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I 

ABSTRACT 

Enterprise Architecture (EA) is a practice for planning, representation and design 

of IT components and resources (Enterprise-IT) in an organization. In the context 

of digital transformation (DT), companies are exposed to various sorts of opportu-

nities, both technological and business. Huge potential for value generation lies in 

Product-IT – built-in software and digital services enhancing the products, which 

is currently considered separately from Enterprise-IT. Integrated consideration of 

Product-IT and Enterprise-IT is hindered by various challenging factors, such as 

the mismatch between agile and traditional modes of IT development and mainte-

nance, disjointed technology platforms and overall lack of methodological support 

to address Product-IT in a coherent way. This thesis proposes a method for Prod-

uct-IT inclusive EA, which aims to support DT. The proposed method is the central 

artifact of the applied design science research, which was grounded and evaluated 

both theoretically and empirically (through literature reviews, an industrial case 

study and interviews). The proposed method has several parts: key concepts for 

product-IT inclusive EA modeling, expanding the traditional set of EA concepts; a 

set of focal areas to facilitate integrated modeling and analysis of Product-IT and 

Enterprise-IT; and a set of recommendations for participatory modeling of the pro-

posed focal areas by relevant stakeholders. 
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SAMMANFATTNING 

Enterprise Architecture (EA) är en praxis för planering, representation och design 

av IT-komponenter och resurser (Enterprise-IT eller Verksamhets-IT) i en organi-

sation. I samband med den idag pågående Digitala Transformationen (DT) expon-

eras företag för olika typer av möjligheter och utmaningar, såväl tekniskt som af-

färsmässigt. Det föreligger stor potential för ökat produktvärde genom inbyggd 

programvara och digitala tjänster (Produkt-IT) som adderar helt nya dimensioner 

till produkterna. I många avseenden utvecklas och hanteras dessa digitala tjänster 

separat från traditionell Verksamhets-IT. Integration av Produkt-IT och Verksam-

hets-IT försvåras av olika utmanande faktorer, såsom spänningen mellan agila och 

traditionella arbetssätt för IT-utveckling och underhåll, osammanhängande teknik-

plattformar och brist på metodstöd för att hantera Produkt-IT på ett sammanhållet 

sätt. I denna avhandling presenteras därför en metod för Produkt-IT-inkluderande 

EA (Product-IT inclusive EA), som syftar till att stödja DT. Den föreslagna metoden 

är den centrala artefakten i en forskningsprocess baserad på design science para-

digm. Metoden har genererats och utvärderats såväl teoretiskt som empiriskt (lit-

teraturstudier, industriell fallstudie och intervjuer). Metoden innehåller flera delar: 

nyckelbegrepp för produkt-IT-inkluderande EA - modelleringsstöd som utvidgar 

den traditionella uppsättningen av EA-begrepp samt dess struktur; fokalområden 

som möjliggör sammanhållen modellering och analys av Produkt-IT och Verksam-

hets-IT; samt en uppsättning av rekommendationer för deltagande modellering av 

de föreslagna fokalområdena av berörda intressenter. 
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CHAPTER 1  

INTRODUCTION 

In this chapter the motivation for the research is described, then the research ques-

tions and the resulting knowledge contributions are presented. 

Information technology (IT) is changing products. Products have evolved from be-

ing solely composed of mechanical and electrical parts to complex systems of hard-

ware, sensors, data storage, microprocessors, software, and connectivity compo-

nents. Porter and Heppelmann (2014) refer to such new products as smart, con-

nected products. The integration of sensors and communication technologies 

serves as the foundation of technological innovations such as the Internet of Things 

(IoT) and Cyber-Physical Systems (CPS) (Stankovic, 2014; Xu, He, & Li, 2014). 

Smart, connected products play central roles in these areas, acting as intelligent 

communicating entities. Smart, connected products have opened a new era of com-

petition and business value creation. Manyika et al. (2015) discuss the role of the 

IoT in digitizing the physical world and estimate that IoT may have a total economic 

impact of US$3.9 trillion to US$11.1 trillion a year by 2025. 

Three core elements of smart, connected products are: physical components, 

“smart” components, and connectivity components (Porter & Heppelmann, 2014). 

Physical components include mechanical and electrical parts, for example, the en-

gine, batteries and tires of a car. Smart components include sensors, microproces-

sors, data storage devices, software, embedded operating systems and enhanced 

user interfaces. In a modern car, smart components include the engine control unit, 

antilock braking system, rain-sensing windshields with automated wipers, and 

touch screen displays. In many products, software replaces some hardware compo-

nents or enables a single physical device to perform at various levels. Connectivity 

components include the ports, antennae, and protocols enabling wired or wireless 

connections with the product. Smart components increase the capabilities and 

value of the physical components, whereas connectivity increases the capabilities 

and value of the smart components and enables some of the smart components to 

exist outside the physical product itself.  

The connectivity of smart products provides foundations for development of a wide 

range of value-adding services. Product becomes accessible by various components 
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of Product Cloud: smart product applications (digital services) for monitoring and 

control; the data regarding the product operation can be stored and analyzed in 

Product Data Database to reveal new insights; the application platform enables the 

rapid creation of smart, connected business applications using data access, visual-

ization, and run-time tools (Porter & Heppelmann, 2014). Together, smart compo-

nents, connectivity components and product cloud shape the digital character of 

the traditional physical product and form a Product-IT, which significantly in-

crease the value of the product. 

There are numerous examples of transforming from traditional physical products 

to smart, connected products in many manufacturing sectors. This shift is changing 

the structure of industries and the nature of competition, exposing companies to 

new opportunities and threats, and setting new requirements for various aspects of 

manufacturing companies. The shift from traditional (physical) creation and deliv-

ery of customer value, including associated operational procedures, to the massive 

use of digital technologies, which enhance or replace traditional products with 

smart, connected product, is usually referred to as IT-driven transformation (Porter 

& Heppelmann, 2014), digitalization or digital transformation (DT) (Hess, Matt, 

Benlian, & Wiesböck, 2016; Nandico, 2016). According to Hess et al. (2016), devel-

opment of an effective DT strategy requires a company-wide holistic approach, in-

volving consideration of four dimensions:  

(1) The use of technologies - particularly the company’s approach to exploration 

and exploitation of new digital technologies, and its capabilities to do so. Key 

changes in use of technologies may involve digitalizing products the company pro-

duces, alterations of organizational structures, automation of processes and intro-

duction or improvement of the supporting business systems (Enterprise-IT). 

(2) Changes in value creation - DT may have profound effects on the company’s 

value creation, which should be anticipated and coordinated.  

(3) Structural changes - modifications in organizational structures, processes and 

skill sets needed to cope with and exploit new technologies.  

(4) Financial changes – may be essential not only for funding DT endeavors per se, 

but also for responses to challenges raised by DT (internal 0r external) to core busi-

ness activities. 

Exploitation and integration of digital technologies, regarded by Hess et al. (2016) 

as the first dimension of DT strategy development, can include digitalizing products 

(enhancing physical products with product-IT) or digitalizing business processes, 

sales channels, supply chains etc. (enhancing company functions with suitable up-

to-date Enterprise-IT). Enterprise-IT can include various systems such as Enter-

prise Resource Planning (ERP), Customer Relationship Management (CRM), Prod-

uct Lifecycle Management (PLM), accounting systems, and identity management 

systems, which support various business functions. IT strategies usually provide a 

general overview of a company’s Enterprise-IT development, which can include 

current and future operational activities, necessary applications, systems and infra-

structures, together with a suitable organizational and financial framework for 

providing IT components and resources that support business operations within 

the company (Teubner, 2013). IT strategies usually focus on the management and 
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planning of such IT components and resources, with limited consideration of inno-

vations driving business development. This restricts coherent application of the es-

sential product-centric and customer-centric opportunities arising from new digital 

technologies (Matt, Hess, & Benlian, 2015). IT strategies present system-centric 

roadmaps to the future use of IT in a firm, but they do not necessarily account for 

the transformation of products, processes, and structural aspects that go along with 

the integration of technologies. Therefore, consideration of smart, connected prod-

ucts and related product-IT should be an integral part of IT planning and manage-

ment. This would enable capture of product-centric and customer-centric opportu-

nities and their inclusion in further planning and development. 

Enterprises can be affected by DT in various ways, including changes in organiza-

tional structure, business processes, information systems, and infrastructure, 

which together form an Enterprise Architecture (EA). Existing EA frameworks usu-

ally define a number of domains or layers that EA includes. For example, The Open 

Group Architecture Framework (TOGAF) suggests considering Business, Data, Ap-

plications and Technical architectural domains; Treasury Enterprise Architecture 

Framework (TEAF) defines Functional, Information, Organizational, and Infra-

structure domains (Haren, 2011; Urbaczewski & Mrdalj, 2006). Enterprise Archi-

tecture Management (EAM) is a discipline that is traditionally used to address mu-

tual alignment between these domains, by taking a holistic view of the overall EA 

(Buckl, Dierl, Matthes, & Schweda, 2010). Organizations have traditionally de-

ployed EAM to understand, plan, develop, and manage their IT components and 

resources, i.e., Enterprise-IT (Simon, Fischbach, & Schoder, 2014; Wißotzki, Koç, 

Weichert, & Sandkuhl, 2013). By providing a holistic view of business capability 

elements and their relationships, EAM can facilitate the translation of strategic ob-

jectives into business capabilities and concrete changes in business processes, gov-

ernance structure, and IT components and resources enabling those capabilities, 

and thus organizational objectives (Rahimi, Gøtze, & Møller, 2017; Simon et al., 

2014; Tamm, Seddon, Shanks, & Reynolds, 2011). 

EA is also widely used to support transformations and to facilitate Business and IT 

Alignment (BITA) (Riege & Aier, 2009). BITA includes various dimensions, such as 

strategic, structural, cultural and social (Chan & Reich, 2007). BITA is usually sup-

ported by, and realized through, enterprise transformation, i.e., the action of taking 

an enterprise from one state to an improved state, where IT components and re-

sources play central roles (Seigerroth, 2011). In this respect, DT can be regarded as 

a transformation that can help companies to facilitate BITA. 

Riege and Aier (2009) specify the following main goals of EA: (1) documentation 

and communication of as-is structures and processes, (2) support for the design of 

to-be structures and processes, and (3) support for projects that transform as-is 

into to-be structures and processes. To support the description and design of the 

as-is and to-be structures, EA methods are needed (Riege & Aier, 2009). Methods 

enabling unambiguous description of EA can support communication among stake-

holders and the processes of transforming as-is into to-be (Jonkers et al., 2004). 

Participatory Enterprise Modeling (EM) can serve as a useful practice in this con-

text. It allows creation of integrated models that capture and represent different 

focal areas of an enterprise (Stirna & Persson, 2018), e.g., business processes, 
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business rules, concepts, information, data, goals, and actors. The essential repre-

sentational ability of enterprise models can help creation of a multidimensional 

view of EA and integration of these dimensions into a coherent structure, thereby 

supporting the description and design of as-is and to-be EA.  

Analysis of product-centric and customer-centric opportunities, which is crucial for 

a successful shift from physical to smart, connected products, requires knowledge 

sharing among numerous stakeholders with diverse organizational affiliations and 

functions - Production, Research & Development (R&D), Marketing, Customer 

Support, Sales and others. The interactions with customers are often managed sep-

arately by the involved functions (units) of a company, leading to failure to analyze 

complete customer experience (Rawson, Duncan, & Jones, 2013). Cross-functional 

collaboration is highly beneficial in this context, as it enables enhancement and op-

timization entire customer journeys, rather than enhancement of the customer ex-

perience at a number of separate touchpoints. The insular working culture that 

characterizes many existing product and service providers limits such collaboration 

(Rawson et al., 2013). Participatory EM is especially useful in such contexts, as it 

enables knowledge sharing across various functions of the organization.  

Detailed specifications (models) representing EA layers and elements are crucial 

for efficient and structured transformation efforts (Tamm et al., 2011). EA 

roadmaps and principles can be used as practical instruments for conformity 

checks and ensuring compliance of changed business capabilities (Simon et al., 

2014). This highlights the potential relevance of EA in the context of DT, including 

the representation, modeling and management mechanisms and means of meth-

odological support available in the EA field. However, for this context EA should be 

revised and redefined to account for the broader scope of IT components and re-

sources that DT addresses – the combination of Enterprise-IT and Product-IT. 

Therefore, it is essential to redefine EA for the context of DT, including Product-IT 

in EA consideration and modeling. 

1.1 RESEARCH QUESTIONS AND KNOWLEDGE 

CONTRIBUTIONS 
Based on the presented motivation, the main research objective was to develop a 

suitable way for integrating Product-IT and Enterprise-IT within EA, which lacked 

suitable methodological support. 

To meet this objective, the following research questions were formulated and ad-

dressed: 

1. What challenges in industrial practice hinder the integration of 

Product-IT into Enterprise Architecture? 

2. What requirements do these challenges set for an Enterprise Archi-

tecture method? 

3. From a methodological perspective, how could Product-IT be inte-

grated into Enterprise Architecture? 
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The formulated research questions were addressed with the three knowledge con-

tributions - KC 1, KC2, and KC3, as illustrated in Figure 1, and outlined in the fol-

lowing text. 

 
Figure 1 Knowledge contributions answering the research questions 

KC1. Challenges in integrating Product-IT and Enterprise-IT addressed 

the first research question and presented in section 5.1. The identified challenges 

included three groups. One is a lack of common development platforms for Prod-

uct-IT development teams, which causes inefficiency in the development, opera-

tions and maintenance of smart, connected products with similar functionality. 

Another is the mismatch and resulting clashes in development modes, between 

the agile working mode characteristic for the development, maintenance and op-

erations of smart, connected products and traditional, waterfall-like working 

mode that is usual for Enterprise-IT. The third is a lack of suitable methodological 

support to comprehensively address the issues related to development, operations 

and maintenance of smart, connected products, for example touchpoint analysis 

to enhance overall customers’ journeys. 

KC1 provided a basis for KC2. Requirements for Product-IT inclusive En-

terprise Architecture Method, which addressed the second research question 
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and is presented in section 5.2. This knowledge contribution points out that a 

method for Product-IT inclusive EA should enable consideration of Product-IT in 

strategy, operational and technology development. It should also be applicable in 

environments where different working modes co-exist, ranging from agile to water-

fall-like. Moreover, it should provide means for multifaceted analysis and modeling 

of EA, with specific attention to the role of Product-IT in value generation and strat-

egy development. Finally, it should enable consideration of data and its role in busi-

ness value generation, and support collaboration and interaction between multiple 

stakeholders. 

The third research question was addressed by KC3. Method for Product-IT in-

clusive Enterprise Architecture, which is the main knowledge contribution 

presented in this thesis. The method was formed using the chosen method theory 

(presented in section 3.2) as a basis. The structure of the resulting method for Prod-

uct-IT inclusive EA is outlined in Chapter 6. The method includes several constitu-

ents: Concepts (Chapter 7), Focal Areas (Chapter 8), Stakeholders and Roles (Chap-

ter 9) and Recommendations for Participatory EM (Chapter 10). Presented con-

cepts extend the traditional EA concepts with Offering, Ecosystem of Offerings, 

Concern, Experience and Touchpoint for the business layer; and Product-IT, En-

terprise-IT, Technology area and Opportunity for the strategy layer. Presented focal 

areas are intended to facilitate multifaceted modeling and analysis of EA including 

Product-IT, as the description of each focal area is based on a sub-set of intercon-

nected concepts and supplemented with procedures to carry out the modeling. The 

description of stakeholders and roles indicates key knowledge owners in Product-

IT inclusive EA, with a suggested set of stakeholders and roles for modeling the 

identified focal areas. Recommendations for Participatory EM include a number of 

prescriptive guidelines, which are intended to facilitate participatory EM efforts, 

including such activities as extracting relevant information from the knowledge 

owners, transforming information into models and using models. 
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CHAPTER 2  

RESEARCH APPROACH 

This chapter describes the research approach that was applied to answer the for-

mulated research questions. First, an overview of the applied design science re-

search approach is presented. Then the generation and validation of the 

knowledge contributions are described in relation to the chosen foundations and 

methodologies, and specific research activities in which they were used. Finally, 

the research rigor is discussed in relation to the applied research approach. 

To address the formulated research questions design science research was cho-

sen as a suitable research approach. Design science research (DSR) is a problem-

solving paradigm, with roots in engineering and the science of the artificial 

(Hevner, March, Park, & Ram, 2004; Simon, 1996). A fundamental premise of DSR 

is that a practical problem can be addressed with the help of an artifact – an object 

made by humans with the intention to solve the problem (Johannesson & Perjons, 

2014). Artifacts can be physical objects (e.g., a car or lawnmower), drawings, blue-

prints, or means of methodological support (e.g., principles of agile software devel-

opment or a method for designing a database). A common feature of different types 

of artifacts is that they are intended to help people to solve a problem, defined as 

an undesirable state of affairs or a gap between the current state and a desirable 

state (Johannesson & Perjons, 2014). A problem is not always an obstacle, but may 

sometimes be a puzzling question or unexpected circumstance that could provide 

an opportunity for improvement. An artifact for solving a problem can be described 

in terms of: its function (what it can do for its users), its structure (the components 

and their relations), the environment (the external surroundings and conditions in 

which the artifact will operate), and the effects (how use of the artifact will change 

its environment) (Johannesson & Perjons, 2014).  

In this thesis, the problem entails the industrial challenges related to the integra-

tion of Product-IT with Enterprise-IT in the context of EA, which had to be identi-

fied and described in a structured manner (KC1). The identified challenges defined 

the problem space in detail and highlighted the need for new methodological sup-

port in the EA field, which allowed requirements for an EA method to be defined 

(KC2) (Figure 2). These requirements outlined the function of an artifact that could 
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address the described problem. Finally, a suitable structure of the planned artifact 

was designed, and the method for product-IT inclusive EA was generated (KC3). 

The resulting Method for Product-IT inclusive EA is the central artifact of the 

research, where KC1 entailed the definition of the problem and KC2 comprised the 

definition of the function of this artifact.  

 
Figure 2 Knowledge contributions of the thesis in relation to the DSR paradigm – the problem, the function 

and the artifact 

DSR involves: (1) the development and justification of theories that explain or pre-

dict phenomena related to the identified problem space, and (2) building and eval-

uation of artifacts designed to meet the identified problem (Hevner et al., 2004). 

The research process in DSR is usually iterative and can include two types of activ-

ities across the theories and artifacts (knowledge constructs): Develop and Build 

(hereafter generation); and Justify and Evaluate (hereafter evaluation). The main 

purpose of such an iterative research process is to incrementally assess and refine 

the knowledge constructs that are being developed. The applied research approach 

included both assessment and refinement of the knowledge constructs, where both 

types of research activities were employed – generation and evaluation. An over-

view of the applied research approach, based on DSR framework by Hevner et al. 

(2004), is presented in Figure 3. 
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As shown in Figure 3, consideration of the Environment (framed by Organiza-

tions, People and Technology), provided in-depth understanding of the industrial 

context and business needs that indicated a need for new methodological support 

in the EA field, and hence supported the relevance and applicability of the resulting 

artifact. Particularly relevant Organizations for the research are companies en-

gaged in DT and aiming to leverage the full potential of producing smart, connected 

products (Technology). These companies are manufacturing companies of various 

sectors that have historically produced physical products. They are facing numer-

ous challenges and recognize the inefficiency of addressing Product-IT separately 

from Enterprise-IT (Technology). The latter has been traditionally addressed as 

part of the EA field, using existing EA methodological support. This frames the de-

mand for new methodological support allowing integrated consideration of Prod-

uct-IT and Enterprise-IT. People that shape the environment, and could potentially 

benefit from such methodological support, are EA and EM practitioners and spe-

cialists dealing with DT efforts within such organizations. 

Challenges in 
integrating Product-
IT and Enterprise-IT

Knowledge baseEnvironment

Organizations
• Organizations engaged 

in digital 
transformation aiming 
to leverage the full 
value generation 
potential of producing 
smart, connected 
products

People
• Digital Transformation 

experts
• EA and EM 

practitioners

Technology
• Smart, connected 

products
• Product-IT and 

Enterprise-IT 
components that are 
handled separately in 

the context of EA

Develop and Build
Generation of 

knowledge constructs

Justify and 
Evaluate

Evaluation of 
knowledge constructs

Relevance Rigor

Foundations
• Digital transformation, 

digitalization
• BITA
• EA and EA in digital 

age
• EA concepts, EA focal 

areas
• Participatory 

Enterprise Modeling
• Smart, connected 

product, IoT, CPS
• Method theory

Methodologies
• Literature review
• Interview
• Case study

Business 
needs

Applicable 
knowledge

Additions to the knowledge base
Application in the appropriate

 environment

Requirements for 
Product-IT inclusive 

EA method

Assess

Refine

Method for 
Product-IT inclusive 

EA

 
Figure 3 Research approach based on DSR, adapted from Hevner et al. (2004) 

Two companies were chosen to represent organizations framing the environment 

of this DSR. The first chosen industrial partner (Case Company hereafter) is a 

product manufacturer that was undergoing a DT, shifting from being a physical 

products provider to a smart, connected products provider, including the services 

associated with the products. The Case Company is a producer of outdoor power 

products including chainsaws, trimmers, smart, connected lawnmowers, garden 
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tractors, watering systems, cutting equipment, and diamond tools for the construc-

tion and stone industries. In addition to the Case Company, which was the main 

source of the empirical material in the case study, another industrial partner was 

contacted to participate in research activities arranged for the purposeful evalua-

tion of knowledge constructs. This company (Evaluation Company hereafter) is 

a producer of turbomachinery products and services associated with their opera-

tion, maintenance and disposal. The Evaluation Company was also in the process 

of DT, aiming to shift to production of smart, connected products and thus was 

chosen as a suitable participant to represent the environment of this DSR. 

The Knowledge base for this study consists of Foundations and Methodologies 

(Figure 3). The Foundations include theories, frameworks, constructs, models and 

methods that are relevant for the defined focus and can be applied to generate new 

knowledge constructs. The Methodologies include methodological guidelines that 

can be used to generate and evaluate the knowledge constructs.  

Relevant foundations for this research included existing theories related to EA, 

BITA and participatory EM, together with DT and its enablers such as IoT, CPS and 

smart, connected products, which played key roles in framing the addressed prob-

lem. Relevant foundations are described in Chapter 3. 

Methodologies used in this DSR included literature review, interview and case 

study. Literature review was used to identify, and critically evaluate, what has been 

published on the focal topics. Interview was used in several ways - as a data collec-

tion technique within the case study (described below) and as an independent 

methodology for generating and evaluating knowledge constructs. Various forms of 

interview were employed – semi-structured interviews with a single respondent 

(interviews hereafter), semi-structured interviews with a group of participants en-

gaged in modeling (workshops hereafter), semi-structured interviews with one or 

several domain experts specifically to evaluate knowledge constructs (evaluation 

meetings hereafter), unstructured interviews with a pre-defined purpose (as ad-hoc 

meetings with a pre-defined focus hereafter). Case study was chosen as a research 

method enabling explorative in-depth investigation of the phenomena in real-word 

settings. During the case study the empirical material was collected via interviews, 

ad-hoc meetings with a pre-defined focus, workshops and review of the Case Com-

pany documentation. Using multiple sources of evidence is a key principle for en-

suring the quality of a case study (Yin, 2013), which was followed when planning 

and carrying out the research activities included in the case study.  

Due to the novelty of the problem it was important to investigate and describe the 

problem (the challenges in integrating Product-It and Enterprise-IT) in-depth be-

fore developing the artifact (method for Product-IT inclusive EA) to address it. Ex-

plorative case study in collaboration with an industrial partner (Case Company) 

was chosen as the most suitable research method to obtain the required in-depth 

description of the problem space. Case study provided a suitable means for explor-

ing and describing the problem – the challenges associated with integrating Prod-

uct-IT and Enterprise-IT (KC1), and then outlining the function of the planned ar-

tifact – the requirements for product-IT inclusive EA method (KC2). A description 

of the Case Company based on the collected empirical material, is presented in 

Chapter 4. 
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A distinction made by Wieringa (2014) between design problems and knowledge 

questions is relevant to describe the dualistic nature of the resulting knowledge 

contributions. Design problems call for a change in the real world and require an 

analysis of goals of key stakeholders in a relevant environment. The design problem 

in this study was addressed by generating and validating the core artifact (method 

for Product-IT inclusive EA). By contrast, knowledge about the world should be in-

quired and described to answer knowledge questions (here, the research questions 

presented in section 1.1). All knowledge contributions (KC1, KC2 and KC3) pre-

sented in this thesis can be regarded as answers for these knowledge questions. 

The knowledge contributions (KC1, KC2 and KC3) were formed with the help of 

suitable foundations and methodologies (section 2.1), which were applied in several 

generation and evaluation research activities (section 2.2).  

2.1 KNOWLEDGE BASE –  FOUNDATIONS AND 

METHODOLOGIES 
Knowledge contributions presented in this thesis are: 

- KC1. Challenges in integrating Product-IT and Enterprise-IT 

- KC2. Requirements for Product-IT inclusive EA 

- KC3. Method for Product-IT inclusive EA 

In relation to the DSR, KC1 defines the problem space, KC2 outlines the functions 

of the planned artifact to address the described problem, and KC3 is the resulting 

artifact intended to address the described problem.  

As already mentioned, the resulting artifact (the method for product-IT inclusive 

EA) has several constituents: concepts; focal areas including procedures; stake-

holders and roles; recommendations for participatory EM (Figure 4). 

 

Figure 4 The central artifact of the study – the method for Product-IT inclusive EA 

Several Foundations and Methodologies were used to iteratively form the 

knowledge constructs that eventually resulted in development of the listed 

knowledge contributions. 

Relevant Foundations helped to develop and evaluate the knowledge contributions 

according to the representation in Figure 5, in which grey elements are knowledge 

contributions, and white elements are foundations that were used to form them. 



CHAPTER 2  RESEARCH APPROACH  

 

14 

 

Figure 5 Foundations used to develop the knowledge contributions  

As shown in Figure 5, the knowledge contributions have foundations in diverse 

fields. For example, foundations of KC1 are rooted in fields such as: BITA; DT; dig-

italization; smart, connected products; IoT; CPS; EA and EA in the digital age. Fig-

ure 5 illustrates foundations of all the knowledge contributions, in no particular 

chronological or other order. 

In addition, several Methodologies have been applied to generate and evaluate 

knowledge constructs and hence form the knowledge contributions. These meth-

odologies are literature review, interview and case study, which were used for vari-

ous purposes. The methodologies are described in the following sections 2.1.1-2.1.3, 

which also outline the research activities in which these methodologies were ap-

plied. 

2.1.1 LITERATURE REVIEW 

Literature review is helpful for identifying critical knowledge gaps and areas requir-

ing further investigation (Vom Brocke et al., 2015). A systematic literature review 

enables thorough in-depth analysis of the existing publications in a field of interest 

(Kitchenham, 2004). A systematic literature review requires significant resources, 

which limits its suitability or feasibility in some cases.  

Depending on the purpose and focus of the study, a well-planned and transparently 

described, but less comprehensive literature review may still fulfil the purpose with 

less effort, than a systematic review. Here, this kind of literature review is referred 

to as focused literature review. Focused literature review is applicable for generat-

ing theoretical models before investigating a certain research issue. In this research, 

focused literature review was chosen as the most suitable way to review the litera-

ture and generate knowledge constructs, given the available resources 

The general procedure for a literature review proposed by Kitchenham (2004) was 

followed in this research. This includes three steps: planning, conducting, and (3) 

reporting the review. The planning includes identification of a need for a literature 

review; specification of the research questions, formulation of the search terms and 

identification of the resources to be searched (databases, specific journals, and con-

ference proceedings or other sources). Conducting the review involves 
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implementation of the procedures specified in the first step, including document 

retrieval, selection of relevant publications and then synthesis and analysis of rele-

vant theories for further results generation. Reporting the review involves present-

ing the results. Results of reviews included in this research have been presented in 

various publication (Publications section), and are summarized in several sections 

of Chapter 3. 

Relevant publications for the focused literature reviews were identified by: searches 

using Google Scholar, SpringerLink, IEEE Xplore; scans of publications presented 

in pertinent conferences and journals; and materials acquired through the aca-

demic network of the author of this thesis. A combination of these resources was 

chosen to cover sufficiently existing publications on the addressed topics. 

Concept-centric rather than author-centric review is recommended, as the latter 

may fail to synthesize the relevant literature (Webster & Watson, 2002). This rec-

ommendation was followed in all performed literature reviews with the help of key-

words, which were used to search the selected resources. To enable evaluation of 

theory generated through the literature review, all the generated knowledge con-

structs were purposefully evaluated in subsequent research activities. 

Focused literature review was chosen as a suitable methodology to analyze the ex-

isting literature during several research activities, which are outlined in Table 1.  

Table 1 Research activities in which literature review was applied 
Research activity Focus 

Literature review 
1-1 

Challenges in participatory EM (Section 3.5.1) 

Literature review 

1-2 

Guidelines and recommendations for participatory Enterprise Modeling, al-

lowing to deal with the EM challenges (Section 3.5.1) 

Literature review 

2-1 

The role of smart, connected products as key enablers of digital transfor-

mation (Section 3.1.1) 

Definition of Product-IT (Section 3.1.2) 

How smart, connected products change companies and their management 

of IT components and resources (Section 3.3.1) 

Literature review 
2-2 

Concepts in traditional EA (Section 3.4.1) 

Focal areas in traditional EA (Section 3.4.2) 

2.1.2 INTERVIEW 

Interview were used to collect and analyze empirical material as a parts of case 

study and as an independent research method. Interviews are considered to be ef-

fective for collecting qualitative data and can be used in combination with other 

techniques and methods (Williamson, 2002). The general aim of interviews is to 

enable people and their perspectives to be understood. The main purpose of using 

interviews in this research was to access, collect and analyze empirical material rep-

resenting the opinions of the industrial experts on the addressed issues. 

Williamson (2002) describes three types of interviews: structured, unstructured 

and semi-structured. Semi-structured interviews involve use of a predefined list of 

questions (an interview guide) allowing the interviewer to follow-up leads provided 

by participants for each question. Semi-structured interviews have an in-depth 
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character and allow the capture of interviewees’ views. Unstructured interviews al-

low free dialog, solely according to pre-defined focus of interest, without any spe-

cific sequence of questions. 

Various forms of interview were employed in this research: 

• semi-structured interviews with a single respondent (interviews); 

• semi-structured interviews with a group of participants engaged in model-

ing (workshops); 

• semi-structured interviews with one or several domain experts specifically 

aiming to evaluate knowledge constructs (evaluation meetings); 

• unstructured interviews with a pre-defined purpose (ad-hoc meetings with 

a pre-defined focus) 

The generic process for carrying out semi-structured interviews (interviews, work-

shops and evaluation meetings) included three steps:  

(1) Designing the interview 

(2) Conducting the interview 

(3) Analyzing the data 

The first step included: identification of the purpose and scope of the interview; 

formulation of the interview questions and designing the modeling activities; and 

choice of the respondents. The aspects defined in the first step were then structured 

and documented in an interview guide. Choosing the respondents was a very im-

portant step, for which the main selection criteria were relevant knowledge regard-

ing addressed issues and ability to provide multifaceted overviews of the discussed 

topics. The interviewees with specific domain knowledge and expertise were 

contacted and invited for participation. 

In the second step - conducting the interview - the interview questions were dis-

cussed with respondents in an open-ended manner, so the respondents were able 

to build their answers and argumentation in a creative and unconstrained way. The 

conversations during the semi-structured interviews with one respondent were rec-

orded and transcribed. Models created during the interviews served as parts of the 

empirical material and were used in the further analysis together with the empirical 

material obtained via conversations with the respondents. During the workshops 

and evaluation meetings, the detailed notes were taken for further analysis. After 

the interviews the collected empirical material was analyzed in a qualitative manner 

to form the results. 

Analysis of the interview data included categorization and unitization (Saunders, 

2011). Classification involves classifying data into meaningful categories, by adding 

codes and labels to the data for structuring it. A set of assigned labels then evolved 

into a set of categories that formed a structure for the interview results, enabling 

unitization of the data, i.e., attachment of relevant units of data (paragraphs of tran-

scribed responses, passages of the taken notes or fragments of the created models) 

to corresponding categories (Saunders, 2011).  

Interviews were used during several research activities, as outlined in Table 2. 



CHAPTER 2  RESEARCH APPROACH 

 

17 

Table 2 Research activities in which interview was applied 
Research activity Type of interview method-

ology 

Focus 

Interview round 
1-1 

Semi-structured interview 
with a single respondent 

Challenges in participatory EM 

Interview round 

1-2 

Semi-structured interview 

with a single respondent 

Recommendations for participatory EM, allow-

ing to deal with the EM challenges 

Interview round 

2-1 (part of the 

case study) 

Semi-structured interview 

with a single respondent 

Industrial challenges in integrating Product-IT 

and Enterprise-IT, practices to deal with Prod-

uct-IT; relevant knowledge owners for discus-

sion and modeling of Product-IT and Enter-
prise-IT 

Interview round 

2-2 (part of the 

case study) 

Semi-structured interview 

with a single respondent 

Requirements for including Product-IT in EA 

methodological support; concepts for discuss-

ing and representing Product-IT in association 
with existing Enterprise-IT; focal areas and 

knowledge owners (stakeholders) for such dis-

cussion and modeling 

Workshop 1 
(part of the case 

study) 

Semi-structured interview 
with a group of partici-

pants engaged in modeling 

Concepts for discussing and representing Prod-
uct-IT in association with the Enterprise-IT; 

key focal areas and knowledge owners (stake-

holders) for such discussion and modeling 

Workshop 2 

(part of the case 

study) 

Semi-structured interview 

with a group of partici-

pants engaged in modeling 

Concepts for discussing and representing Prod-

uct-IT in association with the Enterprise-IT; 

key focal areas and knowledge owners (stake-

holders) for such discussion and modeling 

Workshop 3 Semi-structured interview 

with a group of partici-

pants engaged in modeling 

Concepts for discussing and representing Prod-

uct-IT in association with the Enterprise-IT; 

key focal areas and knowledge owners (stake-

holders) for such discussion and modeling 

Evaluation meet-

ing 1 

Semi-structured interview 

with two domain experts 

aiming to evaluate 
knowledge constructs 

Challenges in integrating Product-IT and En-

terprise-IT; Requirements for Product-IT in-

clusive EA 

Evaluation meet-

ing 2 

Semi-structured interview 

with one domain expert 

aiming to evaluate 
knowledge constructs 

Concepts for Product-IT inclusive EA as the 

key constituent of a method for product-IT in-

clusive EA 

Evaluation meet-

ing 3 

Semi-structured interview 

with one domain expert 

aiming to evaluate 
knowledge constructs 

The method for product-IT inclusive EA in-

cluding Concepts, key Focal areas and proce-

dures. Stakeholders and roles, and Recommen-
dations for participatory EM 

Evaluation meet-

ing 4 

Semi-structured interview 

with one domain expert 
aiming to evaluate of 

knowledge constructs 

The method for product-IT inclusive EA in-

cluding Concepts, key Focal areas and proce-
dures. Stakeholders and roles, and Recommen-

dations for participatory EM 

Ad-hoc meetings 

with a pre-de-
fined focus (part 

of the case 

study) 

Unstructured interviews 

with a pre-defined purpose 

Challenges in integrating Product-IT and En-

terprise-IT; Requirements for Product-IT in-
clusive EA; Concepts for discussing and repre-

senting Product-IT in association with the En-

terprise-IT; key focal areas and knowledge 

owners (stakeholders) that are central for such 
discussion and modeling 
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A simplified set of preparations was implemented before each unstructured inter-

view (ad-hoc meeting with a pre-defined focus), which included definition of the 

focus for clarification and contacting one or more relevant respondents. In addi-

tion, data were collected by taking notes rather than recording and transcribing. 

2.1.3 CASE STUDY 

Empirical material originating from a relevant industrial context was obtained in a 

case study that can be classified as exploratory, as the phenomena of Product-IT 

and Enterprise-IT were explored in real-world organizational contexts. It focused 

on Product-IT and Enterprise-IT integration, addressing commonalities in struc-

ture and components of Product-IT and EA. It was a single-case study, with multi-

ple embedded units of analysis, helping to form several knowledge contributions, 

regarding: industrial challenges in integration of Product-IT and Enterprise-IT and 

practices to deal with Product-IT; requirements for including Product-IT in EA 

methodological support; concepts for discussing and representing Product-IT in 

association with existing Enterprise-IT; focal areas; and key knowledge owners 

(stakeholders) for such discussion and modeling. 

The enterprise considered in the case study referred to as the Case Company. It is a 

manufacturing company that at the time of the study was undergoing DT. The main 

goal of the DT was to shift from producing traditional physical products to produc-

ing smart, connected products and provide the associated value-adding services to 

keep up with the competition in its operational domains (gardening, building and 

forestry). The author of this thesis had an opportunity to collect empirical material 

from the Case Company during industrial placement at the company’s premises. 

Empirical material collected from the Case Company provided solid basis for gen-

erating and evaluating knowledge constructs, which subsequently formed the 

knowledge contributions presented in this thesis. The empirical material collected 

during the case study is summarized in Chapter 4. 

During the case study several data collection techniques were used, in accordance 

with recommendations by Yin (2013), that case study evidence can and should 

come from many sources. According to Yin (2013) the sources of evidence can in-

clude documentation, archival records, interviews, direct observations, participant-

observation, and physical artifacts. Using multiple data collection techniques ena-

bles researchers to access multiple sources of evidence providing a broad empirical 

base, thereby reinforcing the validity and reliability of the research. Data collection 

techniques used in the case study included inter-views (semi-structured interviews, 

workshops and ad-hoc meetings with pre-defined focus) and review of the Case 

Company documentation. 

The collection and analysis of empirical material through interviews is described 

above in section 2.1.2. Case Company documentation included relevant text docu-

ments, PowerPoint documents, posts on intranet and web, models and graphic rep-

resentations created and used in case company. The review of the existing enter-

prise documentation corresponds to the data collection from documentation and 

archival records suggested by Yin (2013). Relevant documentation was analyzed 

qualitatively with the help of categorization and unitization (Saunders, 2011). This 

enabled the generation of knowledge contributions. 
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Research activities included in the case study are summarized in Table 3. 

Table 3 Research activities included in the case study 
Research activity Type of methodology 

Interview round 2-1 Semi-structured interview with a single re-

spondent. 

Interview round 2-2 Semi-structured interview with a single re-
spondent. 

Workshop 1 Semi-structured interview with a group of 

participants engaged in modeling 

Workshop 2 Semi-structured interview with a group of 

participants engaged in modeling 

Ad-hoc meetings with a pre-defined focus Unstructured interviews with a pre-defined 
purpose 

Review of the Case Company documenta-

tion 

Collection and analysis of qualitative data 

from Case Company documentation 

Interviews and ad-hoc meetings. Two types of interviews were used, corre-

sponding to the prolonged and shorter case study interviews suggested by Yin 

(2013): semi-structured interviews with a single respondent (interviews) and un-

structured interviews with a pre-defined purpose (ad-hoc meetings). Semi-struc-

tured interviews followed a pre-planned interview guide, and were recorded and 

transcribed for further qualitative analysis. The process of conducting semi-struc-

tured interviews is described in 2.1.2. The ad-hoc meetings provided complemen-

tary information that helped clarification and acquisition of deeper understanding 

of addressed issues. There were numerous ad-hoc meetings during the case study, 

which served as important sources of empirical material. They required less plan-

ning than the semi-structured interviews, but followed a pre-defined agenda for 

purposeful discussion.  

Choosing respondents with relevant knowledge is crucial in multifaceted and pur-

poseful data collection. Thus, stakeholders with various roles from the Case Com-

pany were chosen to participate in the interviews and ad-hoc meetings. These were 

specialists with expertise in: EA and EAM; digital transformation and business de-

velopment; development and maintenance of smart, connected products and asso-

ciated digital services (Product-IT); customer support and customer experience; 

operations and maintenance of IS (Enterprise-IT); as well as methods and tools 

supporting the development of new products and services (Enterprise-IT, Product-

IT).  

Workshops. Several workshops were carried out in semi-structured interview 

format, each with a group of participants engaged in modeling. These participatory 

modeling sessions had a pre-defined aim and focus. The participants discussed nu-

merous issues and represented important outcomes of each workshop in the form 

of one or several models. During each workshop participants had a chance to share 

their knowledge and discuss it in a collaborative way. The author of the thesis acted 

as a facilitator of the workshops and took notes about the discussed issues. In the 

sense of providing access to the participants’ opinions, the workshops corre-

sponded to the concept of interviews suggested by Yin (2013). 
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Review of the Case Company documentation. This involved review and 

analysis of the relevant text documents, PowerPoint documents, intranet and web 

posts, models and graphic representations created and used in the Case Company. 

Review of the existing enterprise documentation correspond to the data collection 

from documentation and archival records described by Yin (2013). Case Company 

documentation was reviewed as a continuous research activity for generating 

knowledge constructs. 

The combination of several data collection techniques allowed access to a broad set 

of empirical material and thus leverage of the main advantage of using the case 

study research method: acquisition of evidence from multiple sources. 

An important factor for setting the scope of the case study was involvement of the 

Product-IT and Enterprise-IT stakeholders from the Case Company. It was im-

portant to access knowledge of the stakeholders regarding both Product-IT and En-

terprise-IT in order to answer the research questions. However, there was stronger 

focus in the case study on Product-IT due to its novelty in relation to EA, in com-

parison to the other functions of the Case Company that were also engaged in the 

case study activities. 

2.2 GENERATION AND EVALUATION OF THE 

KNOWLEDGE CONTRIBUTIONS 
The methodologies described in section 2.1 were applied in a number of research 

activities to generate and evaluate the knowledge constructs that enabled formation 

of knowledge contributions presented in this thesis. For generation of the 

knowledge constructs, qualitative data collection and analysis were used through 

application of the chosen methodologies (section 2.1). The knowledge constructs 

were evaluated using several methods applicable for DSR proposed by Hevner et 

al. (2004).  

Evaluation methods included observational evaluation through case study (study-

ing artifacts in depth in business environments), and descriptive evaluation 

through informed argument or scenarios (using information from the knowledge 

base to build a convincing argument for artifacts’ utility or constructing detailed 

scenarios around them to demonstrate their utility). In addition, evaluation 

through testing (functional and structural) was relevant for evaluating several 

knowledge constructs. This included assessment of the functionality of the 

knowledge constructs and testing their structure, content, coverage of the domain, 

and hence utility for addressing the defined problem. 

Table 4 shows research activities of the study (rows) that supported generation (G) 

and Evaluation (E) of the knowledge contributions (columns).  
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Table 4 Generation (G) and evaluation (E) of the knowledge contributions through the research activities 
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Literature review 
1-1 (May 2012) 

      G 

Interview 1-1 

round (June 2012) 

      E 

Literature review 
1-2 (May 2013) 

      G 

Interview round 1-

2 (June 2013) 

      E 

Literature review 

2-1 (March 2016) 

G G      

Interview round 

2-1 (June-August 
2016) 

G G  G G G  

Interview round 

2-2 (Dec. 2017) 

 G  G G   

Evaluation meet-

ing 1 (Oct. 2018) 

E E      

Literature review 

2-2 (Oct. 2018) 

  G G G   

Workshop 1 (Oct. 

2018) 

   E E E E 

Workshop 2 (Nov. 
2018) 

   E E E E 

Workshop 3 (Dec. 

2018) 

   E E E E 

Evaluation meet-

ing 2 (Feb. 2019) 

   E    

Evaluation meet-

ing 3 (June 2019) 

  E E E E  

Evaluation meet-

ing 4 (July 2019) 

  E E E E  

Ad-hoc meetings 
with a pre-defined 

focus (2016-2018) 

G G  G G G  

Review of the Case 

Company docu-
mentation (2016-

2018) 

G G  G G G  

Each knowledge contribution was formed in an incremental manner by generating 

and evaluating the included knowledge constructs. 
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KC1. Challenges in integrating Product-IT and Enterprise-IT was generated with 

the help of literature review 2-1 and interview round 2-1. This knowledge contribu-

tion was evaluated during Evaluation meeting 1 with two experts with via descrip-

tive evaluation through informed argument. 

In order to generate KC2. Requirements for Product-IT inclusive EA, literature re-

view 2-1 was used together with interview rounds 2-1 and 2-2. The requirements 

were subsequently presented to two experts for descriptive evaluation through in-

formed argument in the Evaluation meeting 1. 

The initial version of KC3-a. Concepts for Product-IT inclusive EA was generated 

via interviews rounds 2-1 and 2-2, with complimentary knowledge constructs gen-

erated via literature review 2-2. The initially identified set of concepts was subse-

quently validated during workshops 1,2 and 3 (observational evaluation through 

case study), Evaluation meeting 2 (evaluation through structural testing, and de-

scriptive evaluation through informed argument and scenarios), and Evaluation 

meeting 3 and 4 (descriptive evaluation through informed argument and scenar-

ios). 

To generate the initial version of KC 3-b. Focal areas for Product-IT inclusive EA, 

data obtained from interview rounds 2-1 and 2-2 were used, enriched with findings 

obtained from literature review 2-2. The initial set was subsequently evaluated in 

workshops 1, 2 and 3 (observational evaluation through case study), and Evaluation 

meetings 3 and 4 (descriptive evaluation through informed argument and scenar-

ios). 

KC3-c. Stakeholders for product-IT inclusive EA were identified through findings 

from interview round 2-1. This knowledge contribution was then evaluated during 

workshops 1, 2 and 3 (observational evaluation through case study) and subse-

quently validation meeting 3 and 4 (descriptive evaluation through informed argu-

ment and scenarios). 

KC3-d. Recommendations for participatory EM were iteratively refined: the set of 

EM challenges identified in literature reviews 1-1 was evaluated in interview round 

2-1, and subsequently EM recommendations were generated (literature review 1-2) 

and evaluated (interview round 1-2). The chosen respondents were EM practition-

ers with extensive experience of applying participatory EM for various purposes 

and various organizational settings. This enabled access to practical expertise accu-

mulated during many years in numerous projects, providing broad and multifac-

eted empirical input for the study. Knowledge constructs were evaluated through 

interview rounds 1-1 and 1-2 via descriptive evaluation. The set of EM recommen-

dations was subsequently validated in practical settings in workshops 1, 2 and 3, 

where the author of the thesis tested the recommendations in practice while acting 

as a facilitator of participatory modeling sessions. The workshops enabled evalua-

tion of the recommendations through functional testing, i.e., testing this knowledge 

construct to discover possible shortcomings. 

Initial knowledge constructs for KC3. Method for Product-IT inclusive EA were 

generated via literature review 2-2 and subsequently evaluated during Evaluation 

meetings 3 and 4, both of which allowed evaluation of the structure of the method 

constituents in a descriptive way through informed argument and scenarios. 
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Review of the Case Company documentation and ad-hoc meetings with a pre-de-

fined focus provided important empirical material for generation of knowledge con-

structs that subsequently contributed to generation of KC1, KC2, and KC3(a-c). 

2.2.1 EVALUATION OF THE KNOWLEDGE CONTRIBUTIONS 

Evaluation of the knowledge constructs has been performed with the help of several 

evaluation methods applicable for DSR proposed by Hevner et al. (2004): 

• observational evaluation through a case study (studying artifact in depth 

in business environment).  

• descriptive evaluation through informed argument or scenarios (using in-

formation from the knowledge base to build a convincing argument for the 

artifact utility or constructing detailed scenarios around the artifact to 

demonstrate its utility) 

• evaluation through testing (functional and structural) was relevant for 

evaluating several knowledge constructs. This included functional testing 

of the artifact to discover its shortcomings and structural testing by per-

forming coverage testing of the artifact implementation (the structure and 

the content of the presented method). 

These methods for evaluating knowledge constructs were applied within several re-

search activities designed for evaluation. 

Evaluation of knowledge contributions was planned and realized during several re-

search activities – interviews, evaluation meetings and workshops. During the eval-

uation meetings 1-4 and interview rounds 1-1 and 1-2, knowledge contributions 

were introduced and discussed in detail to the invited respondents, which enabled 

descriptive evaluation through informed argument or scenarios and evaluation 

through structural testing. During the workshops the knowledge construct were 

evaluated through observational evaluation when relevant phenomena were ob-

served and analyzed in the real business environment. Also, workshops enabled 

evaluation of the knowledge constructs through functional testing when knowledge 

constructs were applied and tested for their utility. 

Choosing appropriate respondents for evaluation meetings and interviews was 

crucial for thorough and in-depth evaluation of knowledge contributions. To eval-

uate challenges and recommendations for participatory EM, a number of respond-

ents were chosen for interviewing. Those were EM practitioners with an extensive 

experience in applying participatory EM for various purposes and in various organ-

izational settings. Such choice allowed to reach for the practical expertise that has 

been accumulated throughout many years in numerous projects and provided the 

study with a broad empirical input. 

To evaluate the requirements for the method for Product-IT inclusive EA during 

Evaluation meeting 1, two experts have been chosen: (1) industrial expert in digital 

transformation, EAM and digital business architecture, representing the Case Com-

pany, and (2) industrial expert in digital transformation, representation and mod-

eling of EA, representing the Evaluation Company.  

To evaluate the set of concepts (the crucial constituent of the generated method) 

during Evaluation meeting 2, the industrial expert in EA and digital product 
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development, digital transformation and human-centered design was chosen. To 

evaluate the concepts, focal areas and stakeholders (key constituents of the gener-

ated method) and the method as a whole two experts were chosen for evaluation 

meetings 3 and 4. The first one is an expert with a solid industrial experience in 

transformation project focusing on the shift to smart, connected product manufac-

turing and projects focusing on Enterprise-IT implementation and management. 

The second expert has a solid background in analysis and generation of methodo-

logical support in EA and EAM fields and method development from research point 

of view, which is based on several research projects related to digital transformation 

and the shift to smart, connected product manufacturing. Choosing the experts 

with different profiles - industrial and academic, was a deliberate choice for ensur-

ing the quality of validation. Therefore, evaluation of the method constituents and 

the method as a whole was performed in a thorough manner, considering both ac-

ademic and industrial perspectives on the problem in focus. The details about the 

chosen respondents are presented in Table 5. 

Forming a group of participants for the workshops also implied careful choice of 

respondents, which was based on the topical focus of the workshop. Participants 

acted as knowledge owners, therefore it was important to invite respondents with 

relevant knowledge. This enabled purposeful evaluation of the knowledge con-

structs in the workshop settings. Stakeholders with various roles from the Case 

Company were chosen to participate in the Workshop 1 and Workshop 2: specialists 

responsible for EA and EAM; digital transformation and business development; de-

velopment and maintenance of smart, connected products and associated digital 

services (Product-IT); customer support and customer experience; marketing and 

sales; operations and maintenance of IS (Enterprise-IT). In addition to the Case 

Company, which was used as the main source of the empirical material in the case 

study, another industrial partner was contacted and invited to participate in Eval-

uation meeting 1 and Workshop 3 aiming at the purposeful evaluation of several 

knowledge constructs. The Evaluation Company is a producer of turbomachinery 

products and services associated to their operation, maintenance and disposal. 

Interview round 1-1 and Interview round 1-2 

These research activities were planned and implemented to evaluate Recommen-

dations for participatory EM. The activity implied descriptive evaluation through 

informed argument. Interview round 1-1 focused on challenges of Participatory 

EM, whereas Interview round 1-2 focused on recommendations for participatory 

EM.  

Each interview included demonstrations of the initial versions of the knowledge 

contributions the respondent and its detailed discussion. Discussion of EM chal-

lenges was followed by asking the respondent for possible ways to address the chal-

lenges. 

All interviews were recorded and transcribed, which enabled further analysis and 

subsequent refinement of the knowledge contributions. 

Evaluation meeting 1 

This research activity was designed and realized to evaluate Challenges in integrat-

ing Product-IT and Enterprise-IT and Requirements for Product-IT inclusive EA. 
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The descriptive evaluation through informed argument was used as evaluation 

method. The knowledge contributions were demonstrated to the invited experts, 

who represented the Case Company and the Evaluation Company, and discussed in 

detail. Suggestions for the improvements were documented and implemented for 

the next version of these knowledge contributions. 

Workshop 1 

This research activity helped to evaluate Concepts for Product-IT inclusive EA, Fo-

cal areas for Product-IT inclusive EA, Stakeholders for product-IT inclusive EA 

through observational evaluation of the phenomena in the real-world context (case 

study). The workshop took place in the form of participatory modeling session fo-

cusing on the features of a digital service associated to a smart, connected product 

and the key moments of customer journey when using this service, in the context of 

the Case Company. The scope of the workshop included modeling of several focal 

areas that have been based on a set of interrelated concepts. The dialogs between 

the workshop participants were followed and analyzed to identify the concepts that 

they address as important in the given scope. In addition, several focal areas have 

been identified in the similar manner. The set of stakeholders and roles relevant for 

modeling of the identified focal areas has been evaluated by observing which com-

pany stakeholders were pointed out for participation and contributed to the mod-

eling during the workshop. 

In addition, the Recommendations for participatory EM has been evaluated dur-

ing this activity. The author of the thesis tested the recommendations in practice 

while acting as a facilitator of the participatory modeling during the workshop. 

Therefore, this enabled testing this knowledge construct to discover the shortcom-

ings in realistic settings (functional testing). 

During the workshop notes were taken and complimented with the resulting mod-

els created during the workshop. These materials served as the basis for further 

refinement of the knowledge contributions by the author of the thesis. 

Workshop 2 

This research activity helped to evaluate Concepts for Product-IT inclusive EA, Fo-

cal areas for Product-IT inclusive EA, Stakeholders for product-IT inclusive EA 

through observational evaluation of the phenomena in the real-world context (case 

study). The workshop took place in the form of participatory modeling session fo-

cusing on the features of a digital service associated to a smart, connected product, 

the key concerns and touchpoints relevant for customers interacting with this prod-

uct, in the context of the Case Company. Similarly to the Workshop 1, the scope of 

the workshop included modeling of several focal areas that have been based on a 

set of interrelated concepts. The dialogs between the workshop participants were 

followed and analyzed to identify the concepts that they address as important in the 

given scope. In addition, several focal areas have been identified in the similar man-

ner. The set of stakeholders and roles relevant for modeling of the identified focal 

areas has been evaluated by observing which company stakeholders were pointed 

out for participation and contributed to the modeling during the workshop. 

In addition, the Recommendations for participatory EM has been evaluated dur-

ing this activity. The author of the thesis tested the recommendations in practice 
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while acting as a facilitator of the participatory modeling during the workshop. 

Therefore, this enabled testing this knowledge construct to discover the shortcom-

ings in realistic settings (functional testing). 

During the workshop notes were taken and complimented with the resulting mod-

els created during the workshop. These materials served as the basis for further 

refinement of the knowledge contributions by the author of the thesis. 

Workshop 3 

This research activity helped to evaluate Concepts for Product-IT inclusive EA, Fo-

cal areas for Product-IT inclusive EA, Stakeholders for product-IT inclusive EA 

through observational evaluation of the phenomena in the real-world context (case 

study). The workshop took place in the form of participatory modeling session fo-

cusing on the lifecycle analysis of a smart, connected product aiming to enable 

traceability of product components and analysis of the customers concerns in rela-

tion to the product and associated digital services. For this activity the Evaluation 

Company was contacted. This was an intentional choice to increase the external 

validity of the knowledge constructs. 

The scope of the workshop included modeling of several focal areas that have been 

based on a set of interrelated concepts. The dialogs between the workshop partici-

pants were followed and analyzed to identify the concepts that they address as im-

portant in the given scope. In addition, several focal areas have been identified in 

the similar manner. The set of stakeholders and roles relevant for modeling of the 

identified focal areas has been evaluated by observing which company stakeholders 

were pointed out for participation and contributed to the modeling during the 

workshop. In addition, the question regarding the stakeholders and roles that have 

relevant domain knowledge for several focal areas has been discussed. 

In addition, the Recommendations for participatory EM has been evaluated dur-

ing this activity. The author of the thesis tested the recommendations in practice 

while acting as a facilitator of the participatory modeling during the workshop. 

Therefore, this enabled testing this knowledge construct to discover the shortcom-

ings in realistic settings (functional testing). 

During the workshop notes were taken and complimented with the resulting mod-

els created during the workshop. These materials served as the basis for further 

refinement of the knowledge contributions by the author of the thesis. The im-

portant part of analysis after Workshop 3 was comparison of the findings from this 

research activity with the previously developed findings, as they represent two dif-

ferent companies aiming to perform DT and experiencing similar problems. The 

comparison shown the relevance of the identified concepts, focal areas and stake-

holders for both companies. 

Evaluation meeting 2 

This research activity was designed for evaluation of the Concepts for Product-IT 

inclusive EA. The descriptive evaluation through informed argument and scenarios 

in combination with evaluation through structural testing. The set of concepts for 

Product-IT inclusive EA was demonstrated to the invited expert and discussed in 

detail. The concept model has been presented by the author of the thesis, together 

with arguments for introducing new concepts. A number of scenarios have been 
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suggested by the author of the thesis and the expert to check whether the proposed 

set is sufficient to cover the domain in focus. Afterwards, the relationships between 

the specified concepts have been validated, which served as a structural testing of 

the concept model. Suggestions for the improvements were documented and im-

plemented for the next version of these knowledge contributions. 

Evaluation meeting 3 

This activity was designed to evaluate several knowledge contributions: Concepts 

for Product-IT inclusive EA, Focal areas for Product-IT inclusive EA, Stakeholders 

for product-IT inclusive EA and Method for Product-IT inclusive EA as a whole. 

The knowledge contributions have been presented to the invited expert and dis-

cussed in detail. The invited expert had a solid industrial expertise related to En-

terprise-IT and EA, DT and the analysis and management of the shift from physical 

to smart, connected products in traditional manufacturing companies.  

The descriptive evaluation was performed through informed argument and scenar-

ios. A number of scenarios have been suggested by the author of the thesis and the 

expert to check whether the proposed set of concepts is sufficient to cover the do-

main in focus. Focal areas have been also analyzed with the help of illustrative sce-

narios presented by the author of the thesis and the expert. The presented set of 

stakeholders was discussed in detail with regards to the responsibilities and organ-

izational belongings. Suggestions for the improvements were documented and im-

plemented for the next version of these knowledge contributions. 

To evaluate the method the structural testing has been performed. The method con-

stituents have been discussed with a special focus on the relationships between 

them. The method structure has been discussed in relation to the existing methods 

in EA field, comparing the aims of the methods and the choice of the method con-

stituents to satisfy these aims.  

Evaluation meeting 4 

Similarly to the previous activity, this activity was designed to evaluate Concepts 

for Product-IT inclusive EA, Focal areas for Product-IT inclusive EA, Stakeholders 

for product-IT inclusive EA and Method for Product-IT inclusive EA as a whole. 

The knowledge contributions have been presented to the invited expert and dis-

cussed in detail. To provide another perspective on the knowledge constructs, an 

expert with a strong academic expertise in EA and DT fields was chosen, having a 

significant experience in method development. 

The descriptive evaluation was performed through informed argument and scenar-

ios. A number of scenarios have been suggested by the author of the thesis and the 

expert to check whether the proposed set of concepts is sufficient to cover the do-

main in focus. Focal areas have been also analyzed with the help of illustrative sce-

narios presented by the author of the thesis and the expert. The presented set of 

stakeholders was discussed in detail with regards to the responsibilities and possi-

ble organizational belongings. Suggestions for the improvements were documented 

and implemented for the final version of these knowledge contributions. 

To evaluate the method as a whole the structural testing of the presented method 

has been performed similarly to the Evaluation meeting 3. 
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Each evaluation activity resulted in several actions were taken upon the knowledge 

contributions in focus. The evaluation actions that took place included: 

1) Evaluation of the naming of a knowledge construct – accepting or refining 

the proposed name of the knowledge construct. Changing the name was 

suggested by the validation experts and implemented accordingly for sev-

eral knowledge constructs among method requirements and concepts 

(constituent of the generated method). 

2) Evaluation of the knowledge construct meaning – accepting or refining the 

presented meaning or definition of the knowledge construct. Minor refine-

ment of the meaning of several knowledge constructs has been suggested 

and implemented for method requirements, concepts and focal areas (con-

stituent of the generated method). 

3) Refinement of a relationship between several knowledge constructs - ac-

cepting or refining the identified relationships between knowledge con-

struct. Refinement of the relationships between several knowledge con-

structs has been suggested and implemented for relationships between 

concepts (constituent of the generated method). 

4) Refinements of the stylistics - accepting or refining the stylistic details of 

the knowledge construct representation. Several stylistic changes have 

been implemented for representation of the concepts and focal areas. 

2.2.2 RESEARCH ACTIVITIES 

Important details regarding the performed research activities are presented in Ta-

ble 5. 

Table 5 Details of the research activities 
Research activity Details 

Literature review 

1-1 

Focused literature review.  

Keywords: “enterprise modeling challenges” OR “enterprise modeling issues”.  

Sources: Google Scholar, SpringerLink, IEEE Xplore and other relevant pub-

lications. 

Key contributions: set of challenges in participatory Enterprise Modeling 
described in the literature.  

Interview round 

1-1  

Semi-structured interviews with a single respondent. 

Duration of each interview: 1-1,5 hours.  

Number of interviews: 4. 

Respondents: 

1. Modeling expert with 20 years of experience in business develop-

ment; business transformation; Research & Development; 

knowledge capturing and representation. 

2. Modeling expert with 20 years of experience in system development 

and software quality assurance. 

3. Modeling expert with 10 years of experience in design, integration 

and analysis of business processes; concept and process analysis; 

strategic business development and change management. 

4. Modeling expert with 35 years of experience in design, integration 

and analysis of business processes; value chain analysis; business 

requirements analysis. 
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Key contributions: a set of challenges and recommendations for participa-

tory EM. 

Literature review 

1-2 

Focused literature review.  

Keywords: “enterprise modeling recommendations” OR “enterprise modeling 

guidelines”. 

Sources: Google Scholar, SpringerLink, IEEE Xplore and other relevant pub-
lications. 

Key contributions: set of recommendations for participatory Enterprise 

Modeling, allowing to deal with the EM challenges. 

Interview round 

1-2  

Semi-structured interviews with a single respondent. 

Duration of each interview: 1-1,5 hours.  

Number of respondents: 4. 

Respondents: 

1. Modeling expert with 10 years of experience in business develop-

ment; business transformation; business process analysis and de-

sign. 

2. Modeling expert with 5 years of experience in business develop-

ment, process improvement; product development and structuring; 

strategic competence analysis and management. 

3. Modeling expert with 5 years of experience in business develop-

ment, process improvement; requirement engineering. 

4. Modeling expert with 10 years of experience in strategic process im-
provement; requirement engineering. 

Key contributions: refined set of challenges and recommendations for par-

ticipatory EM.  

Literature review 

2-1  

Focused literature review.  

Keywords: “product-IT”; (“embedded system” OR “embedded IT”) AND “en-
terprise architecture”; (”embedded system” OR “embedded IT”) AND ”enter-

prise architecture management”; “digital product” AND “enterprise architec-

ture”; “digital” AND “enterprise architecture”.  

Sources: Google Scholar, SpringerLink, IEEE Xplore and other relevant pub-

lications. 

Key contributions: the definition of smart, connected product as the key 
enabler of digital transformation; definition of Product-IT and its difference 

from the existing terms such as embedded system and IoT; new requirements 

that smart, connected products are posing for management of the IT compo-

nents and resources of the company. 

Interview round 

2-1 (part of the 

case study) 

Semi-structured interviews with a single respondent. 

Duration of each interview: 1-1,5 hours.  

Number of interviews: 8 (Case Company). 

Respondents: 

1. Squad leader responsible for software development and mainte-

nance (Product-IT). 

2. Project manager responsible for a common platform, supporting the 
needs of the teams dealing with Product-IT development and 

maintenance (Enterprise-IT). 

3. Enterprise architects responsible for common working methods 
and tools, supporting the needs of the teams dealing with Product-

IT development and maintenance (Product-IT, Enterprise-IT). 
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4. Solution architect working with design and implementation of soft-

ware architecture (Product-IT). 

5. Enterprise architect responsible for governance and strategic inno-
vation management (Product-IT, Enterprise-IT). 

6. System architect responsible for an internal IS where the product 

data can be stored and accessed (Enterprise-IT). 

7. Product owner responsible for development and maintenance of a 

new product - a physical product combined with a range of digital 

services aiming to maximize customer value (Product-IT). 

8. Enterprise architect working with digital backbone planning and 

implementation (Product-IT, Enterprise-IT). 

Key contributions: industrial challenges in integration Product-IT and En-

terprise-IT, industrial EA practices when dealing with Product-IT; knowledge 

owners that are central for discussion and modeling of Product-IT and Enter-

prise-IT. 

Interview round 

2-2 (part of the 

case study) 

Semi-structured interviews with a single respondent. 

Duration of each interview: 1-1,5 hours.  

Number of interviews: 5 (Case Company). 

Respondents: 

1. Enterprise architect responsible for EA documentation and com-

mon working methods and tools, supporting the needs of the teams 

dealing with Product-IT development and maintenance (Product-

IT, Enterprise-IT). 

2. Enterprise architect responsible for governance and strategic inno-

vation management (Product-IT, Enterprise-IT). 

3. Project manager responsible for digital expectation analysis and us-

age data analysis, focusing on several digital services assigned to a 

smart, connected product (Product-IT). 

4. Project manager responsible for design of a digital customer sup-

port for several services assigned to a smart, connected product 

(Product-IT). 

5. Product owner responsible for development and maintenance of a 

new product - a physical product combined with a range of digital 

services aiming to maximize customer value (Product-IT). 

Key contributions: requirements for new ways to include Product-IT in EA; 

a set of concepts for discussing and representing Product-IT in association 

with the existing IT components and resources of the enterprise; focal areas 

that are central for such discussion and modeling. 

Evaluation meet-

ing 1 

Semi-structured interview with two experts specifically aiming at evaluation 

of knowledge constructs. In-depth evaluating discussion focusing on the 

demonstrated knowledge contributions: industrial challenges in product-IT 
and Enterprise-IT integration; set of requirements for methodological support 

in the refined EA - product-IT inclusive EA. 

Duration: 3 hours.  

Experts: 

1. Industrial expert in digital transformation, EAM and digital business archi-
tecture. 

2. Industrial expert on digital transformation, EA modeling. 

Key contributions: evaluated set of challenges for Product-IT and Enter-

prise-IT integration; requirements for product-IT inclusive EA. 
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Literature review 

2-2 

Focused literature review.  

Keywords: “concept model” AND “enterprise architecture”; elements AND 

“enterprise architecture”; metamodel AND “enterprise architecture”.  

Sources: Google Scholar, SpringerLink, IEEE Xplore and other relevant pub-

lications. 

Key contributions: concepts in traditional EA, focal areas in traditional EA. 

Workshop 1 (part 

of the case study) 

Semi-structured interview with a group of participants engaged in modeling. 

A participatory modeling session focusing on the key features of a digital ser-

vice associated to a smart, connected product and the key moments of cus-
tomer journey when using this service. 

Duration: 3,5 hours.  

Number of participants: 5 (Case company). 

Participants: 

1. Product owner responsible for development and maintenance of a 

digital service aiming to increase customer value. 

2. Enterprise architect responsible for EA documentation and com-
mon working methods and tools, supporting the needs of the teams 

dealing with Product-IT development and maintenance. 

3. Project manager responsible for digital expectation analysis and us-
age data analysis, focusing on several digital services assigned to a 

smart, connected product. 

4. Marketing expert responsible for customer insights analysis. 

5. Common platform developer responsible for IS that allows to store 

and access operation data for a smart, connected product. 

Key contributions: concepts for discussing and representing Product-IT in 

association with the Enterprise-IT; focal areas and knowledge owners (stake-

holders) that are central for such discussion and modeling; evaluation of the 

recommendations for participatory EM in the participatory settings of the 
workshop (observational evaluation). 

Workshop 2 

(part of the case 
study) 

Semi-structured interview with a group of participants engaged in modeling. 

A participatory modeling session focusing on the key features of a digital ser-
vice associated to a smart, connected product, the key concerns and touch-

points relevant for customers interacting with this product. 

Duration: 3,5 hours.  

Number of participants: 4 (Case company). 

Participants: 

1. Squad member responsible for user experience design. 

2. Enterprise architect responsible for EA documentation and com-
mon working methods and tools, supporting the needs of the teams 

dealing with Product-IT development and maintenance. 

3. Project manager responsible for digital expectation analysis and us-
age data analysis, focusing on several digital services assigned to a 

smart, connected product. 

4. Common platform developer responsible for IS that allows to store 
and access operation data for a smart, connected product. 

Key contributions: concepts for discussing and representing Product-IT in 

association with the Enterprise-IT; focal areas and knowledge owners (stake-
holders) that are central for such discussion and modeling; evaluation of the 

recommendations for participatory EM in the participatory settings of the 

workshop (observational evaluation). 



CHAPTER 2  RESEARCH APPROACH  

 

32 

Workshop 3 Semi-structured interview with a group of participants engaged in modeling. 

A participatory modeling session focusing on the lifecycle analysis of a smart, 

connected product aiming to enable traceability of product components; anal-

ysis of the customers concerns in relation to the product and associated digital 
services. 

Duration: 4 hours.  

Number of participants: 10 (Evaluation Company). 

Participants: 

1. Integration architect responsible for common data and system ar-

chitecture supporting maintenance of smart, connected products. 

2. Project manager responsible for maintenance of smart, connected 
products according to the branch standards. 

3. Service engineering manager responsible for traceability and prod-

uct life cycle management. 

4. Data architect responsible for data analysis and visualization solu-

tions. 

5. System owner responsible for IS, which allows to store and access 

operation data for smart, connected products being in use. 

6. Technical product owner responsible for development and mainte-
nance of a smart, connected product. 

7. Spare parts manager responsible for handling orders for spare parts 

for smart, connected products being in use. 

8. Project manager responsible for digital service development within 

a digital transformation strategy. 

9. Data analyst responsible for operation data analysis of the smart, 

connected products being in use. 

10. System owner responsible for IS, which allows handling spare parts. 

Key contributions: concepts for discussing and representing Product-IT in 

association with the Enterprise-IT; focal areas and knowledge owners (stake-

holders) that are central for such discussion and modeling; evaluation of the 
recommendations for participatory EM in the participatory settings of the 

workshop (observational evaluation). 

Evaluation meet-

ing 2 

Semi-structured interview with one expert specifically aiming at evaluation of 

knowledge constructs. In-depth evaluating discussion focusing on the demon-
strated knowledge contributions: central concepts of the refined EA - product-

IT inclusive EA. 

Duration: 2 hours.  

Expert: industrial expert in EA and digital product development, digital 

transformation and human-centered design. 

Key contributions: evaluated set of concepts for product-IT inclusive EA. 

Evaluation meet-

ing 3 

Semi-structured interview with one expert specifically aiming at evaluation of 

knowledge constructs. In-depth evaluating discussion focusing on the demon-
strated knowledge contributions: central concepts, focal areas and the 

knowledge owners (stakeholders) relevant for the refined EA - product-IT in-

clusive EA. 

Duration: 3 hours.  

Expert: industrial expert in Enterprise-IT implementation and integration, 

broad experience on digital transformation and shift from physical product 
production to smart, connected product production in traditional manufactur-

ing companies.  
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Key contributions: validated set of concepts, focal areas and stakeholders 

for product-IT inclusive EA. 

Evaluation meet-

ing 4 

Semi-structured interview with one expert specifically aiming at evaluation of 

knowledge constructs. In-depth evaluating discussion focusing on the demon-
strated knowledge contributions: the central concepts, focal areas and the 

knowledge owners (stakeholders) relevant for the refined EA - product-IT in-

clusive EA. 

Duration: 3,5 hours.  

Expert: academic expert in method development, EA and EAM, metamodel 

definition, constituents of methodological support in the EA field and digital 
transformation. 

Key contributions: validated set of concepts, focal areas and stakeholders 

for product-IT inclusive EA. 

Ad-hoc meetings 

with a pre-de-

fined focus (part 

of the case study) 

Unstructured interviews with a pre-defined purpose (ad-hoc meetings with a 

pre-defined focus). Purposeful meetings planned and carried out as a part of 

the case study. The aim of the ad-hoc meetings was to clarify and get an in-

depth understanding of specific issues important for the study. These meet-
ings required less prior planning than semi-structured interviews and less ef-

fort for collecting the data, however enabled a purposeful discussion by fol-

lowed the pre-defined focus. Ad-hoc meetings helped to generate numerous 

knowledge constructs during the case study. 

Review of the 

company docu-

mentation (part 
of the case study) 

Purposeful review and analysis of the relevant text documents, PowerPoint 

documents, posts on intranet and web, models and graphic representations 

created and used in case company. Review of the company documentation 
helped to generate numerous knowledge constructs during the case study. 

2.3 RESEARCH RIGOR 
Framing a specific set of research activities to address the problem space assures 

the research rigor (Hevner et al., 2004). The research activities described in the 

section 2.2 were specifically planned and carried out to incrementally generate and 

evaluate the knowledge contributions of this thesis, which supported the research 

rigor of the study. 

To ensure that the central artifact of this study – a method for product-IT inclusive 

EA, has been created in a rigorous manner a set of guidelines for DSR (Hevner et 

al., 2004) were used. 

1. Design as an artifact. This guideline points out that design-science research 

must produce a viable artifact in the form of construct, a model, or an in-

stantiation. 

Knowledge contributions KC1 and KC2 have been formed to outline the problem 

space and the function of the central artifact of the study - the Method for Product-

IT inclusive EA (KC3). This artifact provides a methodological support in the EA 

field by enabling product-IT inclusion in the EA consideration. 

2. Problem relevance. This guideline has to do with the objective of design-

science research is to develop technology-based solutions to important and 

relevant business problems. 

The problem has been identified using both literature and industrial input. Tight 

collaboration with the Case Company during the case study allowed to identify the 
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industrial challenges and formulate the requirements for the method, basing them 

on the empirical basis. 

3. Design evaluation. The utility, quality and efficacy of a design artifact must 

be rigorously demonstrated vie well-executed evaluation methods. 

The knowledge constructs in this study has been evaluated through observational 

evaluation (studying artifact in depth in business environment) descriptive evalua-

tion (using information from the knowledge base to build a convincing argument 

for the artifact utility or constructing detailed scenarios around the artifact to 

demonstrate its utility); and evaluation through testing (functional testing of an ar-

tifact to discover its shortcomings and structural testing by performing coverage 

testing of the artifact implementation, i.e., the structure and the content of the re-

sulting method). The evaluation was carried out through interviews, evaluation 

meetings and workshops. Evaluation meetings were planned and implemented as 

the research activities, specifically aiming at validation of the knowledge constructs 

forming the resulting method. 

4. Research contributions. This guideline emphasizes the need for providing 

clear and verifiable contributions in the areas of the design artifact, design 

foundations, and/or design methodologies. 

The resulting method for Product-IT inclusive EA, together with the identified chal-

lenges in integrating Product-IT and Enterprise-IT, are the knowledge contribu-

tions that this study presented (KC1, KC2 and KC3). The practical problem that the 

resulting method aims to address was also recognized in the academic literature. 

From the academic point of view, the study contributes into the field of EA. KC1 

and KC2 are academic contributions to the fields of EA and partly EAM, whereas 

KC3 provides an academic contribution into the fields of EA and digital transfor-

mation. 

5. Research rigor. This guideline points out to the fact that design-science re-

search relies upon the application of rigorous methods in both the con-

struction and evaluation of the design artifact. 

Research rigor in DSR can be supported by the effective usage of the knowledge 

base, including foundations (relevant theories) and methodologies (selected re-

search methodologies for generation and validation of the knowledge constructs). 

The foundations included relevant theories on Digital Transformation and its ena-

blers, BITA, EA, participatory EM and method constituents. The methodologies 

used for generation and evaluation of knowledge constructs in this study are liter-

ature review, interview and case study. Using a combination of these research foun-

dations and methodologies to incrementally develop and refine the knowledge con-

structs allowed to carry out the study in a structured and regulated way and enabled 

the development of the resulting knowledge contributions of the study. 

6. Design as a search process. This guideline highlights the need for utilizing 

available means (the set of actions and resources available to construct a 

solution) when developing effective artifact to reach desired ends (goals 

and constraints on the solution) while satisfying laws (uncontrollable 

forces) in the problem environment. 
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Designing the resulting method was a search process for finding a way to address 

Product-IT as an integral part of EA in the context of digital transformation. The 

aim of the search process was to investigate and suggest a way for addressing a 

practical problem that originated in the industrial context. The industrial context 

was investigated in depth by the means of the case study methodology: the author 

of the thesis got an industrial placement at the premises of the Case Company. Col-

laboration with the Case Company during the case study allowed to get an under-

standing on uncontrollable forces (laws) relevant for the problem space and outline 

the problem space (ends) in detail (Challenges in integrating Product-IT and En-

terprise-IT) 

7. Communication of research. This guideline points out the importance of 

effective presentation of design-science research for both technology-ori-

ented as well as management-oriented audiences. 

Numerous presentations and reflective discussions of the knowledge constructs 

took place as the research progressed. This provided constructive comments and 

feedback from both academic and industrial points of views and helped to evaluate 

the resulting artifact. 
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CHAPTER 3  

THEORETICAL FOUNDATIONS 

This chapter presents theoretical foundations, which helped to develop the result-

ing knowledge contributions. 

In order to carry out this research it was important to base the knowledge contri-

butions on relevant foundations – existing theories that can help to address the 

research questions. Relevant foundations are rooted in the domains of BITA; DT 

and its enablers such as IoT, CPS, and smart, connected products; method theory; 

EA (including EA concepts, focal areas and stakeholders) and participatory EM. 

These foundations are presented in the sections 3.1-3.5. 

3.1 BUSINESS AND IT ALIGNMENT AND DIGITAL 

TRANSFORMATION 
IT became the factor that changed the way companies organize business processes 

and communicate with customers (Silvius, 2009). One of the key factors for the 

success of an enterprise is the alignment between IT support and business strate-

gies and processes. The importance of business and IT alignment is discussed and 

recognized by both academics and practitioners (Silvius, 2009). The challenge of 

business and IT alignment originated together with the rise of information systems 

(IS) use in organizations. The need for alignment of IT with business processes and 

strategy became apparent in the ‘70s (Silvius, 2007). Different practices emerged 

as a response to this problem – traditional IT planning and BITA (in the ‘90s). 

However, after many years of research in the BITA domain some issues are still not 

addressed. The terminology is also a matter of a discussion, as academics address 

the problem of business and IT alignment with different terms, e.g. Business-IT 

alignment (Lee, Kim, Paulson, & Park, 2008; Luftman, 2004; Wegmann, Balabko, 

Lê, Regev, & Rychkova, 2005), IT/business alignment (Luftman, 2003), IT align-

ment (Chan & Reich, 2007; Hussin, King, & Cragg, 2002), business/IT alignment 

(De Haes & Van Grembergen, 2009), IS/IT alignment (Gregor, Hart, & Martin, 

2007), business and IT alignment (Silvius, 2007), strategic alignment (Henderson 

& Venkatraman, 1992; Kearns & Lederer, 2003) and others. In this thesis the term 
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Business and IT Alignment (BITA) is used, where the focus is set on alignment be-

tween Enterprise-IT and the business needs. 

Various definitions of BITA can be found in literature. In Henderson and Venka-

traman (1992) strategic alignment is described as the degree of fit and integration 

between business strategy, IT strategy, business infrastructure, and IT infrastruc-

ture. Reich and Benbasat (1996) define BITA as the degree to which the mission, 

objectives, and plans contained in the business strategy are shared and supported 

by the IT strategy. According to Sauer and Yetton (1997) the basic principle of BITA 

is that IT should be managed in a way that mirrors management of the business. In 

McKeen and Smith (2003) it is argued that strategic alignment of IT exists when an 

organizational goals and activities remain in harmony with the supporting IS. Luft-

man and Brier (1999) argue that good alignment means that the organization is 

applying appropriate IT in certain situations in a timely way, and that these activi-

ties remain consistent with the business strategy, goals, and needs. There are two 

conceptual views on BITA – a process that includes activities to reach a certain state 

of alignment, and a state with a certain “amount” of alignment. The first view im-

plies that BITA is an ongoing process, which requires specific IT management ca-

pabilities, includes specific actions and has distinct patterns over time (Chan & 

Reich, 2007). The second view implies that BITA is a state, for which it is possible 

to identify antecedents, measures, and outcomes. 

In the early studies BITA focused on linking the business plan and the IT plan (Chan 

& Reich, 2007). Another perspective originated later that had a slightly different 

focus - ensuring congruence between the business strategy and the IT strategy. 

Later BITA has evolved into a concept that imply the fit between business needs 

and information system priorities (ibid.). The conceptualization of BITA has been 

elaborated over time, revealing many dimensions in BITA.  

According to Chan and Reich (2007) there are several dimensions of alignment: 

strategic, structural, social, and cultural. The strategic refers to the degree to which 

the business strategy and plans, and the IT strategy and plans, complement each 

other. The structural dimension refers to the degree of structural fit between IT and 

the business that is influenced by the location of IT decision-making rights, report-

ing relationships, decentralization of IT, and the deployment of IT personnel. The 

social dimension refers to the state in which business and IT executives within an 

organizational unit understand and are committed to the business and IT mission, 

objectives, and plans. The cultural dimension refers to the need of IT planning to 

be aligned with cultural elements such as the business planning style and top man-

agement communication style. Achievement of BITA requires analysis and im-

provement of all BITA dimensions. On one hand, there is a need for accurate and 

up-to-date representation of an enterprise from various perspectives, as it enables 

alignment of the considered perspectives and in this manner deals with the strate-

gic and structural dimensions of BITA. On the other hand, it is required to deal with 

numerous points of view of involved stakeholders and create a shared understand-

ing between them, which could allow managing the social and cultural dimensions 

of BITA. 

BITA as a state is often criticized for being a “fuzzy” target, as practitioners are often 

faced with an ambiguity: what exactly in the business should be aligned with IT? 
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(Silvius, 2007) When focusing on the strategic alignment, the suggestion would be 

a business strategy. However, in practice business strategy is often an unclear tar-

get, since strategy provides a direction, not a final destination. In addition, IT is 

often supposed to serve several business divisions with different business require-

ments. Most of the existing frameworks de-scribe a one-to-one relationship be-

tween IT and business, whereas in reality most enterprises with several divisions 

have to deal with a many-to-one relationship. All business divisions then have their 

own business requirements, which IT should be aligned with, taking into account 

the need to be cost-effective. This is often a challenging task for practitioners and 

requires negotiation between divisional information managers and a centralized IT 

department (Silvius, 2007). Significant attention in the current literature is given 

to strategic alignment. Strategic alignment refers to the degree to which the busi-

ness strategy and plans, and the IT strategy and plans, complement each other 

(Chan & Reich, 2007). One of the most referential strategic alignment models has 

been presented by Henderson and Venkatraman (1992). This framework defines 

alignment as the degree of fit and integration between four elements: business 

strategy, IT strategy, business infrastructure, and IS infrastructure. 

BITA can be realized through enterprise transformation, i.e., the action of taking 

an enterprise from one state to an improved state, where IT components and re-

sources play the role of supporting the business (Seigerroth, 2011). On the same 

time, the IT has transformed from just supporting the business to being the busi-

ness (Nandico, 2016). This is related to the change of the role that IT plays, which 

became obvious in the recent years. Enterprises realize the importance of IT for 

shaping the core of the business, where IT not just supports but enables new and 

enhanced offerings. Therefore, the connotation of IT in BITA should be revised and 

broadened to account for this new role that IT plays. In this broadened context, 

BITA can be achieved through DT. 

3.1.1 ENABLERS OF DIGITAL TRANSFORMATION 

Recent IT advancements evolved new phenomena such as Internet of things (IoT), 

cyber physical systems (CPS) – all representing combination of IT components and 

resources. This opens up for new ways for enterprises to organize themselves in 

terms of business models, practices, and processes, how they communicate with 

their customers, deliver services, perform product development etc. This transfor-

mation is addressed as IT-driven transformation (Porter & Heppelmann, 2014), 

digitalization (Parviainen, Tihinen, Kääriäinen, & Teppola, 2017) or digital trans-

formation (DT) (Nandico, 2016; Parviainen et al., 2017) of enterprises.  

Digital Transformation can be defined as changes in ways of working, roles, 

and business offering caused by adoption of digital technologies in an organization, 

or in the operation environment of the organization (Parviainen et al., 2017). This 

can imply changes at several levels: (1) process level: adopting new digital tools and 

streamlining processes by reducing manual steps; (2) organization level: offering 

new services and discarding obsolete practices and offering existing services in new 

ways; (3) business domain level: changing roles and value chains in ecosystems; (4) 

society level: changing society structures (e.g., type of work, means of influencing 

decision making). Replacing manual tools and practices with digital ones, which 
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would enable converting data from analogue to digital form, covers only part of the 

scope of DT and is usually addressed as digitization (Parviainen et al., 2017). 

DT implies the shift from creating and delivering traditional (often physical) cus-

tomer value, including the operational procedures related to this, into the massive 

use of digital technologies which enhance or replace the traditional product with 

smart, connected product (Porter & Heppelmann, 2014). 

At the same time as enterprises see various opportunities that these new IT ad-

vancements can bring, they do face various challenges. The numerous aspects of an 

enterprise possibly affected by digital transformation include organizational struc-

ture, business processes, information systems, and infrastructure, which together 

form an EA. DT can significantly affect these aspects, for example the effect of DT 

on organizational structure is described in 3.1.3. 

According to Berman and Bell (2011), two key dimensions to consider for DT are 

reconfiguring the customer value proposition (what is being offered) and reshaping 

the operating model (how it is delivered), as presented in Figure 6.  

Most organizations have focused on one of these areas through a set of initiatives. 

Each has its own set of challenges and opportunities. Products and services, infor-

mation and customer engagement can be reshaped using the new capabilities for 

mobility, interactivity and information access. The challenge then becomes how to 

monetize these new customer value propositions. The operating model can be rea-

ligned so that customer preferences and requirements inform every activity in the 

buying and selling chain. Doing this requires integrating all business activities and 

optimizing how data related to those activities is managed and tracked. The chal-

lenge then is to identify business requirements for achieving full scale of benefit. 

 

Figure 6 Elements of digital transformation, the path (1-3) to digital transformation, adapted from Berman 
and Bell (2011) 

Strategic routes to DT can be summarized by three basic approaches (Berman & 

Bell, 2011). One focuses on customer value propositions and another on transform-

ing the operating model. Taking a more holistic and integrated approach, the third 

combines those two approaches, simultaneously transforming the customer value 

proposition and organizing operations for delivery. 
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BITA is usually supported by and realized through enterprise transformation, i.e., 

the action of taking an enterprise from one state to an improved state, where IT 

play the central role (Seigerroth, 2011). Therefore, DT can be considered as a trans-

formation process for the purpose of BITA. 

3.1.2 PRODUCT-IT 

Products have evolved from being solely composed of mechanical and electrical 

parts to complex systems of hardware, sensors, data storage, microprocessors, soft-

ware, and connectivity components. Porter and Heppelmann (2014) refer to these 

products as smart, connected products. The integration of sensors and communi-

cation technologies serves as the foundation of such technological innovations as 

Internet of Things (IoT) and Cyber-Physical Systems (CPS) (Stankovic, 2014; Xu et 

al., 2014). Smart, connected products are the key actors in IoT and CPS – they act 

as intelligent communicating entities. Smart, connected product have opened a new 

era of competition and business value creation.  

According to Porter and Heppelmann (2014) three core elements of smart, con-

nected products are: 

- Physical components 

- Smart components (sensors, microprocessors, data storage, software, em-

bedded OS, user interface)  

- Connectivity components (ports, antennae, and protocols to enable con-

nections with the product). 

In addition, smart, connected products are linked to so-called Product Cloud - 

smart product applications (can also be addressed as digital services) for monitor-

ing, control and other purposes.  

Product-IT is combination of smart components, connectivity components and 

digital services available via Product Cloud. Product-IT creates huge range of op-

portunities for increasing the value of the product for the customer. 

Smart, connected products are being developed in all manufacturing sectors. These 

products change industry structure and the nature of competition, exposing com-

panies to new competitive opportunities and threats. Manufacturing smart, con-

nected products changes various aspects in a company and call for new methodo-

logical support for analysis, planning and management. 

3.1.3 DIGITAL TRANSFORMATION AND ORGANIZATIONAL 

STRUCTURE 

Manufacturing smart, connected products is forcing manufacturing firms to be-

come both hardware and software companies (Porter & Heppelmann, 2015). This 

change can be significant, since manufacturing companies have been organized in 

a similar way for decades. Companies need new forms of collaboration and new 

functional units. Organizational structure suggested by Porter and Heppelmann 

(2015) is represented in Figure 7.  
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Figure 7 Organizational structure - traditional functions, new functions, adapted from Porter and 

Heppelmann (2015) 

The functions that manufacturing firms must develop are the following (grey ele-

ments in Figure 7): 

1. Unified data organization. A chief data officer leads this group, which cap-

tures, aggregates, and analyzes data for the entire organization. 

2. Tighter IT & R&D collaboration. This reflects the new need for IT in prod-

uct development. 

3. DevOps. DevOps is a set of software development practices that combine 

software development (Dev) and IT operations (Ops) to shorten the sys-

tems-development life cycle while delivering features, fixes, and updates 

frequently in close alignment with business objectives (Kavitha, 

Anchitaalagammai, Nirmala, & Murali, 2019). DevOps groups manage the 

product cloud. Since smart, connected products stop functioning if the 

product cloud fails, companies must carefully maintain, upgrade, and fix 

bugs in the product cloud. 

4. Customer success management. Companies must ensure that customers 

derive full value from their products. As a result, marketing is evolving into 

customer success management.  

Porter and Heppelmann (2015) suggest creation of the new departments responsi-

ble for unified data organization, DevOps and customer success management. In 

addition, they emphasize the need for a deeper collaboration between R&D and IT, 
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particularly the teams dealing with development and maintenance of built-in soft-

ware and digital services (Product-IT) enhancing the value of a physical product. 

The presented organizational structure does not represent a separate function re-

sponsible for Enterprise-IT, mentioning IT as a unified function that manages all 

kinds of IT in the company. This however is rarely the case in the existing manu-

facturing companies, as Product-IT teams are usually being introduced to the or-

ganizational structure as satellites to the physical product development, and in this 

case Enterprise-IT remains a segregated function. The interaction between various 

functions and stakeholders should be investigated further to analyze the optimal 

mechanisms of value generation. The stakeholders representing various functions 

are the owners of the knowledge from multiple fields that can be combined in order 

to maximize the value of a service to its end user, internal or external. 

3.2 METHOD THEORY –  CONSTITUENTS AND 

STRUCTURE 
According to Goldkuhl, Lind, and Seigerroth (1998) a method is a prescriptive 

guidelines for work. A method explains what to do in different situations to achieve 

certain goals. According to Goldkuhl et al. (1998) the core of a method is an implicit 

or explicit perspective (philosophy). Perspective can be expressed in the method 

without being explicitly articulated. A perspective is the conceptual and value basis 

of the method. Perspective answers the question What is important? A perspective 

includes values, principles and categories, which are more fully expressed in 

method components. A method component can be formed by Concepts, Procedures 

and Notation (Figure 8). 

 
Figure 8 Method theory, adapted from Goldkuhl et al. (1998) 



CHAPTER  3 THEORETICAL FOUNDATIONS 

 

46 

Procedure includes guidelines on how to work, including the questions to reach the 

outlined purpose (What question to ask?). The notation prescribes how answers to 

these questions should be documented (How to express answers?). The procedure 

includes meta concepts, for example actor and use case as two concepts applicable 

for use case modeling in UML (Harmon & Watson, 1998). Concepts are used when 

the questions are asked, i.e., they are part of the prescribed procedure. They are 

also part of the semantics of the notation and the central focus of the method (What 

to talk about?). Concepts provide a basic terminology for describing the context 

that the method is focusing on. Therefore, defining concepts is crucial for the meth-

ods focusing on the novel contexts, where the terminology is undefined or incon-

sistent. 

Linked together Concepts, Procedures and Notation can form a method compo-

nent. A method usually includes several method components that serve as means 

to fulfil the purpose of the method. Method components can be compared to a set 

of lenses that support more focused analysis of the given context as opposed to con-

sideration of the complete set of the elements within this context. 

The aspect of how people interact when performing the method-guided work is pre-

scribed by Co-operation and Collection principles (Who asks questions? Who an-

swers questions?). Co-operation principles can include definition of the roles, divi-

sion of responsibilities in the method-guided work and other guidelines related to 

co-operation between people during the purposeful method application. Co-opera-

tion principles is an important constituent of a method, as it enables more efficient 

use of the method. 

Together different method components form a structure - a framework (How are 

questions related?). This shows how the method components are related to each 

other. In the EA field the term framework is usually used with different connota-

tion: the focus is set on multiple layers for representing the EA and the intercon-

nected concepts that these layers include. 

3.3 ENTERPRISE ARCHITECTURE 
The various aspects of an enterprise can include organizational structure, business 

processes, information systems, IT components and resources, technical infra-

structure, which together form an Enterprise Architecture. Jonkers et al. (2004) 

define Enterprise Architecture (EA) as a coherent set of principles, methods and 

models that are used in the design and realization of these various aspects of an 

enterprise. Coherent description of various components of EA is able to provide 

insights, enable communication among stakeholders and guide complicated trans-

formation processes (Jonkers et al., 2004). The unambiguous description of EA 

components and their relationships requires a coherent modeling language (ibid.). 

EA is widely accepted as an approach to manage transformations and to facilitate 

BITA (Riege & Aier, 2009). The goals of EA include documentation and communi-

cation of as-is structures and processes, support for the design of to-be structure 

and processes, and support for the transformation of as-is into to-be. To describe 

and analyze as-is EA and to design to-be structures EA methods are needed (Riege 

& Aier, 2009). 
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Existing EA frameworks define various set of layers to represent the as-is and to-be 

EA. For example, TOGAF suggests considering Business, Data, Applications and 

Technical layers, whereas TEAF defines Functional, Information, Organizational, 

and Infrastructure layers (Haren, 2011; Urbaczewski & Mrdalj, 2006).  

Enterprise Architecture Management (EAM) is a discipline that seeks to address 

mutual alignment between multiple layers of EA by taking the embracing view on 

the overall EA (Buckl et al., 2010). EAM aims to facilitate the transformation from 

as-is to to-be EA. EAM is discussed in details in section 3.3.1.  

3.3.1 ENTERPRISE ARCHITECTURE MANAGEMENT 

EAM is a practice that aims to capture and structure all relevant components for 

describing an enterprise, including the processes used for development of the EA 

as such (Ahlemann, Stettiner, Messerschmidt, & Legner, 2012). Research activities 

in EAM are manifold. Wißotzki and Sandkuhl (2015) point out that elements of 

EAM (Buckl et al., 2010), process and principles (Glissmann & Sanz, 2011), and 

implementation drivers and strategies (Sandkuhl, Simon, Wißotzki, & Starke, 2015) 

are among the frequently researched subjects in EAM. Furthermore, there is work 

on architecture analysis (Johnson, Lagerström, Närman, & Simonsson, 2007), de-

cision making based on architectures (Johnson, Ekstedt, Silva, & Plazaola, 2004) 

and IT governance (Simonsson, Johnson, & Ekstedt, 2010). However, there is no 

specific focus on the integration of Product-IT and EA. Of specific relevance for 

Product-IT are EA frameworks identifying recurring structures in EA. In this con-

text, TOGAF (Haren, 2011) is considered by many researchers as industry standard 

and defines three different architectural layers which are visible in many other 

frameworks as well: the Business Architecture defines the business strategy, gov-

ernance, organization and key business processes; the Information Architecture, 

which is often divided into Data Architecture and Application Architecture sub-lay-

ers; the Data Architecture that describes the structure of an organization's logical 

and physical data assets and data management resources. The Application Archi-

tecture provides a blueprint for the individual application systems to be deployed, 

for their interactions and their relationships to the core business processes of an 

organization. The Technology Architecture describes the physical realization of an 

architectural solution. The logical software and hardware capabilities, which are 

required to support the deployment of business, data, and application services, are 

also defined in this dimension (Haren, 2011). In addition to EAM frameworks there 

are also other types of methodological support in EA and EAM fields, such as meth-

ods and languages supporting various EA handing activities. One example is Archi-

Mate, which is widely used for EA representation, modeling and analysis, however 

also has shortcomings in its ability to address dimensions needed for digitalization 

has also been pointed out (Pittl & Bork, 2017). Pittl and Bork (2017) show how ex-

isting modeling methods do not really work for modeling digital enterprise ecosys-

tems. In the effort of modeling enterprise ecosystems, they point out the limitations 

of the ArchiMate for modeling a simple ecosystem scenario. 

Ahlemann et al. (2012) define EAM as a management practice that establishes, 

maintains and uses a coherent set of guidelines, architecture principles and govern-

ance styles to achieve enterprise’s vision and strategy. Facing opportunities and 
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challenges derived from the digital revolution, business leaders need new ways to 

conduct effective strategic decisions related to the increased digital enterprise (Li, 

Hou, Liu, & Liu, 2012). With the huge diversity of IoT technologies and products 

enterprises have to leverage and extend previous EA efforts to enable business value 

by integrating the concept of digital into their business environment 

(Zimmermann, Schmidt, Jugel, & Möhring, 2015). The impact of digitalization on 

enterprise systems in modern manufacturing is discussed in Bi, Da Xu, and Wang 

(2014), which claims that IoT can support information systems of next-generation 

manufacturing enterprises effectively. Data acquisition systems are suitable to be 

applied in collecting and sharing data among manufacturing resources. However, 

they argue that the application of IoT in enterprise systems are at its infant stage, 

more research is required in modularized and semantic integration, standardiza-

tion, and the development of enabling technologies for safe, reliable, and effective 

communication and decision-making. On the way towards IoT-inclusive EAM, 

Zimmermann et al. (2015) and Patel and Cassou (2015) consider integrating the 

growing IoT architectural descriptions into a consistent enterprise architecture as 

a significant challenge. In Patel and Cassou (2015) an approach for the IoT appli-

cation development is proposed, which includes a role-specific development meth-

odology, and a development framework for the IoT. Architecture evolution ap-

proach proposed in Zimmermann et al. (2015) relies on the idea of integrating small 

EA descriptions (for each relevant IoT object) into a coherent EA description. EA-

IoT-Mini-Descriptions include partial EA-IoT-Data, partial EA-IoT-Models, and 

partial EA-IoT-Metamodels that are associated with main IoT objects defined by 

the approach. Another initiative that tries to overcome these challenges is the light-

weight EAM framework for digital transformation by Nandico (2016). This frame-

work has its origin in TOGAF 9.1 with a focused customization.  

One challenge that is apparent in the digital transformation is the to handle bi-

modal IT development (Gartner IT Glossary). The Enterprise-IT dimension 

(Mode1) is designed for stability, efficiency, and low cost and closely related to tra-

ditional EAM. Product-IT on the other hand (Mode 2) is constituted by develop-

ment projects that help to innovate or differentiate the business. This mode re-

quires a high degree of business involvement, fast turnaround, and frequent up-

date, the so-called rapid path to transform business ideas into applications. In the 

literature this is acknowledged as a need to handle a two speed architecture for the 

digital enterprise (Bossert, 2016). For digitally native enterprises and startups this 

is not a problem, since they have had the benefit of starting with a “clean slate” and 

think “digital” and take the advantage of this from the beginning without consider-

ing any legacy(Bossert, 2016). This does however not work for more established 

enterprises. They have many years of delivered technology, architectures, govern-

ance, decisions structures etc. The objective of the two-speed architecture is to dif-

ferentiate the systems, architectures, and structures that must be flexible and agile 

(Product-IT) from those that have to be more reliable and deliver the highest qual-

ity (Enterprise-IT) (Bossert, 2016). This approach will have to cut through the dif-

ferent layers of the technology stack and is as much about organizational architec-

ture and process architecture as it is about technology architecture. Some research-

ers have proposed an architecture aiming at information system agility and 



CHAPTER  3 THEORETICAL FOUNDATIONS 

 

49 

scalability, for example (Guetat & Dakhli, 2013). In addition to this Porter and 

Heppelmann (2014) have suggested to handle modern digital informed infrastruc-

ture through a new technology stack. In this structure they suggest an integration 

of Product-IT and Enterprise-IT through three interrelated layers that include 

Product Cloud, Connectivity, and Product. This approach is promising but there is 

a need for further elaboration of integration of Product-IT and Enterprise-IT. Even 

if there is a two-speed architecture these two requires elaborated and systematized 

interconnectivity and they should have the ability to deliver a collaborative support 

for different business- and customer activities. 

The increased adoption of digitalization through IoT, data analytics (big data), and 

cloud computing has opened new ways of thinking in many dimensions; customer 

involvement, optimized processes, and business models. In terms of business mod-

els Chan (2015) has presented a new business model that can be more suitable for 

organizing business in an IoT age. This and other new business models emerging 

in the digitalization age will have impact on the EAM practice. Furthermore, there 

is neither a common understanding of the scope and content of the main activities 

in EA management and IoT or Product-IT integration, nor has a commonly ac-

cepted reference method been developed (Winter, Buckl, Matthes, & Schweda, 

2010). EAM currently concentrates on Enterprise-IT side including number of its 

layers, whereas Product-IT, i.e., what is built into the products or supporting indus-

trial automation, is mostly outside of EAM consideration. A structured EAM that 

would enable integrated consideration of both Product-IT and Enterprise-IT re-

quires a comprehensive methodological basis for their integrated modeling, repre-

sentation and analysis, i.e., modeling method. 

3.4 ENTERPRISE ARCHITECTURE –  A METHOD-

OLOGICAL PERSPECTIVE 
Riege and Aier (2009) define EA as a practice to manage transformations and to 

facilitate BITA, and in this context suggest that a method is a systematic aid that 

guides the transformation of a system from an initial (as-is) state to a target (to-be) 

state. However, the EA field is quite heterogeneous when it comes to the terminol-

ogy used to address such systematic aid and the methodological support. Various 

terms are used to address EA methodological support: framework, language, ap-

proach, method and others. Therefore, it is important to first discuss the methodo-

logical support available and applicable in the EA field in terms of its aims and con-

stituents. 

Methodological support includes structured, explicitly described and accessible 

means for purposeful problem solving in the outlined context. Methodological sup-

port in the EA field includes: (1) means for multi-layered representation and anal-

ysis of EA, and (2) means for management and transformation of EA (EAM). This 

grouping corresponds to the goals of EA described by Fischer, Aier, and Winter 

(2007). Documentation and communication of as-is structures and processes and 

design of to-be structures and processes is related to the first group, whereas the 

support for projects that transform as-is into to-be structures and processes corre-

sponds to the second group.  
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Available methodological support in the EA field includes various types of descrip-

tive and prescriptive means: methods, frameworks, languages and other forms of 

guidelines. They aim to solve representation, modeling, design, analysis and man-

agement problems and include various constituents to address these problems. The 

fundamental constituent of the EA methodological support is a conceptual basis. 

Conceptual basis (meta-model) provides a terminology for describing the as-is and 

to-be EA (Riege & Aier, 2009). Clearly defined terminology relevant for a domain 

enables analysis of the incorporated elements and can support efficient communi-

cation between the stakeholders. Conceptual basis of a method defines the key ele-

ments, i.e., concepts, and their relationships that needs to be addressed in the con-

text that the method is focusing on. Defining the conceptual basis has especially 

high importance for framing methodological support for addressing novel prob-

lems in the existing and new domains. 

Enriching the conceptual basis with a set of symbols and notational rules enables 

formal documentation of the key elements and their relationships in the discussed 

domain. ArchiMate language is an example of symbols and notational rules defined 

for EA documentation and modeling. A set of symbols and notational rules for doc-

umentation and modeling can be compared to a written language (symbols and 

rules), developed upon the terminology (conceptual basis) of the language verbal 

form. 

Another type of constituent of the EA methodological support are procedural guide-

lines. Several of the existing EA frameworks and methods include procedural guide-

lines – a set of procedures or steps aiming to reach a desired result. The Architec-

ture Development Method that is a part of TOGAF is an example of such procedural 

guidelines aiming to support the transformation of EA (Josey, 2016; Riege & Aier, 

2009). 

According to Riege and Aier (2009) there is hardly any EA method, which fits to 

every problem situation in the field. Instead it is reasonable to adapt an existing 

method or to use a suitable method constituent. Therefore, it is important to specify 

the constituents that can form a method. Method theory that is introduced by 

Goldkuhl et al. (1998) defines the key method constituents and their structure, 

which are relevant to consider to form a method (section 3.2). 

3.4.1 CONCEPTS IN ENTERPRISE ARCHITECTURE 

Concept is an essential entity of the domain. For a method focusing on a novel 

domain defining concepts is particularly crucial. It is impossible to describe and 

analyze a domain without knowing how to address elements in this domain and 

how these elements are related.  

In the domain of EA various concepts are used, they define terminology, semantics 

and relationships between the key terms within the domain. These concepts pro-

vide a foundation for the existing methods for EA modeling and representation. EA 

methodological support that define concepts for a multi-layered representation of 

EA are: ArchiMate (Lankhorst, Proper, & Jonkers, 2009); MEMO (Frank, 2014); 

Enterprise Design Framework (Guenther, 2012). 
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ArchiMate allows to represent core aspects of an enterprise, such as business pro-

cesses, products, applications and infrastructures, as well as the relationships be-

tween these aspects. Full framework of ArchiMate is presented in Figure 9.  

 
Figure 9 Full ArchiMate framework, adapted from Josey (2017) 

Important applications of EA are the analysis of problems in the current state of an 

enterprise, determining the desired future state(s), and ensuring that the develop-

ment projects within transformation programs are on-track with regards to the de-

sired future states (Lankhorst et al., 2009). This implies that in EA models, coher-

ence and overview are more important than specificity and detail. This also implies 

the need for more coarse-grained modeling concepts than the fine-grained con-

cepts, which can typically be found in modeling methods and languages used at the 

level of specific development projects, for example, UML and BPMN. 

ArchiMate defines a set of modeling concepts enabling multi-layered description 

an enterprise. An ArchiMate element is a basic unit in the metamodel, which is used 

to define and describe the constituent parts of Enterprise Architectures and their 

unique set of characteristics. The ArchiMate differentiates the concepts (i.e., the 

constituents of the metamodel) from their notation, even though defining both con-

cepts and their notation. This differentiation is made since different stakeholder 

groups may require different notations in order to understand an architecture 

model or view. A relationship in ArchiMate is a connection between two elements 

(concepts) - source and target. 

Although the notation of the ArchiMate concepts can be stakeholder-specific, the 

method provides one common graphical notation, which can be used by architects 

and other developers of ArchiMate models. This notation is targeted towards an 

audience used to existing technical modeling techniques such as UML, or BPMN, 
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and therefore resembles them. ArchiMate version 3.0.1 described in Josey (2017) 

includes a set of elements that are presented in Figure 10.  

 
Figure 10 Elements of the ArchiMate - business, application, technology and physical layers, adopted from 

Josey (2017) 

Originally, ArchiMate included business, application and technology layers, but 

was extended later with strategy, implementation and migration layers and moti-

vation group of elements. 

ArchiMate defines several relationships that can be used to link the elements with 

each other. In this thesis these relationships will be used, but will be represented in 

a simplified way (Figure 11). 
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Figure 11 ArchiMate relationships 

Business layer includes products and services offered to external customers, as well 

as the realization of these within the organization by means of business processes 

performed by business actors and roles (Lankhorst et al., 2009). Application layer 

– this layer supports the business layer with application services which are realized 

by software application components. Technology layer – this layer offers infrastruc-

tural services (e.g., processing, storage and communication services) needed to run 

applications, realized by computer and communication hardware and system soft-

ware. Each of those contained a number of concepts.  

The relationships between the concepts at each layer are described by Lankhorst et 

al. (2009) and the ArchiMate 3.0.1 specification in Josey (2017). The business layer 

concepts are presented in Figure 12. 

A business actor is a business entity that is capable of performing behavior. A 

business role is the responsibility for performing specific behavior, to which an 

actor can be assigned, or the part an actor plays in a particular action or event. A 

business collaboration is an aggregate of two or more business internal active 

structure elements that work together to perform collective behavior. A business 

interface is a point of access where a business service is made available to the en-

vironment. A business service represents an explicitly defined exposed business 

behavior, therefore the externally visible behavior can be modeled by the element 

business service. A business service is associated with value (motivational element). 

A business process represents a sequence of business behaviors that achieves a 

specific outcome such as a defined set of products or business services. A business 

function is a collection of business behavior based on a chosen set of criteria (typ-

ically required business resources and/or competencies), closely aligned to an or-

ganization, but not necessarily explicitly governed by the organization. 
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A business interaction is a unit of collective business behavior performed by two 

or more business roles. A business event is a business behavior element that de-

notes an organizational state change. It may originate from and be resolved inside 

or outside the organization. In most cases a business event is something that hap-

pens externally and may influence business processes, functions, or interactions. 

Therefore, business internal behavior can be represented by business function, 

business process or business interaction, whereas business external behavior can 

be represented as business event and business service. 

 
Figure 12 EA Concept model of ArchiMate business layer, adapted from Lankhorst et al. (2009) and (Josey, 

2017) 

A business object represents a concept used within a particular business domain. 

A contract represents a formal or informal specification of an agreement between 

a provider and a consumer that specifies the rights and obligations associated with 

a product and establishes functional and non-functional parameters for interaction. 

A representation represents a perceptible form of the information carried by a 

business object. A product represents a coherent collection of services and/or pas-

sive structure elements, accompanied by a contract or set of agreements, which is 

offered as a whole to (internal or external) customers. This definition covers both 

intangible, services-based, or information products that are common in infor-

mation-intensive organizations, and tangible, physical products. A financial or in-

formation product consists of a collection of services, and a contract that specifies 

the characteristics, rights, and requirements associated with the product. Buying a 

product gives the customer the right to use the associated services. 

ArchiMate defines several types of the elements: active structure elements (actor, 

role, collaboration, interface), behavior elements (process, function, interaction, 
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event, service), passive structure elements, (business object, contract, representa-

tion) and composite elements (product).  

Strategy layer in ArchiMate includes three elements: Course of Action, Capability 

and Resource (Figure 13). ArchiMate defines resource as an asset owned or con-

trolled by an individual or organization. Resource is a central concept in the field of 

strategic management, economics, computer science, portfolio management, and 

more. They are often considered, together with capabilities, to be sources of com-

petitive advantage for organizations. Resources are analyzed in terms of strengths 

and weaknesses, and they are considered when implementing strategies. Due to re-

sources being limited, they can often be a deciding factor for choosing which strat-

egy, goal, and project to implement and in which order. Resources can be classified 

into tangible assets – financial assets (e.g., cash, securities, borrowing capacity), 

physical assets (e.g., plant, equipment, land, mineral reserves), intangible assets 

(technology; e.g., patents, copyrights, trade secrets; reputation; e.g., brand, rela-

tionships; culture), and human assets (skills, know-how, capacity for communica-

tion and collaboration, motivation). 

 
Figure 13 Concept model of ArchiMate strategy architecture, adapted from Josey (2017) 

A capability represents an ability that an active structure element, such as an or-

ganization, person, or system, possesses. In the field of business, strategic thinking 

and planning delivers strategies and high-level goals that are often not directly im-

plementable in the architecture of an organization. These long-term or generic 

plans need to be specified and made actionable in a way that both business leaders 

and Enterprise Architects can relate to, and at a relatively high abstraction level. 

Capabilities help to reduce this gap by focusing on business outcomes. On the one 

hand, they provide a high-level view of the current and desired abilities of an or-

ganization, in relation to its strategy and its environment. On the other hand, they 

are realized by various elements (people, processes, systems, and so on) that can be 

described, designed, and implemented using Enterprise Architecture approaches. 

Capabilities may also have serving relationships; for example, to denote that one 

capability contributes to another. Capabilities are expressed in general and high-

level terms and are typically realized by a combination of organization, people, pro-

cesses, information, and technology. For example, marketing, customer contact, or 
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outbound telemarketing. Capabilities are typically aimed at achieving some goal or 

delivering value by realizing an outcome. Capabilities are themselves realized by 

core elements. To denote that a set of core elements together realizes a capability, 

grouping can be used. Capabilities are often used for capability-based planning, to 

describe their evolution over time. To model such so-called capability increments, 

the specialization relationship can be used to denote that a certain capability incre-

ment is a specific version of that capability. Aggregating those increments and the 

core elements that realize them in plateaus can be used to model the evolution of 

the capabilities.  

A course of action is an approach or plan for configuring some capabilities and 

resources of the enterprise, undertaken to achieve a goal. A course of action repre-

sents what an enterprise has decided to do. Courses of action can be categorized as 

strategies and tactics. It is not possible to make a hard distinction between the two, 

but strategies tend to be long-term and broad in scope, while tactics tend to be 

shorter-term and narrower in scope. 

Motivation group of elements is not an architectural layer as such, but includes con-

cepts from different layers (Figure 14). These elements are used to model the moti-

vations or reasons that guide the design or change of an Enterprise Architecture. 

 
Figure 14 Concept model of ArchiMate motivation architecture, adapted from Josey (2017) 

A stakeholder is the role of an individual, team, or organization (or classes 

thereof) that represents their interests in the outcome of the architecture. A driver 

represents an external or internal condition that motivates an organization to de-

fine its goals and implement the changes necessary to achieve them. An 
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assessment represents the result of an analysis of the state of affairs of the enter-

prise with respect to some driver. A goal represents a high-level statement of in-

tent, direction, or desired end state for an organization and its stakeholders. An 

outcome represents an end result that has been achieved. A principle represents 

a qualitative statement of intent that should be met by the architecture. A require-

ment represents a statement of need that must be met by the architecture. A con-

straint represents a factor that prevents or obstructs the realization of goals. Dif-

ferent stakeholders may attach a different value to outcomes, since they may have 

different interests. Value represents the relative worth, utility, or importance of a 

core element or an outcome. Similarly, they may give their own meaning or inter-

pretation to core elements of the architecture. Meaning represents the knowledge 

or expertise present in, or the interpretation given to, a core element in a particular 

context. The purpose of the motivation elements is to model the motivation behind 

the core elements in an Enterprise Architecture. 

The strategy and core elements are connected to each other according to the repre-

sentation in Figure 15. 

 
Figure 15 Motivation, strategy and core elements relationship, adapted from Josey (2017) 

Another set of concepts for representation and analysis of an enterprise is defined 

in MEMO – multi-perspective enterprise modeling, presented by Frank (2014). 

MEMO is a method for enterprise modeling and a corresponding (meta-) modeling 

environment. Frank (2014) suggests that enterprise modeling is focusing on the de-

velopment of information systems that are mutually adjusted with the business and 

that account for strategic options. Enterprise models provide the foundation for 

supporting a wide range of analysis and design tasks related to the interplay of in-

formation system and action system. These aspects can be represented and ad-

dressed in a multi-perspective way. MEMO defines strategy, organization (busi-

ness) and Information System perspectives and a set of concepts for each of these 

perspectives. MEMO perspectives can be compared to ArchiMate layers, as they 

allow to slice the enterprise context for purposeful abstraction and representation. 
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Strategy perspective includes such concepts as Initiative and Goal, which can be a 

part of Strategy, Opportunity and Thread generated by Initiative, Stakeholder, Tar-

get, Professional Perspective (where a Stakeholder takes a Perspective, a Perspec-

tive focus on a Goal), Value Chain that comprises Activity (including Primary Ac-

tivity and Support Activity), Resource Allocation aimed at Resource (including Hu-

man Resource, IT, Production Technology, Human Resource), Human Resource 

can include IT Experts, Sales Force, R&D Expertise, Management (Top Manage-

ment and Line Management). 

Organization perspective includes several concepts: Organizational Unit, Position, 

Role, Business Process, Event. In addition, perspectives of Organization and Infor-

mation System intersect. This intersection includes Interface, Process, Enterprise 

Application, Office Application, Middleware, Service (including Support Service 

and Software Service) and Service Contract (Software Service Contract and Support 

Service Contract) related to the services. 

Information System perspective includes IT Architecture, Platform, Software, Pro-

cessor Class, which are part of IT. Component and OS are part of Software. In ad-

dition, concepts Class, Attribute, Operation, Signature and Parameter belong to the 

Information System perspective. 

Another set of the concepts for representation and analysis of an enterprise, which 

enables consideration of the digital assets in the context of Digital Transformation 

is presented by Enterprise Design Framework (EDF) (Guenther, 2012). This frame-

work can be used for representation and analysis of an enterprise and implies de-

sign thinking as an underlying foundation. The framework proposes a set of con-

cepts for modeling of an enterprise including business opportunities, technical and 

digital opportunities and people’s needs (Figure 16).  

 

Figure 16 The focus of Enterprise Design Framework, adapted from Guenther (2012) 

The framework provides a set of concepts for analysis and representation of various 

value generating elements, for example, services, and enables analysis of the as-

pects affecting the customer value – touchpoint and experience. Together these 

concepts help to analyze how the service is experienced by an actor. The framework 

allows analyzing an enterprise as a whole – a complex system generating value for 

various groups of stakeholders (customers, employees, owners and others). EDF 

introduces a set concepts that are divided into five layers (Table 6). 

The concepts of experience and touchpoint are very important in defining how an 

actor perceives an enterprise and interacts with the enterprise. Experience is a sub-

jective impression regarding the interaction of a person with a manifestation of an 
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enterprise – products and services, buildings and spaces, messages and dialogs, 

website or information system of an enterprise (Guenther, 2012). Touchpoint can 

be described as a mediator of an interaction between an actor and the enterprise. 

Touchpoint can imply both the event of interaction itself and the physical context 

where it happens. Touchpoint facilitate individual-enterprise interactions, for ex-

ample, using a service or receiving a message. 

Table 6 Enterprise Design Framework – layers and concepts (Guenther, 2012) 
Layer Concepts 

Big picture  Identity, Architecture, Experience 

Anatomy Actors, Touchpoints, Services, Content 

Frames Business, People, Function, Structure 

Design space Communication, Information, Interaction, 

Operation, Organization, Technology 

Rendering Signs, Things, Places 

The relationship of people and the enterprise can be described as a journey across 

touchpoints. The EDF does not define separate concepts for describing people’s 

motivation in terms of problems and concerns, which can affect the overall experi-

ence of interacting with the company significantly and requires to be represented 

and analyzed in the given context. 

3.4.2 FOCAL AREAS IN ENTERPRISE ARCHITECTURE 

Focal area is a way to represent a part of the domain, which is defined by one or 

several interrelated concepts. Focal area can be complimented with a set of proce-

dural guidelines for representing the focal area. This definition is based on the def-

inition of a method component by Goldkuhl et al. (1998). Focal area enables pur-

poseful analysis of the context by focusing on several concepts, as opposed to the 

analysis of the complete set of the concepts within the context. 

ArchiMate introduces the phenomenon of a viewpoint that is suitable for represen-

tation and analysis of enterprise architecture, which can be compared to a focal 

area. A viewpoint in the ArchiMate is a selection of a relevant subset of the Archi-

Mate elements and their relationships. A viewpoint is the representation of a part 

of an architecture that is expressed in different diagrams. The most basic type of 

viewpoint is a simple selection of a relevant subset of the ArchiMate concepts and 

the representation of that part of an architecture that is expressed in this selection, 

aimed towards the stakeholders that will use the resulting views (Josey, 2017). The 

idea of viewpoints’ relevance to specific groups of stakeholders is not characteristic 

to the notion of focal areas. However, the most important similarity between a focal 

area and a viewpoint is that both of them are defined by a number of underlying 

concepts. Therefore, in this section a number of ArchiMate viewpoints and related 

concepts is presented (Table 7). 

Table 7 ArchiMate viewpoints (Josey, 2017) 
 Viewpoint name - Description Concepts 
1. Basic 
view-
points 

1.1 Organization - Structure of the en-
terprise in terms of roles, departments, 
etc. 

business actor, business role, business col-
laboration, location, business interface 
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1.2 Application Platform - Shows struc-
ture of a typical application platform 
and how it relates to supporting tech-
nology. 

application component/collaboration, ap-
plication interface, application pro-
cess/function/interaction, application 
event, application service, data object, sys-
tem software, technology interface, path, 
technology process/function/interaction, 
technology service, artifact 

1.3 Information Structure - Shows the 
structure of the information used in the 
enterprise. 

Business object, representation, data object, 
artifact, meaning 

1.4 Technology - Infrastructure and 
platforms underlying the enterprise’s 
information systems in terms of net-
works, devices, and system software. 

location, node, technology collaboration, 
device, system software, technology inter-
face, communication network, path, tech-
nology process/function/interaction, tech-
nology service, technology event, artifact 

1.5 Layered - Provides overview of ar-
chitecture(s). 

All concepts  

1.6 Physical - Physical environment and 
how this relates to IT infrastructure. 

Location, node, device, equipment, facility, 
path, communication network, distribution 
network, material 

1.7 Product - Shows the contents of 
products. 

Business actor, business role, business col-
laboration, business interface, business pro-
cess/function/interaction, business event, 
business service, business object, product, 
contract, application component/collabora-
tion, application interface, application pro-
cess/function/interaction, application 
event, application service, data object, tech-
nology service, artifact, material, value 

1.8 Application Usage - Relates applica-
tions to their use in, for example, busi-
ness processes. 

Business actor, business role, business col-
laboration, business process/function/in-
teraction, business event, business object, 
application component/collaboration, ap-
plication interface, application pro-
cess/function/interaction, application 
event, application service, data object 

1.9 Technology Usage - Shows how 
technology is used by applications. 

Application component/collaboration, ap-
plication process/function/interaction, ap-
plication event, data object, node, device, 
technology collaboration, system software, 
technology interface, communication net-
work, path, technology process/func-
tion/interaction, technology service, tech-
nology event, artifact 

1.10 Business Process Cooperation - 
Shows the relationships between vari-
ous business processes. 

business actor, business role, business col-
laboration, location, business interface, 
business process/function/interaction, 
business event, business service, business 
object, representation, application compo-
nent/collaboration, application interface, 
application process/function/interaction, 
application event, application service, data 
object 

1.11 Application Cooperation - Shows 
application components and their mu-
tual relationships. 

location, application component/collabora-
tion, application interface, application pro-
cess/function/interaction, application 
event, application service, data object 

1.12 Service Realization - Shows how 
services are realized by the requisite be-
havior. 

business actor, business role, business col-
laboration, business interface, business pro-
cess/function/interaction, business event, 
business service, business object, represen-
tation, application 
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component/collaboration, application in-
terface, application process/function/inter-
action, application event, application ser-
vice, data object 

1.13 Implementation and Deployment - 
Shows how applications are mapped 
onto the underlying technology. 

application component/collaboration, ap-
plication interface, application pro-
cess/function/interaction, application 
event, application service, data object, sys-
tem software, technology interface, path, 
technology process/function/interaction, 
technology service, artifact 

2. Moti-
vation 
view-
points 

2.1 Stakeholder - Shows the stakehold-
ers, drivers, the assessments of these 
drivers, and the initial goals to address 
these drivers and assessments. 

stakeholder, driver, assessment, goal, out-
come 

2.2 Goal realization - Focuses on refin-
ing the initial, high-level goals into 
more concrete (sub-)goals using the ag-
gregation relationship, and finally into 
requirements and constraints using the 
realization relationship 

goal, principle, requirement, constraint, 
outcome 

2.3 Goal contribution - Shows the influ-
ence relationships between goals (and 
requirements) 

goal, requirement 

2.4 Principles viewpoint - Shows the 
relevant principles and the goals that 
motivate these principles 

principle, goal 

2.5 Requirements realization - Focuses 
on modeling the realization of require-
ments and constraints by means of core 
elements, such as actors, services, pro-
cesses, application components, etc. 

goal, requirement/constraint, outcome, 
value, meaning, core element 

2.6 Motivation - Covers the entire moti-
vational aspect and allows use of all mo-
tivational elements 

stakeholder, driver, assessment, goal, prin-
ciple, requirement, constraint, outcome, 
value, meaning 

2.7 Capability map - Provides an over-
view of the capabilities of the enterprise 

outcome, capability, resource 

3. Strat-
egy view-
points 

3.1 Strategy viewpoint - Shows a high-
level, strategic overview of the strategies 
(courses of action) of the enterprise, the 
capabilities and resources supporting 
those, and the envisaged outcomes 

course of action, capability, resource, out-
come 

3.2 Capability map - Provides an over-
view of the capabilities of the enterprise 

outcome, capability, resource 

3.3 Outcome realization - Describes 
how high-level, business-oriented re-
sults are produced by the capabilities 
and resources of the enterprise 

capability, resource, outcome, value, mean-
ing, core element 

3.4 Resource map (same as 2.7) - Pro-
vides a structured overview of the re-
sources of the enterprise 

resource, capability, work package 

4. Imple-
menta-
tion and 
Migra-
tion 

Project viewpoint - Allows to model the 
management of architecture change 

goal, work package, implementation event, 
deliverable, business actor, business role 

Migration - Allows to model the transi-
tion from an existing architecture to a 
target architecture 

Plateau, gap 

Implementation and Migration - Allows 
to model the relationships between the 
programs and projects and the parts of 
the architecture that they implement 

Goal, requirement, constraint, work pack-
age, implementation event, deliverable, 
plateau, gap, business actor, business role, 
location, core element 
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ArchiMate viewpoints can be compared to diagram types defined by UML, even 

though a viewpoint is much more flexible than a diagram type as there is not a strict 

partitioning of concepts into views (Lankhorst et al., 2009). ArchiMate claims that 

view is a mechanism to purposefully convey information about architecture ar-

eas(Josey, 2017). A view is defined as a part of an architecture description that ad-

dresses a set of related concerns and is addressed to a set of stakeholders. A view is 

specified by means of a viewpoint, which prescribes the concepts, models, analysis 

techniques, and visualizations that are provided by the view. A viewpoint in the Ar-

chiMate is using number of relevant ArchiMate elements and their relationships. 

Viewpoints defined by ArchiMate 3.0.1 link are using the key concepts (described 

in 3.4.1) and presented in Table 7. In each viewpoint concepts from the three layers 

of Business, Application, and Technology may be used. However, not every combi-

nation of these would give meaningful results. In some cases, separate viewpoints 

for the different layers are advisable. 

The viewpoint establishes the conventions for constructing, interpreting, and ana-

lyzing the view to address concerns framed by that viewpoint. Viewpoint conven-

tions can include languages, notations, model kinds, design rules and modeling 

methods, analysis techniques, and other operations on views(Josey, 2017).  

In this thesis focal area will be used as a central term for method development. In 

relation to Goldkuhl et al. (1998) method theory a focal area can be compared to 

method component – a combination of key concepts, procedure and notation. No-

tation will remain outside of the scope of this thesis, therefore identified focal areas 

for product-IT inclusive EA will be described with a set of underlying concepts and 

recommended procedures. 

3.5 PARTICIPATORY ENTERPRISE MODELING 
There is a clear need to capture both business and technology issues during an en-

terprise transformation project. In the context of DT, representation and analysis 

of IT components and resources, which together can be referred to as digital assets, 

plays crucial role. Capturing them in a valid and comprehensive way requires the 

involvement of a large number of stakeholders. In this respect participatory EM has 

served as a widely applied and effective practice. EM, sometimes also called busi-

ness modeling, Kirikova (2000), is a practice for developing, obtaining, and com-

municating enterprise knowledge, like strategies, goals and requirements to differ-

ent stakeholders (Kirikova, 2000; Persson, 2001; Stirna & Kirikova, 2008). 

Sandkuhl, Stirna, Persson, and Wißotzki (2014) define EM as: 

EM is the process of creating an integrated enterprise model 

which captures the aspects of the enterprise required for the mod-

eling purpose at hand. An enterprise in this context can be a pri-

vate company, government department, academic institution, 

other kind of organization, or part thereof. An enterprise model 

consists of a number of related sub-models, each focusing on a 

particular aspect of the enterprise, e.g. processes, business rules, 

concepts/information, vision/goals, and actors. An enterprise 

model describes the current or future state of an enterprise and 
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contains the commonly shared enterprise knowledge of the stake-

holders involved in the modeling process. (Sandkuhl et al., 2014, 

p.29) 

EM is often used during development or refinement of IS meant to support enter-

prise operations and functioning (Enterprise-IT). In addition, researchers pay sig-

nificant attention to the applicability of EM for software requirements engineering 

(de la Vara & Sánchez, 2008; Persson, 2001; Rolland & Prakash, 2000), which in-

dicates applicability of EM for development and refinement of Product-IT. Accord-

ing to Stirna, Persson, and Sandkuhl (2007), EM is an activity where integrated and 

commonly shared models describing different aspects of an enterprise are created. 

Enterprise models focus on some aspect of the problem domain, and therefore can 

represent various focal areas of an enterprise such processes, business rules, infor-

mation, data, goals, actors. Therefore, the core capability of enterprise models is to 

capture different aspects of the enterprise practice in terms of procedures, opera-

tions, management etc. A model plays an important role as a visual mapping of re-

ality in the form of a diagram, thus fostering communication; it is a compact ab-

straction, thus it allows coping with complexity; it is usually based on shared con-

cepts, thus it facilitates shared understanding; it is a conceptual model, thus it 

serves as a blueprint for simulation design (Barjis, 2011). This essential represen-

tational ability of enterprise models can help in creating a multidimensional view 

on EA and integrating these dimensions into a coherent structure, and therefore 

support the description and design of as-is and to-be EA.  

An EM activity usually comprises both intra-organizational and inter-organiza-

tional processes (Barjis, 2011). In order to analyze these processes a large number 

of stakeholders have to be involved in EM, which makes the traditional consultative 

approach (i.e., fact gathering, analysis, and delivering an expert opinion) hardly ap-

plicable when dealing with “wicked” problems (Persson, 2001; Stirna et al., 2007). 

As a result, participatory or collaborative EM, where modeling sessions in groups 

are led by EM practitioners, has been established as a practical approach to deal 

with organizational design problems.  

Participatory Enterprise Modeling (EM) can serve as a useful practice in this con-

text. Participatory EM allows creating integrated models, which capture and repre-

sent different focal areas of an enterprise (Stirna & Persson, 2018). For example, 

focal areas can include business processes, business rules, concepts, information, 

data, goals, actors and others.  

Analysis of the product-centric and customer-centric opportunities, which is crucial 

for successful shift from physical to smart, connected products, requires knowledge 

sharing among numerous stakeholders with a diverse organizational belonging - 

Production, Research and Development, Marketing, Customer Support, Sales and 

other functions. The interactions with the customer is often managed separately by 

the involved functions (units) of the company, making the company fail in analyz-

ing the complete customer experience (Rawson et al., 2013). Cross-functional col-

laboration is highly beneficial in this context, as it allows to enhance and optimize 

the entire customer journey instead of enhancing customer experience within a 

number of separate touchpoints. The insular working culture that is characteristic 

for many of the existing product and service providers is limiting such collaboration 
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(Rawson et al., 2013). This makes participatory EM relevant and applicable for this 

context, since it can facilitate knowledge sharing across various functions of the or-

ganization, with the help of models that can be used as means of representation. 

According to Barjis (2011), collaboration, participation, and interaction among a 

large group of stakeholders is highly beneficial in the practice of modeling, as it 

enables more effective and efficient model derivation and it increases the validity 

of models. The participatory approach implies involvement of various stakeholders 

in modeling sessions and enables more efficient data acquisition and better under-

standing of enterprise processes (Front, Rieu, & Santorum, 2014). One issue is that 

the obtained representations (enterprise models) are often not enough formalized, 

which may complicate their further application. On the same time, aiming for high 

degree of formalism hinders the collaborative creation of models during participa-

tory modeling sessions. Therefore, the role of the EM practitioner who leads this 

kind of EM effort becomes vital for the success of any modeling initiative 

(Rosemann, Hjalmarsson, Lind, & Recker, 2011). 

The idea of collaboration and interaction has earlier been also described and for-

malized as non-interactive and interactive modeling where the purpose is to expand 

the shared knowledge through EM. Lind and Seigerroth (2003) have divided the 

modeling process into four generic modeling phases, 1) Interactive collection, 2) 

Interactive modeling, 3) Non interactive modeling, and 4) Interactive validation. 

Interactive collection is the phase where the modeling experts together with the 

business stakeholders set the scope for the upcoming modeling sessions in order to 

agree upon what to focus on and what not to focus on. The two next phases are the 

actual modeling phases where answers interactively are ex-pressed and structured 

using of different model types. Interactive modeling is where answers are expressed 

and structured together with the respondent(s). Non-interactive modeling is a 

phase where answers are further structured and refined in models without any in-

volvement of the respondent(s). This phase usually also involves the transfor-

mation of models into some IT-based tool. The last phase, Interactive validation 

includes a mutual agreement about the structured answers that are manifested in 

models being developed between the respondent(s) and the modeling experts (Lind 

& Seigerroth, 2003). This process is one way to conceptualize the transformation 

of information into enterprise models. 

An important issue regarding the EM is related to its heterogeneous nature. The 

benefits of using EM are often dependent on a specific EM method that is used 

within an EM project. A part of the EM community focus on notational rules that a 

specific EM method should follow (Engelsman, Quartel, Jonkers, & van Sinderen, 

2011), whereas other parts focus on a procedure that should be followed during an 

EM project (Stirna & Persson, 2009). In this thesis the term EM is used to address 

a participatory and collaborative process, where various stakeholders’ points of 

view are considered and consolidated in order to create multidimensional concep-

tualizations of an enterprise(Stirna & Kirikova, 2008). Participatory EM is consen-

sus-driven in the sense that it is the domain stakeholders who own the models and 

decide their content (Persson, 2001).  

Generally, stakeholders who are involved in participatory EM can be divided into 

two parties - participants from the enterprise itself and an EM practitioner (or 
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facilitator) that leads the modeling activities. The first group of stakeholders con-

sists of enterprise employees who have the role to share and exchange their 

knowledge about enterprise operations (domain knowledge). There are various fac-

tors that can hinder the process of sharing knowledge between enterprise employ-

ees. For example, as the project progresses the enterprise becomes less interested 

to allocate their most knowledgeable human resources to modeling sessions, since 

it can be considered as a waste of time (Barjis, 2011). The second party of EM is an 

EM practitioner – a person who facilitates and drives the EM project process (partly 

or fully) towards effectively achieving its goals (Persson & Stirna, 2010). This role 

is responsible for making sure that the project resources are used properly in order 

to achieve the goals of the project and to complete the project on time (Persson & 

Stirna, 2010; Rosemann et al., 2011; Stirna & Persson, 2012). 

Performing EM successfully is a non-trivial task that requires considerable skill and 

experience, since the EM practitioner needs to manage the intricacies of discover-

ing the domain knowledge, consolidating different stakeholder views, and repre-

senting this knowledge in a coherent and comprehensive model (Stirna et al., 

2007). Among the core challenges of EM (Barjis, 2011) highlights the com-plex so-

ciotechnical nature of an enterprise and conflicting descriptions of the business 

given by different stakeholders. Thus, EM practitioners need to have considerable 

experience and a broad range of knowledge regarding EM execution, since various 

problems and challenges occur both during the execution of EM sessions and dur-

ing the follow-up stages of EM (Stirna & Persson, 2009).  

One way to view EM projects in terms of involved activities was presented by Stirna 

and Persson (2018):  

1. Define scope and objectives of the project;  

2. Plan for project activities and resources;  

3. Plan for modeling session;  

4. Prepare modeling session;  

5. Conduct modeling session;  

6. Analyze and refine models;  

7. Present the results to stakeholders.  

Lind and Seigerroth (2003) discuss the process of team-based collaborative 

knowledge reconstruction based on modeling and identify four basic activities: in-

teractive collection, interactive modeling, non-interactive modeling, and interac-

tive validation. 

Another more generic view on EM is presented by Kaidalova, Siegerroth, 

Bukowska, and Shilov (2014). According to this model, EM processes include three 

basic activities that are usually performed in sequential order, but in some cases 

can also iterate (Figure 17). 
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3. Using models
2. Transforming 
information into 

models

1. Extracting 
relevant 

information
 

Figure 17 EM activities Kaidalova et al. (2014) 

After having started the EM effort the EM practitioner, often together with the do-

main experts, needs to analyze what information should be collected in order to 

reach the goal of the modeling effort. Therefore, the first activity of EM is to collect 

information about the issue in focus. During participatory EM, where domain ex-

perts play an important role the main source for getting information are modeling 

sessions or workshops. During such sessions the EM practitioner is supposed to 

have a leading role and collect opinions about various aspects of the enterprise. The 

ability of the EM practitioner to facilitate open discussions is crucial in order to 

extract the necessary information and then to transform this information into mod-

els, i.e., to visualize the obtained information in a structured way in the form of 

models. Most often models are created during modeling sessions together with do-

main experts to make sure that existing viewpoints are considered and consoli-

dated. It is a common practice to iterate between the first and the second activity 

several times when creating models to make sure that all the needed information 

has been captured and documented.  

However, in some cases the manifestation or actual visualization of models can be 

done after the modeling sessions. It is important to emphasize that documentation 

of models is a process, which should continue until a common agreement on the 

created models is achieved among the involved participants. There are various chal-

lenges that are specific for these two activities of EM - extracting relevant infor-

mation and documenting it into models. Common agreement among the stakehold-

ers on creating enterprise models is crucial in order to use the created models for 

any purpose. The objectives to achieve consensus and get a shared understanding 

about different aspects (focal areas) can play a central role in EM initiative. In ad-

dition, models play a crucial role in transformation projects, where they serve as a 

visualization and blueprints for the required change process, including such change 

process as DT. 

3.5.1 ENTERPRISE MODELING CHALLENGES AND RECOM-

MENDATIONS 

A set of EM challenges has been identified by Kaczmarek, Seigerroth, and Shilov 

(2012). These challenges are mostly related to essential characteristics of the enter-

prise models. The first one is the degree of formalism. The degree of formalism is 

closely related to notation and notation rules for different enterprise models. There 

are different modeling notations that are used depending on focal areas that are in 

focus. The degree of formalism in enterprise models can vary from formal machine 

interpretable languages to more informal rich pictures. The expressiveness of the 

selected formalism will have impact on the final models. The second challenge is 

related to the degree of detail. It can be nontrivial to decide how much information 

a model should contain in order to describe the situation in focus. The third 
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challenge includes the accuracy of the view. It is a challenge to select the suitable 

point of view(s) during modeling and stay focused on the chosen point of view, i.e., 

the selection of suitable focal areas like process, problem, goal, resources etc. The 

fourth challenge is the change and model dependencies. This challenge refers to the 

fact that modeling is usually done in a dynamic and constantly changing environ-

ment. Models can be used as a support during enterprise change. In a dynamic and 

changing environment this means that models also need to continuously undergo 

changes. It is common that modeling is performed at different levels at the same 

time (i.e., business model, process, IT components and resources) where one or 

several focal areas can be modeled within or between different levels. This multi-

layered modeling and change means that one model or layer of the models might 

have consequences for other models within or between different layers. 

Delen, Dalal, and Benjamin (2005) investigate the challenges of EM and identify 

four with regard to the decision maker’s point of view: heterogeneous methods and 

tools, model correlation, representation extensibility, and enterprise model com-

piling. 

Raduescu et al. (2006) identify a framework of issues related to large-scale process 

modeling projects that are relevant for various involved stakeholders (e.g. business 

analysts, modelers, vendors and managers). They divide identified issues into three 

groups: (1) strategy-level related issues; (2) process modeling lifecycle issues; (3) 

resource-level related issues. 

The first group includes lack of top management support; lack of governance; 

doubts about the economic value of the modeling effort. The second group includes 

lack of project setup guidelines, lack of modeling objectives, lack of modeling pro-

cedures, lack of common modeling methodology, lack of supporting infrastructure, 

choice of modelled aspects (focal areas) and levels of granularity, quality assurance 

of the models, rework and update of models, variant management, consolidation 

and integration. The third group includes issues for each of the involved roles: mod-

eler-related issues include the skill set of a modeler and familiarity with the appli-

cation domain. The quality of a model can depend on the ability of the modeler to 

extract relevant information from knowledge owners and on the modeler’s 

knowledge of the business context. 

The competence of EM practitioner is relevant to consider when discussing EM 

challenges. Defining the competence of an EM practitioner includes identification 

of the questions that this actor is supposed to solve throughout the EM process. 

Persson and Stirna (2010) have presented an analysis that elucidates the compe-

tence needs for EM practitioners with regard to different steps in the EM process. 

They consider that the EM process consists of the following activities: project in-

ception and planning, conducting modeling sessions, delivering a result that can be 

used for subsequent implementation. Two main competence areas are competences 

related to modeling (ability to model and ability to facilitate a modeling session) 

and competences related to managing EM projects. Abilities that belong to the sec-

ond group are the ability to select an appropriate EM approach and tailor it in order 

to fit the situation at hand; the ability to interview involved domain experts; the 

ability to define a relevant problem; the ability to define requirements on the re-

sults; the ability to establish a modeling project; the ability to adjust a presentation 
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of project results and issues related to them to various stakeholders; the ability to 

navigate between the wishes of various stakeholders while upholding the EM pro-

ject goal; the ability to assess the impact of the modeling result and the modeling 

process in the organization. 

Another view on the required competence of EM practitioner is presented by 

Rosemann et al. (2011): a framework that describes four roles that the EM practi-

tioners can play. There are ten styles of facilitation behavior, which can characterize 

these four roles: communication style (talking vs. listening), power style (assertive 

vs. empathic), adaption style (static vs. flexible), disagreement style (embraces con-

flict vs. avoids conflict), control style (centralized vs. decentralized), model behav-

ior (does model vs. allows model), facilitation behavior (do facilitation vs. allow fa-

cilitation), involvement style (involving vs. ignoring), work style (structured vs. un-

structured), domain knowledge style (domain agnostic vs. domain expert). 

EM critical success factors are is also relevant to consider when discussing EM chal-

lenges. Bandara, Gable, and Rosemann (2005) divide these critical success factors 

of business process modeling into two groups: project-specific factors (stakeholder 

participation, management support, information resources, project management, 

modeler experience) and modeling-related factors (modeling methodology, model-

ing language, modeling tool). Rosemann, Sedera, and Gable (2001) identifies the 

factors that influence process modeling success: modeling methodology, modeling 

language, modeling tool, modelers’ expertise, modeling team orientation, project 

management, user participation, and management support. 

Most of the recommendations and guidelines for carrying out modeling that have 

been described in the literature are non-procedural and focus on various quality 

aspects of modeling, e.g. Becker, Rosemann, and Von Uthmann (2000). Persson 

(2001) introduced a number of guidelines for six types of situational factors that 

are specific for participatory EM: organizational factors, project definition, re-

sources factors, problem factors, competency factors, and human factors. Stirna et 

al. (2007) described a set of experiences related to applying EM in different organ-

izational contexts. They present a set of high-level recommendations for applying 

participatory EM: assess the organizational context, assess the problem at hand, 

assign roles in the modeling process, acquire resources for the project in general 

and for preparation efforts in particular and conduct modeling sessions. 

Stirna and Persson (2009) introduce guidelines for carrying out EM in the form of 

anti-patterns that reflect common and reoccurring pitfalls of EM projects. The pre-

sented anti-patterns address three aspects of EM: the modeling product, the mod-

eling process, and the modeling tool support. These three groups include a number 

of anti-patterns – solutions that are quite commonly used, but that are wrong. For 

example, among anti-patterns related to the modeling process they mention situa-

tions when everybody in the EM session acts as a facilitator or the facilitator acts as 

a domain expert. Anti-patterns related to modeling tool support include: models 

keep themselves “alive”, professionals use only computerized tools, everyone em-

braces a new tool. These guidelines are mostly related to dealing with collaborative 

nature of EM. 
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A set of guidelines that aiming to create sound process models has been presented 

by Mendling, Reijers, and van der Aalst (2010). These guidelines focus on charac-

teristics of models such as the number of elements (the number of elements should 

be minimized), their structure (one start and end element), routes between ele-

ments (the number of routes between elements should be minimized). This set of 

guidelines provides support for creating models, but it does not focus on dealing 

with the collaborative nature of EM. 
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CHAPTER 4  

CASE STUDY 

This chapter presents the important empirical material collected via the case 

study. 

4.1 CASE STUDY FOCUS 
The enterprise considered in the case study is referred in the text as the Case Com-

pany. The Case Company is a producer of outdoor power products including chain-

saws, trimmers, smart, connected lawnmowers, garden tractors, watering systems, 

cutting equipment, and diamond tools for the construction and stone industries. 

The case company is a multinational company, which offers products and services 

for both the private and industrial market. At the moment of the investigation the 

Case Company was going through digital transformation, aiming to embrace the 

digitalization trends to stay competitive and to increase the value delivered to the 

customers and other stakeholders. Therefore, the Case Company was chosen as a 

suitable case for investigation of Product-IT and Enterprise-IT integration in the 

context of EA. 

The case study is focusing on the domain of EA and the new requirements that DT 

creates for this domain. Various building blocks and constituents of EA have been 

studied and analyzed in the real-world environment. The focus of investigation in-

cluded the practice for modeling and analysis of EA (Enterprise-IT and Product-IT) 

at the Case Company. The practice of transforming EA from as-is into to-be at the 

Case Company received less attention due to the perceived acceptance of EAM as a 

transformation management tool in the company. 

The author of the thesis was responsible for planning and realization of various re-

search activities during the case study. Industrial placement of the author at the 

premises of the Case Company was arranged, which allowed to constantly collabo-

rate with the relevant company representatives in order to collect empirical mate-

rial, to enable incremental generation and validation of knowledge constructs. In-

dustrial placement allowed participating in daily work of the company relevant for 

the focus of the study. The purpose of this was to investigate the relevant phenom-

ena in their real-world environment.  
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The high-level goal of the case study was to improve the practice of EA at the Case 

Company by developing an understanding and finding a structured way to address 

the IT components and resources of the company, including Enterprise-IT and the 

IT related to the smart, connected products and digital services. In practice this was 

realized through a set of practical aims: identification and structuring the chal-

lenges for efficient co-existence and co-evolution of Enterprise-IT and Product-IT; 

outlining the industrial requirements in Product-driven EA and by developing a 

method for addressing these requirements. These practical aims had the funda-

mental role in planning of the research activities and collecting the empirical ma-

terial.  

4.2 CASE STUDY MATERIAL 
Case company is in the transformation process where they need to embrace the dig-

italization trends to stay competitive and to deliver improved value to their stake-

holders.  

Many of the products for professional customers do not only have smart compo-

nents (built-in electronics or embedded systems) but also connectivity components 

(networking and communication capabilities). The smart components are in many 

cases used for controlling the different physical components of the product and for 

collecting data when the product is in use, either performance parameters or used 

product features, or the environment of the product. The connectivity components 

are used for communicating usage statistics, license information or location infor-

mation (if anti-theft features are activated) to either the product owner or the back-

office of the manufacturer. Other functions are software upgrades and functionality 

add-ons implemented by configuration changes (e.g. for optimizing energy con-

sumption). 

The long-term aim of the digital transformation initiative in the case company is to 

introduce a digital platform – a unified platform to enable customer services and 

consistent capabilities such as a data model, connectivity protocols, and interfaces 

to enterprise systems (Figure 18). 

 
Figure 18 Digital platform of the case company 

There are number of initiatives that were introduced to support digital transfor-

mation. They are described in the following sections. 
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4.2.1 TRANSFORMATION FROM PRODUCT-CENTRIC TO SER-

VICE-CENTRIC ORGANIZATION 

Ecosystem architecture is a part of digital transformation at the case company. The 

main aim of introducing ecosystem architecture was to establish a new way for col-

laboration between the internal and external stakeholders involved in the manu-

facturing of smart, connected products. These changes were motivated by the need 

to strengthen the customer focus and become responsive in competition landscape 

(Figure 19). 

 

Figure 19 Digital transformation from product-centric to service-centric organization 

The main expectations from introducing ecosystem architecture included acting as 

trusted advisors in the domains of provided products and services, capturing expe-

rience and understand customer needs and requirements, understanding which ac-

tors these eco-systems are affected by and following the competition, disruptions 

and technological trends. 

On the first step of introducing the ecosystem architecture, the case company de-

fined four ecosystems, which were tightly connected to the main groups of the pro-

vided products and services (together referred to as offerings or sometimes solu-

tions):  

1) Residential Garden - the garden domain around the residential owner of a 

house garden. This ecosystem included offerings related to the private gar-

den care, for example various types of lawnmowers (including smart, con-

nected ones), garden tractors and smart garden solutions. 

2) Commercial Lawn and Garden - the domain of the commercially main-

tained garden. Includes similar sort of products as Residential Garden but 

differs in terms of the provided services - aiming at bigger scale of work to 

be done. 

3) Forestry - Broadly defined - modern forest management. Included various 

types of chainsaws and connected services. 
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4) Construction - The commercial construction site for new build and renova-

tion. Includes products for the construction industry such as power cutter, 

floor saw, wire saw, demolition robot, diamond tools and other types of 

equipment and services connected to them. 

The key internal actors involved in development and operations of these four eco-

systems were the four divisions of the case company: The Main Division, The 

Daughter Division, Consumer Brand Division and Construction Division. These di-

visions (organizational units) were involved in one or several ecosystems. For ex-

ample, Construction division was mostly dealing with Construction ecosystem, The 

Daughter division was dealing with Commercial Lawn and Garden ecosystem and 

Residential Garden ecosystem, same as Consumer Brand Division, whereas The 

Main Division was involved in work with Forestry, Residential Garden and Com-

mercial Lawn and Garden. In addition, to follow the competition for each ecosys-

tem a set of competitors have been identified. For example, for Forestry and the 

chainsaw offering several key competitors have been identified. 

Each ecosystem included a set of products and services aimed to reach certain cus-

tomer groups. Following the purpose of strengthening customer focus, a set of high-

level customer concerns have been identified for each ecosystem and specific offer-

ings. For example, Residential Garden aimed at customer group Garden Owner. 

High-level intentions of this group can be described as a wish to have a garden as a 

place to relax, feel the connection to the nature, express creativity, physical work 

on the fresh air, show one’s status and organize open-air gatherings. 

An important part of ecosystem description was identification of technology areas 

that are used at the moment or have a strong potential to be applied for solving the 

identified concerns of the customers. This was an important step enabling further 

development of the existing products and services and design of the new ones for 

tackling the unresolved customer concerns. In addition, such technology outlook 

enabled identification of the common technology areas between several ecosys-

tems. This provided a basis for further knowledge sharing and joint product and 

service development.  

For example, the overview of technologies supporting the Forestry ecosystem in-

cluded four technology areas: Geographic Information Systems (global positioning 

systems, laser/lidar, remote sensing / photogrammetry), Monitoring and Model-

ing, Bio Technology, Forest Engineering (tree length systems, cut to length systems, 

yarding and road building). Remote sensing and cut to length systems were further 

used in Commercial Lawn and Garden and Residential Garden for the smart, con-

nected lawnmower. 

To provide an overview of the company-customer relationship, ecosystem descrip-

tion included identification of the key internal and external stakeholders. Relation-

ships and communication with those were related to a certain flow of information 

or value provision, or even was related to a certain communication object. An ex-

ample of such communication is represented in Figure 20. 
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Figure 20 Business ecosystem overview 

The analysis of the communication with the customer gets increasing attention. 

Such analysis is far from trivial in the current context. Parallel threads of interac-

tions with the customer are often handled separately by different units of the com-

pany, complicating the analysis of the complete customer experience. The company 

realizes the benefit of comprehensive analysis of the value-adding products and ser-

vices that together contribute to the overall experience of the customer and there-

fore attempts to put customer in the focus. 

4.2.2 CUSTOMER FOCUS 

Customer focus became an important theme in digital transformation of the case 

company. One of the practical tools that was used to have a closer look at products 

and services from customer perspective was customer journey modeling. Customer 

journeys were analyzed in a workshop setting with several participants.  

To consider one example, the journey of an owner of a smart, connected lawnmower 

was analyzed while he/she is using the mobile application for monitoring and man-

agement of the product. First, participants of the workshop listed possible scenarios 

for “I open app because…” on the customer journey map. Customer journey in-

cluded a number of activities organized sequentially. Participants wrote down pos-

sible incentives and high-level concerns of the customers that are related to the an-

alyzed product (Lawnmower Connect mobile application). 

Then the proposed scenarios were grouped by the modeling session participants 

based on the customer journey activities (Figure 21). The duplicate or scenarios 

with the same meaning were excluded. One scenario that the participants consid-

ered to be the most important was chosen for further consideration – “What do I 

need to do when winter comes?”.  
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Figure 21 Customer journey model - customer needs during different stages of mobile app usage  

Factors that participants based their choice on included: the most beneficial for us-

ers in the given point of time (seasonal services and products), most beneficial for 

a significant group of users (a group of user that brings the biggest revenue by being 

subscribed, or a group of users that has a high importance of some other character), 

and others. 

Afterwards the chosen high-level customer concern were analyzed in terms of more 

detailed needs or concerns, which allowed to propose a message for solving the 

identified concerns (touchpoint) (Figure 22). Those messages included information 

and references to available products or services, suggestions that users may con-

sider useful or relevant for their context, information about new product or services 

that are related to the ones users are subscribed to, or additional information that 

can create a better experience for the users.  

The marked elements (“I lack space to store my lawnmower” and “Have you heard 

of the winter storage service?”) were chosen for further pilot implementation. Im-

plementation of touchpoints as In-App messages (on contrary to push-notifica-

tions) were chosen by the workshop participants (marked with yellow circles in Fig-

ure 22). 
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Figure 22 Chosen high-level concern, detailed concerns and proposed messages (touchpoints) 

In order to increase customer focus and provide smooth experience, capability 

analysis and management became very important. Two models of customer-ori-

ented capabilities are presented in Figure 23 and Figure 24. 

 

Figure 23 Business capability model  

In Figure 23 green elements represent the capabilities that are available and fulfil 

all requirements, yellow elements represent capabilities which require minor 
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changes, whereas red elements represent capabilities that are currently not availa-

ble and needs to be developed. 

 

Figure 24 Business capability model – the business capabilities of the Case Company 

4.2.3 DATA-DRIVEN PRODUCT AND SERVICE DEVELOPMENT 

Interaction relevant for the study focus included interaction between business ac-

tors (internal and external) and interaction in which smart, connected products 

take part. Interaction between human business actors is quite common in ecosys-

tem analysis, one example is represented above in Figure 20. 

An example of how data produced by a smart, connected product – a garden tractor, 

can be used to facilitate some of the processes that are currently performed by the 

human actors – the tractor owner, service center of the company and the store. This 

scenario is represented below in Figure 25. 
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Figure 25 Order and delivery of spare parts and oil, based on data from a smart, connected product (Gar-
den Tractor)  

4.2.4 COLLABORATIVE DEVELOPMENT OF AN OFFERING BY 

PRODUCT-IT AND ENTERPRISE-IT STAKEHOLDERS 

The company shifted focus from products and services as such towards offerings. 

An offering is a combination of services and products that is meant to provide value 

for the customer, solve one or several customer concerns and provide a smooth and 

coherent experience for the customer. Instead of focusing only on the existing cus-

tomers for the products and services and solving their needs and requirements, the 

company has broadened their scope and included the potential customers into con-

sideration. Analyzing the concerns of the potential consumers of the offerings pro-

vided an opportunity of entering new markets and reaching for new customer seg-

ments. The important shift of the approach was to make offerings exposed to the 

potential consumers in a suitable way, in addition to dealing with the existing cus-

tomers and the way they perceive offerings.  

The interaction model presented below is an example of an offering development 

project, where interaction between Enterprise-IT and Product-IT took place. 

The interaction was observed during the case study in one of the development pro-

jects for a new offering that was related to several smart, connected products and 

associated services produced by the company. The main focus of the project was on 

the development of a mobile app allowing to add one or several smart, connected 

products to the fleet of the products via the app and monitor and control the activity 

of the products remotely. Figure 26 shows the key actors and interaction objects, 

which were central for this development. 
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Figure 26 Interaction between the key actors for development of an offering (product and associated ser-
vices) 

Enterprise-IT side is represented by Core Team and parts of EA team. The Core 

Team is responsible for providing a unified platform to the Squad (agile software 

developers) to support mobile application development, for example, identity man-

agement application, issue tracking application, and various project management 

applications. The members of EA team provide the Squad with different sorts of 

guidelines: patterns and anti-patterns in agile app development, product libraries 

and frameworks and implementation alignment issues, for example on usage of 

common services in the application development. R&D is involved in the applica-

tion development and has access to the backlog – the key artifact that guides the 

agile application development. The collaboration between R&D and other roles in 

the development process corresponds to the issue mentioned by Porter and 

Heppelmann (2014), who emphasize the new need for IT consideration in product 

development. Big Data team is accessing and analyzing the usage data – application 

features that are used more often by the users, separately from the data analysis 

regarding the usage of the products as such, which is being collected and analyzed 

by the R&D. 
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CHAPTER 5  

PRODUCT-IT INCLUSIVE ENTERPRISE 

ARCHITECTURE –  CHALLENGES AND 

METHOD REQUIREMENTS 

This chapter describes the industrial challenges in relation to Product-IT and En-

terprise-IT in relation to the context of EA. Afterwards, a set of method require-

ments for product-IT inclusive EA is presented. 

Defining and explicitly formulating method requirements for product-IT inclusive 

EA was an important step for generating the resulting method. This was possible 

after identifying industrial challenges in relation to Product-IT and Enterprise-IT 

and their position within EA (presented in 5.1). Based on these challenged five high-

level requirements for EA have been identified and formulated (presented in 5.2). 

5.1 CHALLENGES IN INTEGRATING ENTER-

PRISE-IT AND PRODUCT-IT IN ENTERPRISE 

ARCHITECTURE 
The identified challenges were grouped into three categories and are introduced 

below, illustrated with some examples. The initial version of the challenges have 

been discussed in Sandkuhl, Seigerroth, and Kaidalova (2017), Kaidalova, 

Sandkuhl, and Seigerroth (2017), and further elaborated in Kaidalova, Sandkuhl, 

and Seigerroth (2018). 

5.1.1 LACK OF COMMON DEVELOPMENT PLATFORM FOR 

PRODUCT-IT DEVELOPMENT TEAMS 

Many of the Case Company’s products offer similar functionality regarding net-

working, communication and assigned digital services. Thus, the company took a 

decision to design and implement reusable services and components for products 

sharing similar functionality, which comprise IT and service architecture for the 

Product-IT – so-called common services.  
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In addition, growing sets of software, licensing and other infrastructural elements 

used by Product-IT development teams resulted in a decision to introduce a team 

responsible for tools and standards for software development. This team is provid-

ing so-called common development platform for all Product-IT development 

teams. 

“Me and my team we are responsible for the common parts that all the teams are 

using for the development. For example, task management tools like JIRA and 

Confluence, build server, address verification system, source code management. 

We are also managing cloud infrastructure. All the teams are responsible for their 

own environments, but if they for some reason fail or need support, they come to 

me and my team for help. We also try to outline common patterns, so they do not 

have to reinvent the wheel all over again, a lot of the things they want to do are 

common among all the teams.” (Respondent 2-1-2) 

An example of a common development platform component is a task management 

system JIRA. The decision to make this system standard originated from different 

product teams and their shared choice. This helped to avoid using several instances 

of JIRA and prevent situations when one person had to work in multiple instances 

of JIRA or use different task management systems for different projects.  

“Enterprise-IT is obviously responsible for the IT environment and infrastructure, 

but it happens now and then that we also have some “shadow IT”. Development 

teams are using IT off the radar, sort to say.” (Respondent 2-1-3) 

Similarly, the common development platform dealt with the issue of multiple serv-

ers for source code management. Establishing the common development platform 

allowed optimization of software development and maintenance in terms of sup-

portive tools and methods, and avoiding isolated development infrastructures with 

overlapping functionality for different Product-IT development teams. 

Another important issue is license management services - to take one example - for 

product licenses (in Product-IT) and software licenses (in Enterprise-IT) is. Can 

both service types be based on the same technical infrastructure and use the same 

encryption and logging services (to take just two examples)? If so, why not define 

common EA elements on application architecture level for Product-IT and Enter-

prise-IT? Often such possibility is discussed, but not implemented in practice due 

to the difference in decision making processes on Product-IT and Enterprise-IT 

sides. 

“It is about procedure for decision making. A common governance framework is 

used within the Enterprise-IT, which exists and operates for quite some time. On 

the other side we have Product-IT that we are putting into place with <Product 

Name>. We could not really have a common governance used in these two. To 

take one example, the decision for a <Platform Provider> platform to use. <Prod-

uct Name> squad team cannot wait for a decision from an enterprise architect 

forum. This architectural forum needs to go through all the prescribed tollgate 

reviews. The forum meets from every 15 days to once a week.” (Respondent 2-1-6) 
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5.1.2 MISMATCH BETWEEN THE DEVELOPMENT MODES  

The mismatch in development approaches (modes) that are used by Enterprise-IT 

and Product-IT teams is a challenge for the company to orchestrate(Sandkuhl et al., 

2017). Harmonized handling of the bimodal dimensions of the IT development is 

the fundamental building block of bimodal architecture. 

“Product owners are sometimes caught in their traditional way of working. They 

have their product model, you have to pass those all the tollgates in that model. 

That is an obstacle I think.” (Respondent 2-1-1) 

“Historically we have a product-centric organization where we have a planning 

period of one year at a time, with a specified budget each year. At the end of the 

year we are expected to have a product out on the market. With the new types of 

products, the development team is developing a service or system that is always 

available, which is different from when you develop a product: you put it on the 

shelf with more or less no cost. You could fire the entire development team after 

that if you like, as you still have it on the shelf. Doing that for a service or system 

that you have to operate with the whole backend is not working. Especially when 

we are talking about mobile apps, for which people are expecting updates. There-

fore, even for a minimum level of maintenance for a system we need to calculate 

for that. The way that this has been done before is that the maintenance would be 

included in the next year project, which therefore most of the times will not be 

budgeted correctly.” (Respondent 2-1-2) 

The principle of continuous delivery is crucial for development and operations of 

all digital services (Product-IT). This principle contradicts the traditional planning 

and financing mechanisms used for projects with fixed duration (for example, one 

year). 

“We have this way of working (agile) and this is the only way to provide continu-

ous delivery, when the services are up and running. But we also need to align to a 

waterfall project development model. That is the struggle. We work with the back 

log in sprints and the project managers from the business planning side ask us 

where are we in the project: are we in the analysis phase or in the development 

phase? We are in all of them often.” (Respondent 2-1-7) 

The Enterprise-IT dimension (Mode1), designed for stability, efficiency, and low 

cost, which is closely related to traditional EA. Product-IT on the other hand (Mode 

2) is constituted by development projects that help to innovate or differentiate the 

business. This requires a high degree of business involvement, fast turnaround, and 

frequent update, the so-called rapid path to transform business ideas into applica-

tions. To handle this the company is implementing DevOps Teams designed for 

agility, rapid development and short time to market. In the company these two 

modes (Mode 1 & Mode 2) are closely related to the concept of two speed architec-

ture as presented earlier.  

“It is quite a pain when we have this funding process that goes in collision to our 

agile way of thinking. So, if we are talking about this bimodal development pro-

cess – we (Product-IT development team) are working in mode 2. But almost 

every process is defined for mode 1 so we have to come up with creative solutions 
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every time. We try to find a way to fund our way of working agile and follow the 

guidelines for the company process, the funding process.” (Respondent 2-1-4) 

Case Company experienced a clear tension between Mode 1 and Mode 2 and they 

give testimony of several more specific challenges in relation to the bimodal dimen-

sions of IT, such as governance and responsibilities between research and develop-

ment and IT, how to increase speed and suitable methods to support agile teams.  

5.1.3 LACK OF SUITABLE METHODOLOGICAL SUPPORT TO 

ADDRESS PRODUCT-IT 

Interviewees highlighted the inadequacy of the traditional methodological support 

for addressing Enterprise-IT (EA methods and tools) to comprehensively address 

the issues that are crucial for Product-IT development, operations and mainte-

nance. This includes methodological support for governance and management of 

Product-IT and Enterprise-IT in a balanced way, but even more importantly – a 

structured way to represent EA including the Product-IT issues, i.e., a new stack of 

elements for capturing and analyzing EA. 

“There is a reference architecture on our enterprise level, but it is not so concrete: 

there are a lot of boxes and names right now, but there are not much that are 

useful for implementation of <Product Name>.” (Respondent 2-1-1) 

Product-IT development and maintenance requires to put into focus various as-

pects and concepts, which are not part of the analysis for Enterprise-IT. Including 

these concepts into analysis prior to the design and development of the new prod-

ucts allows to increase the customer value significantly. One example of such con-

cepts is customer concern, which is currently missing in the methodological base in 

the EA field. 

“From the product perspective you can say that the requirement is connectivity. 

But the crucial part here is that <Digital Service Name> is a system that provides 

something to our end-customer! Handling of the total fleet of the devices. That is 

the real requirement.” (Respondent 2-1-7) 

There is also a need to handle legacy systems during the digital transformation. 

Such handling is not supported with the existing methods for EA management, 

therefore it has an ad-hoc character and is tailored for the company. An example is 

using certain technological solutions or parts of systems, which are not optimal for 

the current or planned Product-IT. 

“VPN has been one of the parts of legacy discussion. We have discussed that we 

shall not have any VPNs but due to legacy we needed to set it up.” (Respondent 2-

1-2) 

5.2 REQUIREMENTS FOR PRODUCT-IT INCLU-

SIVE ENTERPRISE ARCHITECTURE METHOD 
Based on the observed and described challenges it was possible to formulate several 

requirements for the new method for product-IT inclusive EA. The initial version 

of the method requirements has been presented by Kaidalova, Seigerroth, and 

Sandkuhl (2018) and then validated during Evaluation meeting 1. 
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1. The method should enable consideration of Product-IT during strategy, op-

erational and technology development. 

The market-changing potential of digital technologies is currently wider than trans-

forming products, business processes, sales channels or supply chains — entire 

business models are being reshaped and overturned (Downes & Nunes, 2013; Hess 

et al., 2016). Aiming at competitive advantage, companies need to address opera-

tional effectiveness (OE) (Porter & Heppelmann, 2014). For this, they must em-

brace best practices across the value chain, including up-to-date product technolo-

gies, the latest production equipment, and state-of-the-art sales force methods, IT 

solutions, and supply chain management approaches. The boundaries between IT 

supporting business functioning, digital services that increase the value of the prod-

ucts and automation of manufacturing become blurred, as they all act as parts of 

the digital assets of an enterprise and need to be considered in a structured and 

coherent manner both in terms of strategical and operational choices. This moti-

vates the importance of formulating a digital strategy that would allow to not only 

achievement of OE (doing things well), but to create positioning that would allow 

strategic differentiation (doing things differently) (Porter & Heppelmann, 2014). 

Methodological support for transformation management, and for translating strat-

egy into implementation can be used for developing and implementing digital strat-

egy, where Product-IT will be considered as an integral part. 

2. The method should be applicable in environments where the agile mode of 

IT development and traditional waterfall-like mode of IT development co-

exist. 

A challenge that is apparent today in DT is to handle the bimodal dimensions of the 

IT development. The Enterprise-IT dimension (Mode1), designed for stability, effi-

ciency, and low cost, which is closely related to traditional EA. Product-IT on the 

other hand (Mode 2) is constituted by development projects that help to innovate 

or differentiate the business. This requires a high degree of business involvement, 

fast turnaround, and frequent update, the so-called rapid path to transform busi-

ness ideas into applications. 

Babar and Yu (2015) stated that there is a need to handle “A two speed architecture 

for the digital enterprise”. For digitally native enterprises and startups this is not a 

problem, since they have had the benefit of starting with a “clean slate” and think 

“digital” and take the advantage of this from the beginning without considering any 

legacy. This does however not work for more established enterprises. They have 

many years of delivered technology, architectures, governance, decisions structures 

and financing mechanisms. The central objective of the two-speed method is to dif-

ferentiate the systems, architectures, and structures that must be flexible and agile 

(often on product-IT side) from those that have to be more reliable and deliver the 

highest quality (often on Enterprise-IT side) (Babar & Yu, 2015). 

3. The method should provide means for multifaceted analysis and modeling 

of EA, paying substantial attention to the role of Product-IT in business 

value generation and strategy development.  

On one hand, multifaceted analysis and modeling, implies the set of clearly defined 

EA layers. The new EA method will have to cut through these layers: not only the 
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technology architecture (technology stack proposed by Porter and Heppelmann 

(2014)), but organizational architecture, process architecture, strategy and others. 

A new EA method needs to enable collaborative support for knowledge modeling 

across different layers and domains and navigating through them easily. 

This need to cut through several layers and navigate through them is related to the 

concept of multi-layer dynamic is also discussed by Babar and Yu (2015). They ar-

gue that the enterprise architect would need to understand the differentiating at-

tributes of different layers and place enterprise activities within each layer. The con-

stituent activities of any process could be moved across layer boundaries however 

the resulting implications of this would need to be traced. Several respondents em-

phasized the need to pay significant attention to strategy formulation and imple-

mentation that would involve product-IT concerns (Interview round 2-2). 

On the other hand, to enable multifaceted analysis and modeling of Product-IT in-

clusive EA, a set of illustrative constructs relevant for the context needs to be iden-

tified – a set of focal areas, each including one or several related elements, that al-

low to illustrate the most important issues in context. This need has been confirmed 

in the interview round 2-2 by several respondents, who pointed out the lack of mod-

eling capabilities in the existing EA modeling methods and their strong technical 

focus, which often made it useless in a dialog with customers and marketing stake-

holders focusing on a value of digital services (Interview round 2-2). 

An important focal area in this context is customer journey (Interview round 2-2). 

The journey model describes the set of steps taken by a customer (or end user) and 

touchpoints that characterize his/her interaction with a service or product. The 

model can include the following elements: actor; products and services offered to 

an actor (offering); phases of the journey (processes or steps); concerns; thoughts 

and emotions (experiences); touchpoints. 

”The overall customer journey can extend across many different steps, can include 

many different touchpoints and can be related to various services that we as a 

company provide. Marketing people usually have quite good understanding of the 

overall journeys, on high level of abstraction. Product owners and service devel-

opment squads can complement those journeys with details regarding specific 

functionality, existing or possible to add, in relation to the customer needs. I think 

it is a very good method to create a common understanding of the value we are 

providing and can provide to the customer.” (Respondent 2-2-1) 

Data-driven business options also require consideration in the Product-IT inclusive 

EA. Data-driven business options is a focal area that allows to represent the con-

nection of people, their concerns, the entities producing data and the value of the 

data in relation to the people’s concerns. It can help to represent value generating 

scenarios of data usage in order to innovate business processes and redesign busi-

ness model. This aspect can play a very important role in outlining new strategical 

directions, which are based on new technological solutions and digital services.  

These two focal areas (customer journey and business moments) are important to 

analyze product-IT contribution into business value generation but are not coher-

ently supported by the existing methodological support for EA modeling. 
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4. The method should address data as one of the resources for value genera-

tion. 

The importance to develop products and services in a data-intensive way becomes 

obvious for many companies, as data plays the role of the key asset that companies 

own or have access to. Business models being reshaped, products and services be-

ing enhanced, the ways to generate and deliver the value to the customers being 

changed through data exploitation. Data-driven sensing and acting described in 

(Babar & Yu, 2015) suggests that enterprise change is being influenced by both the 

internal adoption of technologies and the general pervasiveness of digital technol-

ogies in the environment that they operate in. This kind of data-driven sense- and-

respond loops for ongoing enterprise transformation already exist in multiple in-

dustries and often are realized by the mechanisms of Big Data analysis.  

Several respondents pointed out that analysis of the data, focusing on the app fea-

ture usage, helps to optimize the features and facilitate further product improve-

ment, which in the long run increases the value of the product for the customer and 

can address broader range of the customer concerns (Interview round 2-2). Con-

tinuous analysis of the usage data for products and services, throughout the devel-

opment, operations and maintenance, helps to enhance the customer experience. 

According to Babar and Yu (2015), one specific need that originates from this for 

enterprise architects is a need for methods for sketching out linear paths or cyclic 

loops as they exist in any enterprise, the various levels and timescales that they 

transition through, the interactions that the paths may have with other paths or 

enterprise objects, the sensory inputs to the sensing part and the corresponding 

balance that the responding part should bring. 

5. The method should facilitate stakeholders’ collaboration and interaction. 

There is a need to facilitate collaboration between various groups of stakeholders 

with varied backgrounds, responsibilities and organizational affiliations. The need 

for modeling, collaboration and interaction mechanisms that can be used to sup-

port a dialog between stakeholders with various backgrounds (squad leaders, prod-

uct owners, marketing specialists, graphical designers and others) becomes appar-

ent and crucial to address. For example, Porter and Heppelmann (2014) point out 

the need for close collaboration between IT and Research & Development and con-

tinuous customer success management. 

According to Babar and Yu (2015) enterprise architects need to be able to depict 

actor autonomy, actor objectives and goals, boundaries of actor influence, multiple 

levels that these objectives and influences span and interactions between actors. 

Also, it will be important to show any alignment (or misalignment) of actor objec-

tives with the enterprise-level objectives. 
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CHAPTER 6  

A METHOD FOR PRODUCT-IT INCLU-

SIVE ENTERPRISE ARCHITECTURE 

This chapter introduces the constituents of the resulting method for Product-IT 

inclusive EA. The method has been structured and formed considering the chosen 

method theory. The implications of the method requirements are presented and 

discussed in relation to the chosen method theory first. Afterwards, the constitu-

ents of the resulting method are outlined. 

To develop a method for solving a problem it was important to understand what 

parts a method can include – method constituents, and how they should be struc-

tured to form the method. Goldkuhl et al. (1998) presents a set of method constit-

uents and their structure, which is described in section 3.2. In this thesis, the set of 

method constituents introduced by Goldkuhl et al. (1998) is used as a basis to create 

the resulting method for Product-IT inclusive EA. The requirements for the prod-

uct-IT inclusive EA presented in section 5.2 are considered and discussed in terms 

of implications that they set for the method constituents, presented in section 6.1. 

After these implications have been discussed, it is possible to describe the resulting 

method in terms of the constituents and the method structure (section 6.2). 

6.1 IMPLICATIONS OF THE METHOD REQUIRE-

MENTS 
Five method requirements were identified and previously presented in section 5.2. 

These requirements point out the need for a method that would facilitate address-

ing Product-IT in the context of EA – a method for product-IT inclusive EA. Ad-

dressing Product-IT requires efficient means for modeling, which would further en-

able documentation, analysis and management. Developing such modeling method 

would define a conceptual basis for the given context.  

Presented method requirements refer to several different dimensions: what con-

cepts (and combination of concepts) that are important to be addressed to support 

discussion and analysis of product-IT inclusive EA, what procedures would enable 

modeling of Product-IT inclusive EA, what are the suitable interaction and 
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collaboration forms, including the key stakeholders for this context. All these di-

mensions can be connected to a method theory described by Goldkuhl et al. (1998). 

In addition, each requirement points out the need that can be addressed with one 

or several method constituents.  

1. The method should enable consideration of Product-IT during strategy, op-

erational and technology development. 

This requirement emphasizes the need to consider Product-IT in strategy, opera-

tional and technology development. In order to fulfil this, the elements that are cru-

cial for Product-IT development, operations and maintenance should be defined 

and linked to the existing set of EA elements.  

This requirement therefore points out the need to redefine the key concepts of EA.  

2. The method should be applicable in environments where the agile mode of 

IT development and traditional waterfall-like mode of IT development co-

exist. 

The co-existence of different working modes, ranging from traditional waterfall- 

like to agile, is crucial for the companies dealing with Product-IT development. Tra-

ditional waterfall-like mode is often used on Enterprise-IT side, whereas agile – on 

Product-IT side. The new method needs to be applicable for both Mode 1 projects 

and Mode 2, which would serve as a common practice for projects that are using 

different development modes.  

This calls for defining the conceptual basis relevant for modeling and analysis of 

the issues specific for Enterprise-IT and Product-IT (Mode 1 and Mode 2 respec-

tively). 

3. The method should provide means for multifaceted analysis and modeling 

of EA, paying substantial attention to the role of Product-IT in business 

value generation and strategy development.  

Analysis and modeling of EA should include Product-IT, with strong focus on its 

role in business value generation and strategy development. On one hand, multi-

faceted analysis and modeling, requires a set of clearly defined EA layers.  

The traditional EA division into business, application and technology architectural 

layers can remain valid, however should include both Product-IT and Enterprise-

IT. Addressing strategy as a separate architectural layer and placing the elements 

specific for Product-IT on strategy layer is reasonable, taking into account the im-

portance of product-IT for defining strategic development directions, shaping com-

pany’s business model and differentiating the company from the competitors.  

On the other hand, to enable multifaceted analysis and modeling of Product-IT in-

clusive EA, a set of illustrative constructs needs to be identified. This would allow 

to illustrate the important issues in the Product-IT inclusive EA.  

This calls for defining the key concepts and their relationships, but more im-

portantly, for identifying relevant focal areas that combine these concepts for pur-

poseful modeling. Procedural guidelines introduced for modeling of the focal areas 

can serve as an additional support for purposeful modeling. 
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4. The method should address data as one of the resources for value genera-

tion. 

It is important to consider data as the key value generating concept for analysis in 

Product-IT inclusive EA. Data as an element is defined in most of the existing EA 

methods, however there are hardly any structured and sufficient means to repre-

sent and analyze the value of data in relation to the concerns of stakeholders or data 

in relation to the product or digital service that generates it.  

This calls for redefining the EA conceptual basis, particularly with regards to the 

concept of data. 

5. The method should facilitate stakeholders’ collaboration and interaction. 

This requirement can be addressed by describing suitable settings to carry out 

Product-IT inclusive modeling, together with more detailed recommendations on 

how to perform the modeling (How to put questions? How to collect answers?). In 

addition, this requirement can be addressed by suggesting relevant stakeholders 

that need to collaborate in the context of product-IT inclusive EA. They include 

knowledge owners and other stakeholders that should be involved in modeling of 

the Product-IT inclusive EA (Who asks questions? Who answers question?). 

Therefore, this requirement can be addressed by describing suitable co-operation 

and collection principles. 

Together, these requirements call for a method that would include several constit-

uents. The relevant constituents are marked in Figure 27 in relation to the Goldkuhl 

et al. (1998) method theory, where the numbers represent specific method require-

ments. 

 
Figure 27 Method requirements 1-5 in relation to Goldkuhl et al. (1998) method constituents 
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The set of the formulated requirements build the underlying philosophy of the 

method and therefore represent the perspective of the method (What is im-

portant?). Defining the conceptual basis for Product-IT inclusive EA is crucial for 

the method and motivated by requirements 1-4, which is reasonable taking into ac-

count the novelty of the problem that the resulting method aims to address. The 

need to define a set of illustrative constructs (focal areas) for Product-IT inclusive 

EA, which originates from the requirement 3, relates to method components in the 

Goldkuhl et al. (1998) method theory. 

None of the requirements pointed out the need for introducing the Notation to com-

pliment the conceptual basis. This can be related to the novelty of the problem at a 

hand and the importance of defining conceptual basis first. Also, this can be possi-

ble explained by the settings that application of the method requires: the stakehold-

ers with varied backgrounds (business and IT), responsibilities and organizational 

belongings should be involved as knowledge owners. In these settings, the possibil-

ity to find one notation that could be intuitive and easy to understand for all the 

participants, is questionable. Technical and business stakeholders are familiar and 

comfortable with different notations and modeling methods and often having diffi-

culties to adapt to the new representational mechanisms that are specific for other 

domains. In addition, following formal notational rules when creating models in 

participatory settings can hinder the dynamics of the modeling session and limit 

participants’ contribution into the knowledge sharing and modeling. 

None of the requirements has indicated an explicit need for the Framework (How 

questions are interrelated?). However, this interrelation can be represented by the 

full conceptual basis of the method, showing the links between various elements of 

the Product-IT inclusive EA. 

6.2 CONSTITUENTS OF THE RESULTING 

METHOD 
The resulting method was structured as a combination of several constituents. Con-

stituents of the resulting method are interconnected and linked to each other. The 

choice of the constituents was based on the method requirements and their impli-

cations on Goldkuhl et al. (1998) method theory, discussed above in section 6.1. The 

relationships between constituents are presented in Figure 28 and described below. 

According to Goldkuhl et al. (1998) a method should include defined method per-

spective - what is considered important in the method. The method perspective for 

the resulting method is represented by the formulated Requirements for Product-

IT inclusive EA method. 

Concepts are the essential entities within a domain. In this thesis, presented con-

cepts are the key entities in the product-IT inclusive EA and provide the essential 

ground for all other constituents of the developed method. Concepts are providing 

the terminology in which the domain knowledge can be discussed and modelled. 

Concepts are fundamental to the introduced method and are used as a basis for 

focal areas and procedures.  

From the point of view of method theory, concepts for product-IT inclusive EA cor-

respond to the full set of concepts relevant for the context that the method aims to 
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address. This full set of concepts define conceptual basis of the method and helps 

to answer the question What to talk about? for the defined focal areas. Concepts 

for product-IT inclusive EA are presented in Chapter 7. 

 
Figure 28 Constituents of the resulting method 

Focal areas are relevant illustrative constructs for representing a domain. The 

focal areas for product-IT inclusive EA enabling modeling of the Product-IT as a 

part of EA, showing the relationships between product-IT parts and other EA ele-

ments. Each focal area is defined by a set of interconnected concepts. The resulting 

method includes several focal areas specific for representing product-IT inclusive 

EA. From the point of view of method development theory, a focal area can be com-

pared to a method component defined by Goldkuhl et al. (1998). According to 

Goldkuhl, to form a method several method components can be defined, where 

each method component includes concepts, procedure and notation. In this thesis 

focal areas include concepts and procedures, whereas the notation, i.e., how a con-

cept should look like to enable graphical method use (How to express answers?), 

is left outside of the research scope. Procedures can help to model the defined 

focal areas. Procedures are stepwise guidelines for modeling the focal area for the 

purpose of further analysis. Procedures are addressing the concepts of the focal ar-

eas, by which the focal areas are defined. Focal areas and corresponding procedures 

are presented in Chapter 8. 

Stakeholders and roles are stakeholders and roles (a responsibility assigned to 

an actor) that should participate in the modeling activities of the focal areas. On 

one hand, there are stakeholders that own the domain knowledge on the focal areas 

within product-IT inclusive EA and can contribute in knowledge modeling in par-

ticipatory settings. A set of stakeholders and roles is specific for each focal area, 

which provides guidelines on Who answers questions? On the other hand, there is 

a modeling facilitator - Who asks questions? Modeling facilitator plays crucial role 

in running participatory modeling sessions and making sure the objective of the 

modeling effort is achieved. The role of a participatory modeling facilitator forms 

the main user group of the resulting method. Combined, these two groups (Who 

asks questions? and Who answer questions?) correspond to Co-operation and col-

lection principles from the (Goldkuhl et al., 1998) method development theory and 

presented in Chapter 9. 



CHAPTER 6  A METHOD FOR PRODUCT-IT INCLUSIVE ENTERPRISE ARCHITECTURE  

 

100 

Recommendations for participatory EM are prescriptive guidelines for car-

rying out a modeling effort, which are suitable and recommended for modeling of 

Product-IT inclusive EA. This constituent is a set of recommendations for acquiring 

knowledge when using the resulting method. Recommendations have different pur-

pose and nature than procedures – procedures are tightly connected to the under-

lying concepts and suggest a sequence of steps for representing instances of those 

concepts, whereas recommendations for participatory EM aim to guide a method 

user regarding How to ask questions? or How to answer questions? This corre-

sponds to Co-operation and collection principles defined by Goldkuhl et al. (1998) 

method development theory. Recommendations for participatory EM are pre-

sented in Chapter 10. 

Therefore, the main result of this thesis is the method for product-IT inclusive EA. 

The method consists of several constituents, which were generated and evaluated 

incrementally. The constituents that form the method are represented in Figure 29. 

This representation of the resulting method will be used further in the thesis when 

introducing method constituents, where the discussed constituent of the method 

will be highlighted for illustrative purposes. 

 
Figure 29 The method for product-IT inclusive EA  
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CHAPTER 7  

CONCEPTS FOR PRODUCT-IT INCLU-

SIVE ENTERPRISE ARCHITECTURE 

In this chapter concepts that are relevant for Product-IT inclusive Enterprise Ar-

chitecture are introduced. These concepts are the essential part of the resulting 

method - they identify the key entities and their relationships (conceptual basis) 

for modeling of the Product-IT inclusive EA. The set of concepts have been devel-

oped using the ArchiMate concepts that are widely used for the traditional EA 

modeling. 

 
Figure 30 Knowledge contribution (concepts) introduced in the chapter 

A concept is an essential entity within a domain. Defining key concepts of a domain 

provides a basis for discussion and analysis of the domain knowledge (Sandkuhl et 

al., 2014). The concepts are the part of the domain the procedure concentrate on, 

and the terminology in which the results of the method application can be ex-

pressed (Goldkuhl et al., 1998). Relationships between the concepts is usually rep-

resented in a form of concept model. 

The set of concepts relevant for product-IT inclusive EA is a fundamental part of 

the resulting method and one of the knowledge contributions of this thesis. The set 
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of concepts has been generated on the ground of the traditional EA concepts (Sec-

tion 3.4.1), which were refined based on the empirical findings and validated. Ar-

chiMate was chosen to represent the traditional EA concepts, since it defines a rich 

set of elements and relationships to represent EA and is widely used in the domain 

of EA for modeling and representation.  

ArchiMate is using layer-based structure for defining and positioning the EA con-

cepts, particularly dividing enterprise architecture into business, application, tech-

nology, physical, strategy and migration layers. Based on the method requirements 

presented in Chapter 5, a number of new concepts have been defined on business 

and strategy layers. The set of concepts for product-IT inclusive EA are presented 

for business layer (section 7.1) and strategy layer (section 7.2), and afterwards are 

summarized (section 7.3). The relationship between the concepts is discussed in 

text and shown in the concept models, where several types of symbols was used for 

representation (Figure 31). Some of the existing concepts defined by ArchiMate are 

discussed in sense of redefining or broadening their meaning to redefine them for 

product-IT inclusive EA. 

 
Figure 31 Symbol legend for concept models 

7.1 BUSINESS LAYER CONCEPTS 
Business layer of EA depicts business services offered to customers, which are real-

ized in the organization by business processes performed by business actors (The 

Open Group). In product-IT inclusive EA the differentiation between services pro-

vided to the customers and internal services becomes blurred, in many cases cus-

tomers are involved in value creating activities, therefore they become a part of ser-

vice provision processes. In addition, the idea of service and product provision is 

substituted with the idea of providing the value to the customers proactively, via 

offerings.  

Offering is a solution to a tacit or explicit concern, tangible or intangible, which 

might include product(s) and service(s). An offering is made available for and ex-

posed to the potential consumers pro-actively. Therefore, the essence of business 

layer shifts from service provision to offering exposure, where the focus is set on 

human concerns and needs rather than on explicitly expressed requirements. 

In the following sections the concepts that belong to business layer will be intro-

duced and discussed. 
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7.1.1 PRODUCT, SERVICE AND OFFERING 

Product and Service are the essential elements of Product-IT inclusive EA. The dis-

tinction between products and services becomes blurred, when enterprises choose 

to combine those to provide value for their customers. According to Kowalkowski, 

Gebauer, Kamp, and Parry (2017) servitization can be defined as the transforma-

tional process of shifting from a product-centric business model and logic to a ser-

vice-centric (or service-dominant, (Jacob & Ulaga, 2008).  

A product is a system made available for consumer use (Kotler et al., 2006). Before 

the era of smart, connected products any tangible (physical) good that is produced 

from raw materials and sold as a finished good were addressed as a product. Vargo 

and Lusch (2004) defined a service as “the application of specialized competences 

(skills and knowledge), through deeds, processes, and performances for the bene-

fit of another entity or the entity itself” (Vargo & Lusch, 2004). Hence, from a ser-

vice-dominant view, the boundaries between products and services are increasingly 

blurred (Jacob & Ulaga, 2008). Service-dominant logic advocates for switching fo-

cus from physical products to understanding the process of value creation.  

In the context of shifting to smart, connected products the perceived value of a 

product, service or their combination for a customer becomes the main focus for 

consideration. ArchiMate states that Value represents the relative worth, utility, or 

importance of a core element or an outcome. Value can hold internally for some 

system or organizational unit, but it is mostly applied to external appreciation of 

goods, services, information, knowledge, or money, normally as part of some sort 

of customer-provider relationship. Therefore, the definition of the value concept 

remains valid even for product-IT context.  

Offering should be therefore introduced as a new concept to combine products and 

services in one phenomenon for the purpose of value creation and is pro-actively 

exposed to the potential users. Offering is capable to provide a value to a person via 

solving his/her problem or concern (Figure 32). The other connotations of the term 

offering, such as money compensation for an object for sale or deliberate contribu-

tion, are not included in the defined concept. 

 

Figure 32 Concept model for product, service and offering 

ArchiMate defines a product as a coherent collection of services and/or passive 

structure elements, accompanied by a contract/set of agreements, which is offered 

as a whole to (internal or external) customers. This definition covers both intangi-

ble, services-based, or information products that are common in information-in-

tensive organizations, and tangible, physical products. A business service 
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represents an explicitly defined exposed business behavior. A business service ex-

poses the functionality performed by roles to their environment. 

7.1.2 ACTOR, ECOSYSTEM OF OFFERINGS 

Business Actor is a is an entity that is capable of performing behavior (ArchiMate). 

Whenever a person acts or does something in one or another way, he or she is rep-

resenting an actor (EDF) (Guenther, 2012). 

There are four types of business actors in product-inclusive EA: Internal actor, Sup-

plier, Partner and Customer. The Supplier is an actor that is in some way contrib-

uting to generation of products and services, which are part of Offering, whereas 

the Customer is an actor who is exposed to the offering consuming those. Such di-

vision is related to the value proposition where on the one hand there is the supply 

network (for example, innovator, producer and provider) and on the other hand 

there is the demand network, for example, user and payer, who are not always the 

same (Bahari, Maniak, & Fernandez, 2015; Roehrich & Lierena, 2011). Internal ac-

tor is an actor who belongs to the organization under consideration. Partner is a 

type of business actor, often external, that provides certain value or connected to 

the rest of the actors in some other way. 

Actors on one hand provide offerings, and on the other hand are exposed to offer-

ings that belong to an ecosystem. In some cases, there is a need to represent and 

analyze how an actor is related to another actor in an unspecified way. This can be 

for example, exchange with flows of information, products and money and is rep-

resented in Figure 33 with a relationship “Associated with” on the concept Business 

actor. 

The need to introduce Customer as a separate concept is motivated by the im-

portance of making the offerings customer centric. Various customer groups can be 

presented as instances of a concept Customer, where those groups might have dif-

ferent needs and values related to one type of products, resulting in different Offer-

ings. In product-IT inclusive EA, it is important to differentiate a customer from 

the rest of the actors, since customer perception of offering is essential for value 

generation. 

Another term that is often used to define the performer of behavior is stakeholder. 

Freeman and Reed (1983) define term stakeholder as a member of the groups with-

out whose support the organization would cease to exist. According to the definition 

presented by Carroll (1991) stakeholders can include employees, communities, 

shareholders, creditors, investors, government, owners, financiers, managers as 

well as customers.  

ArchiMate defines Stakeholder as an element that can be assigned to Business Ac-

tor. Stakeholder is a motivation element and is defined as the role of individual, 

team or organization (or classes thereof) that represents their interests in the out-

come of the architecture. A stakeholder can play a certain Role, which is the respon-

sibility for performing specific behavior, or the part an actor plays in a particular 

action or event. Stakeholder is not a part of the presented concept models to avoid 

redundancy, as stakeholder partly overlaps with the business actor. 
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Figure 33 Concept model: Actor, and Ecosystem of offerings 

An Offering together with key actors form an ecosystem. Business ecosystem is an 

idea that is changing strategic, business and operating models and gets more and 

more recognition in companies across the globe. Ecosystem can be defined as a 

complex web of interdependent enterprises and relationships aimed at creating and 

allocating business value (Davidson, Giesen, Harmer, & Marshall, 2017). Compa-

nies can drive greater value from ecosystems by increasing the strategic impact of 

ecosystem engagement to their businesses, improving access and lower cost of skills 

and expanding the scope of strategic business opportunities and initiatives. The 

concept of ecosystem is highly relevant for product-IT inclusive EA and therefore is 

added as a new concept that involves business actors and offering. 

In addition, the existing relationships between the elements on business layer in 

ArchiMate do not show the idea of business actor being exposed to services or prod-

ucts. The connection of business actor and business role to business internal be-

havior elements (processes, functions, interaction) shows the assignment of re-

sponsibility for performing a behavior. Business interface element (a point of access 

where business service is made available to the environment) is connected to active 

elements such as business actor or role via serves relationship, which has more gen-

eral connotation. The direct relationship between an actor on one side and services 

or products (as part of an offering) on the other, is not available and needs to be 

added to show that an offering is exposed to a business actor. 

Technology area is a strategic concept that will be explained in detail in section 

7.2.2. 

7.1.3 EXPERIENCE AND CONCERN 

The idea of experience has been widely discussed in the field of marketing as the 

internal and subjective response customers have to any interaction with a company 

(Meyer & Schwager, 2007; Verhoef et al., 2009). More focused view on experience 

comes from the field of Human-Computer interaction – user experience refers to a 

person's emotions and attitudes about using a particular product, system or service 

(Law, Roto, Hassenzahl, Vermeeren, & Kort, 2009). The subjective nature of the 

experience is elucidated by Pine and Gilmore (1998) who indicate that experiences 

are inherently personal, existing only in the mind of an individual who has been 
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engaged on an emotional, physical or intellectual level. EDF relates experience to 

one’s personal context and condition. 

Experience is a subjective reaction of an actor, and it can influence the value of the 

consumed offering (Figure 34). Therefore, value shows the importance of an Offer-

ing for the actor, not only based on costs for purchasing it but also by perceived 

experience of interaction with it. The value is also connected to ability of the offer-

ing to satisfy the actor’s concern, i.e., the problem or incentive he/she has. 

 

Figure 34 Concept model - Experience and Concern 

Value is defined as a motivation element in ArchiMate. Value represents the relative 

worth, utility or importance of a core element or an outcome. Though value can 

hold internally for some system or organizational unit, it is mostly applied to exter-

nal appreciation of goods, services, information, knowledge, or money, normally as 

part of some sort of customer-provider relationship. However, in the discussed con-

text the value of an offering cannot be considered separately from the experience 

that an actor perceives when consuming an offering. In addition, to propose a rele-

vant offering it is crucial to know the concern that an actor has. This motivates the 

need to introduce two concepts – Concern and Experience. 

ArchiMate elements that have somewhat similar meaning are Driver and Goal 

(Concern), and Assessment (Experience). On the same time, these elements are 

having more general semantics and connected to a stakeholder element via associ-

ation relationship, not specifying the essentials of the connections. Therefore, these 

two elements and relationships are introduced to enable customer-centric consid-

eration and analysis on product and service delivery. 

7.1.4 TOUCHPOINT 

Touchpoint is an important concept for defining interaction. Customers have expe-

riences every time they interact with a product, service or the enterprise as a whole, 

across multiple channels and at various points in time (Pantano & Viassone, 2015; 

Zomerdijk & Voss, 2011). Such moments of interaction between the customer and 
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any part of the company are known as touch points (Stein & Ramaseshan, 2016). 

Both existing and potential customers can interact with the company via touch-

points, which means touchpoints can be divided info pre-purchase, purchase and 

post-purchase, interaction can happen via various channels such as person-to-per-

son, website, an app or any form of communication. 

EDF defines touchpoints as the situations someone experiences across the journey 

of interactions with and within the enterprise, and particular physical and psycho-

logical contexts in which they appear (environment, time, duration, intensity and 

other factors related to those contacts). In relation to the ArchiMate elements, 

touchpoint has some similarity with business collaboration, interface and service, 

however, has a broader meaning. 

To some extent the interface concept in ArchiMate can be compared to the touch-

point concept. ArchiMate states that business interface exposes the functionality of 

a business service to business roles or actors, which is often referred to as a channel 

(telephone, Internet, local office, etc.). The same business service may be exposed 

through different interfaces. The difference between interface and touchpoint is 

that touchpoint includes broader variety of situations of customer-enterprise inter-

action, as for example, watching ads regarding the latest products, reading a 

friend’s post on social media or visiting the closest dealer store to browse through 

and try available products. These situations include not only service or product be-

ing purchased by the customer, but also other types of interactions that define the 

moment when a person experiences the company. Touchpoint is a crucial concept 

to define and address when dealing with smart, connected products and digital ser-

vices associated to them. Practically designed touchpoint can increase the value of 

a product significantly, for example a message asking for one-click confirmation to 

purchase required spare parts for a smart coffee machine with to door-to-door de-

livery, or rerouting option appearing on the display of the car depending on the 

actual traffic situation ahead. The concept of Touchpoint is related to the concepts 

of Offering and Experience according to the representation in Figure 35. 

 

Figure 35 Concept model – Touchpoint 

Touchpoint can be instantiated in many ways, for example as a push-notification or 

In-App message that customer receives on his/her smartphone in the product mon-

itoring app. Another example of a touchpoint is a communication with a salesman 

at a dealer store or registration process for a new customer. The importance of 

touchpoint analysis is obvious for having an end-to-end view on enterprise func-

tioning. It is crucial to ensure that customers receive a joined-up experience from 



CHAPTER 7  CONCEPTS FOR PRODUCT-IT INCLUSIVE ENTERPRISE ARCHITECTURE  

 

110 

end to end and that all services and products form offerings that are made available 

to the customer via coherent and smooth experience. Not optimal combination of 

touchpoints can affect in a negative way the experience that a business actor gets, 

therefore companies become more and more concern about touchpoints that they 

do not own or control. Touchpoint can also be compared to business service ele-

ment in ArchiMate. However, the idea of a touchpoint as of a moment of interaction 

does not entirely correspond to how business service element is defined - a business 

service represents an explicitly defined exposed business behavior. Therefore, the 

concept of touchpoint needs to be added to the set of product-IT inclusive EA to 

enable analysis of various sorts of touchpoints that affect perceived experience. 

7.1.5 RESULTING CONCEPT MODEL FOR THE BUSINESS 

LAYER 

The resulting concept model for the business layer is presented in Figure 36 includ-

ing the existing and new EA concepts described above. 

 

Figure 36 Resulting concept model for business layer 

7.2 STRATEGY LAYER CONCEPTS 
Peppard and Ward (2016) relate the concept digital strategy to IS (Information Sys-

tems) and IT (Information Technology) and their strategic management and plan-

ning. They point out that terms Information Systems (IS) and Information Tech-

nology (IT) are often used interchangeably, with recently often being replaced by a 

term digital. IS existed in organizations long before the advent of IT. IT refers to 

technology, essentially hardware, software and telecommunications networks, 
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including devices of all kind: computers, sensors, cables, satellites, servers, routers, 

PCs, phones, tablets; and all types of software: operating systems, data manage-

ment, enterprise and social applications and personal productivity tools. IT facili-

tates the acquisition and collection, processing, storing, delivery, sharing and 

presentation of information and other digital content, such as video and audio. IS 

are the means by which people and organizations, increasingly utilizing technology, 

gather, process, store, use and disseminate information. Some IS are totally auto-

mated by IT – for example, airlines, comparison websites, some public agencies 

have systems where no human intervention is required. Term digital can be used to 

embrace both IS and IT. Building digital strategy requires understanding how IS 

will be leveraged and used as well as which underpinning technological (IT) capa-

bilities will be required (Peppard & Ward, 2016). 

According to Peppard and Ward (2016), digital strategy can be defined as thinking 

strategically and planning for the effective long-term management and optimal im-

pact of information in all its forms: information systems (IS) and information tech-

nology (IT). Strategic thinking is not just concerned with the proactive search for 

potential opportunities to apply IT for competitive advantage but with adopting a 

strategic approach to all IS and IT investments. Some investments enable perfor-

mance of core business processes and mandatory compliance requirements, others 

enable doing things in an innovative manner and therefore reaching competitive 

advantage. Digital strategy includes vision and goals, which can be represented via 

Course of action ArchiMate element. Vision is a long-term direction for the enter-

prise development, which is supported by number of short-term goals and actions. 

A set of Course of action can form a Roadmap - a way through which Digital Strat-

egy is implemented. Course of action is a practical way to link together strategy level 

and operational level (Henderson and Venkatraman, 1992). 

7.2.1 PRODUCT-IT AND ENTERPRISE-IT 

The two types of IT – Enterprise-IT and Product-IT, play a vital role for EA within 

an enterprise producing smart, connected products. Product-IT should be included 

into consideration during strategy, operational and technology development. The 

boundaries between IT supporting business processes, automation solutions for the 

manufacturing (Enterprise-IT) and built-in software and digital services that en-

hance the products (Product-IT) become blurred - they all act as parts of the digital 

assets of an enterprise and need to be considered in a structured and coherent man-

ner both in terms of strategical and operational choices (Figure 37).  

 

Figure 37 Concepts: Product-IT and Enterprise-IT 
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Therefore, the Digital Strategy of an enterprise in the digital age concerns both En-

terprise-IT and Product-IT. Product-IT and Enterprise-IT are two digital assets that 

should be considered in digital strategy. Product-IT and Enterprise-IT can be con-

sidered as two fundamental resources of an enterprise (Figure 37). 

In this thesis the focus of consideration is Smart, Connected Product. The appear-

ance and behavior of Smart, Connected Product is related to two parts: Physical 

Component and Product-IT. Product-IT contains smart components, connectivity 

components and also so-called Product Cloud (Porter & Heppelmann, 2014).  

Physical components are the mechanical and electrical parts of the product. Smart 

components contain the sensors, microprocessors, data storage, controls, software, 

an embedded operating system and enhanced user interface. In many products, 

software replaces some hardware components or enables a single physical device 

to perform at a variety of levels.  

Connectivity components include the ports, antennae, and protocols enabling 

wired or wireless connections with the product.  

Smart components increase the capabilities and value of the physical components, 

whereas connectivity increases the capabilities and value of the smart components 

and enables some of the smart components to exist outside the physical product 

itself. Particularly, product becomes accessible by various components of Product 

Cloud: smart product applications for monitoring and control.  

The Data regarding the product or service operation and use can be stored and an-

alyzed in Product Data Database to reveal new insights; the application platform 

enables the rapid creation of smart, connected business applications using data ac-

cess, visualization, and run-time tools (Porter & Heppelmann, 2014). 

ArchiMate describes various types of elements that a product can be composed of 

(Figure 38). The elements that represent physical parts of a product are Business 

passive structure element (can include business object, business contract and busi-

ness representation) and Technology object (represents a passive element that is 

used or produced by technology behavior). The rest of the elements form Product-

IT. 

Enterprise-IT can include various elements from application and technology layers 

defined in ArchiMate.  

The idea of data-driven enhancement of products and services is not articulated by 

ArchiMate elements and relationships explicitly. Representing that product usage 

data can be used for predictive maintenance or enhancing the product is not 

straightforward with the existing ArchiMate elements and relationships. Data ob-

ject can be accessed by Application service element. It is also stated that an appli-

cation service should be meaningful from the point of view of the environment - a 

purpose may be associated with an application service. An application service may 

serve business processes, business functions, business interactions, or application 

functions.  
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Figure 38 Product and related application and technology elements (ArchiMate) with correspondence to 
physical components and Product-IT 

However, the important connection between data and business service or product, 

which would show that this business service or product can be enhanced in a data-

driven way, is missing. This link between an Offering and Data Object (Application 

element) needs to be added to the product-IT inclusive EA (Figure 39). 

 

Figure 39 New relationships between Data object and Offering, and Data object and Resource 

In addition, data should be considered as one of the valuable resources of the com-

pany, which can be represented via a new relationship between these two elements 

(Figure 39). 

7.2.2 TECHNOLOGY AREA 

The concept of technology area should be added to strategy level as a new concept 

to enable discussion of the existing and emerging domains, which are in one or an-

other way are relevant for the digital strategy of the organization. Technology area 

is a concept that represents a domain, which aims at solving a certain challenge and 

includes a range of IT-intensive methods and solutions to solve this challenge. Ex-

amples of technology areas are Artificial Intelligence, Voice Recognition, API Man-

agement, Identity Management, etc.  

One technology area can include numerous Enterprise-IT and Product-IT applica-

tion and technology components. The idea of introducing Technology Area concept 
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is to enable easier discussion of IT-intensive components used in the company and 

provide a common ground for analysis of Product-IT and Enterprise-IT compo-

nents of the company. Technology areas helps to identify the existing technological 

support of the company and point out missing areas that are required in one or 

several ecosystems of offerings (business layer concept, Figure 40). 

 

Figure 40 Concept: Technology area 

Technology area is a concept that is very important in the discussion of and migra-

tion between as-is and to-be Product-IT and Enterprise-IT in an organization. 

7.2.3 OPPORTUNITY 

Another important concept is opportunity. Opportunity is a possible way to develop 

an enterprise of technical or business character. Opportunities differ from capabil-

ities - existing enterprise assets of various sorts, for example, skills of an employee, 

specific kind of production equipment, etc. Opportunities and capabilities are sup-

porting digital strategy, but on the same time drive and influence it.  

Opportunity is somewhat similar to the Driver motivation element defined by Ar-

chiMate. However, driver has more general character and the connection between 

driver and the strategical layer is not defined. This motivates the need to add Op-

portunity concept to the strategy layer as an element affecting the course of action 

(Figure 41). 

 

Figure 41 Concept model – Opportunity 
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7.2.4 RESULTING CONCEPT MODEL FOR STRATEGY LAYER 

In Figure 42 the resulting concept model for strategy layer is presented including 

the existing and new EA concepts described above. Data object remains the element 

of the application layer but is presented in the strategical layer as a specialization 

of Resource (new relationship). This representation is intentional and emphasize 

the importance of making data a part of the strategical discussion in the company. 

 

Figure 42 Concept model for strategy layer  

7.3 RESULTING CONCEPT MODEL 
The cross-layer relationships between business and strategy layers defined by 

ArchiMate are presented in Figure 43. The relationships between business and 

strategy layers are shown as green lines for illustrative purposes. 

 

Figure 43 Relationships between Strategy Elements and Core Elements 
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These cross-layer dependencies were used to create the resulting concept model for 

Product-IT inclusive EA, which is presented in Figure 44. The resulting concept 

model includes the concepts from strategy and business layer, but also includes the 

important concept from application layer – the Data Object. The resulting concept 

model shows the connection of the existing and the new concepts across the layers.  

 

Figure 44 Extended concept model for product-IT inclusive EA based on ArchiMate concepts 
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CHAPTER 8  

FOCAL AREAS FOR PRODUCT-IT IN-

CLUSIVE ENTERPRISE ARCHITECTURE 

In this chapter a set of focal areas supporting modeling and analysis of Product-

IT inclusive EA is introduced. Focal areas enable purposeful consideration of EA 

issues that involve product-IT. Each focal area is defined by several concepts from 

the set of concepts for Product-IT inclusive EA. In this chapter each focal area is 

first defined via a set of interrelated concepts, and then illustrated with examples 

of models based on the industrial case study. A set of procedures providing step-

by-step guidelines for modeling of each focal area are presented. 

 
Figure 45 Knowledge contribution (focal areas) introduced in this chapter 

Focal area is a way to represent domain knowledge from a certain point of view, 

focusing on the relevant concepts. For example, organizational chart is a focal area 

that is based on an “actor” and “role” concepts and allows to specify the instances 

of these concepts within a specific enterprise and their relationships to each other. 

Focal areas allow purposeful modeling of a domain, in this thesis - product-IT in-

clusive EA.  
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Presented focal areas provide a systematic way for addressing the important as-

pects in the given domain. The presented focal areas can be used to support: 

• Understanding the links between technology and business context in the 

environment of an enterprise going through digital transformation. 

• Modeling the available technological opportunities and the existing tech-

nology areas and relating them to strategic context. 

• Discussing the technology areas that are relevant for value generation for 

internal consumers (internal common services, Enterprise-IT compo-

nents) and external consumers (products and services as parts of offerings 

that can help a concern).  

• Iterative knowledge sharing and validation in participatory settings. Pro-

cedures presented for each focal area include “Review and refine” as the 

last step for modeling. This step implies participatory refinement of the 

created models - removing duplicates of the knowledge constructs, evalua-

tion of the relationships between them, renaming the knowledge constructs 

and relationships between them, restructuring the knowledge constructs. 

The set of focal areas presented in this chapter is not exhaustive for EA in general. 

The focal areas that are traditionally used to represent EA (section 3.4.2), for ex-

ample business process (BPMN and other methods) or business service (business 

service model by UML), remain valid, but not included in this chapter due to the 

focus of this thesis set on product-IT inclusive EA. 

Each focal area is defined by several concepts from the set introduced in Chapter 7. 

The concepts are linked to each other and represented in the form of concept model. 

The relationships, which are used in the concept models are the ArchiMate rela-

tionships (section 3.4.1). It is important to mention that one-to-one, one-to-many 

or many-to-many types of relationships are not part of the standard ArchiMate re-

lationships set and will not be used in this thesis. Being able to represent such de-

tails of relationships can be supported with a suitably designed method notation, 

which is not the part of the scope for this study. 

Each focal area is defined by a set of interrelated concepts and then illustrated with 

an example of applying this focal area in relation to the Case Company. Afterwards 

the procedures are presented, which aim to help the method users to model the 

focal area.  

In addition to the procedural guidelines presented in this chapter, the method users 

can make use of the recommendations presented in Chapter 10 that aim to support 

participatory model creation. 

8.1 ECOSYSTEM OF OFFERINGS 

Concepts incorporated: Business ecosystem is a focal area that incorporates 

business actors, ecosystems of offerings, concerns and offerings (Figure 

46).  

Objective: This focal area helps to identify and represent the key actors and their 

relationships within an ecosystem. An ecosystem is defined by an offering or a 
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group of offerings. Various offerings can be logically grouped into several ecosys-

tems depending on the nature of the concerns that these offerings can to solve. Of-

ferings can be tangible and intangible, for example, products, services, information, 

and can partly or fully solve actors’ concerns. 

 
Figure 46 Ecosystem of offerings – included concepts 

Ecosystem of offerings helps to show the overview of the important internal and 

external actors and their relationships, analyse existing and develop new business 

models based on the offerings and concerns, identify existing and potentially rele-

vant actors based on the offering and concerns. 

8.1.1 EXAMPLE FROM THE CASE STUDY 

Ecosystem of offerings focal area aims to provide an understanding of products and 

services (offerings) that belong to the given ecosystem and its key business actors. 

Four ecosystems of the case company are represented in Figure 47 together with 

the offerings that each of the ecosystems involves and business actors, in this case 

internal organizational units, who are assigned to each of the ecosystems.  
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Figure 47 Ecosystems of offerings, the key offerings and involved actors 

The model in Figure 48 represents the key competitors (represented as business 

actors) in the Forestry ecosystem, focusing on a chainsaw as an offering. 
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Figure 48 Key competitors for the chainsaw offering in the Forestry ecosystem of offerings 

Another important aim of ecosystem modeling is to analyze the high-level concerns 

that the stakeholders have – below in Figure 49 an example of customer concerns 

model in Residential Garden ecosystem is presented. Providing an overview of 

high-level concerns helps to keep the focus on the real needs and requirements of 
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stakeholders (for example, customer groups) and therefore allows to go beyond 

providing products in a traditional sense, but to combine products and services, or 

substitute products with services completely. 
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Figure 49 Residential garden ecosystem, offerings with the related actors and key concerns of garden own-

ers (business actor) 

8.1.2 PROCEDURES FOR MODELING ECOSYSTEMS OF OF-

FERINGS 

The procedures for modeling of ecosystem of offerings includes number of steps 

and is based on the concepts that define this focal area (Figure 50). 

 

Figure 50 Procedures for modeling of ecosystem of offerings 

1. Set the scope for analysis and identify the offerings that are important 

within the chosen scope. The offerings can be tangible or intangible, for 

example services, products or other value-adding things. After the offerings 
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are identified, group them. Each of the created groups correspond to an 

ecosystem of offerings. Set a suitable name for each ecosystem based 

on the character of the included offerings. 

2. Identify the important actors. They can include stakeholders that contrib-

ute into providing the key offerings or play other important roles in the 

given ecosystem. For example, you can consider competitors, trend setting 

players on the market, providers of the competence or technological solu-

tions, providers of the relevant information or data, customer groups, po-

tential partners. Actors can be individuals, groups of people, or other com-

municating entities. 

3. Represent the actors and their relationships. For this, analyze collabora-

tive, competitive and other types of relationships between the identified ac-

tors.  

4. Consider and identify the concerns that the actors have. For this, analyze 

incentives and pain points (general or detailed) of the identified actors. List 

the concerns and relate them to the identified ecosystems. Analyze which 

concerns can be resolved with the help of the existing offerings from the 

identified ecosystems, and which ones remain unresolved and can provide 

basis for new offerings and ecosystems. 

5. Review and refine. 

8.2 INTERACTION 

Concepts incorporated: Interaction focal area incorporates business actors 

and offerings (Figure 51). 

Objective: Interaction focal area allows to represent relationships and communi-

cation (exchange of interaction objects) between stakeholders. An actor can be re-

lated to other actors without indication of the specifics of this relationship (business 

actor associated with business actor), or by specifying interaction objects between 

actors, such as flow of information and value proposition (a business actor provides 

an offering, business actor is exposed to offering). 

 

Figure 51 Interaction – included concepts 

Interaction focal area is to some extent similar to the Ecosystem of offerings. The 

difference between these two focal areas is that Interaction is focusing on commu-

nication between actors regardless of the ecosystem they belong to and actors’ con-

cerns. Interaction model is useful for stakeholder analysis, and it helps to provide 

an overview of the interaction objects in the interaction between stakeholders. 
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8.2.1 EXAMPLE FROM THE CASE STUDY 

An example of ecosystem model is presented in Figure 52. 
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Figure 52 Ecosystem model - key actors and their relationships (interaction objects are represented with 
the help of offering concepts) 

8.2.2 PROCEDURES FOR MODELING INTERACTIONS 

The procedures for modeling of interaction includes number of steps and is based 

on the concepts that define this focal area (Figure 53). 

 

Figure 53 Procedures for modeling of interaction 

1. Set the scope for analysis and identify the key business actors that are 

important within the chosen scope. Actors can be individuals, groups of 

people, or other communicating entities. 

2. Analyze and represent the relationships between the identified actors. They 

can include general relationships between actors (associated with) or the 

exchange of interaction objects between actors (Offering concept provided 

by an actor to another actor). The offerings can be tangible or intangible, 

for example services, products or other value-adding things. 

3. Review and refine. 



CHAPTER 8  FOCAL AREAS FOR PRODUCT-IT INCLUSIVE ENTERPRISE ARCHITECTURE  

 

126 

8.3 TECHNOLOGICAL SUPPORT OF OFFERINGS 

Concepts incorporated: technological support of offerings is a focal area that 

incorporates technology areas and ecosystem of offerings (Figure 54). 

Objective: technological support of offerings is a focal area allows to represent the 

relevant and potentially useful technology areas that enable successful functioning 

and development of an ecosystem of offerings. Representing the relationship be-

tween ecosystems of offerings and technology areas is helpful for operational anal-

ysis (ecosystems of offerings and the supporting technological solutions) and stra-

tegic analysis (development directions, key collaboration areas, partners and prior-

ities). 

 

Figure 54 Technological support of offerings – included concepts 

8.3.1 EXAMPLE FROM THE CASE STUDY 

The overview of the currently used technology areas is useful for identification of 

the areas for collaboration between different ecosystems. For example, in Figure 55 

several prioritized ecosystems are presented. 
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Figure 55 Residential Garden ecosystem and prioritized technology areas 

In Figure 56 a number of technology areas relevant for the Forestry ecosystem is 

represented. 
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Figure 56 Focal area ecosystem of offerings Forestry and relevant technology areas 

After the relevant technology areas were listed for Forestry ecosystems and the pri-

oritized ones for Residential Garden - it was possible to see the collaboration areas 

between the two ecosystems, which were marked in blue (Remote sensing / Photo-

grammetry - Soil-set Sensing) and yellow (Tree Length Systems, Cut to Length Sys-

tems - Plant Identification). 

8.3.2 PROCEDURES FOR MODELING TECHNOLOGICAL SUP-

PORT OF OFFERINGS 

The procedures for modeling of technological support of offerings includes number 

of steps and is based on the concepts that define this focal area (Figure 57). 

 

Figure 57 Procedures for modeling of technological support of offerings 
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1. Set the scope for analysis and identify the ecosystems of offerings that 

you would like to focus on. For detailed analysis of ecosystems of offerings 

use the procedures for modeling of this focal area (section 8.1). 

2. Define the focus for the technological support: current (as-is) or future (to-

be). Representation of the currently used technology areas (as-is) can sup-

port operational analysis, whereas representation of the potentially useful 

technology areas (to-be) can support strategic discussion of development 

directions and priorities. Identify and list technology areas relevant for the 

chosen scope. Technology area embodies a domain, which aims at solv-

ing a certain challenge and includes a range of IT-intensive methods and 

solutions to solve this challenge. Examples of technology areas are Artificial 

Intelligence, Voice Recognition, API Management, Identity Management, 

etc. 

3. Analyze and represent how identified technology areas are related (contrib-

ute or can help to improve) to the identified ecosystem of offerings. 

4. Review and refine. 

8.4 INNOVATION AGENDA 

Concepts incorporated: Innovation agenda focal area incorporates business 

actors, technology areas, Product-IT and Enterprise-IT (Figure 58). 

 

Figure 58 Innovation agenda – included concepts 

Objective: This focal area aims to represent relevant technology areas, both cur-

rently used and potentially applicable in the value-creating activities of the com-

pany. This focal area also allows to represent business actors who are assigned to 

the identified technology areas, and link Product-IT and Enterprise-IT with the 

identified technology areas. 

Representation and analysis of innovation agenda can be used to prioritize the tech-

nology areas for within a digital transformation effort. It allows to set priorities for 

a defined planning period and serve as a foundation for the subsequent description 
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of innovation roadmap. It also provides an overview of the actors who are currently 

responsible for technology areas and the assets of Enterprise-IT and Product-IT, 

identify the gaps in the Enterprise-IT and Product-IT in the context of the current 

and planned value-creating activities of the company.  

8.4.1 EXAMPLE FROM THE CASE STUDY 

In Figure 59 an example of innovation agenda is presented, which shows five tech-

nology areas and business actors assigned to each of them. In addition, each of the 

technology area is linked to Product-IT or Enterprise-IT that belong to the given 

technology area. 
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Figure 59 Innovation agenda - business actors and technology areas linked to Product-IT and Enterprise-IT 
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On the further step of analysis, it is possible to enrich the model with various spe-

cific elements that Product-IT and Enterprise-IT include, see Figure 60 below. For 

example, “Embedded decision making” is connected to the Demolition Robot (rep-

resented as an offering element in a sense of combined physical and digital product 

and services). Chatbot Product-IT is related to Smart Garden and Lawnmower Con-

nect. 

Technology area

Smart Home

Technology area

Blockchain

Technology area

Simulation/
Gamification

Technology area

Artificial 
Intelligence

Actor 2

Actor 3

Actor 1

Actor 3

Technology area

Digital TwinActor 1

Product-IT

Embedded Decision 
Making

Product-IT

Lawnmower Drone

Product-IT

Prototypes for user 
experience testing

Offering

Demolition 
Robot

Product-IT

Predictive 
maintenance

Product-IT

Chatbot

Enterprise-IT

Industry 4.0 Factory

EDGE factory 
application 

components

EDGE Factory 
technology 

nodes

Product-IT

Cognitive Satellite/
Radar

Offering

Smart garden 

Product-IT

Weather-based 
management

Product-IT

Sensor-based decision 
making

Enterprise-IT

Account Management 
System

Product-IT

Virtual instances of 
products

Lawnmower

ChainsawChainsaw Trimmer ChainsawLawnmower

ChainsawChainsaw ChainsawLawnmower

Offering

Smart garden

Offering

Lawnmower 
Connect

Forest 
Management

Stock 
distribution

Stock 
Distribution

Account 
Management

ChainsawChainsaw ChainsawLawnmower

 

Figure 60 Innovation agenda, Product-IT and Enterprise-IT added 

Based on the created representation it is possible to prioritize technology areas and 

the related Product-IT and Enterprise-IT. For this purpose in Figure 60 the color 

coding used: green mark – highly relevant technology area, prove of concept (POC) 

is required with a pilot project to be planned and implemented, red mark – tech-

nology area with a high potential, where deeper investigation of applicability, pos-

sible benefits and associated costs should be done. These priorities can be further 

transformed into scheduled activities of the related actors on the specified Product-

IT and Enterprise-IT elements. 
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8.4.2 PROCEDURES FOR MODELING INNOVATION AGENDA 

The procedures for modeling of innovation agenda includes number of steps and is 

based on the concepts that define this focal area (Figure 61). 

 

Figure 61 Procedures for modeling of innovation agenda 

1. Identify and list technology areas. Innovation agenda aims to include both 

current (as-is) or future (to-be) technology areas. Representation of the 

currently used technology areas (as-is) supports operational analysis, 

whereas representation of the potentially useful technology areas (to-be) 

supports strategic discussion of development directions and priorities. 

Identify and list technology areas relevant for the value-creating activities. 

Technology area embodies a domain, which aims at solving a certain 

challenge and includes a range of IT-intensive methods and solutions to 

solve this challenge. Examples of technology areas are Artificial Intelli-

gence, Voice Recognition, API Management, Identity Management, etc. 

2. Identify digital assets, which the identified technology areas currently in-

clude or should include in the future. Consider both Product-IT and En-

terprise-IT. One technology area can include numerous Enterprise-IT 

and product-IT application and technology components. Product-IT and 

Enterprise-IT can include various IT-enabled components such as applica-

tion components, application collaboration, technology nodes, technology 

collaboration (section 7.2.1). 

3. Assign business actors to the identified technology areas, and, if appli-

cable, Product-IT and Enterprise-IT components. Specify actors who are 

currently responsible the development of a technology area or actors who 

can will be assigned for investigation of the potentially useful technology 

areas. 

4. Review and refine. 
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8.5 CUSTOMER JOURNEY 

Concepts incorporated: Customer journey focal area incorporates business 

actors, business processes, concern, offering, experience and touch-

points (Figure 62).  

Objective: Customer journey aims to represent a sequence of steps and touch-

points that a business actor goes through in relation to an offering or group of of-

ferings, and focus on the concerns and experiences perceived by the business actor. 

 

Figure 62 Customer journey – included concepts 

8.5.1 EXAMPLE FROM THE CASE STUDY 

An example of customer journey model is presented in Figure 63. This model shows 

eight steps (business processes) of customer journey related to the usage 

Lawnmower Connect mobile app in the context of the ownership of the smart, con-

nected lawnmower. Number of customer concerns (why does the person open the 

app) were identified and assigned to the steps of the journey.  



CHAPTER 8  FOCAL AREAS FOR PRODUCT-IT INCLUSIVE ENTERPRISE ARCHITECTURE 

 

133 

Need Research Select Purchase

Receive Use Maintain Recommend

Concern
I want to see and 

test the app before 
I purchase

Concern
I want to see 

statistics of the 
product activity

Concern
I want to have 
access to the 

information and 
facts about my 

product (manuals, 
installation)

Concern
Lawnmower 

stopped. What 
happened?

Concern
I want to park 
lawnmower 

because I want to 
work in the garden

Concern
The bad weater is 

coming! What 
should I do?

Concern
I want to know the 

status of the 
product

Concern
I need to control my 

product remotely

Concern
I want to get useful 
tips for me and my 

product

Concern
I want to control 

and change settings

Concern
What do I need to 

do when winter 
comes?

Concern
I want to see 

available 
promotions and 

campaigns 

Concern
To get my potential 
problem proactively 

solved by the 
company

Concern
I want to know if I 
need to service my 

product

Concern
I need new 

accessories (knives 
etc)

Concern
I want to get 

support - why 
doesn't it work?

Customer journey

Lawnmower 
owner

 

Figure 63 The customer journey and related customer concerns in the context of Lawnmower Connect mo-
bile app usage 

Afterwards it was possible to prioritize one of the concerns (marked in green in 

Figure 63) for further analysis. More detailed analysis of the customer’s concerns 

was performed and possible touchpoints (in this case In-App messages) were iden-

tified. The aim of the proposed touchpoints was to solve customer’s concern by re-

ferring to the existing offerings. For the proposed touchpoint the customer experi-

ence was analyzed and the priority for implementation was set on the In-App mes-

sage “Did you hear about winter storage as a service?” (marked in green in Figure 

64). 
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Figure 64 Customer concerns, touchpoints and offerings 

8.5.2 PROCEDURES FOR MODELING CUSTOMER JOURNEYS 

The procedures for modeling of customer journey includes number of steps and is 

based on the concepts that define this focal area (Figure 65). 

 

Figure 65 Procedures for modeling of customer journey 

1. Set the scope for analysis and identify the business actors that you would 

like to focus on and the offerings relevant for the context. The focus can be 
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set on an individual or a group of actors, who can be internal and external, 

potential and existing consumers of the value-creating offerings. 

2. Represent the key steps of the customer journey for the identified scope – 

a sequence of business processes. One way to structure the journey is to 

consider the most important pre-purchase, purchase and post-purchase 

activities that are related to the product/service. Alternatively, you can con-

sider the key season and off-season activities to represent the journey in a 

season-based view. 

3. Identify the concerns: go through various concerns that the customer has, 

and which are supposed to be solved by the offerings in the chosen scope. 

Consider that concerns are influenced by the customer context. Context can 

include location, age group, time of the day/year, duration of owning the 

product, etc.  

4. Analyze the identified (one several or all) concern in detail. Analyze de-

tailed concerns for the chosen scenarios. Those can include Pains & Gains 

– specific thoughts, interests and issues that customers have in relation to 

a particular concern. Consider context to identify the most important Pains 

& Gains in relation to offerings in the chosen scope.  

5. Go through proposed detailed concerns and suggest touchpoints - a suit-

able way to get in contact with the customer to resolve the identified con-

cern. For example, touchpoint can include a Push-notification, In-App 

message, e-mail, phone call, social media post aimed at a specific customer 

group, etc. It is important to make sure that the touchpoint is relevant for 

the user context and can help to resolve one or several identified concerns. 

6. Describe experiences that would characterize proposed touchpoints. 

This can help to choose between several touchpoints referring to the same 

offering and choose the one providing better experience. Use voting to 

choose the most appropriate alternatives (customer concern scenarios, 

touchpoints). Voting can help to identify the most important and timely 

option for further investigation or pilot implementation, from the work-

shop participants point of view. Each workshop participant can vote for de-

fined number of proposed alternatives. 

7. Review and refine. 

8.6 DATA-DRIVEN BUSINESS OPTIONS 

Concepts incorporated: data-driven business options incorporates business 

actors, concern, offering, value and data object (Figure 66) 

Objective: Data-driven business options is a focal area that helps to represent pos-

sible value-adding use of the data produced by offerings (smart, connected products 

and services). This focal area enables representation of business actors and their 

concerns, and data that is produced by offerings that has value for the actors in 

focus. 



CHAPTER 8  FOCAL AREAS FOR PRODUCT-IT INCLUSIVE ENTERPRISE ARCHITECTURE  

 

136 

 

Figure 66 Business moment – included concepts 

8.6.1 EXAMPLE FROM THE CASE STUDY 

An example of data-driven business options is represented in Figure 67. The figure 

shows several communication episodes business actors (Tractor owner, Service 

Center, Store) and offerings (Garden tractor, Toolshed App). Business actors have 

various concerns in relation to the offerings in focus. For example, Tractor owner 

would like to know when to buy new spare parts and service the tractor. On the 

other hand, offerings produce data that can add value in relation to the concerns of 

the actors. Timely order of the spare parts and booking a service, sent from tractor 

to the Service Center and confirmed by the tractor owner, will have a significant 

perceived value in the described context. Product info and operational status (gen-

erated by the Toolshed app) would allow to form an order for the specified product 

and operational status (Value) and subsequently simplify the order process for both 

Tractor owner and the Store given their concerns. 
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Figure 67 Data-driven business options – business actors and their concerns in relation to the offerings and 
the produced data 

8.6.2 PROCEDURES FOR MODELING DATA-DRIVEN BUSI-

NESS OPTIONS 

The procedures for modeling of data-driven business options includes number of 

steps and is based on the concepts that define this focal area (Figure 68) 

1. Set the scope for analysis and identify the business actors that you would 

like to focus on, and the offerings (products or services or their combina-

tion) relevant for their context. The focus can be set on an individual or a 

group of actors, and one or several offerings. 

2. For the specified business actors describe the concern (a problem or need) 

in the scope of using the offerings. Consider that concerns are influenced 

by the actor context. Context can include location, age group, time of the 

day/year, duration of owning the product, etc.  

3. Analyze and list data that is produced by the identified offerings. Consider 

and document data objects that have value in relation to the identified 

concerns of the business actors.  

4. Analyze and describe the value of the identified data objects. Data objects 

can have value for solving one or several concerns of business actors. 

5. Analyze whether the identified data objects and their value can become a 

part of the existing offerings or serve as a foundation for new offerings 

(products and services). 

6. Review and refine. 
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Figure 68 Procedures for modeling of business data-driven business options 

8.7 DIGITAL CAPABILITY 

Concepts incorporated: Digital capability is a focal area that incorporates re-

sources, capabilities, Product-IT, Enterprise-IT and Technology Areas 

(Figure 69). 

 

Figure 69 Digital capability – included concepts 
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Objective: Digital capability focal area allows to identify capability to digital re-

sources of the company (different types of digital assets that can include Product-

IT, Enterprise-IT) and link them to the technology areas. This provides a solid 

ground for analysis of the existing and planned capabilities and helps to indicate 

technology areas that should be prioritized within the digital transformation effort. 

8.7.1 EXAMPLE FROM THE CASE STUDY 

An example of business capability representation is presented in Figure 70 below. 
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Figure 70 Capability model and relevant product-IT elements 

8.7.2 PROCEDURES FOR MODELING DIGITAL CAPABILITIES 

The procedures for modeling of digital capability includes number of steps and is 

based on the concepts that define this focal area (Figure 71). 
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Figure 71 Procedures for modeling of digital capability 

1. Define capabilities of the company. Refer to the capability framework of 

the company if available. Group the identified capabilities. 

2. Identify Product-IT, Enterprise-IT as relevant digital resources that 

support the identified capabilities. 

3. Add Technology Areas to the identified elements if applicable. 

4. Review and refine. 
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CHAPTER 9  

STAKEHOLDERS AND ROLES FOR 

PRODUCT-IT INCLUSIVE ENTERPRISE 

ARCHITECTURE 

In this chapter the stakeholders and roles relevant for participatory modeling of 

product-IT inclusive EA are introduced. These stakeholders and roles include two 

groups of actors that should take part in a participatory modeling session in the 

context of product-IT inclusive EA – the stakeholder asking questions and stake-

holders answering questions during the modeling. The stakeholder asking ques-

tions is an EM practitioner, which will be described first. The stakeholders an-

swering questions are the set of owners of the knowledge on the focal areas for 

product-IT inclusive EA, which will be introduced afterwards. 

 
Figure 72 Knowledge contribution (stakeholders and roles) introduced in the chapter 

9.1 ENTERPRISE MODELING PRACTITIONER 
Stakeholders who are involved in participatory EM can be divided into two groups 

– knowledge owners, internal and external in relation to the enterprise, and an EM 

practitioner (includes EM facilitator) that leads the modeling activities. The first 
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group of stakeholders can include internal stakeholders (enterprise employees) 

who are sharing and exchange their knowledge about enterprise operations and ex-

ternal stakeholders such as partners, customers and suppliers. The second party of 

EM is an EM practitioner – a person who facilitates and drives the EM project pro-

cess (partly or fully) towards effectively achieving its goals (Persson & Stirna, 2010). 

This role is responsible for making sure that the project resources are used properly 

in order to achieve the goals of the project and to complete the project on time 

(Persson & Stirna, 2010; Rosemann et al., 2011). There are various factors that can 

hinder the process of sharing knowledge during the participatory modeling effort. 

For example, the company does not have enough resources to allocate the experts 

with the relevant knowledge to participate in the modeling sessions (Barjis, 2011). 

There are also numerous challenges of participatory EM that set high requirements 

for the profile of the EM practitioner. Performing EM successfully is a non-trivial 

task that requires considerable skills and experience, since the EM practitioner 

needs to manage the intricacies of discovering the domain knowledge, consolidat-

ing different stakeholder views, and representing this knowledge in a coherent and 

comprehensive model (Stirna et al., 2007). Among the core challenges of participa-

tory EM (Barjis, 2011) highlights the complex sociotechnical nature of an enterprise 

and conflicting descriptions of the business given by different stakeholders. There-

fore, an EM practitioner needs to have considerable experience and a broad range 

of knowledge regarding participatory modeling execution, since various problems 

and challenges might occur both during the participatory modeling sessions and 

during the follow-up stages of EM (Stirna & Persson, 2009). 

The requirements for the competence of EM practitioner is formed via numerous 

questions that this role is supposed to solve throughout the participatory EM pro-

ject. Persson and Stirna (2010) have presented an analysis that elucidates the com-

petence needs for EM practitioners with regard to different steps in the EM process. 

They consider that the EM process consists of the following activities: project in-

ception and planning, conducting modeling sessions, delivering a result that can be 

used for subsequent implementation. Two main competence areas that they have 

identified are related to modeling (ability to model and ability to facilitate a model-

ing session) and managing EM projects. The first competence area involves making 

use of the chosen EM method or language to create and refine enterprise models. 

The resulting models should reflect the discussion in the modeling session and fo-

cus on the problem at hand. Knowing how to use modeling tools for documenting 

and analyzing the modeling result is also included in this ability. One important, 

and sometimes neglected, aspect is the ability to create a readable model, because 

they tend to become large and graphically complex. In addition, the ability to facil-

itate a modeling session is essential. Facilitation is a general technique used in 

group processes for a wide variety of purposes, also within EM. This ability is very 

much based on knowledge about the effects of modeling, the principles of human 

communication and socialization (especially in groups), as well as the conditions of 

human learning and problem solving (cognition). For EM, some of the more im-

portant aspects of this competence are to condense and capture important ideas, to 

pose questions that trigger discussion, to listen, to summarize and generalize, as 

well as to drive the discussion towards fulfilling the goals of the EM session. 
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Abilities for managing EM projects include the ability to select an appropriate EM 

approach and tailor it in order to fit the situation at hand; the ability to interview 

involved domain experts; the ability to define a relevant problem; the ability to de-

fine requirements on the results; the ability to establish a modeling project; the 

ability to adjust a presentation of project results and issues related to them to vari-

ous stakeholders; the ability to navigate between the wishes of various stakeholders 

while upholding the EM project goal; the ability to assess the impact of the model-

ing result and the modeling process in the organization. 

Stirna and Persson (2018) present a more detailed analysis of the EM practitioner 

role. They suggest that the following roles should be established on the side of EM 

project: facilitator, tool expert, and quality assurance officer. The responsibilities of 

each of these roles are presented in Table 8. 

Table 8 EM practitioner - the included roles and responsibilities (Stirna & Persson, 2018) 
 Tasks and responsibilities 

Facilitator • Prepare modeling sessions 

• Manage sessions in accordance with the method used 

• Manage the modeling process 

• Make sure that all participants are included in the mod-

eling process 

• Make sure that the goals of the modeling activities are 

reached 

• Support the modeling group in acquiring knowledge and 

ideas from each other 

Tool Expert • Selecting an appropriate modeling tool for the project 

• Documenting the modeling results with the tool, for ex-

ample, drawing the models on the plastic sheets into a 
computerized tool 

• Preparing models for presentations 

• Assisting a modeling facilitator during presentation of 

models 

• Introducing tool in the organization in cases when the or-

ganization intends using EM without the support of ex-

ternal method and tool providers 

Quality Assurance Of-

ficer 
• Definition of quality criteria for the different kinds of pro-

ject results 

• Development of a quality plan (which quality result will 
be evaluated at what point in time according to what cri-

teria?) 

• Documentation of the results of quality control activities 

• Reporting to project management and steering commit-
tee 

Another view on the required competence of EM practitioner is presented by 

Rosemann et al. (2011). They indicate that the roles of the modeling facilitator have 

not been researched enough and they therefore present a framework that describes 

four roles that the EM practitioners can play. There are ten styles of facilitation be-

havior, which can characterize these four roles: communication style (talking vs. 
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listening), power style (assertive vs. empathic), adaption style (static vs. flexible), 

disagreement style (embraces conflict vs. avoids conflict), control style (centralized 

vs. decentralized), model behavior (does model vs. allows model), facilitation be-

havior (do facilitation vs. allow facilitation), involvement style (involving vs. ignor-

ing), work style (structured vs. unstructured), domain knowledge style (domain ag-

nostic vs. domain expert). 

9.2 STAKEHOLDERS AND ROLES FOR MODEL-

ING FOCAL AREAS 
To analyze and model each of the focal areas introduced in Chapter 8 several stake-

holders with relevant domain knowledge should be involved. Modeling and analysis 

should have participatory nature, where invited stakeholders share their domain 

knowledge on the subject in focus. The names of the roles for the stakeholders that 

can contribute into participatory modeling of product-IT inclusive EA are enter-

prise specific, as the responsibilities of a certain role might vary from company to 

company due to historical, cultural and other reason. Therefore, the names of the 

identified roles should not be taken literally. The roles are listed below, each de-

scribed with the key responsibilities and the owned knowledge: 

Product owner - a stakeholder with a responsibility of development and opera-

tions of an offering (typically smart, connected product). Product owner has a com-

prehensive knowledge of the product functionality and limitations and the existing 

and planned services connected to the product. Can estimate difficulty of introduc-

ing new features and the potential value new product-related services. Organiza-

tional belonging is usually Product-IT units but can also be part of Enterprise-IT or 

R&D units. 

Product category owner – a stakeholder with a responsibility of development 

and operations of a group of offerings (typically a group of smart, connected prod-

ucts that share similar characteristics). Product category owner has a comprehen-

sive knowledge of the functionality and limitations of a product category and the 

existing and planned services connected to the product category. Can estimate dif-

ficulty of introducing new features and the potential value of new services in rela-

tion to the whole product category or prioritized products. Organizational belong-

ing is usually Product-IT units but can also be part of Enterprise-IT or R&D units. 

Customer expert – a stakeholder with a responsibility on the ongoing and 

planned customer-focused activities, which can be related to marketing, sales and 

support. Customer expert is involved in practical realization and measurement of 

the outcomes of the customer-focused activities, aiming to investigate and improve 

how an offering or group of offerings (typically smart, connected product) are ex-

posed to customers. Customer expert has knowledge on customer segments and 

marketing channels, and has comprehensive knowledge of concerns, pain points 

and other characteristics that form customer experience of the key customer seg-

ments. Customer experts also have knowledge regarding the key competitors of a 

product or product category. Organizational belonging of customer expert is Mar-

keting unit, Sales unit or Service & Support unit. 
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Unit manager (or Division head) – a stakeholder with management respon-

sibility across operations and development within a unit or division of the company. 

Unit manager has knowledge on the ongoing and planned activities and can provide 

information about priorities within the unit. Organizational belonging can be a 

Manufacturing, R&D or Product-IT units. 

Enterprise Architect – a stakeholder that has responsibility of arranging un-

structured information in a useful manner that guides decision-makers in making 

choices that lead to performance improvements. The role might include the follow-

ing aspects in relation to IT management, planning and governance (role descrip-

tion based on (Gøtze, 2013; Strano & Rehmani, 2007): 1. Change agent - the enter-

prise architect supports enterprise leaders in establishing and promoting the best 

strategy to accomplish business goals and objectives. 2. Communicator: the enter-

prise architect assists managers, analysts, systems architects, and engineers in un-

derstanding the details of the strategy to make decisions and execute the plan that 

leads to realization of the shared vision. 3. Leader: the enterprise architect partici-

pates in creating a shared vision, motivating members of the enterprise to aspire to 

achieving the vision, and providing clear direction regarding what is required to 

execute a strategy to accomplish goals and objectives. 4. Manager: the enterprise 

architect organizes the architecture team and ensures that adequate resources are 

secured to perform the architecture process. 5. Modeler: the enterprise architect 

provides a representation of the relationships of enterprise components with suffi-

cient detail and in the format needed to enable making necessary decisions to exe-

cute the strategic plan. 

Digital Business Architect - a stakeholder that has responsibility of arranging 

unstructured information in a useful manner that guides decision-makers in mak-

ing choices that lead to performance improvements. Digital business architect has 

knowledge regarding the existing digital assets of the company (Enterprise-IT and 

Product-IT components), responsible for providing an overview of these digital as-

sets, both current and planned, and has an understanding of links between digital 

assets to the offerings that are available for external consumers (customers) and 

internal consumers (employees, Enterprise-IT users). The organizational belong-

ing of Digital Business Architect is often separated into a Digital Architecture Unit 

but implies close collaboration with Product-IT and Enterprise-IT units. 

Service development expert (squad member) - a stakeholder that contrib-

utes to development of value-adding services for a smart, connected product. This 

stakeholder is often a member of DevOps squad – a team that has responsibility for 

development and operations of a software artifact that aims to increase the value of 

a smart, connected product. Typically, squad members include experts in develop-

ment, testing, operations and UX (user experience), squad lead, technical lead. Ser-

vice development expert has comprehensive knowledge of the service functionality, 

existing user interface and types of usage data that can be analyzed for service im-

provements. Organizational belonging of Service development expert is Product-IT 

units. 

System owner – a stakeholder that has responsibility for development and 

maintenance of a system (Enterprise-IT component). System owner has compre-

hensive knowledge of the system functionality, its user groups, related technology 
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infrastructure and Enterprise-IT components. Organizational belonging of System 

owner is Enterprise-IT units. 

R&D expert – a stakeholder that contributes into development of smart, con-

nected product in a sense of expanding the functionality of the physical product 

with IT-enabled components (sensors and software components that transform a 

physical product into a communicating entity). R&D expert has a comprehensive 

knowledge on the connectivity characteristics, communication protocols and in-

puts and outputs of the software component of the smart, connected product. Or-

ganizational belonging of R&D expert is often a separate R&D unit but implies close 

collaboration with Product-IT units and service development experts. 

Domain knowledge of these stakeholders and roles vary and can be relevant for 

modeling activities on various focal areas. The focal areas for modeling of product-

IT inclusive EA is presented in Table 9, where for each focal area a set of concepts 

in focus and a set of relevant stakeholders and roles are specified. 

Table 9 Focal areas, relevant stakeholders and roles 

Focal area Concepts in focus Relevant stakeholders 

and possible role names 

Ecosystem of of-

ferings 

Offerings – existing/planned products and ser-

vices, categories to which they belong based on sig-

nificant similarities 

Ecosystems of offerings where the identified 

offerings belong 

Internal and external stakeholders (individuals 
and organizations) who can contribute to the de-

velopment of the offerings; who can benefit from 

using the offerings 

The high-level concerns (problems, needs, re-

quirements, incentives) of the stakeholders, who 

can contribute to the development of the offerings; 

who can benefit from using the offerings 

Product owner  

Product category owner 

Customer expert 

Unit manager or Divi-

sion head 

Interaction Offerings – existing and planned products and 

services, categories to which they belong based on 

significant similarities 

Internal and external stakeholders (individuals 

and organizations) who can contribute to the de-

velopment of the offerings; who can benefit from 

using the offerings 

Stakeholders who analyze and document pro-

cesses in the organization 

Product owner 

Product category owner 

Enterprise Architect 

and/or Digital Business 

Architect 

Technological 

support of offer-

ings 

Offerings – existing/planned products and ser-

vices, categories to which they belong based on sig-

nificant similarities 

Ecosystems of offerings where the identified 

offerings belong 

Technology areas that are used or potentially 
applicable to improve the offerings in the analyzed 

ecosystem(s) 

Product owner 

Product category owner 

Enterprise Architect 

and/or Digital Business 

Architect 
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Innovation 

agenda 

Technology areas that are used or potentially 

applicable to improve the offerings an ecosystem 

Internal and external stakeholders (individuals 
and organizations) who can contribute to the de-

velopment of the offerings 

Existing and required Product-IT and Enter-
prise-IT of the company 

Enterprise Architect 

and/or Digital Business 

Architect 

Customer jour-

ney 

Characteristics of the customer or the customer 

group who interacts with the analyzed offering, in-

cluding their concerns (problems, needs, require-
ments, incentives) 

Processes that form a journey of a customer or 

customer group in a typical interaction with the an-
alyzed offering 

Touchpoints between customer and a company 

and related to them experiences 

Customer expert 

Product owner  

Digital Business Archi-

tect  

Service development ex-

pert  

System owner 

 

Data-driven 

business options 

Offerings – existing/planned products and ser-

vices, data that they produce 

Characteristics of the customer or the customer 
group who interacts with the analyzed offering, in-

cluding their concerns (problems, needs, require-

ments, incentives) 

The value of the data produced by the offerings in 

relation to the identified customer concerns 

Product owner 

App Development ex-

pert (squad members) 

Customer expert for 

product, service or prod-

uct category 

R&D expert 

 

Digital capability Capabilities of the company or a unit of the com-

pany 

Existing and required Product-IT and Enter-

prise-IT of the company that support or can con-

tribute to the identified capabilities 

Enterprise Architect 

and/or Digital Business 

Architect  
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CHAPTER 10  

RECOMMENDATIONS FOR PARTICIPA-

TORY ENTERPRISE MODELING 

In this chapter the recommendations for participatory modeling of Product-IT in-

clusive EA are introduced. These recommendations have been formulated to assist 

and provide guidelines for participatory knowledge modeling among the partici-

pants of EM efforts. 

 
Figure 73 Knowledge contribution (Recommendations for participatory EM) introduced in this chapter 

The recommendations presented here have been generated and validated via a 

number of research activities (literature reviews 1-1 and 1-2 in combination with 

interview rounds 1-1 and 1-2). These recommendations aim to facilitate knowledge 

extraction and representation during participatory EM sessions and mostly di-

rected on EM practitioners who have the leading role in such settings. The recom-

mendations have been grouped into three categories that correspond to three ac-

tivities of participatory EM: (1) extracting relevant information, (2) transforming 

this information into enterprise models, and (3) using enterprise models. 
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The performed research activities (literature reviews 1-1 and 1-2 and interview 

rounds 1-1 and 1-2) focused on the applicability of participatory EM to achieve BITA 

and indicated that EM can facilitate BITA in number of ways (Kaidalova, 2014). EM 

allows to align business strategy with IT strategy, particularly, when applied for de-

veloping business vision and strategies. Using EM for developing supportive IS al-

lows the alignment of IT strategy with underlying IT operational structures, i.e., IS 

infrastructure and processes defined by Henderson and Venkatraman (1992). In 

addition, alignment of business and IT structures (organizational and IS infrastruc-

tures and processes) can be facilitated by applying EM for developing IT solutions, 

as it helps to clarify and structure requirements from the business side, or when 

using EM for maintaining or sharing knowledge about the business, as it provides 

a common ground for the dialog between the business and IT sides. EM can also 

facilitate alignment of business strategy and business structure, i.e., the way busi-

ness operates. In case of using EM for redesigning business operations it gives an 

opportunity to define the way the business should work (to-be) in coherence with 

the existing business strategy. Additionally, a clearly modeled and documented 

business strategy plays role of a strategic management and implementation mech-

anism. Using EM to ensure acceptance of business decisions is a way to increase 

the commitment of the stakeholders to the decisions, which in turn helps to realize 

these decisions in practice. Realizing business strategy can also be facilitated by us-

ing EM as a tool for creating shared knowledge and understanding, as enterprise 

models can serve as a source for articulating business strategy. 

The results showed that participatory EM is often used in projects that are aiming 

at development and improvement of Information System (IS) and other digital as-

sets.  

“EM can be used either to capture opportunities in marketplace or to adjust some-

thing that does not operate properly. In most cases it implies changes in Infor-

mation System.” (Respondent 1-2-2) 

“One starting point – there is a need to change the system. Another starting point 

is the need to develop business processes in order to become more efficient, where 

certain IT support is needed to make that happen.” (Respondent 1-2-3) 

The results also showed that enterprise models can be used throughout all phases 

of IS development. They further endorsed the use of enterprise models as a base for 

evolutionary specification and contextualization, which depict the requirements for 

certain IT components and resources and digital assets. 

“Mostly you use enterprise models to show smarter ways of working that enter-

prise can realize. Often implementation of new IT system is one way of fulfilling 

these changes.” (Respondent 1-2-4) 

Alternatively, participatory EM can help to deal with the already existing IS (legacy 

systems), where models represent how new requirements and digital assets can be 

integrated with existing IS structures. After that the requirements for IT function-

ality can be elaborated and described in form of models (for example, use case dia-

gram).  
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“I used EM a lot to identify if there is a need for some type of IT solution. If there 

is such a need then I have to create functionality descriptions based on business 

processes to get business use cases.” (Respondent 1-2-3) 

An important advantage that is advocated with the usage of enterprise models is 

their visualization capabilities. 

“You need to visualize things – show those parts of information systems that are 

useful and those which are not. Then it is possible to take actions related to the 

parts that are not useful anymore. You have to model the actual situation - make 

nice pictures of it! You need to visualize the status of the systems within the com-

pany.” (Respondent 1-2-1) 

Often enterprise models provide a basis for discussing the requirements for Enter-

prise-IT functionality, but do not contain software requirements as such. The ben-

efit of applying enterprise models for this purpose is evident, as business needs can 

be discussed without digging into technical details too early. 

“I did the business side of requirements, whereas software requirements were de-

fined by someone else based on processes models, concept model, goal model that 

I have done.” (Respondent 1-2-3) 

In addition, enterprise models often also serve as a mean for maintenance of IT 

structures that exist in enterprises. 

”Usually we need to use enterprise models to create or maintain some kind of IT 

application.” (Respondent 1-2-4) 

However, an ability of enterprise models that can be considered as the most crucial 

and beneficial in relation to BITA problem is the ability to slice enterprise reality 

into comprehensible chunks, i.e., focal areas, and then link several focal areas to-

gether into a coherent whole.  

“The power of enterprise models is the opportunity to see different perspectives of 

an enterprise. You can see all these different perspectives and based on that you 

can use the results for different purposes.” (Respondent 1-2-1) 

Focal areas that should be considered during EM are highly dependent on the con-

text of the EM effort. For example, a set of focal areas that has been considered and 

analyzed for development of Enterprise-IT component described by Respondent 1-

2-3 included the following: information model, concept model, organization model, 

and business rules model. 

“It never works with only one perspective! There is usually some sort of infor-

mation model in the bottom, which is related to conceptual models and organiza-

tional models. Also, business rules can be quite big part of the system.” (Respond-

ent 1-2-3) 

In addition to the focal areas that are traditionally used for Enterprise-IT modeling 

enabling modeling and analysis of EA, a set of focal areas for product-IT inclusive 

EA has been identified and described in Chapter 8. 

The recommendations for each activity of participatory EM were presented in 

Kaidalova et al. (2014) and are introduced below in sections 10.1, 10.2 and 10.3. 
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10.1 EXTRACTING RELEVANT INFORMATION 
Extracting relevant information and domain knowledge in participatory settings is 

an intricate activity, which requires active involvement of EM practitioner. The fol-

lowing aspects should be taking into account at this stage. 

10.1.1   OBTAINING RELIABLE INFORMATION 

Obtaining relevant information from the domain experts in participatory setting 

can be quite problematic. EM practitioners need to be persistent while communi-

cating with the domain experts in order to answer the questions in focus. There is 

a problem with fuzziness with respect to the pieces of information received, due to 

“blank spots” that the participants do not know about or due to inaccuracies in the 

information that they provide. One dimension of this is the subjectification of in-

formation with the information being valid from a local or isolated individual per-

spective, but not from a shared inter-subjective perspective. 

“It is difficult to separate facts from opinions.” (Respondent 1-2-4) 

These issues pose a challenge for participatory EM, as enterprise models should be 

based on accurate and complete information. An even more challenging issue is the 

objective to obtain a non-contradictory view on enterprise functioning shared 

among the participants. 

Recommendations: 

- R1. Capture what stakeholders know for sure, not what they believe is true. 

Cross-check with available company documentation regarding the subject 

matter but be aware that corporate documents themselves may not be en-

tirely valid. 

- R2. Put together a group of participants for the modeling sessions with rel-

evant knowledge and suitable social skills. 

- R3. Make sure that the key stakeholders are involved. Stakeholder diagram 

can be helpful. 

10.1.2   DEALING WITH GROUP DYNAMICS AND HUMAN BE-

HAVIOR 

Another aspect that EM practitioners should consider is related to different behav-

ior and social skills of the participants. They should be analyzed and accounted for 

by the EM practitioner in order to coordinate the modeling sessions efficiently. 

Group dynamics and human behavior are competence areas not directly related to 

EM but part of what the EM practitioner needs to be capable to manage. The EM 

practitioner needs to make sure that all domain experts can contribute to the EM 

sessions with the relevant knowledge. This can be tricky in some cases, for example, 

when people are involved in EM sessions together with their managers. 

“If managers are attending modeling sessions then you should treat them in a spe-

cial way to make other participants express their true opinions about things. Also, 

if someone has dominant personality then you should treat them differently in or-

der to get the best possible contribution from all participants.” (Respondent 1-2-

4) 
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This is also an area where enterprise models and methods have significant deficien-

cies when it comes to “common sense” and useful recommendations. 

Recommendations: 

- R4. Make sure all modeling session participants are involved and commit-

ted to the results. 

- R5. Make sure the modeling sessions are attended by participants who can 

contribute to the modeling purpose. 

- R6. Work with the participants as a group taking into account their differ-

ent personalities. 

- R7. Avoid working with too large groups, 4 - 8 participants per session are 

recommended. 

- R8. Make sure that you are solving the right task that is given by the right 

people. Root-cause analysis can be helpful. 

10.1.3   CREATING SHARED LANGUAGE AND TERMINOLOGY 

EM session participants usually have different backgrounds and consequently dif-

ferent understandings of various concepts and their relations. This can lead to 

problems during EM sessions when stakeholders use different terms to address the 

same phenomenon or the same terms when talking about different phenomena. In 

addition, participants can use some unique terminology with which the EM practi-

tioner is not familiar, so there is a need to learn and adapt to this specific language 

quickly. All these factors lead to the need to create a shared terminology and a com-

mon understanding between the participants of the EM session in order to create a 

solid ground for efficient communication. 

“Day by day we stumble on the fact that we have different perceptions of some 

terminology. What is a customer? What is a product? If there is a word list avail-

able for the modeled enterprise, then use it to answer such questions!” (Respond-

ent 1-2-4) 

A shared terminology or business language is vital along three dimensions, 1) dur-

ing the specific modeling sessions, 2) within the enterprise as a whole, and 3) in the 

produced models. Often the vocabulary within an enterprise differs, and even when 

the vocabulary is the same people have different perceptions about the meaning of 

a concept. This issue can be managed through concept modeling at the beginning 

of the EM project. 

“It is good to start with concept modeling, as it can help you to settle the language 

for the group of participants.” (Respondent 1-2-4) 

Perhaps the most important part of this process is to a reach rational mutual agree-

ment in the specific situation in order to establish a common ground for the mod-

eling work. In this context the aim ought to be to create a common understanding 

that is “good enough” given the situation and the purposes at hand. 

Recommendations: 
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- R9. Make sure all modeling participants have clear understanding of the 

key concepts used throughout the EM project. Concept modeling in the be-

ginning of modeling can be helpful. 

- R10. In case certain concepts require special attention, it is helpful to use 

explanations from literature, previous projects, or even examples from eve-

ryday operations. 

- R11. Consider specific terminology that is used by employees in the enter-

prise. Use an enterprise word list or “enterprise glossary” with definitions 

of key concepts if available, otherwise create it. 

10.1.4   EXPLANATION OF THE PURPOSE OF EM AND THE 

ROLES OF INVOLVED STAKEHOLDERS 

Another important aspect of participatory EM is to make participants understand 

the essence and the aim of the workshop, since they might be not familiar with the 

idea and potentials of EM. 

“It was hard to make people understand why we use models at all! If you do not 

have this clarified, then you will never get to the rest.” (Respondent 1-2-3) 

Clarification of EM might include different aspects like general explanation of pur-

poses and goals of the EM project, description of roles and responsibilities that 

stakeholders (including the role of EM practitioner) have during EM, and expecta-

tions from the given EM project. In many cases participants do not understand 

what a model is and do not appreciate the illustrative and semantic power of a 

model. 

Recommendations: 

- R12. Make participants understand what a model is, explain limitations 

and strengths of using models. 

- R13. Clarify the different rules during modeling sessions and the roles of 

participants involved, including the leading role of EM practitioner. 

- R14. Express the expectations from the EM project and each modeling ses-

sion in a clear way. 

10.2 TRANSFORMING INFORMATION INTO 

MODELS 
Transforming information about the enterprise into models is a process of model 

creation using different tools, for example, plastic sheets, post-it notes, whiteboard 

notes and computerized modeling tools. Models are created during modeling ses-

sions together with the modeling sessions participants until a common agreement 

is achieved. There are five important aspects that should be considered by EM prac-

titioner when transforming information into model. They are described below to-

gether with recommendations. 

10.2.1   DEALING WITH DEGREE OF FORMALISM 

Degree of formalism of enterprise models (how strictly the chosen modeling lan-

guage notation is followed) can vary from formal machine interpretable languages 
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to informal models (as for example “rich pictures”). On one hand, it is preferable to 

conform to formal notational rules in the models, since this would make it easier to 

reuse enterprise models in other EM projects. 

“Being consistent and formal with modeling notation is very important, since cre-

ated enterprise models then can be used in the long-run, in future projects.” (Re-

spondent 1-2-3) 

However, formal notation can also hinder the modeling process as some partici-

pants might become overloaded by describing the enterprise in a way that is unfa-

miliar to them. 

“Too formal modeling notation that is difficult to understand can hinder modeling 

progress, since the energy of invited participants will be consumed by under-

standing the models instead of contributing with their knowledge.” (Respondent 

1-2-2) 

“Be careful with following your modeling method “by the book” instead of adjust-

ing it to the situation. You can skip one or several steps in order to become more 

practical and flexible.” (Respondent 1-2-1) 

Opinions regarding the degree of formalism vary. Deciding upon the right level of 

formalism is a task for the EM practitioner to handle. The actual modeling situation 

quite often also calls for different degrees of formalism in different models. In this 

case another challenge emerges in terms of how to maintain the alignment between 

models that have different degree of formalism. 

Recommendations: 

- R15. Be consistent with chosen modeling notation throughout the project 

and conditions for adjustment of the degree of formalism. 

- R16. Avoid being too formal in early stages of EM, since it can make the 

modeling process too complex for the participants. 

- R17. Keep a balance between readability and functionality of the models 

given the specific modeling task and audience. Decomposing complex parts 

of models can be helpful. 

10.2.2   DEALING WITH DEGREE OF DETAIL 

Models can also vary in terms of the level of detail. From one point of view it might 

be beneficial to describe the obtained information with a high degree of detail to 

allow seeing as many elements and relations as possible. However, this should not 

be an end in itself, as it decreases the readability of enterprise models. 

“Sometimes models become too large, so in order to get good visualization of 

things you need to simplify a lot.” (Respondent 1-2-4) 

“If you need to have a detailed view on only one sub-process then you should not 

add details to the whole process model! We tend to detail too much, which some-

times just makes us busy.” (Respondent 1-2-2) 

“We are often wasting time if we dig into details that are not required. Discussions 

on unnecessary details should be stopped!” (Respondent 1-2-4) 
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The goal of a modeling session is to reach a level that is detailed enough for the 

specific situation and satisfactory for the set scope. The degree of detail is usually 

dependent on two things, 1) what is being communicated, and 2) the audience.  

EM practitioners should often guide modeling session participants to a suitable 

level of detail in their discussions. The main reason for this is that participants often 

provide too many details to describe things that they consider important.  

Thus, such situations require that EM practitioners formulate rational and mutual 

agreements with the domain experts about suitable levels of detail in the models. 

Recommendations: 

- R18. It is reasonable to work with different degrees of detail, since it is often 

important to see businesses at different levels of abstractions. 

- R19. Raise the level of abstraction if the models are too detailed. This can 

be done through stepping up from current level of detail and start asking 

WHY questions instead of HOW questions. 

- R20. Define a suitable degree of detail in the initial stage of the EM session 

taking into account the goals and purpose of the project. 

10.2.3   SELECTING FOCAL AREAS 

Selecting focal areas, i.e., modeling perspectives, involves deciding on suitable 

points of view – focal areas, for the actual EM situation. Enterprise models can rep-

resent different focal areas of enterprises, which make them very useful for model-

ing and analysis of domain knowledge and dealing with requirements of different 

stakeholders. 

However, it can also be problematic to understand the consequences of adopting 

certain perspectives on one layer of modeling when models need to be aligned both 

within the specific layer and between different layers. Therefore, it might be tricky 

to keep track of how certain focal areas on one layer will affect models on other 

layers. 

“Some methodologies are fine to make changes in interconnected focal areas, but 

some are not that flexible.” (Respondent 1-2-1) 

In addition, EM practitioners should explain to the involved participants the differ-

ence between different perspectives within a project and the difference between AS-

IS and TO-BE states in the representation of the models. 

Recommendations: 

- R21. The key focal areas, i.e. modeling perspectives, need to be defined and 

clarified for involved stakeholders on the initial stage of EM. 

- R22. Simple examples illustrating required focal areas and clarifying dif-

ference between AS-IS and TO-BE perspectives can be helpful. 

10.2.4   DEALING WITH CHANGE AND MODEL DEPENDENCIES 

EM aims to model constantly changing environment, creating the need to keep 

track of changes and update the models. During multi-layered modeling the EM 

practitioner should keep track of how models influence models on other layers or 
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models on the same layer. Also, it is important to keep track of different versions of 

the models. Some modeling tools have partially automatic mechanisms for this pur-

pose, therefore can help solving these issues. 

“If you have a good tool like [tool A], you can work with all models that you have 

loaded into that tool and see how models are related to each other.” (Respondent 

1-2-2) 

It is even more beneficial if the focal areas are supported by the tool and specified 

through a meta-model or ontology available in the method documentation. 

Recommendations: 

- R23. Capabilities of CASE-tools can be used to keep track of relationship 

and changes between models. 

- R24. As modeling progresses document enterprise models, so that the ex-

tracted information does not become outdated. It is important though that 

models are of sufficient quality and stakeholders have agreed on models 

versions as they evolve. 

10.2.5   DEFINING THE SCOPE FOR THE INVESTIGATION 

Setting the scope of the area of investigation needs to satisfy two, sometimes con-

flicting, criteria. From one point of view it is important to have a rather broad over-

view on the relevant issues, since this can provide a comprehensive view of all im-

portant actors, processes and cause-effect relationships. From another point of 

view there is also a need to stay focused and to delimit the area of investigation in 

order to run EM project efficiently. 

“In some cases, you retrieve a lot of information, but you are not really focused on 

what information you need. If you do not know what question you are asking, 

then you will not get the fundamental work done.” (Respondent 1-2-3) 

It is usually recommended to find a balanced mix between delimitation and focus, 

and to remember that there is also a need for the broad view (sometimes called 

“helicopter view”). This broad view is needed in order to understand and to put 

details into context, whilst the detailed view is needed in order to represent 

knowledge specific enough to satisfy the project goals. A problem with the broad 

view is that the EM practitioners can end up analyzing enormous amount of infor-

mation instead of focusing on the most problematic areas. 

Recommendations: 

- R25. In the initial stage EM ought to address a larger area than the stake-

holders are describing to identify the most problematic areas. Root-cause 

analysis can be helpful to scope the investigation. 

10.3 USING MODELS 
Recommendations for the third EM activity, the usage of enterprise models, have 

been classified in relation to four aspects. 
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10.3.1   TIMELY DISCUSSION OF TECHNICAL SOLUTIONS 

Involving IT experts (both Enterprise-IT and Product-IT) on the early stages of EM 

can divert the discussions and create a risk of getting stuck in implementation de-

tails instead of focusing on the problem to be solved.  

“In many cases IT experts want to take over the analysis too early. First experts 

from operations should make models explaining how operations are running 

(process models, concept model, etc.). If that is ready, then we start the dialogue 

with IT representatives.” (Respondent 1-2-2) 

“It is hard to get beyond discussion of particular IT solutions. People representing 

different part of the business end up talking about IT solutions. It is really hard to 

make people say what they want to achieve in the business, and only after this 

look at what type of IT support is needed.” (Respondent 1-2-3) 

Depending on the chosen focal areas for modeling, it is recommended to start the 

modeling efforts with a smaller group of business experts or customer experts and 

leave the discussion of implementational details for Product-IT or Enterprise-IT 

components for later stages. It is important to first identify the areas and problems 

to focus on. Afterwards it is possible to discuss how to solve the identified problems 

and talk about particular implementation details for Product-IT or Enterprise-IT 

components, which would require the involvement of IT experts. 

“Experts in operations should create models about how operations are running. 

When we are done with that, we can involve IT experts in the dialogue.” (Respond-

ent 1-2-2) 

”It is good to have technical details, but not before enterprise models are ready 

and have good quality. This is the best basis that you could have in order to set 

demands for the IT components.” (Respondent 1-2-2) 

Recommendations: 

- R26. Start modeling with a group of participants who have strong domain 

knowledge of problematic areas. 

- R27. Make sure that IT experts are involved in the process only after the 

key areas have been identified and a general understanding of WHAT 

should be changed has been created. 

10.3.2   REUSE OF ENTERPRISE MODELS 

Enterprise models are often used only once for a specific purpose during one EM 

project. This is highly inefficient but unfortunately a common practice. 

“Resulting enterprise models might be hard to reuse. They can be too specific or 

incomplete, since they were aimed to be used for developing one particular IT 

component.” (Respondent 1-2-4) 

It requires considerable effort to ensure the continuous value of enterprise models 

over time. One way to deal with this could be to appoint a responsibility to an in-

ternal actor for model maintenance and reuse through the use of model reposito-

ries. Documented and easily available enterprise models is important for dealing 

with the dynamic nature of business environment, especially in terms of dealing 
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with planning any kind of transformation. Adoption of a standard modeling nota-

tion, method and tools can significantly facilitate the reuse of enterprise models. 

“Explain to people what is the value of models maintenance!” (Respondent 1-2-4) 

“What is really needed is a repository that is used in the whole company, so that 

all new models can be related to old ones.” (Respondent 1-2-4) 

“For one company (sometimes for a business unit) you need to select a modeling 

technique, notation and tool to document and store models and put them into 

place. Then you can use enterprise models efficiently.” (Respondent 1-2-4) 

Recommendations: 

- R28. Make sure the existing models are maintained in a repository and that 

they are kept up to date. 

- R29. The benefit of models maintenance should be clarified for enterprise 

management. 

10.3.3   DEALING WITH DIVERSE BACKGROUNDS, 

KNOWLEDGE AND INTERPRETATIONS 

Stakeholders that are involved in EM projects usually have different backgrounds 

and knowledge. This means that one group of stakeholders may have significantly 

different interpretations of the information represented in the form of model than 

the other group.  

Creating mutual agreements about different enterprise aspects is therefore crucial 

during any EM effort where models are used to share knowledge. This means that 

an EM practitioner has to consider the varied backgrounds of involved stakeholders 

and to create mutual agreements about the represented focal areas. 

“If you have a workshop with people with different backgrounds - financial staff, 

engineers, HR department, operations, product development - they are looking at 

reality differently. They often have different solutions depending on their prefer-

ences, backgrounds and knowledge.” (Respondent 1-2-1) 

“One very important thing is to have a common understanding of the vision, to 

really interpret it in the same way and have the same understanding of what the 

vision is about.” (Respondent 1-2-1) 

Diverse backgrounds and interpretations among stakeholders might impact under-

standing of the models and this can be an obstacle for further usage of models as a 

ground for decision making, implementation project or a guide for transformation.  

It is crucial to reach a mutual understanding about the meaning of different models 

before starting transformation or implementation based on the models. To deal 

with this diversity EM practitioner together with the involved stakeholders can go 

through the models and discuss what they represent. It can also be useful to remind 

the involved stakeholders about the adopted modeling method and used elements. 

“Some participants might know how to read models, others might not. If you mix 

them together you have to do a "warm-up" – a short method introduction, so that 

all know how to understand the models.” (Respondent 1-2-2) 
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Recommendations: 

- R30. Provide the participants with a brief reminder of the purpose of the 

presented models and with a summary of the used elements. 

- R31. When using models as a basis for explanation and discussions, the di-

verse backgrounds and knowledge of the involved stakeholders should be 

considered and consolidated. 

10.3.4   PRESENTING RELEVANT INFORMATION IN UNDER-

STANDABLE WAY 

EM practitioners should represent and deliver relevant information to stakeholders 

and to decision makers in a clear and understandable way. This can be challenging 

due to the diversity of stakeholders’ backgrounds and requires that EM practition-

ers have relevant pedagogical and communication abilities. 

“It is hard to implement a model, since first people need to really understand it.” 

(Respondent 1-2-1) 

“We are more likely to make decisions to act if we have clear understanding about 

the subject matter. If we do not understand then we resist making decisions. It is 

important to make the situation clear for key decision makers.” (Respondent 1-2-

2) 

“If you are really into the model you can fail to explain it. People are not here to 

learn the model, but to solve the problem.” (Respondent 1-2-3) 

In situations when enterprise models are used to support decision making, one sug-

gestion is to use illustrative models of satisfactory quality. In this case models can 

serve as a foundation for detailed explanation and discussion. The main reason for 

this is that models have greater explanatory power than textual and verbal descrip-

tions. However, textual and verbal explanations are still important, since models 

themselves also need to be explained. One thing to keep in mind is to situate the 

explanations when presenting the models to the stakeholders. 

“Good visualizations might work as a self-playing piano, since you will not need 

to give instructions – people can act by themselves if they have clear directions 

(regarding how to implement models).” (Respondent 1-2-1) 

“Use their language and talk their talk! Try to see, feel and understand their per-

spectives of the company and environment. Then you can have a dialogue and 

communicate.” (Respondent 1-2-1) 

“Ask yourself: How would I communicate this to [management position X]? What 

is the suitable language? What is on the agenda? How do I translate things into 

the [management position X] situation?" (Respondent 1-2-1) 

“You need to explain in other words!” (Respondent 1-2-3) 

Recommendations: 

- R32. Take benefit from the power of a good visualization when using mod-

els for different purposes. 

- R33. Make sure that the targeted audience can understand the models. 
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10.4 SUMMARY OF RECOMMENDATIONS 

FOR PARTICIPATORY EM 
The recommendations for participatory EM are summarized in Table 10. 

Table 10 Recommendations for participatory EM 
EM activity Category Recommendations 

Extracting 

relevant infor-

mation 

1.1 Obtaining re-

liable infor-

mation 

- R1. Capture what stakeholders know for sure, not what they 

believe is true. Check available company documentation re-

garding subject matter.  
- R2. Build group of participants for modeling session from 

people with relevant knowledge and suitable social skills. 

- R3. Make sure that the key stakeholders are involved. 

Stakeholder diagram can be helpful. 

1.2 Dealing with 
group dynamics 

and human be-

havior 

- R4. Make sure all modeling session participants are in-
volved and committed to the results. 

- R5. Make sure participants who can contribute to the mod-

eling purpose attend the modeling sessions. 

- R6. Work with the participants as a group taking into ac-
count their different personalities. 

- R7. Avoid working with too large groups, 4 - 8 participants 

per session are recommended. 

- R8. Make sure that you are solving the right task that is 
given by the right people. Root-cause analysis can be helpful. 

1.3 Creating 

shared language 

and terminology 

- R9. Make sure all modeling participants have clear under-

standing of the key concepts used throughout the EM pro-

ject. Concept modeling in the beginning of modeling can be 
helpful. 

- R10. In case certain concepts require special attention, it is 

helpful to use explanations from literature, previous pro-

jects, or even examples from everyday operations. 
- R11. Consider specific terminology that is used by employ-

ees in the enterprise. Use an enterprise word list or “enter-

prise glossary” with definitions of key concepts if available, 

otherwise try to create it. 

1.4 Explanation 
of the purpose of 

EM and the roles 

of involved stake-

holders 

- R12. Make participants understand what model is, explain 
limitations and strengths of using models. 

- R13. Clarify the rules that are valid during modeling ses-

sions and roles of participants involved, including the lead-

ing role of EM practitioner. 
- R14. Express your expectations from EM project and each 

modeling session clearly. 

Transforming 

information 

into models 

2.1 Dealing with 

degree of formal-

ism 

- R15. Be consistent with chosen modeling notation through-

out the project and conditions for adjustment of the degree 

of formalism. 
- R16. Avoid being too formal in early stages of EM, since it 

can make modeling process too complex for the participants. 

- R17. Keep a balance between readability and functionality 
of the models given the specific modeling task and audience. 

Decomposing complex parts of models can be helpful. 

2.2 Dealing with 

degree of detail 

- R18. It is reasonable to work with different degrees of de-

tail, since it is often important to see businesses at different 

levels of abstractions. 
- R19. Raise the level of abstraction if the models are too de-

tailed. This can be done through stepping up from current 

level of detail and start asking WHY questions instead of 

HOW questions. 
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- R20. Define a suitable degree of detail in the initial stage of 

the EM session taking into account the goals and purpose of 

the project. 

2.3 Selecting fo-

cal areas  

- R21. The key focal areas, i.e. modeling perspectives, 

need to be defined and clarified for involved stakeholders on 
the initial stage of EM. 

- R22. Simple examples illustrating chosen focal area, and 

clarifying difference between AS-IS and TO-BE perspectives 

can be helpful. 

2.4. Dealing with 
change and 

model dependen-

cies 

- R23. Capabilities of CASE-tools can be used to keep track 
of relationship and changes between models. 

- R24. As modeling progresses document enterprise models, 

so that the extracted information does not become outdated. 

It is important though that models are of sufficient quality 
and stakeholders have agreed on models versions as they 

evolve. 

2.5. Defining the 

scope for the in-
vestigation 

- R25. In the initial stage EM ought to address a larger area 

than the stakeholders are describing to identify the most 
problematic areas. Root-cause analysis can be helpful as a 

means of scoping the investigation. 

Using models 
3.1 Timely dis-

cussion of tech-

nical solutions 

- R26. Start modeling with a group of participants who have 

strong domain knowledge of problematic areas. 

- R27. Make sure that IT experts are involved in the process 
only after the key areas have been identified and a general 

understanding of WHAT should be changed has been cre-

ated. 

3.2 Reuse of en-
terprise models 

- R28. Make sure the existing models are maintained in a re-
pository and that they are kept up to date. 

- R29. The benefit of models maintenance should be clarified 

for enterprise management. 

3.3 Dealing with 

diverse back-
grounds, 

knowledge and 

interpretations 

- R30. Provide the participants with a brief reminder of the 

purpose of the presented models and with a summary of the 
used elements. 

- R31. When using models as a basis for explanation and dis-

cussions, the diverse backgrounds and knowledge of the in-

volved stakeholders should be considered and consolidated. 

3.4 Presenting 
relevant infor-

mation in an un-

derstandable way 

- R32. Take benefit from the power of a good visualization 
when using models for different purposes. 

- R33. Make sure that the targeted audience can understand 

the models. 
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CHAPTER 11  

DISCUSSION AND CONCLUSIONS 

In this chapter the research results are discussed in terms of the academic and 

practical contributions. Then their implications are discussed in relation to digital 

transformation and business and IT alignment, which provided the important 

foundations for the study. Finally, the applied research approach is discussed. 

The main research result is the method for product-IT inclusive EA. A need for such 

a method was identified in the industrial context and confirmed through the review 

of the existing literature. To investigate the problem originating from the real-world 

context, a re-search approach based on DSR was applied, which included several 

foundations and methodologies. The results provided both practical, industrial and 

academic contributions, as dis-cussed in this chapter. 

Wieringa (2014) describes two types of phenomena that are important in DSR: de-

sign problems and knowledge questions. Design problems call for a change in the 

real world and require an analysis of the goals of stakeholders (industrial partners). 

Knowledge questions do not call for a change in the world, but ask for knowledge 

about the world. These two phenomena can be used to frame the academic and 

practical contributions of this research. 

11.1 PRACTICAL CONTRIBUTION 
The design problem consisted of the identified industrial problem to address Prod-

uct-IT as an integrated part of EA, the details of which were identified and struc-

tured in the form of challenges in integrating Product-IT and Enterprise-IT. The 

functionality of the required artifact for addressing the described problem was sub-

sequently outlined. Then, a method for Product-IT inclusive EA was formed, aiming 

to address the problem, based on the identified method requirements. The method 

is intended to address Product-IT as an integrated part of EA in practical modeling 

settings, which indicates the practical contribution.  

The suitability of the presented method for product-IT inclusive EA to address the 

industrial problem can be analyzed in terms of the identified method requirements. 
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1. The method should enable consideration of Product-IT during strategy, op-

erational and technology development. 

Several concepts that are specifically relevant for Product-IT in the business layer 

were identified, such as Touchpoint, Experience, Offering, Ecosystem of Offerings, 

Concern. For the strategy layer several new concepts were also identified, such as 

Product-IT, Enterprise-IT, Opportunity and Technology Area. The set of elements 

of technology layer defined by ArchiMate is sufficient for modeling of the specific 

technology elements of Product-IT. The new concepts were introduced and linked 

to the set of the traditional EA concepts for business and strategy layers. Therefore, 

crucial elements of Product-IT can be included in consideration in strategy and op-

erational (business) development.  

2. The method should be applicable in environments where the agile mode of 

IT development and traditional waterfall-like mode of IT development co-

exist. 

The co-existence of different working modes, ranging from traditional waterfall-

like to agile, is crucial for companies dealing with Product-IT development. Key 

characteristic elements of Product-IT have been identified and related to the exist-

ing Enterprise-IT elements (EA concepts). This supports integrated modeling and 

analysis of the Product-IT and Enterprise-IT within given context. 

This requirement also highlights a need for methodological support for orches-

trated management of bimodal development. This was beyond the research scope 

and indicates a need for future research and method development in the domain of 

EAM.  

3. The method should provide means for multifaceted analysis and modeling 

of EA, paying substantial attention to the role of Product-IT in business 

value generation and strategy development.  

Multi-layered analysis and modeling of EA is supported by the ArchiMate layer 

structure, which remains valid for Product-IT inclusive EA. New concepts were in-

troduced into the business layer (Touchpoint, Experience, Offering, Ecosystem of 

Offerings, Concern) to provide foundation for representing and analyzing the role 

of Product-IT in business value generation. New concepts also were introduced into 

the strategy layer (Product-IT, Enterprise-IT, Opportunity and Technology Area) 

to provide foundations for including Product-IT in strategy development, by ena-

bling analysis of how Product-IT can affect strategic development directions, trans-

form companies’ business models and help to differentiate from competitors.  

Based on the presented conceptual basis, a set of focal areas has been introduced to 

support the analysis and modeling of Product-IT inclusive EA. The presented focal 

areas include Ecosystem of offerings, Interaction, Technological support of offer-

ings, Innovation agenda, Customer journey, Data-driven business options, and 

Digital capability. 

For example, an important focal area that needs to be represented and analyzed in 

relation to Product-IT and its role in business value generation is customer journey. 

A customer journey model describes the journey of a customer by representing each 

of the touchpoints that characterize customer’s interaction with a service or prod-

uct. The model can include the following elements: customer embodied by 
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individuals or groups of people (Actors); products and services offered to the cus-

tomer (Offerings); phases or steps of the customer journey (Processes); explicit or 

implicit needs of the customer (Concerns); thoughts and emotions of the customer 

(Experiences); moments of interaction between the customer and provider of the 

offerings (Touchpoints).  

The presented conceptual basis for Product-IT inclusive EA is an important contri-

bution to the EA domain, since it provides terminological and conceptual founda-

tions for communication of relevant EA knowledge. 

4. The method should address data as one of the resources for value genera-

tion. 

Data is a key aspect in the context of DT. Companies switching to producing smart, 

connected products realize the potential of data exploitation in real time, creating 

broad range of value-adding services assigned to products. Data is defined in most 

existing EA methods including ArchiMate, which defines it as an element of the 

application layer. However, ArchiMate does not include relationship of the data el-

ement representing how data can be produced by smart, connected products and 

how it can be used for business value generation. Thus, relationships of the data 

concept have been added to show that Data is generated by Offering and that it has 

Value. In addition, the relationship between Data and Resource has been added to 

show that data should be considered as one of the key resources in companies un-

dergoing DT. 

The focal area that is crucial to support modeling and analysis of business value 

generation by data entities is Data-driven Business Options. Definition and analysis 

of this focal area enables represent of the connections of data to actors, their con-

cerns, the entities producing data, and the value of the data in relation to the actor’s 

concerns. It can help to represent value-generating scenarios of data usage in order 

to innovate business processes and redesign business models. Such representation 

can play a very important role in outlining new strategic directions, based on new 

technological solutions and digital services. Customer Journey and Data-driven 

Business Options are important focal areas for analyzing Product-IT contribution 

to business value generation, that are not coherently supported by modeling capa-

bilities of traditional EA. 

5. The method should facilitate stakeholders’ collaboration and interaction. 

This requirement has been addressed by presenting suitable co-operation and in-

formation collection principles for Product-IT inclusive EA, where participatory 

EM has been suggested as a suitable approach for modeling Product-IT inclusive 

EA. A set of stakeholders that needs to be involved and collaborate in the context of 

product-IT inclusive EA has been identified for each focal area. In addition, recom-

mendations for carrying out participatory EM have been formulated. These recom-

mendations help can support the extraction of relevant information from the in-

volved stakeholders, representing this information in the form of models and fur-

ther use of the created models for various purposes. 

In relation to the main field of the study, EA, the presented method can be used by 

enterprise architects to meet their responsibilities by facilitating their multiple 

roles, which according to Strano and Rehmani (2007) might include: 
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• Change agent: the enterprise architect supports enterprise leaders in estab-

lishing and promoting the best strategy to accomplish business goals and 

objectives. 

• Communicator: the enterprise architect assists managers, analysts, sys-

tems architects, and engineers in understanding details of the strategy to 

make decisions and execute plans leading to realization of the shared vi-

sion. 

• Leader: the enterprise architect participates in creating a shared vision, 

motivating members of the enterprise to aspire to achieving the vision, and 

providing clear direction regarding what is required to execute strategies 

to accomplish goals and objectives. 

• Manager: the enterprise architect organizes the architecture team and en-

sures that adequate resources are secured to perform the architectural pro-

cess. 

• Modeler: the enterprise architect provides representations of relationships 

of enterprise components with sufficient detail and in appropriate formats 

to enable the decision making required to execute strategic plan. 

Therefore, presented recommendations for participatory EM can support enter-

prise architects acting as change agents, communicators and, most of all, modelers. 

The presented method is intended to assist the Modeler role by providing modeling 

means for Product-IT inclusive EA. In addition, the presented method can support 

the Communicator role, since it provides a set of key concepts and relationships, 

and hence terminological and conceptual foundations for communication of rele-

vant EA knowledge. 

11.2 ACADEMIC CONTRIBUTION 
Knowledge questions, which Wieringa (2014) defines as the questions calling for 

knowledge about the world, are framed as the research questions formulated in the 

Chapter 1: 

1. What challenges in industrial practice hinder the integration of 

Product-IT into Enterprise Architecture? 

2. What requirements do these challenges set for an Enterprise Archi-

tecture method? 

3. From a methodological perspective, how could Product-IT be inte-

grated into Enterprise Architecture? 

These research questions have been addressed with the help of three knowledge 

contributions presented in this thesis: 

- KC1. Challenges in integrating Product-IT and Enterprise-IT 

- KC2. Requirements for Product-IT inclusive EA 

- KC3. Method for Product-IT inclusive EA 

a. Concepts  

b. Focal areas including procedures 

c. Stakeholders and roles 

d. Recommendations for participatory EM 
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KC1 includes a set of identified challenges related to, for example, duplication of IT 

components and resources in Product-IT and Enterprise-IT, shadow IT, license 

management, and the bimodal dimensions of the IT development. The identified 

challenges indicate needs for broader set of actions than just analysis and modeling 

of EA. For example, new methodological support for efficient management and or-

chestration of Modes 1 and 2 (Enterprise-IT and Product-IT) to develop and main-

tain bimodal architecture is required. Introduction of a new method for managing 

EA including Product-IT requires structured blueprints of the as-is and to-be EA, 

and hence a coherent conceptual basis of Product-IT inclusive EA. This highlights 

the importance of introducing methodological support for analyzing and modeling 

EA including Product-IT, which can serve as a foundation and starting point for 

other method development efforts. Therefore, the identified industrial challenges 

(KC1) and method requirements (KC2) can be considered as inputs for method de-

velopment in the IT (Enterprise-IT and Product-IT) management. 

Modeling of a given context requires definition of relevant concepts and relation-

ships to build the terminology for the context, and hence provide a ground for com-

munication and analysis. KC3-a includes a set of key terms enabling inclusion of 

product-IT in analysis and representation of EA. The idea of inclusion is realized 

through adding phenomena that are new to the context into consideration. 

KC3-b consists of focal areas for Product-IT inclusive EA, which can assist modeling 

efforts focusing on various aspects of EA in the context of DT. Visualizations of links 

between the important concepts can serve as a powerful tool for representation of 

domain knowledge. Application of the proposed focal areas can help to focus anal-

ysis of the important aspects within a considered domain, and thus, support effi-

cient knowledge sharing and decision-making given the limited time and attention 

spans of the involved stakeholders. 

KC3-c includes a set of relevant stakeholders for participation in analysis and mod-

eling of Product-IT inclusive EA. The full set of identified stakeholders: Product 

owner or Product category owner; Customer expert; Unit manager (or Division 

head); Enterprise Architect or Digital Business Architect; Service development ex-

perts (squad members) – experts in development, testing, operations and UX (user 

experience); squad lead, technical lead; System owner; and R&D expert. The names 

of the roles should not be considered literally, as they can vary depending on the 

domain, region, how long the company has been active and other factors. For each 

identified focal area, a set of relevant stakeholders has been suggested. The pre-

sented set is therefore not exhaustive and should be rather perceived as a sugges-

tion. The purpose of presenting these stakeholders and roles is to assist method 

users by indicating roles and responsibilities of participants that may be needed to 

access relevant knowledge. Selecting appropriate stakeholders is crucial for success 

of a modeling effort, as emphasized in a number of the recommendations for par-

ticipatory EM. 

KC3-d is a contribution to the domain of participatory EM. Participatory EM is a 

widely used practice for knowledge sharing, IS development and decision-making. 

Collaboration, participation, and interaction among stakeholders are highly bene-

ficial, as they enable more effective and efficient model derivation and increase the 

validity of models. The participatory approach implies involvement of various 
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stakeholders in modeling sessions and enables more efficient information acquisi-

tion and better understanding of the analyzed issues. Proposed recommendations 

focus on three activities of EM: extracting relevant information, transforming in-

formation into models, and subsequent use of the created models.  

The scope of modeling includes business and IT architectural domains and can be 

ap-plied not only in EA, but also any other IT management and planning activities 

that could be assisted by participatory information representation. However, the 

recommendations are linked to the context of Product-IT inclusive EA when direct-

ing attention of the modeling expert to the relevant concepts, focal areas and stake-

holders. 

These knowledge contributions serve as an academic contribution to the fields 

of EA (KC1, KC2 and KC3 as a whole, and KC3 particularly as a fundamental con-

cept base that can be applied in other method development efforts), participatory 

EM (KC3-d) and DT and BITA (KC3 as a method to support DT and BITA). 

11.3 KNOWLEDGE CONTRIBUTIONS IN RE-

LATION TO DIGITAL TRANSFORMATION AND 

BUSINESS AND IT ALIGNMENT 
DT implies two key dimensions: the “what” - the customer value proposition and 

the “how”  the operating model (Berman & Bell, 2011) (Figure 74). In relation to 

this, companies aim to focus on two complementary activities: reshaping customer 

value propositions and transforming operating models using digital technologies. 

Digital technologies include various technological advancements, for which smart, 

connected products and Product-IT play the role of enablers. Customer value prop-

osition is being reshaped from traditional physical products to smart, connected 

products in combination with digital services, replacing and expanding the func-

tionality of the products proposed to the customer.  

 

Figure 74 Elements of digital transformation, the path to digital transformation, adapted from (Berman & 
Bell, 2011) 
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Operational models can be transformed from the mix of manual and digitized busi-

ness processes to fully automated functioning (fully robotic warehouse instead of a 

warehouse with human operators and a stock level system in place, to take an ex-

ample). In addition, the operating model can be rearranged to include customer 

preferences and requirements (concerns) for informing the processes of buying and 

selling. Doing this requires integrating business activities related to products and 

services and optimizing how data is managed in relation to them. This can enable 

data-driven enhancement of products and services.  

Carrying out DT requires comprehensive analysis of how the new digital technolo-

gies can be linked to the existing ones within the enterprise, and then aligned with 

the business strategy and operations. IT has transformed from just supporting the 

business to being the business (Nandico, 2016) and therefore can acts as support 

(mostly realized by Enterprise-IT) and driving force (mostly realized by Product-

IT) that needs to be aligned to the business. Such connotation of the alignment be-

tween business and IT is different from traditional BITA, which limits the role of IT 

to a supporting tool. Therefore, BITA in its extended connotation can be realized 

through DT, which is an action of taking an enterprise from one state (as-is) to an 

improved state (to-be), where IT components and resources can support the busi-

ness operations, generate business value and shape development directions. 

Transforming the enterprise along both dimensions requires building a new set of 

capabilities, which calls for comprehensive analysis of the existing (as-is) and 

planned (to-be) elements of the operating model and the value proposition and 

their relationships. The constituents of the resulting method can serve as a meth-

odological support aiming to support structured modeling and analysis of these as-

pects. 

The method for Product-IT inclusive EA, consists of several constituents and can 

contribute to the DT and therefore facilitate BITA in several ways, which are dis-

cussed in sections 11.3.1-11.3.4. 

11.3.1   CONCEPTS  

The concepts for addressing Product-IT inclusive EA are based on the existing Ar-

chiMate concepts, extended with number of concepts and relationships. Offering, 

Ecosystem of Offerings, Touchpoint, Experience and Concern have been added on 

business layer. The new concepts indicate the phenomena that are crucial for ana-

lyzing the generated value from the customer perspective. Analysis of customer-

centric opportunities is crucial for carrying out DT.  

The Concern concept helps to analyze various issues and needs of the customers 

that can be solved by an Offering, depending on the value it provides. Offering is 

introduced as a combination of products and services that is exposed to the cus-

tomers, which shifts the traditional understanding of the customer who initiates 

the purchase of the product or service. An important concept that indicates the mo-

ment of interactions between the customer and the company is a touchpoint. A 

touchpoint gives the customer access to the offering. Identification and orchestra-

tion of the touchpoints is crucial for forming the overall customer experience. Eco-

system of offerings is a concept that allows to group several offerings into one 
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group. The idea of ecosystem helps to enhance customer experience, when a com-

bination of products and services that are linked together for join-up usage. 

Product-IT and Enterprise-IT, Technology Areas and Opportunity have been added 

on strategy layer. Product-IT and Enterprise-IT are defined as the key resources of 

the enterprise, which allows to make them a part of consideration on strategical 

level. On the same time, these elements, as any other resource, can be realized by 

business objects, which in turn can include specific application and technology el-

ements. Adding Enterprise-IT and Product-IT as two separate elements is im-

portant for addressing them as integral parts of strategy and operational consider-

ation and for analyzing Enterprise-IT and Product-IT resources and components 

that the enterprise owns and has access to.  

In addition, the connotation of the existing concept of Data Object is extended to 

indicate its role as a key resource of the company and to consider data-driven en-

hancement of the offerings including products and services. 

11.3.2   FOCAL AREAS AND PROCEDURES 

Several focal areas have been suggested to support multifaceted modeling of Prod-

uct-IT inclusive EA: 1. Ecosystem of offerings, 2. Interaction, 3. Technological sup-

port of offerings, 4. Innovation agenda, 5. Customer journey, 6. Data-driven busi-

ness options, 7. Digital capability. 

The presented focal areas can be used to get an understanding about the links be-

tween technology and business context in the environment of an enterprise going 

through DT, and therefore contribute to BITA. The focal areas can support model-

ing of the available technological opportunities and the existing technology areas 

and relating them to strategic context, which also contribute to BITA by outlining 

the full set of as-is IT components and resources (of both supportive and business 

driving character). The focal areas can support the discussion of the technology ar-

eas that are relevant for value generation for internal consumers (internal common 

services, Enterprise-IT components) and external consumers (products and ser-

vices as parts of offerings that can help a concern). This helps to outline the full set 

of to-be IT components and resources and provide the basis for their strategic dis-

cussion.  

The interactions with the customer is often managed in parallel by several functions 

(units) of the company, complicating the comprehensive analysis of the customer 

experience (Rawson et al., 2013). Customer journey is a relevant way to address this 

issue, requiring however the involvement of the relevant stakeholders. 

In relation to the two dimensions of DT, several proposed focal areas that can help 

to analyze the “how” dimension: Interaction; Technological support of offerings, 

Innovation agenda, Data-driven business options and Digital capability. Also, sev-

eral focal areas that can help model and analyze the “what” dimension: Ecosystem 

of offerings, Interaction, Customer journey and Data-driven business options. 

11.3.3   STAKEHOLDERS AND ROLES 

Analysis of the product-centric and customer-centric opportunities, are crucial for 

successful shift from physical to smart, connected products and DT. These activities 
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require knowledge sharing among numerous stakeholders with diverse organiza-

tional belongings. Actors representing Production, Research and Development, 

Marketing, Customer Support, Sales and other functions should be involved in col-

laborative analysis and development efforts, contributing to the DT. Cross-func-

tional collaboration is highly beneficial in this context, but requires identification 

of the relevant stakeholders that can contribute to analysis and improvement ef-

forts aiming at DT.  

The resulting method introduces a set of stakeholders that could contribute in the 

modeling of the presented focal areas. The full set of stakeholders includes: 

Product owner - a stakeholder with a responsibility of development and opera-

tions of an offering (typically smart, connected product), has a comprehensive 

knowledge of the product functionality and limitations and the existing and 

planned services connected to the product. 

Product category owner – a stakeholder with a responsibility of development 

and operations of a group of offerings (typically a group of smart, connected prod-

ucts that share similar characteristics), has a comprehensive knowledge of the func-

tionality and limitations of a product category and the existing and planned services 

connected to the product category. 

Customer expert – a stakeholder with a responsibility on the ongoing and 

planned customer-focused activities, which can be related to marketing, sales and 

support, carrying out practical realization and measurement of the outcomes of the 

customer-focused activities, aiming to investigate and improve how an offering or 

group of offerings (typically smart, connected product) are exposed to customers. 

Unit manager (or Division head) – a stakeholder with management respon-

sibility across operations and development within a unit or division of the company. 

Enterprise Architect – a stakeholder that has responsibility of arranging un-

structured information in a useful manner that guides decision-makers in making 

choices that lead to performance improvements, combining various responsibilities 

that this requires.  

Digital Business Architect - a stakeholder that has responsibility of arranging 

unstructured information in a useful manner that guides decision-makers in mak-

ing choices that lead to performance improvements, has knowledge regarding the 

existing digital assets of the company (Enterprise-IT and Product-IT), responsible 

for providing an overview of these digital assets, both current and planned, and has 

an understanding of links between digital assets to the offerings that are available 

for external consumers (customers) and internal consumers (employees, Enter-

prise-IT users). 

Service development expert (squad member) - a stakeholder that contrib-

utes to development of value-adding services for a smart, connected product. Can 

be a member of DevOps squad that works with development and operations of a 

software artifact, aiming to increase the value of a smart, connected product. Typi-

cally, squad members include experts in development, testing, operations and UX 

(user experience), squad lead, technical lead. 
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System owner – a stakeholder that has responsibility for development and 

maintenance of a system (Enterprise-IT component), has comprehensive 

knowledge of the system functionality, its user groups, related technology infra-

structure and Enterprise-IT components.  

R&D expert – a stakeholder that contributes into development of smart, con-

nected product in a sense of expanding the functionality of the physical product 

with IT-enabled components (sensors and software components that transform a 

physical product into a communicating entity), has a comprehensive knowledge on 

the connectivity characteristics, communication protocols and inputs and outputs 

of the software component of the smart, connected product.  

Organizational belongings of the specified stakeholders can be different in different 

companies. Organizational belongings and the names of the roles are often defined 

by the specifics of the organizational structure and the history of the company 

growth. Therefore, the stakeholders have been defined through the set of domain 

knowledge that they own and responsibilities that they have. Each stakeholder can 

contribute to multifaceted modeling and analysis of the identified focal areas with 

his/her domain knowledge. For each focal area a sub-set of relevant stakeholders 

has been proposed.  

Most of the focal areas require involvement of the stakeholders from various do-

mains. For example, for customer journey modeling it is suggested to involve Cus-

tomer expert, Product owner, Digital Business Architect, Service development ex-

pert and System owner. Reaching for knowledge from stakeholders representing 

different domains contributes to the cross-functional collaboration, which is highly 

beneficial in the context of DT. 

11.3.4   RECOMMENDATIONS FOR PARTICIPATORY EM 

Cross-functional collaboration is highly beneficial in the context of DT, as it allows 

to reach for combination of multidimensional knowledge and expertise. The insular 

working culture that is characteristic for many of the existing product and service 

providers is limiting such collaboration (Rawson et al., 2013). Therefore, participa-

tory EM is a useful practice in this context, as it enables knowledge sharing across 

various functions of the organization. 

The presented recommendations are related to the three high-level activities of EM: 

(1) extracting the information, (2) transforming the information into models, and 

(3) using enterprise models for various purposes. The first activity includes recom-

mendations for obtaining reliable information, dealing with group dynamic and hu-

man behavior, creating shared language and terminology, explaining the purpose 

of EM and the roles of stakeholders within it. The second group includes recom-

mendations for dealing with degree of formalism, dealing with degree of detail, se-

lecting modeling perspective, dealing with change and model dependencies, and 

defining the scope for the investigation. The third group includes recommendations 

for in time discussion of technical solutions, reuse of enterprise models, dealing 

with diverse backgrounds and knowledge of involved stakeholders leading to a di-

versity in interpretations, and presenting relevant information for decision makers 

in understandable way. 
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There recommendations have quite a broad character and can be applicable for var-

ious modeling efforts supporting BITA. On the same time, the presented recom-

mendations point out the need to choose suitable focal areas and invite relevant 

stakeholders to carry out the modeling. Relevant focal areas and stakeholders have 

been suggested in this thesis for Product-IT inclusive EA and DT context. In this 

respect, DT can be considered as a specific case of transformation aiming at BITA, 

which therefore can be assisted by the participatory EA recommendations.  

11.4 REFLECTIONS ON THE APPLIED RE-

SEARCH APPROACH 
The research approach to carry out this study was based on DSR paradigm. The 

research activities have been purposefully designed for incremental development 

and validations of knowledge constructs, which resulted in forming the knowledge 

contributions of the study. Generation and evaluation are the core activities of DSR 

that have been realized through number of research activities. Research activities 

aiming at generation of the knowledge constructs implied qualitative data collec-

tion and analysis employing literature review, interview and case study as research 

methodologies.  

Research activities aiming at evaluation of the knowledge constructs employed 

evaluation methods applicable for DSR proposed by Hevner et al. (2004). Eval-

uation methods that were applicable for this study included: 

• observational evaluation through a case study (studying artifact in depth 

in business environment) 

• descriptive evaluation through informed argument or scenarios (using in-

formation from the knowledge base to build a convincing argument for the 

artifact utility or constructing detailed scenarios around the artifact to 

demonstrate its utility) 

• evaluation through testing (functional and structural) was relevant for 

evaluating several knowledge constructs. This included functional testing 

of the artifact to discover its shortcomings and structural testing by per-

forming coverage testing of the artifact implementation (the structure and 

the content of the presented method). 

Applying these evaluation methods helped to validate the knowledge constructs, 

and therefore contributed into validity of the results. The validity of a study implies 

the trustworthiness of the results, i.e., to what extent the results are accurate and 

not biased by the researchers’ point of view (Runeson & Höst, 2008).  

Each knowledge contribution is a result of incremental development that implied 

generation and evaluation research activities. 

KC1. Challenges in integrating Product-IT and Enterprise-IT have been generated 

with the help of literature review 2-1 and interview round 2-1. This knowledge con-

tribution has been evaluated during the Evaluation meeting 1 with two experts with 

the help of descriptive evaluation through an informed argument. 

KC2. Requirements for Product-IT inclusive EA have used literature review 2-1 for 

generation, complemented with interview rounds 2-1 and 2-2. Afterwards the 
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requirements have been demonstrated to the two experts for evaluation at the Eval-

uation meeting 1. Evaluation was performed through the descriptive evaluation 

through an informed argument. 

KC3-a. Concepts for Product-IT inclusive EA has been generated via interview 

rounds 2-1 and 2-2 and complimented with knowledge constructs generated via lit-

erature review 2-2. Afterwards these initially identified set of concepts has been 

validated during workshops 1,2 and 3 (observational evaluation through case 

study), evaluation meeting 2 (evaluation through structural testing, descriptive 

evaluation through informed argument and scenarios), and evaluation meeting 3 

and 4 (descriptive evaluation through informed argument and scenarios). 

To generate KC 3-b. Focal areas for Product-IT inclusive EA interview rounds 2-1 

and 2-2 were used and enriched with findings generated via literature review 2-2. 

Afterwards, workshops 1,2 and 3 (observational evaluation through case study) 

were used to evaluate the initial set. Afterwards, evaluation meetings 3 and 4 al-

lowed to further evaluate the set of focal areas (descriptive evaluation through in-

formed argument and scenarios). 

KC3-c. Stakeholders for product-IT inclusive EA has been generated through the 

findings from the interview round 2-1. This knowledge contribution was then eval-

uated during the workshops 1, 2 and 3 (observational evaluation through case 

study) and afterwards via validation meeting 3 and 4 (descriptive evaluation 

through informed argument and scenarios). 

KC3-d. Recommendations for participatory EM has been iteratively refined: gen-

erated set of EM challenges (literature reviews 1-1) has been evaluated through the 

interview round 2-1, and afterwards the EM recommendations has been generated 

in connection to the EM challenges (literature review 1-2) and evaluated (interview 

round 1-2). The chosen respondents were EM practitioners with an extensive expe-

rience of applying participatory EM for various purposes and various organiza-

tional settings. Such choice allowed to reach for the practical expertise that has been 

accumulated throughout many years in numerous projects and provided the study 

with a broad empirical input. Knowledge constructs have been evaluated through 

interviews 1-1 and 1-2 via the descriptive evaluation. Afterwards the set of EM rec-

ommendations has been validated in practical settings at workshops 1, 2 and 3, 

where the author of the thesis tested the recommendations in practice while acting 

as a facilitator of participatory modeling sessions. Evaluation of the recommenda-

tions during the workshops enabled evaluation through functional testing, i.e., test-

ing this knowledge construct to discover the shortcomings. 

Knowledge constructs for KC3. Method for Product-IT inclusive EA has been gen-

erated via the Literature review 2-2 and afterwards evaluated during Evaluation 

meeting 3 and Evaluation meeting 4. Both meetings allowed to evaluate the struc-

ture of the method constituents in a descriptive way through informed argument 

and scenarios. 

Therefore, the choice of DSR paradigm for development of the results of the study 

was beneficial from several points of view. DSR does not prescribe to follow a rigid 

sequential way of working, instead an iterative approach for forming the resulting 

artifacts is suggested. This enables significant flexibility in temporal order of the 
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research activities. The focus is set on input-output relationship between the re-

search activities. Therefore, in this thesis it was possible to revisit knowledge con-

tributions through several research activities without violating the designed re-

search paradigm. This was especially relevant when the problem definition was up-

dated as the stakeholders’ understanding of the problem space evolved, given the 

novelty of the addressed problem. DSR supported iterative development and vali-

dation of the knowledge constructs, which implied communication of the results 

with industrial and academic experts. This is a distinguishing aspect of DSR. 

Demonstrating the knowledge contributions of this thesis allowed their validation 

and improved the validity of the design artefact. 

11.4.1   THREATS TO VALIDITY 

In DSR the validity can be affected by several factors. According to Yin (2013) and 

Runeson and Höst (2008) the threats to validity can include: 

Construct validity: this aspect of validity shows to what extent the investigated 

phenomena really correspond to what the researcher has in mind and whether this 

could be investigated by the research questions. The construct validity can be hin-

dered by, for example, different interpretations of the constructs discussed in the 

interview questions by the researcher and the respondents. 

To address construct validity in this thesis the semi-structured interviews were cho-

sen as one of the methods for collecting empirical material. This enabled more flex-

ible discussion of the issues in focus with the respondents and gave an opportunity 

for clarification of ambiguities in interpretation. In addition, each interview started 

with an introduction where the aim and key terms were introduced to the respond-

ents, which also helped to mitigate difference in interpretation. Involving other ac-

ademic participants to the research activities, in addition to the author of the thesis, 

also supported the construct validity.  

Internal validity: this aspect of validity is important when causal relations be-

tween the knowledge constructs are investigated. When the researcher examines 

whether the investigated phenomenon is affected by certain factors, there is a risk 

that something else (outside of the investigation scope) affects the investigated phe-

nomenon. Not including these other significant factors into investigation is a threat 

to the internal validity. 

In this thesis this threat was addressed by evaluating all knowledge contributions 

through several, purposefully designed generation and evaluation activities. These 

activities allowed to incrementally develop knowledge contributions by adding, re-

fining and restructuring the knowledge constructs as the study progressed. During 

these research activities new factors have been identified and added to the interme-

diate versions of the knowledge contributions, which strengthened the internal va-

lidity of the presented results. In addition, data triangulation that has been included 

in the case study design, strengthened the internal validity by supporting the inves-

tigation of the units of analysis with empirical material from different sources (in-

terviews, ad-hoc meetings, company documentation and workshops). 

External validity: this aspect of validity shows the extent to which the findings 

are possible to generalize. During analysis of external validity, the researcher tries 
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to analyze to what extent the findings are of relevance for other cases. In case of 

qualitative approach to data collection and analysis, there is no population from 

which a statistically representative sample has been drawn. However, so-called an-

alytical generalization can be applied here, where the results are discussed and ex-

tended to cases representing the problem environment and hence for which the 

findings can be relevant. 

Threats to external validity have been addressed in this study by evaluating the 

knowledge constructs with the industrial and academic experts, purposefully cho-

sen for participating in evaluation meetings. The main criterion for choosing the 

experts for evaluation meetings was their expertise relevant and applicable for the 

addressed problem domain. In addition, inviting Evaluation Company to partici-

pate in Workshop 3 helped to strengthen the external validity of the knowledge 

contributions. Evaluation Company provided a broader scope for validating the 

constituents of the resulting method according to the real-world settings different 

from the Case Company. 

Reliability: this aspect represents to what extent the data and the analysis are 

dependent on the specific researcher who conducts the study. Generating hypothet-

ical, fully reliable research results would imply: if another researcher conducted the 

same research, he/she would generate the same results. Threats to this aspect of 

validity can include unclear description of the research approach, data collection 

and analysis methods. 

To address this threat, the employed research approach has been described in detail 

(Chapter 2). The description included the set of research activities aiming at gener-

ation and evaluation of the knowledge contributions, where the aim and the focus 

was specified for each research activity (presented in Chapter 2, Table 4 and Table 

5). The collection and analysis of empirical material have been performed in quali-

tative way through literature review, interview and case study methodologies, 

which is described in detail in section 2.1 to increase the transparency of the per-

formed research. 
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