT) have 

been a central conceptual cornerstone for strategic management for decades. The core of 

RBT is the focus on sustainable competitive advantages, derived from the firm’s 

internal resources and compentecies, instead of the environment of the firm (Hart, 

Dowell 2010). The term resource-based view was introduced by Wernerfelt (1984, 

p.172), linking the resources to profitability and defining resource originally as 

“anything which could be thought of as a strength or weakness of a given firm”. 

The main concepts in explaining competitive advantage in RBT are resources, which 

are something the firm possesses, and capabilities representing something the firm can 

perform (Hart, Dowell 2010). Barney (1991) describes the requirements for resources 

which can provide sustainable competitive advantage as valuable, rare, imperfectly 

imitable and non-susbtitutable. 

RBT has been criticized of its overly inclusive definition of resource, which does not 

distinguish different kinds of resources from each other. A commonly used demarcation 

is separating the dynamic capabilities from other types of resources (Kraaijenbrink et al. 

2010).  Teece et al. (1997, p.516) define dynamic capabilities“as the firm's ability to 

integrate, build, and reconfigure internal and external competences to address rapidly 

changing environments”. 

More recent research has considered the value of business relationships and co-creation 

of the value, but the resources remain still just as instrumental for the value creation 
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process, and planning how to accumulate, combine and exploit the resources and related 

activities to optimize the value (Lindgreen et al. 2012). 

Value creation and delivery can be conceptualized with business models. Teece (2010, 

p.191) summarizes the concept of a business model as a means by which to “describe 

the design or architecture of the value creation, delivery and capture mechanisms 

employed”. There are different approaches for business modelling, and they can be seen 

for example as recipes or role models that may be copied, a nutshell description of a 

business organization, or as scientific models (Baden-Fuller, Haefliger 2013). One 

business model can also have many of these roles, making  it challenging for scholars to 

agree on common concepts (Baden-Fuller, Haefliger 2013, Zott et al. 2011). 

Furthermore, business models are used to describe how the firm is organized to 

distribute value, but there are still different views as to what ‘value’ really is (Baden-

Fuller, Haefliger 2013, Kraaijenbrink et al. 2010).  

There are currently two approaches to how business models explain the value 

proposition: “(1) The ways in which an organization along with its suppliers and 

partners (business actors) create value for its customers” and “(2) The ways in which 

an organization along with its stakeholders create value for each party involved” (Al-

Debei, Avison 2010, pp. 365). The first approach is more suitable within the context of 

the thesis, as it focuses on the ways of delivering value within the enterprise, supported 

with SOA. 

One of the business models is used as the basis for one of the best-selling management 

and leadership books ‘Business Model Generation’ (Osterwalder, Pigneur 2010). The 

book applies business model ontology which is built on previous research and provides 

a rigid conceptual model linking customers to the business activities and to the 

resources through value propositions (see Figure 5) (Osterwalder 2004). Popularity is 

not a proof of correctness, but it indicates that the approach is seen useful by 

practitioners in enterprises. Moreover, Osterwalder’s business model ontology provides 

sufficient conceptualization of the resource configuration, enabling the ICT resources to 

be absorbed with the model (Al-Debei, Avison 2010).  

Osterwalder’s business model ontology is supplemented with guidance and tools 

adopted by many enterprises, it provides rigid ontological definitions for its concepts, 

including the resource configuration, making it a suitable model for integrating the 

concepts of SOA as one kind of ICT. 
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Figure 5 Business model ontology based on Osterwalder (2004) 

 

Osterwalder (2004) uses the concepts of value proposition and offering to represent the 

products of the company, or to be more precise, all that the company offers to its 

customers. The value proposition represents the value for one or more target customers, 

created by using one or more capabilities of the company. Value proposition is further 

divided into a set of offerings, which are elementary products or services offered to the 

customer, and it outlines the assumed value to the customer. Osterwalder (2004), and 

this thesis, uses the term ‘capability’ to represent a company’s ability to execute a 

repeatable pattern of actions to provide the value proposition(s). The execution of 

activity requires one or more resources, which can be tangible, intangible or human 

resources.  

Osterwalder provides a “working definition” for a business model, which is used as the 

conceptualization of value in this thesis:  

“A business model is a conceptual tool that contains a set of elements and their 

relationships and allows expressing a company's logic of earning money. It is a 

description of the value a company offers to one or several segments of 

customers and the architecture of the firm and its network of partners for 

creating, marketing and delivering this value and relationship capital, in order 

to generate profitable and sustainable revenue streams.” (Osterwalder 2004, 

pp. 15) 

SOA provides one way of creating physical resources, applications, which can be used 

to execute repeatable actions similar to the ones executed by the human brain. 

Additionally, these applications can be used to store and use data, a new intangible 

resource for enterprises. Application, data and human resources can be then mixed to 

form new capabilities for the enterprise, providing new or more efficient ways to deliver 

the value propositions. 

Abstracting IT as resources has been proposed to enable a linkage with its value (Soh, 

Markus 1995, Schryen 2013, Melville et al. 2004), and the role of IT in improving the 
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productivity of business activities is well acknowledged (Dedrick et al. 2003, Schryen 

2013, Dehning, Richardson 2002, Soh, Markus 1995, Melville et al. 2004), and the 

resource-based view of the firm has been proposed to be used to abstact the value of 

SOA adoption (Mueller et al. 2010, Joachim 2012).  

What is missing, is a conceptual model differentiating the IT resources and explaining 

their impact on the enterprise’s capability to deliver value (Schryen 2013), as well as a 

model explaining the impact of SOA adoption in enterprises in particular (Mueller et al. 

2010, Joachim 2012).  

2.6 Value of service reuse in enterprises  

The value of service reuse for enterprises is the core of this thesis, and this chapter 

outlines the current knowledge on how service reuse brings value to enterprises.  

In short, the current literature of service reuse provides two explanations of how reuse 

can reduce the costs of value delivery, increasing the profit of the enterprise: 

1. Design time reuse, saving working time when developing new applications 

reusing existing services. 

2. Runtime reuse, saving working time during the production lifecycle of the 

service. 

 

The concept of software reuse is in the core of software engineering and is described as 

a part of the SWEBOK software construction knowledge area (Bourque, Fairley 2014, 

pp. 68) as a means to “use existing assets in solving different problems”.  

Extending this view of reuse to include data as one kind of asset to solve problems, 

offers a third explanation of how service reuse can deliver value for the enterprise: 

3. Business data reuse, enabling the service users to share business data and 

potentially enabling new kind of business. 

 

Feuerlicht and Lozina (2007, p.148) define service reuse as “the ability to participate in 

multiple service assemblies (compositions)” and argue that service reusability is closely 

related to the composability of the service design. This type of code reuse of services 

has a direct impact on the design, development, testing and maintenance efforts of 

services, and better reusability should provide better return of investment (ROI) and 

quicker development times (Erl 2005). 

The definition suggested by Feuerlicht and Lozina (2007) does not take sufficient 

account of the maintenance burden of the service on runtime or the reuse of the data 

stored with stateful services. To take these aspects into account, a new definition is 
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required for reusable services. To minimize the runtime maintenance effort and to 

enable runtime reuse, the service must be deployed only once in the production 

environment, ie. there is only one centrally managed version running, which may have 

several identical instances running simultaneously to ensure scalability. Additionally, if 

the service is stateful (i.e. storing data), then all the deployed instances must access the 

same repository and share the state. 

A more comprehensive definition of reusable service is used in this thesis:  

A reusable service has the ability to participate in multiple service 

compositions while sharing a centrally managed infrastructure and state. 

Service reuse is a prerequisite for sharing data among the consumers of the reused 

service, but as a contrast, reusing a process logic related to a business activity does not 

require the same service instance to be reused, as long as the relevant data is available. 

Reusing services containing only a process logic can reduce costs through the reduced 

design and runtime efforts, but from the service consumer's point of view there is no 

difference in functionality, whether the service is a reused instance or not. 

IBM has patented an apparatus capable of calculating the design time reuse value, based 

on two variables based on historical data: the initial build factor representing the 

complexity of the service, and reuse percentage representing how much of the new need 

the service can fulfill without changes (Joss, Naylor 2012). The apparatus uses the idea 

that the average reuse percentage grows when the service gets reused and enhanced time 

after time. For example, when a service is reused for the first time, the situation can be 

that the service would fulfill on average only 10% of the needed functionality requiring 

a 90% extension, but when the same service is reused for the second time, it would have 

evolved fulfilling, say, on average 20% of the needed functionality. The mentioned 

patented apparatus can then use these historical averages to estimate the saved work 

effort with the formula Effort = Initial Build – (Reuse Percentage * Initial Build) (Joss, 

Naylor 2012). 

Kryvinska et al. (2011) propose the use of Cost-Volume-Profit (CVP) to calculate the 

break-even point for SOA development, but their model focuses only on the long term 

benefits of development time and the reuse of services, compared to traditional IT 

development without reuse. Likhvarev and Babkin (2012) propose a more sophisticated 

method to evaluate implementation options, taking account of the interest rate and risks 

separately on the service level, but without guidance as to how to identify the benefits 

of using the services.  

The common value proposition of service reuse for enterprises in the approaches 

described above is reduced work in the development and/or maintenance of services. 

This may work in enterprises which have extensive software development themselfes, 

like IBM, but there is too little historical data publicly available to make any 

conclusions on this.  
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2.7 Value of business data reuse 

Service science is an emerging practice established around the service sector, aiming at 

explaining and improving the interaction of multiple entities to achieve mutual benefits. 

In other words, the focus of service science is in value-cocreation within a network of 

formal or informal “service system entities” (e.g. informal groups of people, legal 

organizations, enterprises, etc.), and how to describe, explain and manage the value-

cocreation between these entities. (Spohrer, Maglio 2010) 

The patterns of interaction between service systems entities can be described with 

business models and require mutual agreement between the involved entities (e.g. 

enterprises in this context), to agree on the common value proposition and the related 

interactions, including access rights to the relevant resources (Spohrer, Maglio 2010). 

The interactions between entities are defined as service (offerings), defining how the 

resources of one entity can be applied to benefit other entitie(s) (Maglio et al. 2009, 

p.403). 

Service science studies all kinds of service offerings, requiring both tangible and 

intangible resources, but in the context of this thesis, the services related to the 

intangible resources, namely data, provide an interesting viewpoint to the value of the 

data. Digitalization has enabled new kinds of service offerings to be built around the 

data. van’t Spijker (2014) presents five generic patterns to co-create value with data-

driven business models. According to van’t Spijker (2014, pp. 71), the data can be used 

to create value by “(1) selling data directly, (2) innovating products through data, (3) 

swapping commodity offerings into value-added services, (4) creating interaction in the 

value chain or (5) creating a network of value based on data exchange”. 

The value of the data, or data sharing, has been studied within certain industries, for 

example in supply chains (Caridi et al. 2010), and in on-line advertisement in the form 

of sharing cookies between on-line advertisers (Beales, Eisenach 2014). 

Ganesh et al. (2014) propose a model to calculate the value of sharing data in a supply-

chain of N companies and argue that the value should be divided fairly among the firms 

to motivate the downstream companies to share their data benefitting the upstream 

companies. Caridi et al. (2014) propose another tool for quantifying the benefits of data 

sharing in inbound supply chain, tested in aerospace industry. 

The role of data as one of the key elements in the IT value delivery process has been 

acknowledged also in IS literature (Kohli, Grover 2008). Technically, a service-oriented 

architecture can be used to store this business information as well, and there are several 

models of how to wrap the data into reusable services (Dan et al. 2007, Truong, Dustdar 

2010, Devi et al. 2014). 

For enterprises, the data brings both costs in the form of gathering and maintaining it 

and benefits in the form of new kinds of service offerings targeted for customers as well 
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as improvements in the company's own internal business activities. Obviously the 

benefits of the data should outweigh the costs to make profit.  

The use of data in internal business activities and the need to manage data and the 

structure of the data within an enterprise has been considered an important aspect for a 

long time, and a practice called information architecture (IA) can be rooted back all the 

way to the 1960s (Resmini, Rosati 2012), from where it has evolved and later adopted 

as one of the cornerstones of enterprise architecture frameworks like TOGAF (Open 

Group Standard 2011). IA can be considered as a design approach for information, 

enabling it to be managed as a resource in enterprises, with increasing emphasis on the 

user experience, enabling the data to be found and reused in enterprises more efficiently 

(Resmini, Rosati 2012). 

Dictaphone Corporation has patented a data reuse apparatus which facilitates the 

creation or modification of a document by locating relevant existing data from external 

sources  and saving time in the process. The apparatus enables existing documents to be 

searched with metadata filters to find the relevant data, which can then be copied as a 

part of a new document. (Boone et al. 2013) 

The Darwin Information Typing Architecture (DITA), a standard of OASIS, defines a 

set of document types for authoring and enables topic-oriented information to be reused 

(OASIS 2010). Using automated tools to enable existing content to be reused can have a 

significant effect on productivity. A limited amount of empirical data is available for the 

benefits of DITA to enterprises, but as an example, Quark software, one of the vendors 

providing DITA tools, reported 39% savings overall in content creation costs of its own 

author guide creation with an average reuse of 76% per topic (Lewis 2010). 

The techniques described above are related to the reuse of documents or other non-

structured data, but also the management of structured data, especially the master data, 

has been studied quite extensively.   

Structured data can be divided to transactional and master data, depending on the scope 

of its reuse. Master data is typically created once and reused in many business 

transactions, and is thus more likely to be reused more often than transactional data, 

which is shared only during one specific transaction (Knolmayer, Röthlin 2006). A 

combination of both is usually needed in business activities, but to maximize the reuse 

of master data, governance models are proposed for enterprises (Baghi et al. 2014).  

Master data management (MDM) is a practice for managing essential data entities in 

enterprises (e.g. suppliers, customers and products), ensuring sufficient quality (e.g. 

data being up-to-date, consistent and complete). Data quality, or lack of quality to be 

more precise, is one of the focus areas of MDM practice (Otto et al. 2012). Based on a 

literature review and survey responses from 787 Danish manufacturing companies, the 

main barriers for achieving high quality data are related to organizational issues, namely 



2 Service-Oriented Architecture in Enterprises 42 

unclear roles and responsibilities, lack of procedures and policies for data maintenance, 

as well as lack of management support (Haug et al. 2013).  

MDM focuses heavily on minimizing the quality deficiencies of the master data, 

justified by the fact that the costs caused in the operational processes of enterprises has 

shifted the focus from the benefits of the data into cost optimization. One indication of 

this cost reduction focus of MDM is the recently proposed maturity model MD3M, 

describing organizations on the highest maturity level as being able to “state how 

insufficient master data influences the business in monetary and non-monetary terms 

and can classify this in financial arguments”(Spruit, Pietzka in press, pp. 7). 

Furthermore, Kankanhalli et al. (2011) have studied the effect of knowledge reuse as a 

mediator in customer service, improving productivity with a positive relationship. 

Majchrzak et al. (2013) summarize the knowledge reuse as a potential solution for a set 

of challenges: bottleneck of experts, lack of incentives to share, contextuality of 

knowledge, and maintenance trap. Majchrzak et al. argue that the Wiki technology 

enables enterprises to address some of these challenges to capture and reuse the 

knowledge. 

Managing data and its structure in enterprises has been seen necessary for decades, but 

the focus of the MDM practice is on cost optimization rather than managing the value of 

data for enterprises. On the other hand, the emerging data-driven business models are 

raising the awareness of the value of data in enterprises, creating an opportunity to shift 

the focus of in-house data management from the costs to the benefits. 

Services can be used to implement the needed applications to store and access business 

data within a network of enterprises, enabling the data to be reused within the network 

and the data-driven business models. In addition to the direct cost savings aspect of 

service reuse, enterprises should consider the potential of services and SOA as an 

enabler for data reuse. 

2.8 Summary 

The concept of a service enables the separation of the concerns of the service consumer 

and provider using a service interface as mediator, i.e. usage and implementation of the 

service. These two viewpoints have been complemented with other viewpoints related 

to services, addressing concerns like the management of services (Teka et al. 2012). 

Similarly, strategic management research has acknowledged the difference between IT 

assets and their impact (Soh, Markus 1995, Schryen 2013). 

The composability of services enables the reuse of existing services, being fundamental 

for service-orientated design, but the role of service reuse as an enabler for data sharing 

within enterprises has been neglected. The benefits of design and runtime reuse of 

services in enterprises has been studied to some extent and used as a justification for 

SOA development in many enterprises, but only a few examples have been reported 
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where this would have paid back. Instead, the achieved benefits of SOA adoption in 

enterprises, reported through surveys and case studies, suggest that benefits are related 

to improved IT flexibility (i.e. modularity, integration and scalability), cost savings in 

IS development and operations, process integration within the extended enterprise, and 

data sharing within the extended enterprise. 

From the strategic management point of view, there are concepts founded on RBV, such 

as the dynamic capabilities theory and business models, available to abstract the 

resources of an enterprise and linking them to profitability. In this context, data is 

intangible resource requiring physical resources, IT applications, to support digital 

storing and distribution of the data in enterprise. Furthermore, there is an increasing 

intrest in data-driven business models enabled by digitalization and providing totally 

new ways to make a profit, making the linkage of the “IT” and its value even more 

crucial. 

There are industry-specific models and studies available for evaluating the value of data 

reuse between enterprises, but they lack a conceptual linkage with physical IT 

resources. 

Current research lacks a conceptual model differentiating the IT resources and 

explaining their impact on an enterprise’s capability to deliver value (Schryen 2013), as 

well as a model explaining the impact of SOA adoption in enterprises in particular 

(Mueller et al. 2010, Joachim 2012).  

Only little research has been done to understand the role of the data and its relation to 

service reuse in enterprises, which may originate from the chosen research approaches 

of prior research, focusing on the organizational level effects of SOA adoption instead 

of the services themselves.  

This research provides new insights into the phenomenon of service reuse in enterprises 

by studying services directly in order to understand the mechanisms of how different 

kinds of services benefit the enterprise. 

Furthermore, business development related to the automation of “well-defined 

problems” in enterprises would benefit from methods enabling the modeling of the 

human-technological ecosystem, but despite the extensive range of methods for 

identifying reusable services, little empirical data is available on how they fit in 

enterprise context and what kind of services enterprises need in general. 
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3 Research Problems and Methodology 

This chapter introduces the research problems and the chosen research approach to 

answer the research questions. In addition, other evaluated research methods are briefly 

described and compared with the chosen approach.  

3.1 Background 

The background of this research is untypical in the sense that the work was not initiated 

by the academic world and it has been done without funding from graduate schools. 

Doing research that merges several academic disciplines, ending up by using qualitative 

research methods to evaluate ontology, is not something what typical graduate school 

professors would recommend for a student anyway. Fortunately, untypical professors 

and managers in the industry exist. 

The background of the author differs from graduate school students as well, and having 

20 years of programming experience provides understanding on how IT works. 

Combining this with over 10 years in challenging chief, lead and enterprise architect 

roles in three large enterprises provides extensive understanding on what IT is used for. 

The trigger and primary personal motivation for this work was to understand what really 

enabled some of the seemingly successful service-oriented development projects in the 

first of the three enterprises. During that time, Company A was running a major change 

program, and new ways of working were formed out of the necessity to get the work 

done in the given timeframe. To understand which services were most urgently needed, 

new kind of stakeholders were involved in the definition of the service interfaces; 

people who knew what services are used for in the enterprise context, not just technical 

people who know how the applications are implemented. From the viewpoint of an 

architect, this led to successful identification of reusable services and relatively satisfied 

business stakeholders. The intuition of an architect told that reusability could have 

something to do with the satisfaction, not because of the saved efforts in the service 

development work, but because the business problems were solved. 

Furthermore, the mind of an engineer reasoned that this should be somehow repeatable 

and measurable. Thus, the research started with the development of methods defining 

HOW the service engineering work should be done, leading to a problem of evaluating 

the effects of the methods in an environment in constant change. Additionally, after 

some experiments with the newly developed methods, it started to seem that the 

involvement of the right people was more important than the process or methods 

themselves. To involve the right people, it became necessary to understand WHY they 

should be involved, changing also the direction of the research. The business 

stakeholders started to question the rationale for service reuse, and to motivate them to 

participate, it was necessary to provide them with a reason to pursue reuse in the 
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enterprise context. So to understand HOW to identify reusable services, it was 

necessary to understand also WHY enterprises should have reusable services. 

Finding suitable research methods to study the phenomenon of service reuse in 

enterprises was not easy, and the traditional approaches involving interviews and 

surveys did not seem quite adequate to reveal the true nature of the phenomenon. A 

turning point in this research was becoming acquainted with the concept of business 

model ontology (Osterwalder 2004), not only by providing a theory of what value might 

be, but also by providing an exemplary research framework to formulate the learnings 

of the research into the form of ontology and allowing the disciplines of business and 

software engineering to merge. 

3.2 Research problems  

The goal of this research is two-fold, first to understand the phenomenon of service 

reusability in enterprises and secondly to provide practical guidance on how reusable 

services could be identified to develop the methods used in the involved enterprises. 

The research was implemented in four iterations, each contributing both to theory 

building and the enterprises as practical help in their business development. 

In this thesis, the term business stakeholder is used to refer to persons who define the 

end user needs along with the business processes and business justification for 

information systems development, and who should generally know what the application 

should do and how it affects the business. 

To understand WHY enterprises should target at reusable services and WHAT is 

required to be able to succeed, the following research questions were formulated and 

were addressed in detail in publications I-IV.  

Research Question 1: How does the purpose of the service affect its later reuse in 

enterprises? 

SOA has been widely adopted in enterprises, but there is still virtually no empirical data 

available describing what kind of services have been actually reused in enterprises. This 

research question addresses this gap, providing insights into the conditions where 

service reuse is needed in enterprises. 

Research Question 2: What kind of services do enterprises need and how can they be 

described to link them with their business value in the enterprise context? 

The current research tends to agree on the need for a conceptual linkage between 

business value and IT. Such conceptual linkage would be required to understand the 

linkage between IT investments and the business value they provide. Despite extensive 

research in the IT value domain, there are still no generic models available, nor specific 
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solutions to link services with their business value. This research question addresses this 

gap within the scope of SOA in enterprises. 

Research Question 3: What are the challenges in service identification in enterprises 

and how is reusability taken into account?   

The third viewpoint is related to SOA/Business alignment through service identification 

sessions, which are a concrete form of SOA/Business alignment. More than a hundred 

different service identification methods have been developed by the academia over the 

years, but empirical studies indicate that the enterprises use predefined methods rarely, 

or when they do, they use their own ones. There is little empirical information available 

on what kind of challenges enterprises face when they attempt to identify reusable 

services in co-operation between IT and business. The third research question addresses 

this gap, aiming at understanding how the current practice of service identification 

should be improved to enable its usage in defining the “well-designed problems” of 

enterprises. 

3.3 Research process 

The research process has been iterative by nature, and the two first iterations and 

publications provide methods for identifying reusable services in enterprises. The third 

iteration evaluates what kind of services have been needed and actually reused in one 

enterprise, enabling a theory to be built for the enterprise's needs towards different kinds 

of services. The fourth iteration builds a theory explaining why enterprises should target 

for service reuse and how they are linked to the value delivery process of the company.  

3.3.1 Research design 

Making research by investigating “real life” presents some challenges compared to a 

closed laboratory environment. In a laboratory, the researcher has a high degree of 

control over the conditions where the experiments are conducted. Every company is 

unique, consisting of a human organization, and as the context of the thesis is 

enterprises, it was not possible to conduct the study in the laboratory, i.e. by using 

simulations. Instead, the phenomenon of service reuse, based on computer science and 

fundamentally in mathematics, can be studied in a social environment of an enterprise 

with qualitative methods. 

To merge the differing viewpoints, research methods and knowledge of each iteration, a 

framework was needed to consolidate the results. The canonical form of design research 

(DR) is used in this thesis as such a framework, enabling the results to be consolidated. 

For the canonical form of DR, March and Smith (1995) and their two-dimensional 

framework is a good starting point. According to March and Smith (1995) (pp. 253), 

“design science attempts to create things that serve human purposes” as opposed to 

natural science, which tries to understand the reality. Furthermore, design scientists 

produce and apply knowledge in order to create artifacts, which “are assessed against 
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criteria of value or utility - does it work? Is it an improvement?”(March, Smith 1995, 

pp.253).  

The first dimension of the framework proposed by March and Smith (1995) divide the 

products of design science into four types: constructs, models, methods and 

instantiations. Constructs provide the basic language of concepts needed to define 

higher order models, which are then used to describe tasks, situations or artifacts. 

Methods describe ways to perform goal-directed activities, and instantiations are the 

final, physical implementations, intended to perform the tasks serving a purpose. 

Design research consists of building and evaluating activities, and the second dimension 

of the framework divides these further into four research activities: building, evaluating, 

theorizing on and justifying the products (March, Smith 1995). The main activities of 

DR are the building and evaluating of products, which can be further utilized to 

understand natural phenomena and to theorize. Furthermore, the reasoning on why or 

how the product actually works, requires justification, which may lag years behind the 

application of the product (March, Smith 1995). 

This research utilizes design research as framework to build, evaluate and further 

develop IT artifacts iteratively, which are then used to theorize why they could work. In 

order to perform the activities related to DR, several complementing research methods 

are used, and these are mapped in the DR framework in Table 1 in chapter 3.4.2. 

3.4 Suitability of the research methods 

The first criterion for the evaluation of the suitability of design research as a framework 

for this research was compatibility with the dual-goal nature of the research, supporting 

the participative and iterative research in enterprises and ability to adapt to the quick 

changes in the environment being studied. This dual-goal nature supports both aspects 

of the research: first to understand the phenomenon of service reuse in enterprises, and 

to provide practical guidance for enterprises on how to improve their way of working. 

Compatibility with this dual-goal nature of the research was critical in the selection of 

the research approach. 

The second critical selection criterion was a practical one and related to the previous 

one; practitioners in enterprises are not willing to adapt new methodologies unless they 

have some proof of their effectiveness, but it is possible to have a dual role as a 

participative researcher, testing new methologies and gathering information among the 

practitioners. 

The third critical aspect was the constantly changing environment where the research 

was conducted. Evaluating an effect of one change is very difficult in an environment 

where there are dozens of other simultaneous changes as well. It is difficult to show 

whether the observed effects are due to the planned change or due to some other 

unplanned change taking place in the environment regardless the research. The 
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approach of design research to build and evaluate IT artifacts made it possible to 

evaluate the IT artifacts iteratively with the available means from different viewpoints 

during the research.  

The fourth requirement was to provide a framework for iterative learning, enabling both 

the long lifecycle of the overall research, but also making it possible to combine 

learning from the different enterprises where the research was conducted, allowing the 

theory to be built along the practical work. 

3.4.1 Design research 

The purpose of IS research is often two-fold, descriptive and prescriptive, as it tries both 

to understand the nature of IT and improve its performance in its environment (March, 

Smith 1995) . Design research is a widely used research method in IS research (Hevner 

et al. 2004), compatible with the two-fold nature of the present research. Design science 

is an iterative research paradigm creating and evaluating IT artifacts intended to solve 

identified organizational problems, but also to add knowledge in the form of new 

theories (Hevner et al. 2004).  

Design research (DR) is inherently a problem -solving process, requiring the creation of 

an innovative and purposeful artifact. As the artifact needs to be purposeful for a 

specified problem, it can be also evaluated, which is a crucial part of the process. 

Novelty is another crucial characteristic for the artifact, as the artifact must solve an 

unsolved problem or a known problem in a more effective manner. (Hevner et al. 2004) 

Action research is a similar research method, which combines theory building with 

practice through a change in a problematic situation (Cole et al. 2005). Action research 

is based on four essential premises: (1) the theoretical purpose of the change must be 

established before the change, (2) there must be a practical action in the problem setting, 

(3) the practical action must contribute to the theory building, and (4) the reasoning 

must be socially situated, involving the team in the planning of the action (Baskerville, 

Myers 2004).  

Design research was selected over action research for two reasons: the research lacked a 

purposeful action which could be made in the enterprise within a practical timeframe, 

and the difficulty of differentiating the planned changes from other changes in the 

enterprise context. Furthermore, design research is compatible with all the above 

mentioned critical criterias and was considered to provide a suitable approach for the 

research.  

Lastly it is recommended for a novice researcher to use well-established research 

methods and to follow the original method procedures and guidelines as rigorously as 

possible, and thus the canonical form of DR was seen as the most secure choice from 

the research methodology point of view. 
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3.4.2 Supportive research methods 

In addition to design research, a set of supportive research methods, namely case studies 

and literature reviews were needed to conduct the building and evaluation of the IT 

artifacts being studied. The research methods are summarized in Table 1 below. 

  

The case study design should be considered when the focus is to answer “how” or 

“why”questions (Baxter, Jack 2008). There is no single agreed-on set of methods for a 

case study, and the methods must be selected from the viewpoint of the case and the 

research question (Luck et al. 2006), and there are several different types of case studies 

from which to select (Baxter, Jack 2008) and apply into the case in question.  

Different kinds of case studies have been used in this research to provide insights into 

the environment being studied, as well as to evaluate the usefulness of the created 

artifacts. Descriptive case study was used in Publication I to report about experiences in 

Company A. Instrumental case study was used in Publications II and III to provide in-

depth insight into a phenomenon rather than the case itself, helping to refine a theory. 

Similarly, exploratory case study was used in Publication IV to investigate the situations 

in which the intervention being evaluated had no clear outcome. 
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Table 1 Research methods used within the DR framework 
 Build Evaluate Theorize Justify 

Constructs Publ. I: Literature 

review, linking IUC 
with UML and 

OpenUP 

 
Publ. II: Different 

kinds of services 

identified based on a 
literature study. 

Publ. III: Instrumental 

multi-case study of 
services implemented 

in one ESB and 

conditions for service 
reuse.  

Publ. III: The value of 

service reuse for an 
enterprise is business 

data reuse, in addition 

to design/runtime 
operative savings. 

Publ. III: Most of the 

potentially reusable 
(Company B) and 

actually reused 

(Company C) services 
were data services. 

Model Publ. IV: Service -

oriented business 

model ontology 
defined on the basis of 

a  literature review. 

Publ. IV: Exploratory 

case study evaluating 

the conceptual linkage 
between the value and 

the IT/SOA 

investment. 

Publ. IV: 1) Data is an 

intangible resource for 

enterprises, enabled by 
the reuse of data 

services. 2) Process 

services can automate 
business activities 

partially or fully. 

Publ. IV: Ontology is 

based on existing 

ontologies of the 
business model and 

services. 

Method Publ. I: Integration 
use case (IUC) 

method. 

Publ. II: Prospective 
reusable service 

elicitation method 

(QSE). 

Publ. IV: Service 

value framework 

(CVP) 

Publ. I: Descriptive 
case study of one 

enterprise using IUC. 

 
Publ. II: Instrumental 

case study evaluating 

the QSE method with 
project results. 

Publ. III: The ability 
to define a service as a 

part of a reusable 

business concept is 
one of the key enablers 

for service reuse. 

Publ. III:  Reused 
services in Company 

C were based on 

externally defined 
business concepts. 

Instantiation Publ. I,II,IV: 
Application of the 

methods in enterprises. 

   

3.4.3 Known issues of design science 

McKay et al. (2012) argue that the conceptualization of the IT artifact as described by 

Hevner et al. (2004) is too narrow, excluding the surrounding people and the 

organization. Instead of scoping out the surrounding context, McKay et al. propose the 

socio-technical view and a richer construction-centered perspective taking into account 

not only the IT artifacts, but also their effect on the management system of the 

organization, human activity and how the IT artifacts apper to the user.  

Sein et al. (2011) agree that DR does not fully recognize the role of the organizational 

context, and separating the building of IT artifacts from its evaluation does not meet the 

needs. A novel form of DR, action design research, is proposed to fill in the gaps by 

cross-fertilizing action research and design research. However, this action design 
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research is recommended for open-ended IS research problems, which require repeated 

intervention with the organization (Sein et al. 2011). 

This research acts as an example of how IT artifacts can emerge within the practicing 

organization rather than being built by an external researcher; the integration use case 

method (IUC) was a byproduct of the organization’s need to get feedback from the 

business stakeholder. In general, the iterative evaluation in a real environment and the 

participative role of the researcher respond to this critique to some extent, even when 

the canonical form of DR is used.  

3.5 Data collection 

Three kinds of data were gathered during the research: business material used to test the 

methodologies in practice, interview notes/recordings and reports of service elicitation 

sessions.  

The data was gathered from three large companies, hereafter called Company A,B and 

C. Company A operates in the ICT industry and it had roughly 10 B€ net sales and 

nearly 30 000 employees at the time of the interview. Company B provides logistics and 

e-commerce services, and has a net sales of roughly 2 B€ and employs over 20 000 

people in over 10 countries. Company C has global operations in heavy manufacturing 

industry and services, has a net sales of roughly 5B€ and employs almost 20 000 

persons.  

The material gathered is listed in Table 2, and the interviews are listed in Table 3. The 

“Org/Iteration” column in Table 2 defines the organization (A/B/C) and the iteration 

during which the material was gathered.  

Table 2 Business material used to test the methodologies 
Org. / 

Iteration 

Material 

B / 2 

(Oct 2008) 

- A total of 47 business process descriptions covering the main operative processes of one business line, 

providing the most accurate description available in Company B.  

- Functional requirement specification of a case project with 16 use scenarios, reviewed by the project team. 

C / 3 

(Sep 2012) 

- List of active integrations in ESB of Company 3, which was used by Company C to maintain and operate the 

services in production. 

C / 4 

(Jun 2014) 

- Material related to a new business model was used as a basis for a case study in Publication IV. (Business 

model canvas and description of  the  idea and preliminary business benefits) 

 

The “Org/Iteration” column in Table 3 below defines the organization (A/B/C) and the 

iteration during which the interview was held, followed by a description of how each 

interview was documented for later analysis. The last column in Table 3 describes the 

roles of the interviewed persons. 
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Table 3 Interviews during the research 
Org. / 

Iteration 

Interview  Documentation 

method 

Interviewee role 

A / 1 

(7.11.2006) 

Open-ended questions to get 

feedback from an organization 

having used the Integration Use 

Case method for roughly two years. 

Results in Publication I.  

(Field notes) 

Manager of Integration Shared Service 

Center 

B / 2 

(23.10.2008) 

Comparison of the service 

candidates between the QSE 

method and similar material in the 

project. Service candidate 

reusability outside the scope of the 

project. 

Service candidate 

catalogue of 31 services 

and their potential use 

outside the project. 

(Catalogue was reviewed 

during the interview) 

The core team of the case project: a 

program manager, a chief architect and 

two persons with a mixed role of a 

requirement engineer and a sub-project 

manager. 

C / 3 

(16.8.2012) 

Open-ended interview to get 

background information of the 

company's SOA adoption and ESB 

implementation. 

Interview notes. (Audio 

recorded and notes 

reviewed during the 

interview) 

Integration Architect 

C / 3 

(28.8.2012) 

Open-ended interview to get 

background information of the 

company's SOA adoption and ESB 

implementation. 

Interview notes. 

(Audio recorded and notes 

reviewed during the 

interview) 

(former) Integration Architect 

 

C / 3 

(8.10.2012) 

Pre-interview assignment returned. 

(Identification of reused/duplicates) 

List of 103 integration use 

cases and their 

classifications. 

(Reviewed in the in-depth 

interviews) 

Integration Architects 

C / 3 

(10.9.2012) 

In-depth  interview 1 Reasons behind 

reused/duplicate services.  

(Notes reviewed during the 

interview) 

Integration Architects 

C / 3  

(2.11.2012) 

In-depth  interview 2 Reasons behind 

reused/duplicate services. 

(Notes reviewed during the 

interview) 

Integration Architects 

C / 4 

(25.6.2014) 

Business case review of a new 

business model. (Proof-of-concept 

for the ontology) 

Interview notes. 

(Audio recorded and 

transcribed later) 

IT Architect 

General Manager, Business 

development project 

 

Figure 6 below provides an overview of the research process and the iterations. The first 

iteration consisted of documenting the method, integration use cases (IUC), invented in 

Company A and gathering experiences of its usage afterwards through an interview, 

providing a descriptive case study.  

The second iteration used the feedback of the first iteration to develop a second method, 

qualitative service elicitation (QSE), based on literature research. The method was 

tested with an instrumental case study by comparing the results of service identification 

done independently by the case project team with the outcome of the QSE analysis.  

During the third iteration, services implemented in the ESB of Company C were 

categorized, and a set of services was used as a basis for a further instrumental multi-

case study refining the background for reuse of different kinds of services. Iteration 3 
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provided insights into the conditions of reuse, which were used to formulate the service-

oriented business model ontology during iteration 4. The ontology was applied by 

merging the IUC method with cost-volume-profit (CVP) analysis to provide means to 

test the conceptual linkage between a single service and its financial contribution 

through the business model ontology. The objective of the exploratory case study in 

iteration 4 was to evaluate whether the proposed ontology can be used in enterprises to 

link the changes in the business model with related SOA investments. 

 

 

Figure 6 Overview of the research 
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4 Overview of the Publications  

4.1 Publication I: Integration Use Cases–An Applied UML 

Technique for Modeling Functional Requirements in Service 

Oriented Architecture  

The research objective of the first publication was to publish the integration use case 

(IUC) methodology invented and used in Company A for the use other potential 

practitioners. The technique emphasizes the role and functionality of intermediate 

systems (such as service buses) and provides a novel way of using UML use cases in 

application development projects involving integration and services between 

applications.  

The integration use case (IUC) method is a simple and visual service identification 

method which can be used to model the role of services in integration. The idea behind 

IUC is to make the services between applications explicit in a complex enterprise 

environment with a distributed application landscape. Another target is to provide an 

architectural view of the interfaces that can be checked against business process 

specifications. The IUC technique itself does not provide guidelines for how to use it to 

facilitate service elicitation sessions, but its simplycity turned out to enable its usage 

during the sessions later on.  

An integration use case represents the abstract service interface between the service 

provider(s) and service consumer(s). If an enterprise service bus (ESB), a messaging 

queue or other middleware system is used in system integration, the integration use case 

describes also the role and actions of the middleware between the systems.  Figure 7 

below shows an example of the IUC. 

 

 

Figure 7 Example integration use case (IUC) diagram 

Application A

Create
prospect
customer

Sales
Extend to 

buying
customer

Master 
Data Team

Set credit 
limit of

customer

Services on 
ESB

Distribute 
active

customer

Application B

Create and 
activate

customer

Accounting
Team

Invoice the 
customer



4 Overview of the Publications 56 

4.1.1 Results 

The technique was invented as a response to experienced problems in real world 

systems development projects and tested in practice in large-scale systems development. 

Publication I formulated the invented method into a more rigorous form by using a 

meta-model to link it with the UML standard and by extending the OpenUP process 

model to describe the needed activities also from the  process point of view. 

The method was evaluated with an interview in Company A, which had used the 

method to identify the services (fall 2006) needed in the integration of roughly 35 in-

house applications with ESB, resulting in roughly 50 services in total in production, 

which were modelled with the presented methodology. Accidental or not, also service 

reuse was achieved in Company A to some extent. 

4.1.2 Relation to the whole 

The IUC methodology acted as a conceptual basis of this research by providing means 

to model and visualize the services from a functional viewpoint. Using DR as a 

framework, IUCs were a construct built during this iteration. 

From a theoretical point of view, the learning from this iteration was that the 

functionality of a service is a business matter and should be defined in co-operation 

with the business stakeholders. Integration use cases provided one way of visualizing 

the services in the enterprise context, linking them to the applications and indirectly to 

the user roles.  

 Figure 8 below illustrates the theory after iteration 1. 

 

Figure 8 Iteration 1 provided a construct enabling services to be modelled from a functional 

point of view 
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4.2 Publication II: Service Elicitation Method Using Applied 

Qualitative Research Procedures 

The research objective of publication II was to extend the service elicitation beyond the 

scope of one project to enable reuse, by analyzing relevant parts of the enterprise. The 

research approach of Publication II was to identify the characteristics of the reusable 

services based on a literature review of different kinds of SOA approaches, namely 

process-driven, data-driven and messaging-based, and service identification methods 

targeted to identify different kinds of services.  

The identified characteristics of eight different kinds of services were put into an 

enterprise context by using the Zachman Framework (Zachman 1987) as a 

conceptualization of the enterprise. 

This conceptual basis of different kinds of services in enterprises was used to develop a 

method allowing identification of service candidates based on unstructured 

documentation, such as business process descriptions.  

4.2.1 Results 

The method, Qualitative Service Elicitation (QSE) presented in Publication II is based 

on two principles. Firstly, it uses procedures from qualitative research to conceptualize 

and categorize the service candidates. Secondly, it uses the known characteristics of 

reusable services and the Zachman Framework (1987) as core categories for the 

analysis.  

The QSE analysis consisted of three phases, as shown in Figure 9 below: (1) conceptual 

analysis of the business process descriptions, (2) conceptual analysis of the business use 

cases of the project and (3) identification and prioritization of the service candidates 

using the outcomes of the analyses.  
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Figure 9 Phases of the Qualitative Service Elicitation (QSE) method 

 

The outcome of the three-phase process is a set of service candidates, categorized into a 

priori core categories as presented in Figure 10, derived from the Zachman framework 

(1987) and the eight different kinds of services identified with a literature review of 

existing SOA approaches and SIMs. 

 

Figure 10 Core categories for an enterprise in service elicitation 

 

As a proof of the concept, a set of real world business process descriptions and a set of 

business use case descriptions of a large IT project were analyzed using QSE. The goal 

of the case study was to test how well QSE would uncover the service candidates in a 

real project and to compare the produced service catalogue against the actual solution 

architecture made in the project with traditional methods by experts. A total of 47 
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business process descriptions were analyzed, covering the main operative processes of 

one business line and resulting in 31 service candidates in total.  

The comparison with the project deliverables showed that the QSE analysis was able to 

reveal all the services identified in the project with traditional methods. On the other 

hand, the work made in the project was thorough, and thus the QSE analysis did not 

uncover any completely new services compared to the project findings. The main driver 

of the project was technical renewal, and thus the business process descriptions were 

more or less up-to-date and solid, providing a good basis for the QSE analysis. 

Additionally, a group of business stakeholders were interviewed to identify potential 

reuse outside the project scope for the identified 31 service candidates. The QSE 

analysis suggested that 17 out of these 31 service candidates could be potentially reused 

later in other projects.The interviewed business stakeholders were able to confirm 

potential use for 12 out of these 17 by naming a concrete process or working activity 

where the proposed functionality could be utilized. Further analysis showed that the 

scope of the case project itself included a new operative system to support all the four 

processes from which the remaining five service candidates where identified.  

The QSE analysis also suggested that the remaining 14 services would not be reusable 

and the business stakeholders were able to name a concrete business activity only for 

one of them. 

As a summary, the use of QSE provided a systematic and practical method for service 

elicitation with results comparable to a similar analysis carried out by a group of experts 

with traditional methods.  

4.2.2 Relation to the whole 

This publication provided a conceptual model of the different kinds of services needed 

in the enterprise context, utilizing the Zachman framework (Zachman 1987) as a 

reference. The case provided raw data of services, which were later reclassified and 

published as a part of Publication III. Furthermore, the use of business process level 

concepts and vocabulary made it possible for business stakeholders to pinpoint potential 

uses for the service candidates outside the case project context, proving that it is 

possible at least under some conditions. 

The chosen approach has the same limitations as the applied qualitative research 

procedures, depending purely on the material being analyzed. Thus, faulty or 

incomplete source material will produce a faulty and incomplete analysis. Furthermore, 

the practicality of the method is limited as in real life; the business process descriptions 

rarely cover all processes. 
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Figure 11 Contribution of iteration 2 to the whole 

 

Additionally, Publication III recategorized the data gathered in the case study of 

Publication II to provide comparable data from another enterprise, see Figure 11. 

4.3 Publication III: Anatomy of One Service Oriented Architecture 

Implementation and Reasons behind Low Service Reuse 

The research objective of the publication was to find out whether the purpose of the 

service affects its later reuse in enterprises and why. Even when it is difficult to predict 

the future reusability of a service, it is possible to analyse afterwards what kinds of 

services were actually reused in later projects, and this publication provides an 

instrumental case study of services implemented in one enterprise. 

4.3.1 Results 

In total 103 services were classified according to their granularity and intended usage, 

resulting in only 13% of the services having been reused after the original 

implementation project. 

The granularity of almost all IUCs (97 out of 103) was “Business services”. As many as 

77% of the IUCs (79 out of 103) were related to managing business data within the 

enterprise, and when including the data communication services related to external 

communication between the enterprise’s business partners, the total of 97% of IUCs 

(100 out of 103) were related to sharing business data. Only a handful of services (3 out 

of 103) were classified as programmatic services, which are typically used to reuse 

existing business logic. 

Most often the service reuse was enabled by the use of B2B messaging standards 

developed by external standardization organizations, or by wrapping the existing ERP 

business concepts developed by the ERP software vendor. Also services that were 

originally developed with more than two applications as their scope, were often reusable 
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in applications that followed later. The third enabler for reuse was the simple business 

need for distributing a copy of previously defined business data to another stakeholder, 

for example a copy of the original order to a third party. 

4.3.2 Relation to the whole 

The main contribution of this publication from the overall research point of view was 

the empirical data of what kind of services were implemented and reused in the case 

company. This empirical data, with the observation that sharing the business data 

seemed to be the main driver for ESB/SOA development in this case enterprise, acted as 

a catalyst for the theory building in publication IV.  

The empirical findings of this publication also provided insights into Research Question 

1. A vast majority of the services that were actually reused later were either based on 

existing and proven business concepts defined by external parties, or designed in a 

project that enforced using reusable business concepts. Overview of the data gathered in 

the case study is provided in Figure 12. 

The case study suggested that the ability to define services as a part of a reusable 

business concept is one of the key enablers for developing reusable services. The 

service design must match with the business concept consisting of the business 

processes that match with the business-complete work provided by the service as an 

output. 

 

Figure 12 Categorization of services in the case study 
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4.4 Publication IV: The Role of Service Oriented Architecture as a 

Part of the Business Model 

The research objective of the third publication was to build and publish the ontology of 

services in enterprises and to merge that with the existing ontology of business models. 

This would enable a conceptual linkage between the services and their business value 

for the enterprise within the context of an enterprise with one business model using 

service-oriented architecture as a sole IT solution.  

Publication IV contained the main the theoretical learning of this research and linked 

the theoretical learning from iterations 1-3 to the existing concept of business models 

representing the value creation process of an enterprise.  

4.4.1 Results 

It was argued in Publication IV that the business data can be shared among the users 

only if the users access it through data access services, eventually reusing the 

elementary data service storing the data on some level. This may involve human 

stakeholders in between, as shown in Figure 13, but data reuse fundamentally requires 

service reuse on some level.  

 

Figure 13 Different methods of sharing business data 

 

The example in Figure 13 shows the integration use cases (Alkkiomäki & Smolander, 

2007) representing the services in a distributed application environment. The example 

shows how the calendar data can be accessed in different ways by different 
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stakeholders. Technically the easiest way to access the data is through the data access 

services implementing the user interface inside the same application as the services 

storing the data. Alternatively, data access service can be implemented between the 

applications, allowing the data to be accessed through the user interface of another 

application, like the web shop application in the example. This secondary application 

can also be maintained by another company, as the high volume customer in the 

example. 

Furthermore, it was argued in Publication IV that from the business model point of 

view, the granularity of the service is not a meaningful aspect. What matters in a 

business model is what the service does, not how many layers it is built on. This 

argument was used to provide a categorization of services, based on their intended use 

in the enterprise, each contributing differently to the value-creation process of the 

enterprises (see Table 4 below). This service categorization was further used to present 

a two-dimensional ontology of services in enterprises (Figure 14), merged with the 

existing business model ontology, providing an end-to-end service-oriented business 

model ontology, presented in Figure 15.  

The merged ontology was evaluated with the help of two simple methods enabling a 

conceptual linkage to be tested in practice with a case study. Both the cost-volume-

profit calculation framework and the integration use case method are simplistic, but 

adequate as a proof of concept to link the services with their business value in the case 

study. 

Table 4 Service classification based on their intended use in enterprises 
Service category Definition and intended use in the enterprises 

Elementary Data 

Service 

Stores and provides access to the shared business data. Must be reused by all other 

services which share the business data with each other.  

Intended use is to enable shared access to the business data and the reuse of the data, 

thus reducing the work needed to gather the data. 

Data Access Service Provides access to the shared business data through elementary data services. May 

enrich, merge or filter the business data to create a view of the business data suitable 

for a specific business activity. 

Intended use is to extend the access to the shared business data beyond the users of the 

elementary services. Often used to provide a digital channel towards the customers 

and/or partners. 

Process Service Automates a business activity fully or partially.  

Intended use is to relieve human resources from repetitive activities which can be 

automated. 

Infrastructure Service Services enabling the development and operations of other services without a direct 

linkage to business activities. 
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4.4.2 Relation to the whole 

This publication provided a conceptual model of different kinds of services in 

enterprises and their role as a part of the business model. It summarized the theoretical 

findings of this research, addressing Research Question 2.  

 

Figure 14 Services in the enterprise context 

 

Figure 14 visualizes the classification of services provided in Table 4, treating the 

technical and business viewpoints as separate dimensions. From the business model 

point of view, the technical granularity of the service is not a meaningful aspect. What 

matters in a business model is what the service does, not how many layers it is built on. 

Using this business model dimension of the services enables them to be linked with the 

existing business model ontology (Osterwalder 2004), as shown in Figure 15.  

Process ServiceData Service

Elementary
Data Service

Data 
Access Service

Business model point of view
(What is the role of services?)

Consumer
Layer

Business
Process 

Layer

Services 
Layer

Master
Data

Transactional
Data

Shared Business
Data

Business Model 
Ontology

Tech
n

ical V
iew

p
o

in
t



4.5 Combined results 65 

 

Figure 15 Service-Oriented Business Model Ontology, extending the Business Model Ontology 

based on (Osterwalder 2004) 

 

The services categorized from the business model point of view can be linked with 

Osterwalder’s business model ontology as follows: 

 Shared business data is one type of an intangible resource. 

 Elementary and data access services are support activities, which can automate 

the access to and sharing of shared business data. 

 Data access service may be also one type of channel if used by the Customer. 

 Process service is a primary resource which can automate information work 

activities. 

Additionally, business data quality can be considered to be an attribute of shared 

business data. The quality of the shared business data needs to be on an adequate level 

to be used as is by the process service. If the data quality is not sufficient, the data needs 

to be fixed or inputted again manually.  

4.5 Combined results 

The first goal of the research was to understand service reusability in enterprises by 

answering two research questions. The first research question, How does the purpose of 

the service affect its later reuse in enterprises, was addressed in Publications II and III.  

Publication II provided empirical data through a large renewal project by analyzing the 

services needed by the project and their potential reusability outside the project scope. 

Revisiting the data used, the publication showed that data -driven services are more 

likely to be reusable than process -driven services. The quantity of 31 service candidates 

may be small, but the difference in the potential was obvious. 
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Publication III contained a case study of actual service reuse in an enterprise, providing 

empirical data of what kind of services are actually implemented and reused, as well as 

the reasons why certain services are reused while duplicate services are needed for 

others. Revisiting the data used, the publication showed that almost all the services 

implemented in the company ESB were business data services and that all of the 13 

services which were actually reused later were one of these business data services. 

Again, the quantity of 103 services may be small, but the results suggested that the 

primary reason for implementing services in this company ESB were to enable business 

data to be shared among the applications and organizations, not to save in service 

development efforts. Also the identified enablers behind the successful reuse of the 13 

services suggested that the primary business reason to pursue service reuse was the need 

to get access to the business data stored behind the existing services, not to speed up the 

development or cost savings. Cost efficiency was clearly a secondary target in the case 

enterprise, but was not seen sufficient to justify migration efforts alone. 

Furthermore, most of the services which were considered to be reusable outside the 

project scope (13 out of 31, see Figure 11), were data-driven services in Company B. 

Similarly, all of the later reused services in Company C (13 out of 103) were related to 

the business data. The qualitative approach of Publication III allowed going beyond the 

numbers and leaving out the technical issues prohibiting the reuse of the existing 

services, revealing that the main issue enabling later service reuse was the ability to 

design the services as a part of a reusable business concept. In other words, it seems that 

to be reusable, the service must provide access to the right set of business data 

attributes, complemented with the process logic supporting the business activity. If the 

business activity itself is not standardized, then the services combining process and data 

concerns together are unlikely to be reusable within other business activities without 

enhancements. The problem of existing services not fully matching the needs of the 

next business activitity was found to be a reason for developing several duplicate 

services in Company C as well.  

The challenge of reuse requiring small enhancements to the original services due to 

variations in processes has been identified in earlier case studies (Baskerville et al. 

2010, Luthria, Rabhi 2008, Joachim et al. 2013, Hirschheim et al. 2010). The lesson 

learned is that the process and data concerns should be separated into their own atomic 

services as proposed by Dan et al. (2007),  which is also the leading idea of the REST 

architectural style (Fielding 2000) and the rationale for the WS-Resource standard 

(Foster et al. 2004). 

However, it needs to be added that role of the ESB was to enable application integration 

in the company, so these services represent only a certain fraction of the services or 

functionalities needed by the enterprise. A majority of the IT functionalities were 

provided by applications based on commercial software, and the main IT strategy for 

reuse was reusing existing applications. Still, the services implemented on ESB can be 

considered as the ones having reuse potential on enterprise level, and a meaningful 

subject for studying reusability in enterprises. 
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The second research question, What kind of services do enterprises need and how can 

they be described to link them with their business value in the enterprise context, was 

addressed in Publications I, II, III and IV. 

Publication I provided a basis by defining how to model a service from the functional 

point of view in the enterprise context, and Publication II provided background for 

theory building by identifying typical services needed by enterprises presented in the 

existing literature. Publication III provided empirical data from a case enterprise of 

services that had been reused, and Publication IV combined the knowledge, proposing 

ontology as an answer to the question.  

Publication IV argued that from the business model point of view, the granularity of the 

service is not a meaningful aspect and what matters is what the service does, not how 

many layers it is built on. This is aligned with the fundamental concept of a service 

interface providing separation of the concerns of the service consumer and provider. 

However, the implementation of a service may have dependencies through the 

infrastructure services and viewpoints of the services addressing concerns like 

management, security and usability of the services. These potential relationships are 

subject for future research, as discussed in chapter 6.1. 

The second argument in Publication IV was that service reuse is a prerequisite for data 

reuse among the data users. This follows the fundamental concept of composability of 

services, and it can be considered as a manifestation of the SOA issues related to the 

stateful services, requiring the consumer and the provider of the service to share the 

same consumer-specific context, addressed by the WS-Resource standard (Foster et al. 

2004). 

The third argument in Publication  IV was the value of data reuse, enabled by service 

reuse, being a third kind of benefit for enterprises, in addition to the design and runtime 

cost savings of the services. Assuming that enterprises build services which provide 

value of some sort, this argument was supported by the empirical data published in 

Publication III. The published data of the services built on top of the ESB of Company 

C (Figure 12) and the services identified in the case project executed in Company B 

(Figure 11) suggested that a vast majority of all implemented services in both cases 

were related to enabling access to the business data.  

The ontology of services in an enterprise (Figure 14) is fundamentally based on the 

above three arguments. Firstly, from the business value point of view, the technical 

implementation of the service does not matter - only what the service does. Secondly, 

enabling data reuse between users requires a common service to be technically reused to 

enable access to the common data repository. Last, data reuse provides a third kind of 

business value for the enterprise, enabling the data gathered once to be used several 

times.  
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The resulting ontology of services in enterprises can be evaluated by comparing it with 

the reported benefits (Figure 16) of SOA adoption in enterprises.  Past research on SOA 

adoption, based on surveys and case studies, suggests that the benefits are related to 

improved (1) IT flexibility (i.e. modularity, integration and scalability), (2) cost savings 

in IS development and operations, (3) process integration within the extended 

enterprise, and (4) data sharing within the extended enterprise.  

The relation to the improved IT flexibility cannot be fully explained with the proposed 

ontology, as the infrastructure services were treated as a mere cost element, and the 

contribution of the infrastructure to the scalability, modularity and integration of the 

services was not analyzed or recognized. Using the ontology, the IT flexibility can be 

explained through the improved ability to develop new data access and process services, 

enabled with scalable and integrateable infrastructure services, which can scale up and 

down as the data and transaction volumes change. 

The benefits related to cost savings in IS development and operations can be explained 

with the technical view to services and traditional software reuse benefits. Process 

integration benefits can be explained through the ability to standardize the process and 

its data needs into reusable business concepts, which enables automation within the 

enterprise and/or between several enterprises. Similarly, the benefits related to data 

sharing between enterprises can be explained with the ability to standardize the shared 

data and enable its sharing with reused elementary data services. 

 

Figure 16 The role of service and data reuse in enterprises 

  

However, linking the proposed ontology and the answers given by the persons 

originally taking part in the surveys and interviews done earlier requires too many 

assumptions and interpretations to validate the ontology. How this linkage (Figure 16) 
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should be interpreted, is rather to confirm that there are no fundamental conflicts with 

the ontology and the past research and that the ontology itself provides a more concrete 

theory to explain how the benefits of SOA adoption are realized than the existing 

theories, and it could be used as a basis for new research. 

From the strategic management point of view, there have been models and tools 

available to abstract the resources, linking them to profitability, for example with 

business models. The service-oriented business model ontology (Figure 15) enables the 

services and data to be modeled as a part of one such business model, abstracting the 

data as an intangible resource and the services as tangible resources executing business 

activities. This enables different kinds of services to be linked differently to the existing 

business model, making it possible to evaluate the merged ontology from the strategic 

management point of view. Publication IV provided a case study of how the merged 

ontology could be used to calculate a business case for one business/IT development 

investment. The case in question was quite simple from the IT/SOA point of view, but 

served its purpose by showing that at least in simple cases it is possible the link the 

services with their business value. 

The abstraction level of the business model ontology and the business model canvas as 

a tool (Osterwalder, Pigneur 2010) are suitable for modeling the value propositions of 

one business model within an enterprise, but they do not provide adequate means to 

model the synergies or dependencies in general between several business models or 

several enterprises. These cross-business model synergies are essential when evaluating 

the in-house value of sharing data, as the same data can be reused in varying business 

activities. Extensions have been proposed to the original business model canvas 

(Osterwalder, Pigneur 2010), to model value chains of enterprises with overlapping 

business model canvases (Doorneweert, et al. 2014), and examples have been offered of 

how to apply these into data-driven strategies based on data sharing between enterprises 

(Van't Spijker 2014). However, using the same approach to model in-house value chains 

related to data gathering and use may be impractical and would require at least proper 

tools to manage the complex interdependencies. 

Another limitation of the proposed service-oriented business model ontology is the 

scoping to service-oriented architecture, and in practice it may be difficult to find an 

enterprise which would use solely SOA as their IT solution. In principle, the definition 

of the application (chapter 2.1.1) does not limit to the application implemented with 

SOA, as long as applications expose their functionality as services. The functionality 

and data stored in legacy, i.e. non-SOA, applications can be exposed as services 

(Baghdadi, Al-Bulushi 2015), allowing enterprises to reuse both the IT assets, i.e. 

legacy applications, and the business data assets stored in them.  

The second goal of the research was to provide practical guidance for how reusable 

services could be identified in enterprises, by answering the Research Question 3: What 

are the challenges in the service identification in enterprises and how is reusability 

taken into account?  
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Publication I and II proposed and evaluated methodologies to: (I) identify and model 

service functionality by using the IUC method, and (II) identify potentially reusable 

services in the enterprise context by using the QSE method.  

The proposed service identification methods are subject for the same challenges as the 

other top-down (like QSE), and meet-in-the-middle (like IUC) approaches. These 

approaches tend to disregard the implementation issues in the identification phase 

(Huergo et al. 2014). One driver for inventing the IUC method was to enable these 

issues to be discussed between the IT and business stakeholders, but the resulting 

preliminary service design was often far from actual implementation of services. 

Table 5 below provides an overview to the publications and their contribution to each 

research question. 

Table 5 Publications addressing the research questions 
Research 

Question 

Publication 

I II III IV 

RQ1: How does the purpose of the service affect 

its later reuse in enterprises? 

 X X  

RQ2: What kind of services do enterprises need 

and how can they be described to link them with 

their business value in the enterprise context? 

X X X X 

RQ3: What are the challenges in the service 

identification in enterprises and how is reusability 

taken into account? 

X X   
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5 Contribution, Implications and Limitations 

5.1 Contribution  

Publication I presented a service identification method, IUC, with experiences from 

Company A, where it was used to identify the services needed for the integration of 

roughly 35 in-house applications. The IUC can be considered a novel contribution in the 

software requirements knowledge area (Bourque, Fairley 2014), providing an elicitation 

and conceptual modelling techniques, targeted specifically on requirement elicitation of 

services, promoting the reuse of services. Accidental or not, service reuse was achieved 

in Company A to some extent. 

Publication II presented another software requirement elicitation method, QSE, targeted 

to requirement elicitation of service candidates prior to actual requirement elicitation 

sessions. The method was evaluated with a case project by comparing the outcome of 

the QSE analysis with a same kind of analysis made by the project team independently. 

The potential reusability of the service candidates was further estimated with the project 

team, indicating that the QSE method was able to identify the services needed in the 

project as well as almost all potential applications for the services outside the project 

scope. Additionally, Publication II provided empirical data of 31 services needed in the 

case project. 

Publication III presented a case study of one form of software quality, service reuse, in 

an enterprise, providing empirical data of what kind of services are actually 

implemented and reused, as well as the reasons why certain services were reused while 

duplicate services were needed for others. The result was that almost all of the services 

implemented in the company ESB were business data services, and that all of the 13 

services which were actually reused later were one of these business data services. The 

main identified enabler for developing a reusable service was the ability to define the 

service as part of a reusable business concept, solving a well-defined business problem. 

In Company C, this was often achieved by reusing existing business concepts developed 

either by external B2B standardization organizations or software vendors. Another 

successful way of defining reusable services was to develop them in a project that had 

more than one consumer for the service, requiring the business concept to be developed 

within the original project implementing the service. The background behind the 

successful reuse of those 13 services suggested that the primary business reason to 

pursue service reuse was the need to get access to the business data stored behind the 

existing services, not to speed up the development or cost savings. Cost efficiency was 

clearly a secondary target in the case enterprise, but it was not considered sufficient to 

justify migration efforts alone. 

Publication IV formulated the learnings from the previous iterations into ontology 

linking each service into their financial role as a part of a business model, providing 

software engineering economics of service-oriented architecture new means to link the 
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services with the business model of the enterprise. From the requirement elicitation 

point of view, ontology enables the business model to be used as a software requirement 

source and elicitation method of services. The feasibility of the linkage was evaluated 

with a case study by applying the ontology into practice with the IUC method, 

accompanied by a simple framework based on CVP.  

Publication IV separated the shared business data from the services used to store and 

process them, enabling different kinds of services to be linked with the enterprise’s 

business model. With this distinction, services can be classified into elementary, data 

access, process and infrastructure services and linked to the business model 

(Osterwalder 2004) as shown in Figure 17.  

 

Figure 17 Service-Oriented Business Model Ontology, extending the Business Model Ontology 

based on (Osterwalder 2004) 

 

The linkage between different kinds of services and the business model ontology 

(Osterwalder 2004) can be made with the following relations: 

 Elementary Data Service stores and provides access to shared business data. 

These services must be reused by all other services sharing the business data 

with each other. These services enable enterprises to store and share the data 

resources automatically. 

 Data Access Service provides access to the shared business data through 

elementary data services. These services automate the effort needed to access the 

data resources.  

 Process Service automates business activity fully or partially.  

 Infrastructure Service enables the development and operation of the other 

services without direct linkage to the business activities. 
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Using this categorization, each service can be linked conceptually to its role in the 

enterprise’s business model. The proposed service-oriented business model ontology 

provides a means to link the process automation and the data reuse aspects of services 

as an integrated part of the business model and its design. This enables enterprises to 

take the role of service and data reuse into account already in their business 

development.  

5.2 Implications 

This thesis provided a synthesis of business modeling and information management in 

search for a conceptual linkage between the two, proposing several methods for 

practitioners.  

The first of the methods was integration use cases (IUC), targeted to model the 

functionality of services in the enterprise context. The IUC method had been used to 

some extent in three large companies A, B and C. Furthermore, it has been applied in 

design of a Dutch hospital information system (Vliet 2012), and used as a source of 

input for several researchers (Renaux et al. 2013, Bolloju 2009, Souza 2015). 

The second method, qualitative service elicitation (QSE), is a method for analyzing the 

enterprise context prior to the service identification sessions from unstructuded 

descriptions of the enterprise. The QSE method was not adopted by the case enterprise, 

and Company B chose a more comprehensive enterprise architecture approach instead. 

This kind of approach may prove to be useful in scenarios where the availability of 

business stakeholders is limited and the benefit of having prospective service readily 

available prior to service identification sessions exceeds the effort needed for doing the 

analysis. However, in practice it may be simply easier to consult the right stakeholders 

and use their hidden knowledge instead.  

The ontology of service-oriened business models can be applied into practice as well.  

One application is to use it as a basis for meta-models used in enterprise architecture 

repositories, enabling the business model canvases to be linked with different kinds of 

services needed. Merging enterprise architecture and business model concepts has been 

proposed earlier (Iacob et al. 2014, Fritscher, Pigneur 2011, Petrikina et al. 2014), and 

linking the different kinds of services as classified in Publication IV could provide the 

final glue between these two.   

Another possible use of the proposed ontology is to apply it further with the ideas of 

data-driven strategies and cross-enterprise value co-creation concepts within the 

enterprise. If the role of “IT” is further abstracted as a mere cost, the intrinsic value of 

the shared data can be presented as a simplistic calculation between the costs related to 

gathering, updating, maintaining and storing the data, compared to the benefits in 

business activities where the data is used. This kind of simplistic view can be 
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considered to be a special case of the service value framework presented in Publication 

III, when considering only the value of IT as an enabler of sharing data. This kind of a 

viewpoint would enable the master data management to be steered on the basis of the 

value of the “good data”, instead of the costs of the “bad data”. 

The service value framework presented in Publication III may fit the calculation of 

simple business cases, but to scale it into wide-scale projects is likely to require more 

comprehensive planning tools than a basic office package. It should be possible to do 

this with modern enterprise architecture tools. 

The published empirical data of the reused and potentially reusable services is likely to 

depend on the enterprise in question, and without the knowledge of how typical the case 

enterprises are, this data should not be considered to represent enterprises in general. 

However, the research approach presented in Publication III can be used by enterprises 

to investigate the characteristics of a reusable service in their environment. 

Lastly, this research acts as an example of why the organization context needs to be 

taken into account, if the purpose of the research is to meet the needs of the 

organization. The IUC method was invented by the organization itself, while the QSE 

method was based on a literature review. The IUC method is currently used to some 

extent at least in Companies A, B and C, while the QSE method was not used beyond 

the one case project. 

5.3 Reliability and validity 

Estimating the validity of the results of a research is a difficult task, and especially 

when the research is based on qualitative methods, there is no direct way to judge its 

validity. Each approach has its situations and circumstances, which affect the validity. 

Each research approach has its own weaknesses, but the strategy of addressing the 

threats to validity only after the tentative findings are made is considered more scientific 

than attempting to eliminate these threats through prior features of research design 

(Maxwell 1992).  

Design research provided the overall framework for this thesis, but qualitative research 

methods were used to evaluate the constructs, models and methods built during the 

research. The research therefore faces the common threats against validity of qualitative 

research. The critique targeted against design research will be discussed later in this 

chapter. 

Maxwell (1992) has presented a topology involved in qualitative research, which 

presents the threats to validity. The main aspects listed are descriptive validity, 

interpretive validity, theoretical validity, generalizability, and evaluative validity. The 

threats to validity are diverse in qualitative research, but the categorization proposed by 

Maxwell offers a thorough basis for evaluation (Thomson 2011).  
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Descriptive validity refers to the accuracy of the raw data, i.e. how accurately and 

truthfully the observed events were recorded and documented (Maxwell 1992).  There 

were three kinds of data used in this research: documents given by the enterprises, 

interviews, and reports of the service elicitation sessions.  The generic strategy to ensure 

the quality of the data given by the enterprises was to confirm its validity with the 

enterprise representatives, and in practice the documentation was either used in 

operative work or was recently reviewed by someone. Similarly, to ensure correct 

documentation of the interviews, the events were audio recorded when possible. 

Furthermore, the senior co-author provided rigor to the used research methods. 

Interpretive validity concerns the researcher’s ability to interpret correctly what the 

people meant with their statements and behavior (Maxwell 1992). In this research, the 

main strategy for improving the interpretative validity of the interviews was to draft the 

field notes of the interview during the interview and let the interviewees see the wording 

during the interview itself. 

Theoretical validity refers to the researcher’s concepts and theorized relationships in the 

context of the phenomenon (Maxwell 1992). In this research, the data gathered with 

qualitative research methods was used to build the theory iteratively, and to provide 

transparency of how the theory evolved during the iterations, the theory building after 

each iteration was visualized in chapter 4.  

A descriptive case study on the experiences of using the IUC method was conducted 

during iteration 1, but audio recording was not used as planned, due to practicalities. 

The lack of audio recording made the verification of the field notes impossible 

afterwards, but this threat to the descriptive validity was compensated to some extent 

with the high interpretive validity, enabled by the same professional expertise with the 

interviewee. 

The descriptive and interpretive validity of the instrumental case study during iteration 

2 was ensured by reviewing the end results during the interview. The end result was a 

catalogue of identified service candidates needed by the project and their potential reuse 

(yes or no) beyond the project scope, which was reviewed during the interview, 

allowing the interviewees to comment the end results directly. It is also worth noting 

that the interviewed project core team had been doing similar analysis on their own 

before the interview, and the needed functionality of the project and its potential 

dependencies were already well thought out before the interview.  

Also the services implemented on the corporate ESB were very familiar to the 

interviewed persons in another instrumental case study during iteration 3, but the 

classification of services based on their granularity or purpose was not always clear. 

Some of the services had a mixed purpose, and judging the granularity of very simple 

but business critical services required further discussion on the topic. The list of 

services and their classifications were provided for the intervieweed persons, allowing 

them to review the classifications. The background interviews during iteration 3, as well 
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as the interview in iteration 4 were audio recorded to enable later verification of the 

field notes. 

In this research, the qualitative research methods were mainly used to build a theory. 

The main theoretical contribution of this thesis is the ontology (Figure 15) as an answer 

to Research Question 2. The empirical data from iterations 2 and 3 provided 

circumstantial evidence supporting the ontology as an explanation of the role of service 

reuse in the enterprises. However, the samples of the services were not representative 

samples of all services in the enterprises. The services of one project were used as a 

sample during iteration 2, but these services did not necessarily represent the average set 

of services needed by Company B. Similarly, the services implemented to the ESB of 

Company C were used mainly for application integration and thus excluding the 

services was needed to implement the applications themselves.  

Taking these limitations and volumes of the services into account, it is not possible to 

generalize the results using statistical means, but theories can be also generalized from 

concepts based on the synthesis of prior research (Lee, Baskerville 2003) or by 

triangulating the phenomena from several viewpoints (Mingers 2001). 

Triangulation (multimethod research) is considered to be a valid approach within the IS 

research to address the diversity of the related disciplines ranging from mathematics to 

psychology and linguistics. The use of several research methods provides richer and 

more reliable results, as the phenomena are observed from several viewpoints (Mingers 

2001). This research provided three different viewpoints to service reuse in enterprises: 

(1) which services the business stakeholders considered potentially reusable within 

their project, (2) which services were actually reused in one ESB and (3) whether the 

conceptual linkage was understandable between the services and their business 

benefits. Each viewpoint was limited to the specific case in question, but all three 

viewpoints supported the argument that the benefits of service reuse in the studied 

enterprises were mainly related to the ability to reuse the data. 

A new theory can be generalized also through linking the propositions it is build to 

existing theoretical constructs or concepts (Lee, Baskerville 2003). The fundamental 

arguments related to the ontology, the theoretical construct, were discussed in chapter 

5.1 and supported by both the basic characteristics of SOA and the current research of 

the value in the form of the existing business model ontology. The integration with the 

existing theory of the business models (Osterwalder 2004) supports the generalization 

of the service-oriented business model to cover the enterprises using the SOA as their 

sole IT solution. As an extension to a generic model, the proposed service-oriented 

business model is inherently meant to be generic, but admittedly requires further 

empirical evaluation, especially beyond SOA. 

Furthermore, the proposed ontology was scoped to cover only enterprises with one 

business model and SOA as the sole IT solution, although the exploratory case study in 



5.3 Reliability and validity 77 

Publication IV already applied the theory in a case which did not use SOA as a sole IT 

solution. 

No argument was presented in the publications to generalize the ontology beyond the 

enterprises using SOA, but with the definition of application presented in chapter 2.1.1, 

it could be possible to extend it to non-SOA applications exposing their functionality 

through service interfaces, with the assumption that the IT applications in general do not 

have any additional roles in enterprises. Better understanding of the non-functional 

relations between infrastructure services and the business model, accompanied with 

empirical data, is needed to understand whether this assumption is valid. It seems 

plausible, however, that the value of IT applications in general could consist of the 

value of data reuse plus the value of technological automation. 
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6 Conclusions  

Service reuse has two roles in enterprises: it enables automated data sharing among the 

human and IT resources, and it may provide cost savings in service development and 

operations.  

From the strategic management point of view, the role of IT has been traditionally seen 

as a tool that supports human workers. However, through the increasing level of 

automation, enterprises should be rather modeled by assuming that the IT applications 

operate with human workers.  

In addition to the increased productivity through automation, the shared data provides a 

new kind of intangible resource for enterprises, which can be reused and cloned almost 

without variable costs. This intangible resource can be shared automatically only by 

reusing the elementary data services in enterprises building their IT using SOA.  

Service-oriented architecture is based on the assumption that with the service-orientated 

design, the systems constructed from autonomous services do not need to be aware of 

the user in advance and should not need to care either. This may be true from a technical 

perspective, but in the enterprise context, the payer of a service needs to care about who 

uses the service and how it creates value for the enterprise. From this reversed 

viewpoint, the user of a service should not need to care about how the service is 

technically built, as long as it fulfils its purpose and brings value for the payer. 

Using a business model to represent the value delivery process of an enterprise, services 

have the following roles from the payer's point of view: 

 Elementary and data access services are support activities, which can automate 

the access and sharing of business data. 

 Process service is a primary resource, which can automate information work 

activities. 

 

From the technical viewpoint of service reuse, the ability to define a relevant business 

problem as a service is one of the key enablers for achieving service reuse in 

enterprises, benefitting the service development and operations. However, the reuse of 

shared business data was the main driver for service reuse in Companies B and C, not 

cost savings in the service development.  

This research presented two novel service identification methods for practitioners to 

use, namely integration use cases (IUC) and qualitative service elicitation (QSE), as 

well as a framework for evaluating the value of services in simple cases. 
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6.1 Recommendations for further research 

The theory presented in the form of service-oriented business model ontology would 

benefit from further empirical evaluation, like any other scientific theories. A clear 

direction for further evaluation is evaluation and extention of the approach proposed in 

Publication IV. On the other hand, a survey study of the benefits of SOA adoption in 

enterprises, with the proposed ontology as a theoretical basis, could be conducted to 

validate the model itself further and to understand better how SOA adoption brings 

value.  

Another research direction would be an abstraction of the SOA services and business 

activities executed by humans as “Enterprise Services”, enabling the service-oriented 

design principles to be applied to both. This may lead to managerial issues of how to 

manage the overall complexity of the human-IT service system, a domain which could 

benefit from the service management practices evolved in the IT industry, such as the IT 

Infrastructure Library (ITIL), to manage the business activities themselves in the same 

manner as the underlying IT infrastructure and business application. On the other hand, 

the business processes studied during the research resembled procedural programming 

languages, by assuming direct access to any shared data needed. Sharing data within a 

human-IT service system would require the data to be stored in a reused service through 

which the data could be shared. 

Yet another future direction could be to refine the role of the infrastructure as a part of 

the business model. The focus of this research was in the business applications, 

considering the infrastructure as a mere cost. This is not entirely true and the 

infrastructure could be the “third dimension” of the service ontology, providing 

guidance on how to optimize the infrastructure, balancing the cost of infrastructure with 

the cost avoidance in business continuity, improved user experience and risks related to 

the information security. Enhancing the ontology with the role of ICT infrastructure in 

enterprises could provide means to generalize the ontology to cover the overall value of 

IT in enterprises. 
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