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Sammenfatning
Afhandlingen beskæftiger sig med risikostyringskonceptet Enterprise Risk Management (ERM), der fra

omkring årtusindeskiftet er advokeret som en ledelsesteknologi, der kan bidrage til 

erhvervsvirksomheders værdiskabelse. Tanken om at kunne kontrollere eller styre risiko er ikke ny.

Statistikkens og sandsynlighedsregningens udvikling ligger flere århundreder tilbage, og på store

homogene populationer har man kunnet tilknytte sandsynligheder for at givne hændelser vil indtræffe i

fremtiden. Når sandsynligheden tilknyttes konsekvens, har vi i den klassiske risikostyrings tankesæt

omformet usikkerhed til en forudsigelig risiko. Den kobling udnyttes mange steder, f.eks. er det selve

grundlaget for et forsikringsselskabs forretningsmodel. I den konceptuelle tankegang bag ERM forlades

det rationelle og objektspecifikke fundament, der kendetegner ovennævnte klassiske risikostyring. 

ERM-paradigmets grundtanke er, at en virksomheds samlede risikoeksponering kan anskues og

håndteres som en portefølje i en kontinuerlig proces, der integreres i virksomhedens strategiske

beslutninger. Den strategiske kobling betyder, at vi bevæger os ind i unikke relationer, hvortil der ikke

eksisterer historisk evidens for udfaldsrummet. 

Det konceptuelle spring og de praksisrelaterede konsekvenser, der kendetegner forskellene mellem

klassisk risikostyring og ERM, er afhandlingens fokus. Forskningsprojektet har strakt sig over mere end

12 år, og det har givet en sjælden mulighed for at følge en moderne ledelsesteknologis livscyklus fra

konceptualisering over praksisimplikationer frem til evaluering af konceptets værdi og fremtid. 

Afhandlingens kerne er 4 artikler, der hver især søger at belyse et af projektets 3 forskningsspørgsmål,

der 1) undersøger koncepternes ledelsesmæssige og organisatoriske orientering, 2) undersøger 

drivkræfter og motiver for virksomheders adoption af ERM som ledelsesteknologi, og 3) søger indsigt i

udfordringer og problematikker, som virksomheder støder på i anvendelsen af ERM-konceptet.

Artiklerne er udarbejdet successivt gennem projektets langstrakte forløb, og afspejler derfor

progressionen i konceptuel udvikling og praksisudfordringer, men også i min egen erkendelse.  

Den første artikel er en komparativ analyse af fire ERM-rammeværker, der var fremherskende i

projektets indledende fase. De er efterfølgende sammensmeltet til to, som til gengæld er blevet nutidens

helt dominerende standarder.  Analysens primære konklusion er, at rammeværkerne ikke bidrager til at 

etablere en kobling til de strategiske processer, idet deres indlejrede fokus er rettet mod strategi-

eksekvering, men ikke mod selve strategidannelsen. Det medfører, i modsætning til det konceptuelle

paradigme, at risikostyringsarbejdet begrænses til en negativ risikoopfattelse. Analysen indikerer

3

Viktor Avlonitis
Essays on the role of modularity in 
management: Towards a unified perspective   
of modular and integral design

1st edition 2018
PhD Series 47.2018

Print ISBN: 978-87-93744-40-0 
Online ISBN:   978-87-93744-41-7

© Viktor Avlonitis

ISSN 0906-6934

The Doctoral School of Business and Management is an active national
and international research environment at CBS for research degree students who 
deal with economics and management at business, industry and country level in a 
theoretical and empirical manner.

All rights reserved.
No parts of this book may be reproduced or transmitted in any form or by any 
means, electronic or mechanical, including photocopying, recording, or by any 
information storage or retrieval system, without permission in writing from the 
publisher.



3 

FOREWORD 

The greatest contribution to this project has been the combination of time, resources, the freedom 

to plan and work independently, devotion, and the support and mentorship of Juliana Hsuan who 

provided with motivation and encouragement to pursue my ideas. I want to express my 

appreciation to colleagues at Copenhagen Business School, the department of Operations 

Management, and the organizations that participated in the project. I am grateful for the financial 

support of the institutions that made this project possible. Specifically, Copenhagen Business 

School, the Danish Maritime Foundation, Oticon Foundation, Otto Mønsted Foundation, and 

Thrigesfond Foundation. I also would like to express my gratitude to Ingo Karpen and the 

Graduate School of Business and Law at the Royal Melbourne Institute of Technology. Ingo came 

at the right time and asked the right questions to stimulate my writing. Finally, I want to thank my 

family and friends in Denmark, Greece, and around the world. Special thanks go to my parents 

for being there, anytime, to listen, encourage, and guide me to move forward. The last four years 

have been the most challenging and rewarding of my life. It has been a truly amazing journey and 

I can only look forward to the next chapter. 

Viktor Avlonitis 

Copenhagen, September 2018 



4 



5 

ABSTRACT 

Through four essays the project explores the role of modularity, that is a general systems property 

with adaptive and evolutionary implications for organizations, across segments of management 

studies. With roots in the strategic management of technological innovation, modularity is 

increasingly adopted across other research sub-fields. The thesis examines modularity at the 

intersection of service management and digital technology, while also contributing to its overall 

reconceptualization as a design lens based on three principles. The first essay provides a 

conceptual framework based on the interdisciplinary field of Service Science and lays a 

foundation through which to explore intersecting points across management sub-disciplines where 

modularity has been applied. The second essay draws on service design from marketing and 

operations literature to construct an analytical framework that is consequently applied on two 

theoretically sampled organizations operating in the travel industry. The empirical analysis 

validates the framework and demonstrates the effects of modularity on the management of 

customer experiences and resource integration. The third essay bridges work on platform 

architecture and modularity across information systems and strategy literature. Focusing on data-

driven services in the maritime sector, the paper contributes with a research agenda for industrial 

digital platforms, ensuing ecosystems, and the literature on modularity overall. The final essay 

takes a point of departure from the commonly held assumption that modular and integral systems 

represent the opposite sides of system architecture. Given the increasingly diverse applications of 

modularity beyond technology studies, the essay reframes the relationship of modular and integral 

design. This meta-theoretical conceptualization creates a common frame of reference to support 

the cross-pollination of insights and guide future theorizing. 
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DANISH ABSTRACT 

Gennem fire essays undersøger projektet rollen som modularitet på tværs af segmenter af 

ledelsesstudier. Modularitet er en generel systemegenskab med adaptive og evolutionære 

implikationer for organisationer. Med rødder i den strategiske styring af teknologisk innovation 

bliver modularitet i stigende grad vedtaget på tværs af andre ledelsesområder. Afhandlingen 

undersøger modularitet i skæringspunktet mellem service management og digitalteknologi 

studier, samtidig med at det bidrager med en generel rekonceptualisering af modularitet som en 

designlinse baseret på tre principper. Den første del sporer argumenter, som peger på betydningen 

af at indføre modulært design til undersøgelsen af servicesystemer. Gennem en litteraturoversigt 

tilbyder undersøgelsen en konceptuel ramme, der forbinder modularitetsforskning med 

servicevidenskabens område. Dette tillader en diskussion, der afdækker skærende punkter på 

tværs af serviceforskning, modularitet og platforme. Det andet essay bygger på service design og 

modularitet til at konstruere en analytisk ramme, der følgelig anvendes på to teoretisk samplede 

organisationer inden for samme branche. Den empiriske udforskning validerer rammen, samtidig 

med at modulets indvirkning på en række analytiske niveauer er demonstreret. Implikationer 

diskuteres i relation til spejlehypotesen, integration af kunderessourcer og styring af 

kundeoplevelser. Det tredje papir fokuserer på data-drevne tjenester i industrielle sammenhænge. 

Det beskæftiger sig med litteraturen om modularitet, platforme og økosystemer for at kaste lys på 

nye problemer for teori og praksis via fire sager i søfartssektoren. Konsekvenserne drøftes om 

fremkomsten af digitale platforme, deraf følgende økosystemer og litteraturen om modularitet. 

Det endelige essay fokuserer på den almindeligt antagne antagelse om, at modulære og integrerede 

systemer repræsenterer de modsatte sider af systemarkitekturen. I betragtning af de stadig mere 

forskelligartede anvendelser af modularitet udover teknologistudier reflekterer essayet forholdet 

mellem modulært og integreret design omkring tre principper. Denne meta-teoretiske 

konceptualisering skaber en fælles referenceramme for at understøtte krydsbestøvning af indsigter 

og styre fremtidens teoretisering. 
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CHAPTER 1 

INTRODUCTION 

This chapter serves to introduce basic concepts, formulate research questions, summarize 

contributions, and present the overall dissertation structure. 
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DISSERTATION STRUCTURE 

The dissertation is divided in three parts as shown in table 1.1. The first part serves as an 

overall introduction, placing the thesis in conversation with certain literature streams, outlining 

the research questions and the overall structure. The second part, representing the main body of 

the dissertation, is divided into four chapters, one for each paper. Given that the PhD project is 

paper based, and the writing took place over the course of four years, a reflection section follows 

the first two papers. Where appropriate I use the reflection section to create affinities between 

other streams of work. In other cases, the reflection section provides complementary material 

removed due to limitations placed by publishing outlets (conferences and journals) or requests 

made by reviewers during the double-blind review process. 

 

TABLE 1.1 - DISSERTATION CHAPTER STRUCTURE 

Part 1 Part 2 Part 3 

Chapter 1 

 

Structure of the thesis 

 
Extended summary and thesis 

mind map 
 

Modularity 

 
Service research 

 
Methodological considerations 

and research questions  

 
Reference list 

 

Chapter 2 

 

Paper I 

Reflections on paper I 
Reference list 

Chapter 6 

 

Summary of key findings  

 
Affinities across the papers 

and further research avenues 
 

Chapter 3 

 

Paper II 

Reflections on paper II 
Chapter 3 reference list 

Chapter 4 

 

Paper III 
Chapter 4 reference list 

Chapter 5 

 

Paper IV 

Chapter 5 reference list 
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EXTENDED SUMMARY AND THESIS MIND-MAP 

The thesis is composed of four essays which address different aspects of modularity theory. 

Originally introduced to management research from studies in strategy and technological 

innovation (e.g. Henderson and Clark, 1990) modular design has been commonly associated with 

an innovation response relevant for the maturing stages of industry lifecycles that follows the 

emergence of a dominant design (Anderson and Tushman, 1990). Contrary earlier stages entail 

more systemic, interdependent designs, commonly described as integral (Fine, 1998). Principles 

and central ideas surrounding modularization have infiltrated management subdisciplines ever 

since. Modularity today provides conceptual anchor to many disciplines including operations, 

information systems, strategic management, supply chain innovation and industrial economics. 

As such the thesis retains an interdisciplinary perspective and examines how principles and ideas 

from modularity studies are increasingly being applied across domains. Figure 1.1 maps the 

connections between the literatures and empirical contexts each of the four essays in the 

dissertation touches upon. 

The first two essays forge new links between modularity and sub-disciplines of service research. 

Paper I takes a point of departure from several calls in the literature to bridge modularity research 

with the newly emerging field of Service Science. Focusing on the service system, Paper I 

conceptually derives a framework while also elaborating on terminological issues and the 

implications of a systems approach to service. Specifically, the paper reviews the literature on 

service modularity, service systems, and digital platforms. The reflection section discusses recent 

work connecting modularity with service system elements while also elaborating on a certain 

tension between information systems and mainstream modularity literature.  Paper II synthesizes 

service design research from marketing and operations management with modularity. Coupled 

with insights from a case study of two theoretically sampled organizations, the paper develops 

several arguments related to modularity in experience-centric contexts. Data collection in the 

travel and tourism industry in connection to two organizations with very different product and 

organization design confirms the applicability of the framework and provides insights regarding 

the effects of modularity on customer resource integration. Collectively the first two papers can 

be seen as part of an emerging stream of work that explores the application of modular design 

principles in the field of service research (Brax et al., 2017). 
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Paper III focuses on platform ecosystems and digital innovation. Platform architecture has 

been repeatedly described as inherently modular (Baldwin and Woodard, 2009; Gawer, 2014). 

Additionally, recent work argues that a pre-condition for the emergence of an ecosystem is 

modularity which allows coordination without hierarchical fiat (Jacobides et al., 2018). The third 

paper compares four cases centered on different digital data streams in the maritime industry. 

Similarities and differences between different approaches to platform ecosystems are observed. 

The research argues that platform ecosystems manifest around unstructured data pools while also 

raising implications about the neglected role of integration within digital platform research. 

Moreover, the paper identifies firms and regulators as two important actors in the creation of 

platform ecosystems. Firms may develop platforms strategies and nurture ecosystems to engage 

in rent seeking and retain a central position in their industries. Regulators and other institutional 

actors may develop platforms and nurture ecosystems with an aim to increase regulatory oversight 

and compliance or even alter industrial structures altogether. 

Contrary to the first three papers which zoom into specific literature streams within the body 

of work on modularity, the fourth paper takes a macro view and considers modularity as a field 

of study in general. Specifically, it accentuates the underlying ideas of modular and integral design 

to a general systems level. Moreover, the final paper underlines the importance of distinguishing 

between modularity (integrality) and modularization (integration); the former being the property 

of design while the later the process. A novel contribution to the literature is made by 

reconceptualizing modular and integral design, arguing that their relationship entails episodes of 

temporal co-existence. To this end, the paper argues for a unified view of modularity and 

integrality based on three principles which, although constitute the defining elements of 

contrasting system architectures, can be observed to co-exist. As such, in line with recent work 

(Avlonitis and Hsuan, 2017; Tee et al 2018), the paper advocates that modular and integral design 

characteristics although opposing in nature, must be considered in tandem. This conceptualization 

raises implications for the idea of modularity as a continuum across analytical levels, the mirroring 

hypothesis, while also advocating for terminological standardization to facilitate the transfer of 

modularity theory to other contexts. 
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FIGURE 1.1 – ΜΙND-MAP OF THE DISSERTATION  
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MODULARITY 

“modularity is a splintered concept with a variety of inchoate 

offshoots (certainly not well-organized). It does not belong to a 

coherent, whole body of knowledge.” (Starr, 2010, pg. 8) 

Modularity is a concept that denotes certain design characteristics. Partly because of a 

plurality of perspectives and different units of analysis across scientific disciplines, modularity is 

not easy to pin down. University curriculums are organized based on different modules that 

students choose from. Biological organisms evolve based on modularity. Architects refer to 

modular build structures. Engineers design and manufacture modules. Modular synthesizers are 

ordinary in music production. Cognitive sciences refer to modularity of the mind. Given the 

diversity of applications, the thesis starts by narrowing the focus to modularity in management 

studies, broadly defined to include among others, various firm perspectives, organization studies, 

operations, marketing, strategy, information systems and engineering management. Even after 

this delimitation however, the body of knowledge that one may collectively refer to as “modularity 

theory” is spread around a few books, at least twenty journal outlets and several hundred articles 

that ascribe to a diverse spectrum of methodological and philosophical assumptions (Fixson, 

2007; Salvador, 2007; Campagnolo and Cammufo, 2010; Colfer and Baldwin, 2016; Frandsen, 

2017). 

Early studies used modularity to describe an ideal type of innovation. This understanding 

of modularity as a type of innovation can be traced to a distinction between the idea of autonomous 

versus systemic innovation (Teece, 1984). The former allows for stand-alone modifications and 

development without affecting the whole system. The latter implies a more holistic innovation 

initiative implying readjustment across different parts of a given system. The main difference 

between the two types of innovation relates to the degree of change and coordination required. In 

latter studies the idea of autonomous innovation is referred to as modular while systemic 

innovations as architectural (Henderson and Clark, 1990). A modular innovation is assumed to 

provide with both supply and demand benefits. On the supply side, modularity allows for a 

division of labor among producers which leads to autonomy, learning advantages by rapid 

prototyping and trial-and-error approaches while on the demand side, modularity allows for an 

options logic, mix and match, and customization (Langlois and Roberson, 1992).  
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Contrary to studies of innovation typologies where the focus has typically been on modular 

vs architectural innovation, management engineering and product design research, spearheaded 

by the work of Karl Ulrich focused on the distinction between modular and integral product 

architectures based on the idea of function binding and minimization of interdependencies by the 

creation of standardized interfaces that allow for the exchange of energy or information.  

 “…the architecture of the product is the scheme by which the function 

of the product is allocated to physical components. I define product 

architecture more precisely as: (1) the arrangement of functional 

elements; (2) the mapping from functional elements to physical 

components; (3) the specification of the interfaces among interacting 

physical components.” (Ulrich, 1995, p. 420) 

Grounded on the above-mentioned definition, Ulrich (1995) conceptualized the ideal 

modular architecture as one where each module is responsible for one function, that is, there is a 

one-to-one mapping between physical components (i.e. structural characteristics) and functional 

elements (i.e. what each physical component does). Contrary, the ideal integral architecture is one 

where there exists a complex relationship between structural and function characteristics (see 

Figure 1.2 for an illustration). Although the terminology and exact definitions vary, the concept 

of systemic innovation (Teece, 1984), architectural innovation (Henderson and Clark, 1990) and 

integral architecture (Ulrich, 1994; 1995) are highly interrelated. All three have been used to refer 

to innovation types or system architectures that represent the conceptual opposite of modularity. 

A large and diverse body of work has evolved ever since that makes use of the concept of 

modularity to examine issues in connection to the design and management of technological and 

organizational decisions. Empirical objects such a products, technologies, or organizations may 

create modularity or may be altered by modularity. Thus, modularity may be a property internal 

or external to the system under investigation. When studied as an internal property, researchers 

are prone to examine its performance and strategic implications on technologies, organizations, 

and their environment. When studied as a property of the environment, researchers are disposed 

to document adaptions and effects inflicted by modularity on the respective technologies, 

organizations and environment. Thus, modularity can be studied as a property of a given 

architecture or as an exogenous force hailing for adaptation mechanisms and the search for fit. 

For example, modularity can be studied both as the structural property of a network of 
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organizations and their task interdependences but also as a deliberate firm strategy in relation to 

new product development (NPD).  

 

 

FIGURE 1.2 - MODULAR AND INTEGRAL ARCHITECTURAL BINDING (ADAPTED FROM ULRICH, 1995) 

 

Strategic management scholarship has also taken notice of the useful lens that is modularity. 

Garud and Kumaraswamy (1995) in line with the work of Langlois and Robertson (1992) observe 

the rise of decentralized networks in IT industries and theorize that modularity gives rise to 

economies of substitution. In a similar vein, Sanchez and Mahoney (1996) accentuate modularity 

from product design and innovation to also include organization design by elaborating on the idea 

of managing knowledge based on standardized interfaces that allow for embedded coordination 

between teams and/ or organizations. 

The work of Baldwin and Clark (2000) on the transformation of the computer industry 

through the case of IBM 360 remains the most extensive treatment of modular design including 

its implications for the management of organizations and the evolution of industries. At the same 

year, a paper paving the way towards a general modular systems theory, based on the idea of 
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heterogeneity of inputs and outputs moderated by synergistic specificity between parts of the 

system is published (Schilling, 2000). More specifically, and based on eleven propositions, the 

paper argues that a system may migrate towards or away from modularity based on increased 

heterogeneity of inputs or the increased heterogeneity of demand factors. 

“The balance between the gains achievable through recombination 

and the gains achievable through specificity determines the pressure 

for or against the decomposition of the system” (Shilling, 2000, p. 

317)  

The roots of modularity in management studies are commonly traced to the work of Herbert 

Simon on the architecture of artificial systems, organized in nearly-decomposable hierarchies 

(Simon, 1996). Table 1.2 lists some of the most broad and prevalent definitions of modularity in 

the literature. All these definitions have influenced the intellectual foundation of modularity 

literature and are highly interrelated. It follows that modularity is a system design property that 

instigates an architecture composed of loosely coupled subsystems (i.e. modules) that are 

connected via standardized interfaces. In turn, this architecture allows for loose coupling among 

sub-systems and re-use of resources to create variety. 

Several review studies have attempted to categorize modularity literature according to 

themes or units of analysis. The analytical levels identified across these studies can be seen in a 

multilevel nested hierarchy from micro to macro: market offerings, organizations, and industries 

or any other population of organizations such as supply chains, networks, ecosystems etc. To 

conclude the section on modularity, I provide with a review of those three analytical levels 

coupled with a presentation of the work on platforms and mirroring, two streams central to 

modularity but which however cut across the multilevel hierarchy of product-organization-

industry (see also Figure 3). 
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TABLE 1.2 - REPRESENTATIVE DEFINITIONS OF MODULARITY 

 

Author (s)  Definition Focus 

Ulrich (1994) 

“Modularity arises from the way a product is physically 

divided into components […and depends on two 

characteristics]: 

- Similarity between the physical and functional architecture 

of the design. 

- Minimization of incidental interactions among physical 

components.” (pg. 220 emphasis in original) 

Product design; 

engineering; 

manufacturing 

Sanchez and 

Mahoney 
(1996) 

“Modularity is a special form of design which intentionally 

creates a high degree of independence or ‘loose coupling’ 

between component designs by standardizing component 

interface specifications” (pg. 65) 

Product and 

organization design; 

knowledge; strategic 

management 

Baldwin and 

Clark  

(2000) 

“Here we define modularity as a particular pattern of 

relationships between elements in a set of parameters, tasks, 

or people. Specifically, modularity is a nested hierarchical 

structure of interrelationships among the primary elements of 

the set. The characteristic pattern of nested hierarchical 

modularity may arise in many different contexts.” (pg. 11-12) 

Technological 

evolution; product 

and organization 

design 

Schilling  

(2000) 

“Modularity is a continuum describing the degree to which a 

system’s components can be separated and re-combined to 

create a variety of configurations without losing 

functionality, and it refers both to the tightness of coupling 

between components and the degree to which the "rules" of 

the system architecture enable (or prohibit) the mixing and 

matching of components.” (pg. 312) 

Systems theory; 

complex adaptive 

systems; product 

and organization 

design 

 

Focusing on modularity and commonality studies across more than 35 years of research 

Fixson (2007) categorizes the subjects (1. product, 2. process, 3. Organization - intra- and inter-

firm- and 4. innovation), the performance effects associated with modularity (quality, variety, 

cost, time), and the research methods applied (theory building, framework, process model, 

simulation, experiment, case study). Bask et al. (2010) provide with a review across Emerald 

Publishing outlets and categorizes the literature in four themes: 1) modularity of product, 

including modularity of product development; (2) modularity of production/manufacturing and 

processes; (3) modularity of organization and supply chain; and (4) modularity of services, 

including modularity of service product; modularity of service development; modularity of 

service production/process and service organization/supply chain. With a focus on management 
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studies, Campagnolo and Cammufo (2010) review modularity literature in the period 1986–2007, 

constructing a categorization in three basic groupings and subsequent sub-groups, all based on the 

unit of analysis of each publication: 1. Product design modularity (1a. functional and 1b. lifecycle 

perspective), 2. Product System modularity (2a. task management and 2b. networks), 3. 

Organizational modularity (3a. Product and organizational architecture, 3b Organizational 

Design). The analytical levels identified across these three studies can be seen in a nested 

multilevel hierarchy from market offerings, to organizations, and populations of organizations 

such as supply chains or industries. In an alternative approach, Frandsen (2017) provides with a 

bibliometric study across modularity studies for the period 1990-2015, and by investigating co-

citations identifies themes in the literature such as “organizational integration and firm 

boundaries”, “mass customization”, “adaptation”, “flexibility and substitution”, “platforms”, 

“services”, and “NPD” among others. 

Perhaps the most common object of analysis within modularity literature is the product – or 

the system output. Modularity and integrality at this level of analysis relate to the technological 

architecture of a given market offering and are usually associated with firm market strategies and 

the use contexts of customers. The boundaries of the product level are the design properties of 

artifacts, commonly the outputs of innovation processes that are offered to various markets. As 

such, a large part of the application of modularity is concerned with product architectures whereby 

a modular product architecture is associated with flexibility that allows for economies of 

substitution by reconfiguration of products to address a variety of customer needs (Garud and 

Kumaraswamy, 1995). This way modularity can allow for the mix-and-match of components, that 

is reconfigurations and upgrades which allow adaptation to individual customer needs and mass 

customization (Ülkü et al., 2012). As such, modularity permits a type of dynamic adaptation or 

environmental fitness by creating options like structures in technological architectures (Gamba 

and Fusari, 2009). Similar ideas regarding modularity have been used to examine the effects of 

the architecture of software products to various organizational phenomena (Baldwin and Clark, 

2006) while more recently work has begun to apply the same logic to service architectures (Voss 

and Hsuan, 2009). Likewise, the design of experience centric services, such as tourism packages, 

can be made modular leading to customized packages from a predefined set of elements (Avlonitis 

and Hsuan, 2017). Overall, modularity and integrality at a product level relate to the architecture 

of a given marketing offering, be that may a product or a service and are usually associated with 

either firm strategies or customer choices. Providers create options and customers mix-and-match. 
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Anecdotal evidence suggests that modularity may facilitate imitation given the open and 

standardized nature of interfaces, although the benefits derived from modularity may outweigh 

the costs of imitation (Pil and Cohen, 2006). However, although modularity may facilitate 

imitation under certain conditions it may also assist in protecting intellectual property by 

information hiding and encapsulation of interdependences (Baldwin and Henkel, 2015). Right 

partitioning and accurate interface specifications are important in terms of protecting IP and 

shielding off competition. 

The term market offerings although not commonly used in modularity literature, appears to 

capture the conceptualization of many authors who discuss the effects of a technology on 

customers, competition, or organizations. Market offering as a term can accommodate different 

empirical settings, such as services or software where a modular lens is increasingly being 

extended from the original product focus. In addition, it brings together supply and demand 

considerations, making it explicit that the design of the technology is directly connected to a 

market, its use and exchange context (Abernathy and Clark, 1985; Fine, 1998; Langlois and 

Robertson, 1992; Schilling, 2000). In the case of tangible products and intangible services, the 

customer can mix-and-match from a range of different options to configure an offering from a 

pre-defined set of options such as in the case of tour packages or a laptop. And a growing body of 

empirical work examines how modularity affects customer behaviors (Tuunanen and Casab, 2011; 

Ülkü et al., 2012; Avlonitis and Hsuan, 2017). Similarly, the software code of open source projects 

is marketed to potential developers where the modular architecture of the code may act as a selling 

point to attract more contributions (Baldwin and Clark, 2006). 

Organizations, such as firms or other actors including their organizational process are 

another prevalent object of analysis in modularity research – that is the system itself including its 

inputs and transformation processes. At this level of analysis, the system can be any organization, 

that is a goal-directed boundary-maintaining socially constructed activity system (Aldrich and 

Ruef, 2006). An organizational architecture can be conceptualized based on the population and 

structure of sub-units (i.e. modules) inside organizations - that is how tasks are divided coupled 

with the allocation of decision variables to sub-units that allow for coordination (Mintzberg, 

1979). Organizational interfaces entail communication devices that assist sub-units to achieve 

coordination. The boundaries of the organizational level of analysis are usually demarcated based 

on a given legal entity under investigation. Commonly studied organizations in management and 
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organizational literature are large or small firms, non-profits, and other institutional actors. It may 

also be a business unit of a conglomerate or it may be a department, part of a larger unit.  

Alternatively, the system boundary of the organization may be assigned at a network level around 

a group of actors with a common goal such as partners that maintain symbiotic relationships 

around common decision-making processes (e.g. a supply chain, an ecosystem, or an innovation 

process). 

Organizational architectures can err towards modularity or integrality which, given a set of 

environmental conditions, can have an impact on their performance. A modular organizational 

architecture is characterized by high decentralization and high flexibility that allows for ease 

decomposition and recombination of departments and resources. Modular organizational 

structures can facilitate corporate entrepreneurship and ease the reconfiguration of internal firm 

ecologies via recombination strategies (Helfat and Eisenhardt, 2004; Martin and Eisenhardt, 2004; 

Karim, 2006; Karim and Capon, 2015). Modular organizational forms can be especially useful 

when there is high heterogeneity of inputs and outputs (Schilling and Stensma, 2001). I consider 

studies that focus on the design of tasks related to the NPD process part of the organizational level 

of analysis. The degree of coordination, the exercise of managerial authority, the degree of 

coupling between tasks and departments that allows for concurrent and parallel completion of 

tasks are some of the factors that impact the degree of modularity in NPD processes (Mikkola, 

2003; Sanchez and Mahoney, 1996; Staudenmayer et al., 2005). 

Industries, that is populations of organizations with similar activities and the rules governing 

their interactions – or the external environment of the system – is also a prevalent object of analysis 

in modularity studies. It entails explanations regarding the relationships and interdependences 

amongst actors who shape the design processes and outcomes. Contrary to studies that focus on 

products or organizations, research at the industry level focuses at a more macro level, between 

the structural change of industries and the emergence of innovations and dominant designs. An 

industry may encompass any established populations of organizations, be that a supply chain, an 

ecosystem or any other network form. Modularity at this level assists to examine the extent of 

vertical integration, the established transactions patterns between suppliers and customers and 

overall evolution of network like structures as technologies move through different lifecycle 

phases. Jacobides et al. (2006) provide with the most extensive conceptualization and treatment 

of the industry architecture concept:  
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An abstract description of the economic agents within an economic 

system (in terms of economic behavior and the capabilities that 

support the feasible range of behaviors) and the relationships among 

those agents in terms of a minimal set of rules governing their 

arrangement, interconnections, and interdependence (the rules 

governing exchange among economic agents)” (Jacobides et al., 2006 

p. 1203) 

This conceptualization of industry architecture is chosen given the use of the interface concept 

which is also central to modularity literature: 

[…] with the birth of a new industry, a range of possible architectures 

may be viable. Gradually, as an architecture becomes stable, a system 

of interfaces among economic agents emerges. We define interfaces 

quite broadly, as the technological, institutional, or social artifacts 

that allow for two or more independent entities to divide labor […] in 

service sectors, interfaces often consist of regulatory frameworks; and 

in technology sectors, of technological specifications that allow 

different players or constituents to connect” (Jacobides et al., 2006 p. 

1203) 

Research at an industry level typical assumes that firms adapt to environmental changes 

(such as the introduction of a new technological design) by adjusting their boundaries towards 

becoming more modular or integral (Christensen et al., 2002; Argyres and Bigelow, 2010; Kapoor 

and Adner, 2012). The terminology and exact empirical objects vary with some studies examining 

firm adaptation as sourcing decisions of make and/ or buy (including the many variations in 

between), others as the extent of vertical (dis) integration, while others will refer to the type of 

network being formed as being modular or integral (Pashaei and Olhager, 2015; Zhou and Wan, 

2017). Irrespective of the exact terminology, modular designs and configurations will commonly 

be associated with vertical disintegration and “buy” decisions while integrality with vertical 

integration and “make” decisions. As such modularity and integrality apply to the network level 

as well, whereby a population of organizations may adapt to certain environmental conditions and 

this adaptation may create a modular or an integral structure (i.e. a disintegrated or vertically 

integrated industry respectively). 



 

23 

 

Cutting across the multilevel hierarchy of product-organization-industry, a large part of 

modularity research is concerned with a certain symmetrical relationship between the architecture 

of a technology and the organization architecture used to produce that technology, commonly 

manifesting as the idea of “mirroring” between products and organizations. The core of the 

“mirroring hypothesis” is that products are designed by organizations or by populations of 

organizations whose structure mirrors the architecture of that product. This relationship between 

the artifact and its maker allows for embedded coordination thus reducing the information 

processing required, leading to a range of performance benefits (Colfer and Baldwin, 2016). The 

flow of causality has been traced in both directions, that is products may design organizations but 

also organizations may design products. For example, when the industry architecture changes in 

terms of vertical integration, it inflicts a certain pressure on the product architecture and vice versa 

(Fine, 1998). Mirroring has been investigated in the context of products (Hoetker, 2006) but also 

software (MacCormack et al, 2012) and recently services (Avlonitis and Hsuan, 2017). However, 

there are considerable exceptions against this isomorphism while there have also been instances 

where “breaking the mirror” can be a competitive advantage (Furlan et al., 2014). 

Finally, modularity research is highly intertwined with the concept of platforms. Studies of 

product development, technology management, and industrial economics all make use of the same 

underlying theoretical lens (i.e. platform) irrespective of empirical objects. Automobiles, 

videogames, operating systems and software programs, even websites, shopping malls and credit 

cards are some of the empirical contexts examined within platform literature. Common to all these 

is a platform architecture that instigates a special form of modularity divided in roughly two parts, 

the core and the periphery. A set of components with low variety and high reusability comprise 

the core and another set of modules with high variety and low reusability comprise the periphery 

(Baldwin and Woodard, 2009; Gawer, 2014; Thomas et al., 2014; Meyer et al., 2018). The study 

of platforms begun within the context of physical architectures in manufacturing (Kim and Kogut, 

1996; Robertson and Ulrich, 1998). These early studies emphasized how a platform approach to 

innovation can support the development of product families that increase time to market and 

reduce costs while also discussing organizational aspects of platforms (Sanderson and Uzumeri, 

1995; Meyer and DeTore, 1999). A prevalent focus on flexibility, variety, and options during the 

innovation process characterizes this stream of platform research. Later research begun to utilize 

the platforms concept to explore new types of markets (Rochet and Tirole, 2003)  whereby a 

platform is an intermediary organization that connects buyers with suppliers in multi-sided 
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markets characterized by network externalities and effects. Information systems scholars 

commonly refer to a modular architecture as being central to the design and management of digital 

platforms (Tiwana, 2010). However, digital technologies appear to call for adaptation of existing 

frameworks developed in the context of tangible assembled artifacts (Pagani, 2013; de Reuver, 

2018, Yoo et al., 2010). 

 

FIGURE 3 - LITERATURE STREAMS WITHIN MODULARITY RESEARCH 
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SERVICE RESEARCH 

“…the term service is used extensively but with different meanings and 

connotations in three distinct disciplines: marketing, operations, and 

computer science” (Alter 2008, pg. 71) 

To fully grasp service research, it helps to put it into a historical context. As the opening 

quote demonstrates, service can mean different things to different people. For example, in a work 

context, designing a service may suggest different tasks for a marketer concerned with customer 

relationships and sales performance, an operations manager concerned with process optimization 

and resource efficiency, or a computer scientist responsible for user experience via digital 

interfaces. Not only has the term service been subject of intense debate across and within academic 

disciplinary domains, but it is also used in our everyday expressions; terms such as customer 

service, service centers or just ‘good service’, are common everyday expressions, yet what exactly 

is meant by these expressions is usually an intuitive interpretation by the user (Ng et al., 2009). 

A critical mass of scholars started to explore services in 1970s and service management was 

born mainly out of protest for the one-sided focus on manufacturing (Norman, 2001; Gummesson 

et al. 2010). This line of research took an interdisciplinary perspective (e.g. Marketing and 

Operations) with a goal of integrating a customer focus across the organization. The central 

characteristics of the notion of service(s) is what came to be known as the IHIP (Intangibility, 

Heterogeneity, Inseparability, and Perishability). The IHIP (e.g. Parasuraman et al. 1985) have 

been used for years to characterize unique features of services in the context of trying to separate 

them from goods while also becoming central in services marketing literature as a working 

paradigm. This constant focus on documenting the differences between goods and services has 

led to a collective undermining of the managerial importance of services in general (Ng et al., 

2009). However, a paradigmatic shift appears to have taken place in 2004, a pivotal year for 

service related research, which included: publications regarding the need for new paradigms in 

service research, the refutation of the IHIP characteristics, the influential article on Service 

Dominant Logic and the emergence of Service Science (IBM, 2004; Lovelock and Gummesson, 

2004; Vargo and Lusch, 2004).  

Following the 2004 developments, authors from different disciplines attempted to re-

establish service definitions (see Table 2).  In a series of publications starting from 2004 and 
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continuing until today Steve Vargo and Robert Lusch have been advocating for a shift in the world 

economic foundation towards a Service Dominant Logic (SDL). This idea represents the 

realization that the evolutionary forces of technology have shaped the industrial and social 

landscape in a way that previous logics or management technologies are becoming obsolete. The 

two authors make an important contribution with the conceptualization of Goods Dominant Logic 

(GDL). By investigating economic publications from 1800s, the authors conclude that the 

foundation of the market system is shifting and a new logic than that of the industrial era is needed. 

Despite the apparent contrast between the two logics, GDL is nested within SDL. 

 Lovelock and Gummesson (2004) suggest a new paradigm for service research by 

projecting a view of service based on the idea of non-ownership. Providing access to resources, 

effectively and efficiently, can be seen today as being more important than actual ownership. 

Indeed, this paradigm is easily traceable to a variety of notions of as-a-service business models 

popularized within information technology firms, servitization of manufacturing, or even with 

sharing economy start-ups such as AirBnB and Uber. In a critical piece, Sampson and Froehle 

(2006) develop a unified service theory based on the simple but powerful idea that any process 

that has customer inputs is indeed a service process. As long as a service has no customer input 

however, then it is a non-service process. The line of work associated with Service Science 

provides with definitions that cut across disciplines aiming to create a unifying perspective to 

understand service free of context. These aims are echoed not only in white papers from 

multinationals corporations, but also in working papers, conferences and new study lines from 

various research groups and universities internationally. In addition, a number of new journals 

have emerged with most prominent the new journal of Service Science by INFORMS created in 

2009. The development of service science has brought a certain systemic thinking in service 

research. This is evident in the concept of service systems (see Paper I), outlined as the main unit 

of analysis for service science and defined as a value co-creation configuration of people, 

technology, information and value propositions. 

Collectively all these developments have sparkled a renaissance of service research which 

today adopts a broader perspective that views service as something greater than just a market 

offering. This does not mean that market offerings are not relevant for service research, rather it 

expands the domain of application for service research towards the intersection of marketing, 

operations and technology disciplines whereby customer interactions are main analytical objects 
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and value creation of central concern. As such, the market offerings investigated within service 

research are not limited by past distinctions between products and services. Contrary, service 

research is increasingly expanding in what one may consider traditional product-focused markets, 

as indeed the proliferation of technology has allowed to offer many goods in the form of service. 

Thus, service is now understood as a business logic rather than just a market offering. 

Consequently, service design accentuates as a holistic method, from designing market offerings 

or a step in the service development process to designing interactions of value cocreation within 

and across organizations (Kurtmollaiev et al., 2018). 

 

TABLE 1.3 – SELECTED DEFINITIONS OF SERVICE 

Author (Year)  Definition Main Focus (Discipline) 

Vargo and Lusch (2004)  
Application of competencies 

for the benefit of another 
Value enhancement (Marketing) 

Lovelock and Gummesson, 

(2004) 

A form of rental or access 

which provides benefits by 

using or hiring 

Access to resources (Marketing) 

Sampson and Froele (2006)  
Processes that include 

customer input 

Transformation of inputs to outputs 

(Operations) 

Maglio and Spohrer (2008)  System of interacting parts 
Design, improve, and scale service 

systems (Service Science) 

 

A topic prevalent in academic and industry circles that transverses the GDL-SDL boundary 

and brings together the definitions in table 1.3 while also exemplifying the notion of transition 

towards an increasingly customer-oriented mindset is servitization of manufacturing (Avlonitis et 

al., 2014; Baines et al., 2017; Green et al., 2017; Kowalkowski et al., 2017). Servitization as a 

research topic boasts a variety of disciplinary perspectives (e.g. marketing, operations, 

information technology) and brings together different notions of service, such as non-ownership 

and access to resources, processes that include customer input and integration, to systems of 

interacting parts that aim for value co-creation (Datta and Roy, 2011; Ng et al., 2012; Smith et al., 

2014; Macdonald et al., 2016; Tuli et al., 2007). Although servitization predicates the work of 

Steven Vargo and Robert Lusch and is commonly traced to Vandermerwe and Rada (1988), SDL 

has both drawn from and heavily influenced servitization research (Wilden et al., 2017). 
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Servitization can be defined as a transition process from a re-active, transaction orientation 

with focus on value-in-exchange to an increasingly pro-active and outcome-based business logic 

focused on value-in-use (Eggert., 2018; Martinez et al., 2017). This view allows to establish a 

clear parallel between servitization and the transition from GDL to SDL. Indeed, a recent thematic 

analysis of servitization research finds both GDL and SDL mindsets prevalent in the literature. 

The former having a delivery and efficiency focus while the later a co-creation and effectiveness 

focus (Green et al., 2017). Studies have focused on issues as diverse as value propositions in the 

context of servitization, customer satisfaction with industrial services, types of contracts and 

service agreements, buyer-supplier relationships, capabilities for service transition, investment, 

and financial implications of and obstacles created by a service transformation (Gebauer et al., 

2005; Eggert et al., 2014; Worm et al., 2017). Although initially focused on capital intensive firms, 

the phenomenon is today prevalent across all sectors of the economy occupying a prominent role 

as a research priority within the intellectual apparatus of service research, especially in relation to 

the impact of digital technologies (Ostrom et al., 2015). 

Although it can be understood as a literature stream with its own unique theorizations of 

interest to academic researchers, servitization is describing an empirical setting too, and as such, 

has direct implications for the world of practice. The empirical setting exemplified in servitization 

research is that of maintenance scenarios for industrial equipment and the strategic re-positioning 

of industrial firm towards a more customer-centric approach. The costs associated with running 

and owning heavy assets through their lifecycle are orders of magnitude larger compared to the 

sales price, making a lucrative strategy for firms to begin looking beyond equipment sales to favor 

through-life customer support (Wise and Baumgartner, 1999). However, other reasons may be at 

play that lead industrial firms to engage with service development, such as the increasing pace of 

technological change and ensuing forces of commoditization coupled with discontinuous industry 

lifecycles and a host of new customer demands (Kowalkowski et al., 2017).  

Recently, servtization research has begun to examine how new technologies can impact 

service development, disrupt establish maintenance processes, and in general introduce new 

market offerings. This is also reflected on cases of industrial firms that are increasingly investing 

in digital transformation initiatives (see also Paper III). Advanced market offerings from industrial 

firms rely on heavy use of digital technologies with continuous monitoring of equipment, 

collection and analysis of big data sets with machine learning algorithms that build digital twin 
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models of industrial assets. The customer provides with numerous input points by using the 

equipment which then feeds information to the system that analyzes data and suggests corrective 

actions. 

 

METHODOLOGICAL CONSIDERATIONS AND RESEARCH QUESTIONS 

The two fields of modularity and service research begun to converge with the rise of service 

modularity studies. Indeed, as modularity is a general systems property, and given that service is 

increasingly being approached from a systems perspective, exploring synergies between the two 

fields appears to only be natural. Several arguments have been put forward regarding the reasons 

why modularity may be a rich field to investigate in conjunction with service. Firstly, approached 

by Sundbo (1994) and later defined as a fruitful area for exploration within operations 

management (Menor et al, 2002) service modularity is today a growing field of research (Brax et 

al., 2017). Coupled with an increasing cross-pollination between the fields of Information Systems 

and Service Research (Huang and Rust; 2018; Lusch and Nambisan, 2015) service modularization 

is consistently marked as a research priority (Carlborg et al., 2014; Ostrom et al. 2010; 2015). 

Considering systems aspects of service and the rise of service science the first paper asks:  

RQ I: How can modularity inform service systems design? 

 Via an exploratory review and synthesis of the literature the first paper constructs a 

framework that bridges the building blocks of the service system as defined in service science 

with some of the fundamental constructs used to measure modularity. It traces calls for advancing 

insights from modularity literature to the study of service systems and observes a certain similarity 

in the analytical levels across the two fields. Table 1.4 summarizes the main points of Paper I. 
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TABLE 1.4 - SUMMARY OF PAPER I 

Purpose: Investigate how the modularity 

studies can inform service science. 

 

 
 

Background:  Service Science agues for a 

systems perspective to service and modularity 

is general systems principle. Several calls from 

various fields to explore modularity in the 

context of service systems. 

Methodology: Exploratory literature review 

and synthesis. 

Main contribution: Bridges service science 

with modularity literature and provides with a 

conceptual framework. 

Implications: The results identify similar 

analytical levels at the intersection of platforms, 

modularity, and service systems. 

 

Working on the first paper revealed that early conceptualizations and empirical 

investigations of modularity in the context of services have been limited to specific industry 

segments, with manufacturing, logistics and healthcare dominating. An early review study of the 

nascent research field finds most studies attributing the same benefits and outcomes to service 

modularity as in product modularity (Dörbecker and Böhmann, 2013). Consequently, there has 

been a gap regarding the effects of modularity on service specific phenomena such as co-creation 

of value and the customer experience. To bridge this gap, create new knowledge, and examine the 

applicability of modular design principles in services, the second paper reports on empirical work 

in a de-facto experience centric service context: tourism. Drawing on service design, which has 

been suggested as fruitful area to crosspollinate with modularity (Voss and Hsuan, 2009), the 

second paper asks: 

RQ II: How does modularity manifest in the design of services? 

The second paper provides with a framework that bridges service design with modularity. 

Contrary to paper I which is of conceptual nature, paper two derives its insights from both the 

literature and empirical work. Specifically, two polar cases were sampled based on modularity – 

i.e. one case was modular while the other non-modular. Data collection took place as participatory 

field work in the offerings of the two companies coupled with interviews of the owners. The paper 

pioneers the application of modularity to the management of customer experiences and as such 

Modularity

Platforms
Service 
Science
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marks a range of new research opportunities. Table 1.5 summarizes the main points of Paper II. 

 

TABLE 1.5 - SUMMARY OF PAPER II 

Purpose: Examine how to use modular design 

principles in experience centric services. 
 
 
 

 
 
 

Background: Modularity theorists call for unifying 

analytical levels across studies. Service researchers 

set modularity as a research priority arguing that it 

can inform service design. An emerging body of 

work examines modularity in the context of services, 

however no study has empirically examined the 

impact of modularity on customer experiences. 

Methodology: Theoretical polar sampling of two 

cases based on modularity theory. Synthesis of 

modularity and service design studies to a 

framework. Participatory field work and interviews. 

Inductive and deductive analysis. 

Main Contribution: Provides with a conceptual 

framework grounded on theory and data and 

demonstrates the effects of modularity and integrality 

on a range of different analytical levels. 

Implications: The framework provides with a novel 

conceptualization to study modularity in service 

contexts. Customer resource integration is affected by 

the type of market offering (i.e. modular vs integral).  

 

Following the stream of modularity literature concerned with platforms, and specifically 

digital platforms, the third paper outlines an agenda of critical issues for the study of modularity 

in the context of platform ecosystems. This is motivated by the fact that modularity is not only 

the central structural characteristic of platforms, but it is also tutted as pre-condition for ecosystem 

emergence. To draw an emerging agenda for studying modularity, platforms and ecosystems, the 

paper inductively explores four illustrative cases of digital innovation in the maritime industry 

with focus on digital data streams. The four cases are selected because they represent different 

actors who occupy a different value chain position and have different core competences, but 

however are all developing a data-driven digital platform with focus on the maritime industry. 

RQ III: what are the critical issues for modularity research in platform ecosystems? 

Paper III identifies research avenues regarding data driven services and platform ecosystems 

by inductively analyzing the industrial context of maritime operations. It raises a range of 

Modularity

Service 
design

Tourism
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theoretical issues regarding the role of modularity in the context of digital technologies and 

outlines several emerging research avenues in that space. Table 1.6 summarizes the main points 

of Paper III. 

TABLE 1.6 - SUMMARY OF PAPER III 

Purpose: Develop contextualized insights about 

digital platforms and outline research avenues 

regarding modularity, platforms and ecosystems. 

 

 
 
 
 

 
 

Background: Modularity is the fundamental 

principle behind platform architecture and has 

recently been argued that it also underscores the 

emergence of ecosystems. There are currently 

several emerging platform ecosystems in the 

maritime industry. 

Methodology: Comparison of four emerging 

digital platforms by different actors, with 

different competences. Inductive analysis of cases 

based on secondary data and personal experience. 

Main contribution: Outlines future research 

opportunities for the study of modularity within 

digital platforms and ecosystems. 

Implications: Given the nature of digital 

innovation, whereby patching, updating, and open 

source development within multiple design 

hierarchies is the norm, there needs to be an equal 

emphasis on integral architectures and the process 

of integration. In industrial contexts, the 

complementors (such as app developers in B2C) 

may be the same as the customer/ user. Digital 

platforms can be a competitive tool but also can 

be used for enforcement of regulation. 

 

Although the first three papers contribute at the intersection of modularity with another 

domain, paper IV delves into the fundamental ideas behind modularity across management studies 

in general. Motivated by inconsistent conceptualizations across the literature, the paper provides 

with clear definitions of modular and integral design while tracing three fundamental principle 

tensions that define their relationship. In the process, the paper advocates for terminological 

standardization across modularity research given the increasingly diverse applications of the 

concept. 

RQ IV: What is the relationship between modular and integral design? 

Platform 
Ecosystems

ModularityMaritime
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The discussion revolves around the idea of design tensions as opposed to principles, and the 

temporal co-existence of the two opposing sides of system architecture. As such, the fourth paper 

re-conceptualizes modular and integral design to support the transfer of ideas across disciplines 

while also providing with an alternative view. Although modular and integral design represent 

polar extremes, their underlying dynamics co-exist in the design process. Table 1.7 summarizes 

the main points of Paper IV. 

 

TABLE 1.7 - SUMMARY OF PAPER IV 

Purpose: Provide definitions of modular and 
integral design and explicitly articulate their 

relations. 

 

Background: Although implicitly acknowledged, 

the assumptions of modularity theory are not 

explicitly articulated. The topic is increasingly 

critical as recent research argues that modular and 

integral design rules may co-exist which calls for 

attention to their relationship. 

Methodology: Literature review and synthesis 

towards a new perspective of modular and integral 

design. 

Main contribution: Articulate three principles 

between modular and integral design and discuss 

their temporal co-existence. 

Implications: This work facilitates the transfer of 

modularity across disciplines by elaborating on the 

tensions between modular and integral design. This 

way modularity and integrality can be seen through 

a design lens. 

 

  

Management 
& design

IntegralityModualrity



 

34 

 

CHAPTER 1 REFERENCE LIST 

Abernathy, W.J. and Clark, K.B., 1985. Innovation: Mapping the winds of creative destruction. Research policy, 

14(1), pp.3-22. 

Aldrich Howard, E. and Ruef, M., 2006. Organizations evolving. TJ International Ltd., 2nd edition–Padstow. 

Alter, S., 2008. Service system fundamentals: Work system, value chain, and life cycle. IBM systems journal, p.71-

85. 

Anderson, P. and Tushman, M.L., 1990. “Technological discontinuities and dominant designs: A cyclical model of 

technological change”. Administrative science quarterly, pp.604-633. 

Argyres, N. and Bigelow, L., 2010. Innovation, modularity, and vertical deintegration: Evidence from the early US 

auto industry. Organization Science, 21(4), pp.842-853. 

Avlonitis, V. and Hsuan, J., 2017. Exploring modularity in services: cases from tourism. International Journal of 

Operations & Production Management, 37(6), pp.771-790. 

Avlonitis, V., Frandsen, T., Hsuan, J. and Karlsson, C., 2014. Driving competitiveness through servitization: a guide 

for practitioners, Copenhagen Business School 

Baines, T., Ziaee Bigdeli, A., Bustinza, O.F., Shi, V.G., Baldwin, J. and Ridgway, K., 2017. Servitization: revisiting 

the state-of-the-art and research priorities. International Journal of Operations & Production Management, 37(2), 

pp.256-278. 

Baldwin, C.Y. and Clark, K.B. 2000, Design Rules, Vol. 1: The Power of Modularity, MIT Press, Cambridge, MA. 

Baldwin, C.Y. and Clark, K.B., 2006. “The architecture of participation: Does code architecture mitigate free riding 

in the open source development model?”, Management Science, 52(7), pp.1116-1127. 

Baldwin, C.Y. and Henkel, J., 2015. Modularity and intellectual property protection. Strategic Management Journal, 

36(11), pp.1637-1655. 

Baldwin, C.Y. and Woodard, J.J., “The architecture of platforms: a unified view”. In: A. Gawer, (Eds.), Platforms, 

Markets and Innovation. Edward, Elgar, 2009 pp. 19–44. Cheltenham, UK and Northampton, Mass 

Bask, A., Lipponen, M., Rajahonka, M. and Tinnilä, M., 2010. “The concept of modularity: diffusion from 

manufacturing to service production”. Journal of Manufacturing Technology Management, 21(3), pp.355-375. 

Brax, S.A., Bask, A., Hsuan, J. and Voss, C., 2017. Service modularity and architecture–an overview and research 

agenda. International Journal of Operations & Production Management, 37(6), pp.686-702. 

Campagnolo, D. and Camuffo, A. 2010, "The Concept of modularity in management studies: A Literature review", 

International Journal of Management Reviews, Vol. 12 No.  3, pp. 259-283. 

Carlborg, P., Kindström, D. and Kowalkowski, C. 2014, "The Evolution of service innovation research: A Critical 

review and synthesis", The Service Industries Journal, Vol. 34 No. 5, pp. 373-398. 

Christensen, C.M., Verlinden, M. and Westerman, G., 2002. Disruption, disintegration and the dissipation of 

differentiability. Industrial and Corporate Change, 11(5), pp.955-993. 

Colfer, L.J. and Baldwin, C.Y. 2016, “The Mirroring hypothesis: Theory, evidence, and exceptions”, Industrial and 

Corporate Change, Vol. 25 No. 5, pp. 709-738. 

Datta, P. and Roy, R., 2011. Operations strategy for the effective delivery of integrated industrial product-service 

offerings: Two exploratory defence industry case studies. International Journal of Operations & Production 

Management, 31(5), pp.579-603. 



 

35 

 

de Reuver, M., Sørensen, C. and Basole, R.C., 2018. The digital platform: a research agenda. Journal of Information 

Technology, 33(2), pp.124-135. 

Dorbecker, R. and Bohmann, T. 2013. “The concept and effects of service modularity – a literature review”, 46th 

Hawaii International Conference on System Sciences, IEEE, pp. 1357-1366. 

Eggert, A., Hogreve, J., Ulaga, W. and Muenkhoff, E., 2014. Revenue and profit implications of industrial service 

strategies. Journal of Service Research, 17(1), pp.23-39. 

Eggert, A., Ulaga, W., Frow, P. and Payne, A., 2018. Conceptualizing and communicating value in business markets: 

From value in exchange to value in use. Industrial Marketing Management, 69, pp.80-90. 

Fine, C.H., 1998. Clockspeed—Winning Industry Control in the Age of Temporary Advantage. Perseus Books, 

Reading, MA. 

Fixson, S.K., 2007. “Modularity and commonality research: past developments and future opportunities”. Concurrent 

Engineering, 15(2), pp.85-111. 

Frandsen, T., 2017. “Evolution of modularity literature: a 25-year bibliometric analysis”. International Journal of 

Operations & Production Management, 37(6), pp.703-747. 

Furlan, A., Cabigiosu, A. and Camuffo, A., 2014. When the mirror gets misted up: Modularity and technological 

change. Strategic Management Journal, 35(6), pp.789-807. 

Gamba, A. and Fusari, N., 2009. Valuing modularity as a real option. Management science, 55(11), pp.1877-1896. 

Garud, R. and Kumaraswamy, A., 1995. “Technological and organizational designs for realizing economies of 

substitution”. Strategic management journal, 16(S1), pp.93-109. 

Gawer, A., 2014"Bridging differing perspectives on technological platforms: Toward an integrative framework", 

Research Policy, 43(7), , pp. 1239-1249. 

Gebauer, H., Fleisch, E. and Friedli, T., 2005. Overcoming the service paradox in manufacturing companies. 

European Management Journal, 23(1), pp.14-26. 

Green, M.H., Davies, P. and Ng, I.C., 2017. Two strands of servitization: A thematic analysis of traditional and 

customer co-created servitization and future research directions. International Journal of Production Economics, 192, 

pp.40-53. 

Gummesson, E., Lusch, R.F. and Vargo, S.L., 2010. Transitioning from service management to service-dominant 

logic: Observations and recommendations. International Journal of Quality and Service Sciences, 2(1), pp.8-22. 

Helfat, C.E. and Eisenhardt, K.M., 2004. Inter‐temporal economies of scope, organizational modularity, and the 

dynamics of diversification. Strategic Management Journal, 25(13), pp.1217-1232. 

Henderson, R.M. and Clark, K.B., (1990). “Architectural innovation: The reconfiguration of existing product 

technologies and the failure of established firms”. Administrative science quarterly, pp.9-30.  

Huang, M.H. and Rust, R.T., 2018. Artificial intelligence in service. Journal of Service Research, 21(2), pp.155-172. 

Hoetker, G., 2006. Do modular products lead to modular organizations? Strategic management journal, 27(6), 

pp.501-518. 

IBM Reaserch, 2004, “Services Science: A New Academic Discipline?” URL: [http://www.research.ibm.com], last 

accessed: August 2018 

Jacobides, M.G., Cennamo, C. and Gawer, A., 2018. Towards a theory of ecosystems. Strategic Management Journal 

(Forthcoming) 

Jacobides, M.G., Knudsen, T. and Augier, M., 2006. Benefiting from innovation: Value creation, value appropriation 

and the role of industry architectures. Research policy, 35(8), pp.1200-1221. 



 

36 

 

Kapoor, R. and Adner, R., 2012. What firms make vs. what they know: how firms' production and knowledge 

boundaries affect competitive advantage in the face of technological change. Organization Science, 23(5), pp.1227-

1248. 

Karim, S., 2006. Modularity in organizational structure: The reconfiguration of internally developed and acquired 

business units. Strategic Management Journal, 27(9), pp.799-823. 

Karim, S. and Capron, L., 2016. Reconfiguration: Adding, redeploying, recombining and divesting resources and 

business units. Strategic Management Journal, 37(13), pp. E54-E62. 

Kim, D.J. and Kogut, B., 1996. Technological platforms and diversification. Organization Science, 7(3), pp.283-301. 

Kowalkowski, C., Gebauer, H., Kamp, B. and Parry, G., 2017. Servitization and deservitization: Overview, concepts, 

and definitions. Industrial Marketing Management, 60, pp.4-10.. 

Kurtmollaiev, S., Fjuk, A., Pedersen, P.E., Clatworthy, S. and Value, K., 2017. Organizational transformation through 

service design. Journal of Service Research, 21(1), pp.59-74. 

Langlois, R.N. and Robertson, P.L., 1992. “Networks and innovation in a modular system: Lessons from the 

microcomputer and stereo component industries”. Research policy, 21(4), pp.297-313. 

Lovelock, C. and Gummesson, E., 2004. Whither services marketing? In search of a new paradigm and fresh 

perspectives. Journal of service research, 7(1), pp.20-41. 

Lusch, R.F. and Nambisan, S., 2015. Service innovation: A service-dominant logic perspective. MIS quarterly, 39(1). 

MacCormack, A., Baldwin, C. and Rusnak, J., 2012. Exploring the duality between product and organizational 

architectures: A test of the “mirroring” hypothesis. Research Policy, 41(8), pp.1309-1324. 

Macdonald, E.K., Kleinaltenkamp, M. and Wilson, H.N., 2016. How business customers judge solutions: Solution 

quality and value in use. Journal of Marketing, 80(3), pp.96-120. 

Martin, J.A. and Eisenhardt, K.M., 2004. Coping with decline in dynamic markets: Corporate entrepreneurship and 

the recombinative organizational form. In Business Strategy over the Industry Lifecycle (pp. 357-382). Emerald 

Group Publishing Limited. 

Martinez, V., Neely, A., Velu, C., Leinster-Evans, S. and Bisessar, D., 2017. Exploring the journey to services. 

International Journal of Production Economics, 192, pp.66-80. 

Meyer, M.H. and DeTore, A., 1999. Product development for services. Academy of Management Perspectives, 13(3), 

pp.64-76. 

Meyer, M.H., Osiyevskyy, O., Libaers, D. and van Hugten, M., 2018. Does Product Platforming Pay Off?. Journal 

of Product Innovation Management, 35(1), pp.66-87. 

Mikkola, J.H., 2003. Modularity, component outsourcing, and inter‐firm learning. R&D Management, 33(4), pp.439-

454. 

Mintzberg, H., 1979. The structuring of organization: A synthesis of the research. Prentice-Hall. 

Ng, I.C., Maull, R. and Yip, N., 2009. Outcome-based contracts as a driver for systems thinking and service-dominant 

logic in service science: Evidence from the defence industry. European management journal, 27(6), pp.377-387. 

Ng, I., Parry, G., Smith, L., Maull, R. and Briscoe, G., 2012. Transitioning from a goods-dominant to a service-

dominant logic: Visualising the value proposition of Rolls-Royce. Journal of Service Management, 23(3), pp.416-

439. 

Normann, R., 2001. Reframing business: When the map changes the landscape. John Wiley & Sons. 

Ostrom, A.L., Parasuraman, A., Bowen, D.E., Patrício, L. and Voss, C.A. 2015. “Service research priorities in a 

rapidly changing context”, Journal of Service Research, Vol. 18 No. 2, pp. 127-159. 



 

37 

 

Ostrom, A.L., Bitner, M.J., Brown, S.W., Burkhard, K.A., Goul, M., Smith-Daniels, V., Demirkan, H. and 

Rabinovich, E. 2010. “Moving forward and making a difference: research priorities for the science of service”, 

Journal of Service Research, Vol. 13 No. 1, pp. 4-36. 

Pagani, M., 2013. Digital business strategy and value creation: Framing the dynamic cycle of control points. MIS 

Quarterly, 37(2). 

Parasuraman, A., Zeithaml, V.A. and Berry, L.L., 1985. A conceptual model of service quality and its implications 

for future research. the Journal of Marketing, pp.41-50. 

Pashaei, S. and Olhager, J., 2015. Product architecture and supply chain design: a systematic review and research 

agenda. Supply Chain Management: An International Journal, 20(1), pp.98-112. 

Pil, F.K. and Cohen, S.K., 2006. Modularity: Implications for imitation, innovation, and sustained advantage. 

Academy of Management Review, 31(4), pp.995-1011. 

Robertson, D. and Ulrich, K., 1998. Planning for product platforms. Sloan management review, 39(4), p.19. 

Rochet, J.C. and Tirole, J., 2003. Platform competition in two‐sided markets. Journal of the european economic 

association, 1(4), pp.990-1029. 

Rust, R.T. and Huang, M.H., 2014. The service revolution and the transformation of marketing science. Marketing 

Science, 33(2), pp.206-221. 

Salvador, F. 2007. "Toward a product system modularity construct: Literature review and reconceptualization", IEEE 

Transactions on Engineering Management, vol. 54, no. 2, pp. 219-240. 

Sampson, S.E. and Froehle, C.M., 2006. Foundations and implications of a proposed unified services 

theory. Production and operations management, 15(2), pp.329-343. 

Sanchez, R. and Mahoney, J.T. 1996, "Modularity, flexibility, and knowledge management in product and 

organization design", Strategic Management Journal, Vol. 17 No. S2, pp. 63-76. 

Sanderson, S. and Uzumeri, M., 1995. Managing product families: The case of the Sony Walkman. Research 

policy, 24(5), pp.761-782. 

Schilling, M.A. 2000, "Toward a general modular systems theory and its application to interfirm product modularity", 

Academy of Management Review, Vol. 25 No. 2, pp. 312-334. 

Schilling, M.A. and Steensma, H.K., 2001. The use of modular organizational forms: An industry-level analysis. 

Academy of management journal, 44(6), pp.1149-1168. 

Simon, H.A. 1996, The Sciences of the Artificial, MIT Press, 3rd edition. Cambridge, MA. 

Smith, L., Maull, R. and CL Ng, I., 2014. Servitization and operations management: a service dominant-logic 

approach. International Journal of Operations & Production Management, 34(2), pp.242-269. 

Staudenmayer, N., Tripsas, M. and Tucci, C.L., 2005. Interfirm modularity and its implications for product 

development. Journal of Product Innovation Management, 22(4), pp.303-321. 

Starr, M.K. 2010, "Modular production - a 45-year-old concept", International Journal of Operations & Production 

Management, vol. 30, no. 1, pp. 7-19. 

Sundbo, J. 1994, “Modulization of service production and a thesis of convergence between service and manufacturing 

organizations”, Scandinavian Journal of Management, Vol. 10 No. 3, pp. 25-266. 

Tiwana, A., Konsynski, B. and Bush, A.A., 2010. Research commentary—Platform evolution: Coevolution of 

platform architecture, governance, and environmental dynamics. Information systems research, 21(4), pp.675-687. 

Tee, R., Davies, A. and Whyte, J., 2018. Modular designs and integrating practices: Managing collaboration through 

coordination and cooperation. Research Policy (Forthcoming) 



 

38 

 

Teece, D.J., 1984. “Economic analysis and strategic management”. California Management Review (pre-1986), 

26(000003), p.87. 

Thomas, L.D., Autio, E. and Gann, D.M., 2014. Architectural leverage: putting platforms in context. Academy of 

Management Perspectives, 28(2), pp.198-219. 

Tuli, K.R., Kohli, A.K. and Bharadwaj, S.G., 2007. Rethinking customer solutions: From product bundles to 

relational processes. Journal of Marketing, 71(3), pp.1-17. 

Tuunanen, T. and Cassab, H., 2011. Service process modularization: reuse versus variation in service extensions. 

Journal of Service Research, 14(3), pp.340-354. 

Ülkü, S., Dimofte, C.V. and Schmidt, G.M., 2012. “Consumer valuation of modularly upgradeable products”, 

Management Science, 58(9), pp.1761-1776. 

Ulrich, K., 1994. Fundamentals of product modularity. In Management of Design (pp. 219-231). Springer, Dordrecht. 

Ulrich, K. 1995, "The Role of product architecture in the manufacturing firm", Research Policy, Vol. 24 No. 3, pp. 

419-440. 

Vandermerwe, S. and Rada, J., 1988. Servitization of business: adding value by adding services. European 

Management Journal, 6(4), pp.314-324. 

Vargo, S.L. and Lusch, R.F., 2004. Evolving to a new dominant logic for marketing. Journal of marketing, 68(1), 

pp.1-17. 

Voss, C.A. and Hsuan, J. 2009. “Service architecture and modularity”, Decision Sciences, Vol. 40 No. 3, pp. 541-

569. 

Wilden, R., Akaka, M.A., Karpen, I.O. and Hohberger, J., 2017. The evolution and prospects of service-dominant 

logic: An investigation of past, present, and future research. Journal of Service Research, 20(4), pp.345-361. 

Wise, R. and Baumgartner, P., 1999. Go downstream: The new profit imperative in manufacturing-Richard Wise and 

Peter Baumgartner. Harvard Business Review, 78(1), pp.133-141. 

Worm, S., Bharadwaj, S.G., Ulaga, W. and Reinartz, W.J. 2017, “When and why do customer solutions pay off in 

business markets?”, Journal of the Academy of Marketing Science, Vol. 45 No. 4, pp. 490–512. 

Yoo, Y., Henfridsson, O. and Lyytinen, K., 2010. Research commentary—the new organizing logic of digital 

innovation: an agenda for information systems research. Information systems research, 21(4), pp.724-735. 

Zhou, Y.M. and Wan, X., 2017. Product variety, sourcing complexity, and the bottleneck of coordination. Strategic 

Management Journal, 38(8), pp.1569-1587. 

  



 

39 

 

CHAPTER 2 

SERVICE MODULARITY: DIRECTIONS FOR SERVICE SYSTEMS RESEARCH 

This chapter outlines the paper exactly as published in the conference proceedings of QUIS14, 

2015. The reflection section further extends the central arguments of the paper and elaborates on 

the contribution. 
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Abstract 

 

The purpose of this research is to investigate the studies on service modularity with a goal of 

informing service science and advancing contemporary service systems research. Modularity, a 

general systems property, can add theoretical underpinnings to the conceptual development of 

service science in general and service systems in particular. Our research is guided by the 

following question: how can modularity theory inform service system design? We present a 

review of the modularity literature and associated concepts. We then introduce the contemporary 

service science and service system discourse and provide a framework along with suggestions for 

further research. 
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Introduction and motivation 

Although the concept of modularity has been subject to extensive research in a variety of 

academic circles, only recently has it been applied within the service domain. Spohrer et al. (2007) 

drawing on the work of Baldwin and Clark (2000) suggest modular operators as foundational for 

any kind of service system. Fischbach et al. (2011) suggest the transfer of three design principles 

from the realm of information systems to service management in order to advance Service 

Science: interoperability, autonomy, and modularity and interface orientation. Likewise, Maul et 

al. (2013) argue that in the context of modelling and designing service systems, important 

theoretical insights can be drawn from the concepts of modularity, coupling and cohesion that 

have been prevalent in the information systems literature. Starr (2010) points, that modular service 

designs provide a richer field for investigation than modular product designs. In the same vein, 

Voss and Hsuan (2009) suggest that service modularity can support the development of service 

design – an area that has been repeatedly prioritized among service researchers. Finally, Lusch 

and Spohrer (2012) stress the need for modular structures in an increasingly complex world of 

service systems that needs to be resilient. We aim to advance the service science agenda with 

elements from the modularity literature. 

 

Architecture, modularity, and platforms  

Modularity is a word hard to define free of context. It “is a versatile concept, which in 

practice may be used to address a variety of design problems” (Baldwin and Clark 2000, p. 90) It 

is a decomposition heuristic, through which a complex problem is decomposed into independent 

or quasi-independent sub-problems (Brusoni et al., 2007). It is “a design property of the 

architecture of products, organizations, and inter-firm networks” (MacDuffie 2013, p.8). Thus, 

modularity is an abstract and versatile concept, denoting structural properties of systems. In order 

to achieve modularity, a system needs to be partitioned into visible design rules and hidden design 

parameters which can be chosen late and changed often. Those visible design rules are interfaces 

that allow the exchange of resources between modules. Salvador (2007) reviews publications 

related to modularity in the realm of engineering/ manufacturing (tangible, assembled artifacts) 

and categorizes modularity in five specific literature streams: component commonality, 

component combinability, function binding, interface standardization and loose coupling. This 

classification aptly specifies structural characteristics related to an engineering perspective of 
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modular product architectures. Campagnolo and Camuffo (2009) review publications related to 

modularity solely from the perspective of management studies and make a categorization in three 

basic groupings based on the unit of analysis of each publication: product design modularity, 

production system modularity, and organizational modularity. Furthermore, the modularity 

literature develops a mirroring hypothesis (e.g. Sanchez and Mahoney, 1996) whereby the 

interdependences between a product, an organization and inter-organizational relationships and 

complementarities emerge, or can be designed purposefully, in order to address strategic concerns. 

Overall, the majority of modularity studies has revolved around firm activities: how can firms 

customize products, improve time to market performance or efficiently coordinate supply chains 

while protecting intellectual property rights have been some of the dominant themes. Ng (2013) 

introduces the notion of modularization of contexts to develop an understanding of resource 

integrating processes in service systems that can inform the design of value propositions. 

MacDuffie (2013) describes the cognitive aspects of modularity theory and points to the fact that 

“modularity frames drawn from one context are an unreliable guide to what will happen in a 

different context” (p. 37). 

Architectural framing and thinking feature heavily in the modularity literature. Architectural 

control provides market power while architectural yield signifies the unexplored opportunities 

available before an architecture reaches its limits. Information systems, products, industries or 

organizations are all conceived to have a specified structure, an architecture, composed of 

interfaces and modules. In a general sense, an architecture describes the “fundamental 

organization of a system embodied in its components, their relationships to each other and to the 

environment, and the principles guiding its design and evolution” (Maier et al. 2001, p. 108). Fine 

(2000) uses the analogy of a double helix in order to demonstrate the evolutionary forces of 

technology that lead products to an endless cycle from integral designs and vertical industries to 

modular designs and horizontal industries. Schilling (2000) lays a general modular system theory 

whereby modularity describes both the degree of coupling between modules and the degree to 

which a system architecture allows the mix and match of modules. She argues that all systems can 

be seen as somewhat modular, the point is how much and at what level. Measuring modularity, 

although not always required, can at times be very useful. Various measures and methodologies 

are applied in connection with modularity at different levels of analysis. Network theory is 

commonly employed (nodes and linkages logic), the design structure matrix is also a common 
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technique (albeit with limitations) while there is a variety of metrics to measure the coupling 

between two interfaces (see Hölttä-Otto et al. (2012) for a review). 

The continuous ‘platformization’ of virtually every industry (The Economist, January 2015), 

is receiving increasing attention from both academics and practitioners. Two recent reviews on 

the platform concept are from Thomas et al. (2014) who discuss architectural leverage as a 

competitive advantage and Gawer (2014) who observes that the structural commonality across 

both economic and innovation aspects of platforms is the modular design of a technological 

architecture. The platform categorization these two papers identify are quite alike, and are in turn 

striking similar to the perspectives developed from earlier studies on service modularity (see table 

1). 

Service Modularity and Digitalization 

Voss and Hsuan (2009) argue that in order to advance the study of service modularity we need 

to draw on our knowledge on product modularity but adapt it while Bask et al. (2010) contend 

that it remains unresolved whether the characteristics of modularity that emerged from production 

management studies can provide insights into the study of service modularity. Bask et al. (2011) 

identify that themes commonly related to service modularity are 1) the packaging of 

functionalities, 2) standardization of interfaces, and 3) reusability and substitution of modules. A 

contribution from research on service modularity in experience centric sectors such as healthcare 

(de Blok et al., 2014) and tourism and banking (Voss and Hsuan, 2009) is worth pointing out: due 

to central role human interactions have in service, a higher incident of loose coupling is probable, 

something that can lead to easier replication of a modules across a variety of systems. De Blok et 

al. (2014) distinguish between interfaces at the component level (that manage flows of people) 

and interfaces at the service package level (that manages flows of information). Spring and Santos 

(2014) analyse service interfaces in the context of product-service systems and point out that 

“interfaces in services are elusive and multifaceted phenomena” (p. 268). Many papers on service 

modularity divide their analyses in multiple layers, a fact that is in line with preceding research 

on the subject – as Campagnolo and Camuffo (2009) found in their review. Dörbecker and 

Böhmann (2013) offer a structured literature review on service modularity studies and conclude 

that the field tends to adopt different definitions of the term and associate similar benefits as 

previous studies on product modularity while failing to touch upon properties such as co-creation 

and customer experience. 
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TABLE 1: LEVELS OF ANALYSIS WITHIN PLATFORM AND SERVICE MODULARITY STUDIES 

Author(s)  Main focus  Levels of analysis  

Gawer (2014) 
Platforms (economics and 

engineering) 

 

- Industry platform 

- Supply chain platform 

- Firm platform 

 

Thomas et al. (2014) Platform architecture and leverage 

 

- Industry platform 

- Product platform 

- Firm platform 

 

Voss and Hsuan (2009) Service architecture and modularity 

 

- Industry 

- Firm or supply chain 

- Service bundle 

- Service package or component 

 

Pekkarinen and 

Ulkuniemi (2008); 

Bask et al. (2011) 

Service modularity (platforms; 

customization) 

 

- Network modularity 

- Process modularity 

- Offering modularity 

 

Yoo et al. (2010) 
Digital innovation and the layered 

modular architecture 

 

- Physical device layer 

- Network transport layer 

- Service application layer 

- Content data layer 

 

 

The emergence of studies on service modularity coincides with calls from information systems 

scholars to focus on the interplay of modularity and the ubiquity of digital systems that define 

industries today. For example, in manufacturing, servitization strategies leverage digital 

technologies in order to improve the performance of capital equipment while at the consumer 

level, the pervasiveness of digital service provision and the data economy is exploding. However, 

the provider and the client of such technologies, be it a firm, a consumer or a government, has to 

deal with a variety of different design problems while as user, faces confidentiality or privacy 

issues relating to ownership of data as deriving from digital service provision. In light of this 

“information revolution” (Rust and Huang 2014), Yoo et al. (2010) draw an agenda for research 

that focuses on the unique features of digital technology. They argue that the logic of modularity 

of complex systems drawing on the work of Herbert Simon cannot continue to serve as the 

intellectual foundation for innovation strategies in the 21st century and call for a layered modular 
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architecture to be used as organizing logic in the context digital innovations (see table 1). This 

later argument makes a point by focusing on the generative and re-programmable character of 

digital innovations, that is increasingly defining coopetitive dynamics in a variety of industries - 

but which nevertheless remains under researched. From an organization design point of view, 

Fjeldstad et al. (2010) point to the architecture of collaboration as opposed to a hierarchical 

architecture that tends to dominate as a new organization design which they term actor-oriented. 

In an insightful case study that bridges the physical organization of the automotive industries and 

the organizing logic of software development, Henfridsson et al. (2014) discuss differences 

between the hierarchical approach of designing physical components and the network of patterns 

approach for designing digital artifacts. Contrary to conventional thought, they draw a distinction 

between the work of Simon and that of Alexander in order to point out how digital innovation 

differs from physical product innovation. 

 

TABLE 2: TWO INNOVATION LOGICS (adapted from Henfridsson et al., 2014) 

Dimension    

 Simon’s hierarchy of parts frame 
Alexander’s network of patterns 

frame  

Approach to 

complexity  
Decomposition and aggregation  Generalization and specialization  

Notion of 

component  
Part  Pattern  

Components 

relations  
Interface  Inheritance  

Structural 

representation  
Hierarchy  Network  

 

What Yoo et al. (2010) and Henfridsson et al. (2014) seem to resonate is that the nature of 

product design is shifting with the increasing liquification of information (Norman, 2001) which 

has long been acknowledged by the service dominant logic school of thought yet has not been 

articulated in that manner. Lusch and Spohrer (2012) point out that “[m]odularity, either layered 

or un-layered is the contemporary equivalent of the standardised and interchangeable parts and 

the division of labour” (p. 1495), implying it will still be a principle of importance even in the 

digital age. As Fjeldstad et al. (2010) argue, hierarchy is still going to be used for control purposes 

although coordination might take place in a (modular) network. 
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Service science and service systems 

On May 2004 the idea for a science of service emerged among scientists and consultants at a 

two-day summit entitled “Architecture of on Demand Business” (IBM, 2004). It was just few 

months after the article on Service Dominant Logic was published in January 2004 (Vargo and 

Lusch, 2004). The intellectual foundations of these initiatives have grown in parallel and as of 

2008, Service Science embraced service dominant logic as its philosophical foundation (Maglio 

and Spohrer, 2008; Vargo and Akaka, 2009). This merger evoked synergies between the academic 

and business community leading to a stream of research that deploys service dominant logic as an 

axiom to investigate service systems and their interactions through value propositions. The 

intellectual development of service science is evolving through conference proceedings and new 

journals, while it is bracing systems thinking which has been foundational for a variety of 

disciplines. Today, service is no longer perceived as an offering but rather as the application of 

skills for the benefit of others (Vargo and Lusch, 2008). Service science, due to its focus on value 

co-creation within and between service systems, is not a logical development within any other 

service sub-discipline (Ng et al., 2011). Tronvoll et al. (2011) assert that due to the emergence of 

Service science and service dominant logic there is a “need for a deeper ontological and 

epistemological understanding of the field” (p. 561) that would embrace multiple paradigm 

research. 

The service system is defined as the main unit of analysis for service science (Maglio et al., 

2009). What exactly constitutes an appropriate definition of a service system is still debatable - 

see Badineli et al. (2012) for a short review. We follow Spohrer et al. (2007) and define a service 

system as a configuration of “people, technology, internal and external service systems connected 

by value propositions, and shared information” (p. 73). Value proposition design involves the 

search for adaptive advantages by improving current or creating new offerings and by 

reconfiguring resources (Maglio and Spohrer, 2013). Service systems dynamically configure 

people, technologies, organizations and information (ibid). Thus, service systems can be 

understood as dynamic and adaptive systems that aim to achieve fit with their environment and 

evolve through value co-creating interactions. As such, platforms can also be understood as 

service systems. 
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Conclusion  

A simplified synthesis of the presented literature yields the framework below (figure 1). To 

the left is the service system, a value configuration that includes people, technology, information 

and value propositions and to the right stand four foundational metrics of modularity. In the 

middle are four levels of analysis that dominate in our review. Recently, the literature points to 

service ecosystems, viewed as spontaneously sensing and responding spatial and temporal 

structure of largely loosely coupled, value-proposing social and economic actors interacting 

through institutions, technology, and language to (1) co-produce service offerings, (2) engage in 

mutual service provision, and (3) co-create value (Vargo and Lusch, 2011; Frow et al., 2014). 

 

 

 

 

 

 

 

 

FIGURE 1 - CONCEPTUAL FRAMEWORK 
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modularity or trying to examine how modularity may be applied in a service context. Adopting 
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modularity but approach the subject from a holist point of view – a design principle – and apply 

it to the design of resilient service systems. 

The focus placed on systems, value co-creation and the main point of service dominant logic 

that puts service at the centre of any economic activity (as opposed to be a mere offering), 

accentuates the concept of service to a universal level. More specifically, service dominant logic 

allows general systems theorists to adopt service as an attribute of any system. This view mirrors 

what Maglio et al. (2009) envision for service systems aiming at win-win outcomes. In the context 

of service science, we may infer that service can be a systems attribute that any system may or 

may not display. Systems thinking, has and still is, contributing to the development of many 

disciplines. The service character of systems though is just beginning to emerge. How can service 

as an attribute contribute to systems theories remains an open question. 
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 COMMENTS AND REFLECTIONS ON PAPER I 

 

Modularity and service system elements 

As explained in the preceding paper, a convergent view in the newly emerged field of 

Service Science sees the service system as composed of four elements: people, technology, 

information, value propositions. The paper argues for using modularity as a lens to analyze service 

systems. Although a great body of literature has examined modularity across different 

technologies, there is hardly any work that explores humans as modules, the idea of modular value 

propositions or the intersection of modularity and information. However, since the first paper was 

written during the period 2014-2015, a number of new studies have emerged that started to explore 

modularity at the intersection with service system elements. Given that modularity has its roots in 

the management of technological innovation, herein I further discuss recent studies that address 

the other three service systems elements using a modularity lens (information, value propositions, 

people).  

Recent work on servitization and platforms touched upon the intersection of modularity and 

information. Specifically, Cenamor et al (2017) argue that information modules replace product 

and service modules as the core modules for successful servitization. The authors see information 

modules as chunks of digital technology resources that are reused from the back-office and front-

office. Although this conceptualization appears similar to extant modularity work, it however 

provides with contextual knowledge for digital innovation research by exploring the efforts of 

industrial firms to develop and deliver digital services. In instances where information is viewed 

as a module a certain degree of codification is implicitly assumed. As such, the reconfiguration 

of information modules, by acts of recategorizing, recombining and re-contextualizing, can lead 

to new knowledge (Fleming and Sorenson, 2001; Nonaka, 1994). In this vein, recent work has 

begun to conceptually develop the role of knowledge modularity (Fixson et al., 2017). Albeit using 

patent data to measure the construct of knowledge modularity at an industry level, this study 

extends modularity theory and explains the role of knowledge in moderating firms’ response to 

environmental uncertainty in terms of R&D boundary choices (ibid).  
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Research has also begun to explore the modularization of value propositions. Heikka et al., 

(2018) conceptualize value propositions as configurations of knowledge and resources which can 

be modularized to match customer needs. This is in line with work in this dissertation whereby a 

modular or integral design is found to match different customer needs. Specifically, paper II marks 

one of the first explorations on the role of modularity in customer experiences and elaborates on 

the idea of resource integration required from people when a market offering is modular or when 

it is integral. Collectively these early conceptualizations, provide with first attempts to infuse 

modular design rules across service systems elements. Future work will also need to qualify where 

a modular or integral service systems provide with different benefits or are fit for different 

contexts (see also Paper II). Another avenue for future inquiry relates to the how elements of the 

service system interact with each other, and to the extent that modularization can moderate those 

interactions. 

 

Service modularity and digital technologies 

Service modularity research has been growing in parallel but very much disconnected from 

the stream of work of digital technologies. The reason may be that service modularity grew within 

the operations management community while digital innovation studies within Information 

Systems (IS). However, and irrespective of sub-disciplinary camps, there is today a certain bias 

across service modularity studies to examine contexts that are, in many ways, driven by humans, 

such as tourism and healthcare (e.g. Voss and Hsuan, 2009; de Blok et al., 2014; Avlonitis and 

Hsuan, 2017). And similarly, IS research has a technological determinism bias. But to advance 

the study of service science there is a need for cross-pollination of the two disciplines to focus on 

the design and development of digital services. This is especially true given a subtle contradiction 

between the two literatures. Specifically, the review of the literature in Paper I reveals a certain 

tension between established ideas of modularity, as those are increasingly adopted within service 

modularity studies, and the application of the concept within the domain of IS. A number of highly 

impactful studies on digital innovation have begun to question fundamental assumptions of 

modularity. They do that by juxtaposing the physical with the digital (Henfridsson et al., 2014). 

That is, they compare the design hierarchies and innovation dynamics between manufacturing and 

software (Yoo et al., 2010). As such, to advance a more complete understudying of modular 

service systems, there is a need to disentangle the relationship between service modularity research 
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in operations management and notions of modularization developed within the field of IS. This 

need is only accentuated given the increasingly automated nature of service systems and the 

changing role of humans and machines in value co-creation phenomena (Maglio, 2017; Breidbach 

et al., 2018). A common thread that warrants further research focus is the concept of interfaces 

across the two disciplines. Fundamental to modularity literature (Ulrich, 1995; Baldwin and Clark, 

2000), interface standardization is explored by both literatures. Devising appropriate interfaces 

which act as a dynamic set of rules and protocols that eventually define the institutional structure 

of the ecosystem surrounding a given platform is a key issue within IS research (Lusch and 

Nambisan, 2015). Similarly, interfaces within service operations management are seen as the “the 

set of rules and guidelines governing the flexible arrangement, interconnections, and 

interdependence of service components and service providers” (de Blok et al. 2014, pg. 186). 

With increasing technology infusion there is a need to consider how digital and human interfaces 

come together. 

 

Service Modularity or just Modularity? 

The majority of service modularity studies, which until today are rather limited, do not 

provide a definition that is substantially different from those developed in general management 

studies. As such, a plausible question is where does service modularity fit in the wider service 

community? In light of the service renaissance post 2004, spearheaded by work on Service 

Dominant Logic and Service Science, service is not just another type of market offering but rather 

a logic and underlying business approach. However, all service modularity studies appear to 

uphold an GDL focus, whereby services are treated as a type of market offering. This is perhaps 

natural given the product focused inheritance of modularity research. What appears to be missing 

in the literature is an actual SDL approach to modularizing service and value co-creation 

phenomena. Until then a terminological problem remains regarding the nature of the term “service 

modularity” itself. In light of abolishing past distinctions between goods and services, using the 

concept of “service modularity” appears to perpetuate the distinction from the IHIP era between 

products and services.  

To further develop the domain of service modularity there appears to be a need for 

consensus regarding which insights of modularity theory are actually transferable across contexts 
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and which are not. The problem is evident when for example Voss and Hsuan (2009) point that in 

order to advance service modularity we need to draw on our knowledge on product modularity 

but adapt it while Bask et al. (2010) argue that it remains unresolved whether the characteristics 

of modularity which emerged from production management studies can provide insights into the 

study of service modularity. Information systems scholars reject previous ideas of modularity and 

begin to develop contextualized frameworks, such as the layered-modular architecture (Yoo et al., 

2010). Currently it remains unresolved whether and to what extent there is such need for service 

research. 

A first step would be to explore the paradigmatic assumptions of the service modularity as a 

field and specifically to what extent it departs from extant understanding of modularity in 

management studies so that it would require new concepts and frameworks. However, a problem 

to that direction is that there are no coherent accounts of the fundamental assumptions of 

modularity. The concept has been applied diversely and at times hastily across subdisciplines of 

management and engineering studies. Working towards a solution, this dissertation attempts to 

address that point by explicitly articulating three principles based on modular and integral design 

to assist cross-pollination across disciplines (see Paper IV, Chapter 5). 
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CHAPTER 3 

EXPLORING MODULARITY IN SERVICES: CASES FROM TOURISM 

This chapter includes the paper “Exploring modularity in services: cases from tourism”. The first 

section outlines the paper exactly as published in the International Journal of Operations and 

Production Management. The second section provides a meta reflection on a number of points 

that were removed during the journal review process including among others additional figures, 

interview quotes and methodological reflections.
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PAPER II 

 

Exploring modularity in services: cases from tourism† 

Viktor Avlonitis and Juliana Hsuan 

 

Abstract 

Purpose –This research examines how modularity manifests in the design of services. The study brings 

new insights on the organization of service firms by empirically exploring and theoretically advancing the 

intersection of modularity and service design. 

Design/methodology/approach – The paper compares two companies that offer similar services in the 

same geographical region but represent polar case types. A framework grounded on extant literature is 

constructed and applied to the two cases to assess its practicality and provide theoretical insights. 

Findings – The paper demonstrates the effects of modularity and integrality on a range of different 

analytical levels in service architectures. Taking a holistic approach, the authors synthesize and empirically 

deploy a framework comprised of the three most prevalent themes in modularity and service design 

literature: Offering (service concept), intra-firm organization (service delivery system) and inter-firm 

relationships (service network). They posit that service architectures require the examination of different 

analytical levels due to the complex and dynamic nature of service business. Additionally, the analysis 

provides new insights on the mirroring hypothesis of modularity theory to services. 

Originality/value - The paper provides a conceptualization of service architectures drawing on service 

design, modularity, and market relationships. The study enriches service design literature with elements 

from modularity theory and elaborates on the theoretical implications of service modularity in general.  

Keywords Modularity, Service architecture, Service design, Case study, Tourism, Conceptual framework 

                                                 

† Avlonitis, V. and Hsuan, J., 2017. Exploring modularity in services: cases from tourism, International Journal of 

Operations & Production Management, 37(6), pp.771-790, https:// doi.org/10.1108/IJOPM-08-2015-0531 



This article is © Emerald Publishing and permission has been granted for this version to appear here (and in the future at http://openarchive.cbs.dk/). 
Emerald does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Emerald 

Publishing Limited. 

58 

 

Introduction and motivation 

The sustained growth of services has promoted a service-oriented mindset across every 

sector and industry, from “servitization” in manufacturing to “as a service” business models in 

software firms. Designing effective and efficient service architectures and fostering service 

innovation is imperative in today’s business to attain a competitive advantage and improve quality 

of life. However, empirical research on service architectures, modularization, and design remains 

scarce (Ostrom et al., 2015). To advance service design and new service development, a deeper 

understanding of architectures and modularization within service contexts is required (Carlborg 

et al., 2014; Voss and Hsuan, 2009). Although service design and modularity have seemingly 

different points of departure, both research streams are related to the broader fields of service 

architecture, service innovation and new service development (Menor et al., 2002). 

This paper builds on existing empirical research on modular design rules in service contexts. 

New insights about the overall architecture of service firms are developed by exploring the 

concept of modularity and service design. Tourism forms the research context; specifically, two 

small enterprises providing packaged travel tours. The study examines the overall architecture of 

service firms by empirically exploring the concept of modularity and service design at three 

different levels of analysis: service concept, service delivery system, and service network. The 

research is guided by the following question: How does modularity manifest in the design of 

services? 

The paper first reviews the relevant literature on service design and modularity. Next, the 

research methodology is presented followed by an overview of the tourism industry and 

presentation of the empirical data. Data analysis follows, characterized by the interplay between 

theory and data. The final sections provide perspectives for theoretical development of modular 

service design and point to avenues for further research. 

Theoretical foundations 

This section presents the theoretical lenses that support the generation and analysis of data. 

Literature on service design is introduced followed by the basic premises and assumptions of 

modularity theory. The section concludes with a synthesis of the literature into a conceptual 

framework. 
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Service Design 

Service design is an evolving construct, drawing from a variety of disciplines (Stickdorn 

and Schneider, 2011). In this study, the following definition is adopted, as it allows 1) a systemic 

analysis inclusive of customers and providers, and their interaction, 2) an experiential and a 

structural focus and 3) a wide disciplinary perspective: 

“Service design sits at the intersection of service strategy, service 

innovation, and service implementation […] it is a collaborative, 

cross-disciplinary activity that, at times, crosses marketing, human 

resources, operations, organizational structure, and technology 

disciplines […] it involves the orchestration of clues, places, 

processes, and interactions that together create holistic service 

experiences” (Ostrom et al., 2010, p.17). 

Service design research has focused on the identification, analysis, and understanding of 

customer touchpoints and lines of visibility (Bitner et al., 2008; Zomerdijk and Voss, 2011). 

Interactions are commonly mapped in blueprints and the degree of customer contact dictates the 

design of service organizations (Chase, 1978; Shostack, 1982). During a service encounter, a 

customer may interact with several units inside an organization or even with a wide network of 

organizations. Consequently, it is crucial for service design to focus beyond touchpoints and 

examine the whole customer journey (Rawson et al., 2013; Tax et al., 2013). Service design is 

also part of a growing body of theory and practice emerging from the design community, 

concerned with the transfer and integration of design thinking principles (Brown, 2008) to services 

(Mager and Sung, 2011). Design thinking considers both the technological system constraints and 

the sociocultural system context (Gruber et al., 2015). 

Service design relates to both the design of service experiences and organizational design 

(Andreassen et al., 2016). These two fields are reflected on two concepts rooted in both service 

design and new service development (NSD) literature: Service concept and Service delivery 

system (Edvardsson and Olsson, 1996; Normann, 2000; Roth and Menor, 2003). The former refers 

to what is being offered (experience). The latter refers to how it will be offered (organizational 

structure). The service concept is used to communicate to employees what service they should 

provide, and to customers what service to expect (Goldstein et al., 2002). Clark et al. (2000) 

suggests that value, form and function, experience and outcomes are its four essential building 
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blocks. It is often equated with the service package, service offering or service bundle (Normann, 

2000; Roth and Menor, 2003). Similarly, Lovelock and Wirtz (2011) use the terms “service 

concept”, “service offering” and “value proposition” interchangeably to discuss service 

development. The service delivery system consists of the resources mobilized to create an 

organization’s offerings. It represents the structure of an organization including technologies, 

processes, tasks, and human resources (Normann, 2000; Roth and Menor, 2003). 

Modularity 

A well-established concept in many disciplines, modularity is a versatile concept used to 

address a variety of design problems (Baldwin and Clark, 2000). The literature on modularity puts 

an emphasis on the concept of architecture, broadly used to specify which modules comprise part 

of a given system and what their functions are (Baldwin and Clark, 1997). In management 

research, modularity is frequently discussed as a continuum ranging from modular to integral 

(e.g., Schilling, 2000). This conceptualization has been used to explore buyer-supplier 

relationships (e.g., Sako, 2003), inter- and intra-organizational designs (e.g. Langlois, 2002; 

Baldwin, 2008), design of products (e.g., Ulrich, 1995; Mikkola, 2006), and structure of industries 

(e.g., Fine, 2000; Fixson and Park, 2008). 

Theorization around modularity has advanced a mirroring hypothesis, broadly concerned 

with the relationship between technical dependencies and organizational design (see Colfer and 

Baldwin, 2016 for a review). The hypothesis postulates that modular processes and products lead 

to modular inter- or intra-organizational structures and vice versa (e.g., Hoetker, 2006; 

MacCormack et al., 2012; Sanchez and Mahoney, 1996). Nevertheless, contextual and industrial 

specificities offer enough contingency factors to instruct further elaboration of the mirroring 

hypothesis (Cabigiosu and Camuffo, 2012; Furlan et al., 2014; MacDuffie, 2013). 

Supply chain management research has examined the impact of product architecture on the 

relationship between buyers and suppliers (see Pashaei and Olhager, 2015 for a review). This 

research stream sees relationships in a spectrum ranging from transactional (arm’s-length) to 

relational strategic partnerships. The former is commonly assumed to lead to a modular, loosely 

coupled network, and the later to an integral, tightly coupled network (e.g. Ülkü and Schmidt, 

2011; Voordijk et al., 2006). Although the type of buyer-supplier relationship can have a strong 
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impact on the outcome of modularization (Hsuan, 1999), there are conflicting results in terms of 

outcome and mediating forces (e.g., Caridi et al, 2012; Howard and Squire, 2007). 

Drawing on engineering, Salvador (2007) identifies five literature streams that can be 

perceived as foundational for a theory of modularity: Component commonality, component 

combinability, function binding, interface standardization and loose coupling. In another review, 

drawing on management research, Campagnolo and Camuffo (2010) categorize modularity 

literature into three basic groupings, based on the unit of analysis, and stress the need for studies 

linking the analytical levels: Product, production system, and organization. 

Modular design leads to products that can be decomposed into modular components (Pine, 

1993). Similarly, modular services are created out of standard elements – modules – that can be 

combined for the individual customer at the moment of purchase (Sundbo, 1994). Research on 

organizational design and modularity frequently draws on the work of Simon (1996) to discuss 

issues of complexity, decomposability and the related coordination mechanisms in markets or 

hierarchies (e.g., Ethiraj and Levinthal, 2004). A firm’s ability to modularize its structures 

depends critically on the decomposability of its underlying task system (Zhou, 2013). 

Studies addressing modularity in services have emerged relatively recently. Sundbo (1994) 

first approached the topic, noting the growing standardization and mass customization efforts – 

mainly spurred by technological advances – among Danish service firms. Starr (2010) argues that 

“service modularity may be a richer field for investigation than manufacturing modularity” (p.15). 

Due to the central role of human interactions in service delivery, a higher incidence of loose 

coupling is probable, which can lead to easier replication of modules across systems. De Blok et 

al. (2014) distinguish between interfaces that support variety and interfaces that support 

coherence. Interfaces in services can involve people, information, and standards (Voss and Hsuan, 

2009). The majority of service modularity research provides multi-level analysis, in line with 

preceding research on modularity (Salvador, 2007; Campagnolo and Camuffo, 2010). Voss and 

Hsuan (2009) argue that theorizing about service modularity can inform service design. This is 

further affirmed, since modularity is a general systems property (Baldwin and Clark, 2000; 

Schilling, 2000) and service is increasingly being approached from a systems theory perspective 

(Vargo et al., 2008; Maglio et al., 2009; Badinelli et al., 2012). Thus, focusing on modularity as a 

design principle of services appears to be a natural extension of the concept. 
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Framework development 

Modularity is examined at three levels: Service concept, service delivery, and service 

network. Customer experience, which is emphasized in service design literature and constitutes a 

vital element of the service concept, can be divided into three sequential stages representing the 

before, during and after of a service encounter. This three-stage mindset provides a basis for 

experiential service design (Zomerdijk and Voss, 2011), and for evaluating service quality 

(Parasuraman et al., 1985). It is analogous to the three-stage model of service consumption by 

Lovelock and Wirtz (2011) while it has long been implicit in customer experience, customer 

satisfaction, and customer journey literature (see also Lemon and Verhoef, 2016). At the before 

stage, an offering is considered modular if the customer can mix-and-match different elements to 

customize the offering.  Service concepts offered as stand alone, that is, there is no option to 

modify the offering are considered integral (i.e. not modular). At the during stage, modularity is 

conceptualized based on the degree of flexibility in relation to service execution and orchestration 

of touch points. At the opposite end, an integral during stage is assumed to involve an efficient 

orchestration of touchpoints. In the after stage, the focus is on relationships and the different 

interfaces a service organization chooses to create, following the completion of a given service 

interaction. 

The service delivery system level includes the interdependencies among employees, 

departments and various tasks. Emphasis is placed inside the legal boundaries of the organization 

and, specifically, on inter-organizational work routines and processes, where functions (tasks) and 

structures (departments) become interdependent. Ulrich (1995) discusses one-to-one mapping as 

the defining characteristic of modular architectures, while integral architectures contain a complex 

mapping between functions (tasks) and structures (departments). Where there is clear one-to-one 

mapping of tasks to specific employees or departments, the departments and task structures are 

considered modular. Conversely, an integral department and task structure is identified by a 

complex mapping among employees and tasks, where elements are shared among departments.  

The process each company uses for developing new services is designated as a sub-level here 

where modularity reflects the degree to which various elements are reused for NSD. 

The service network level of analysis examines modularity in terms of downstream and 

upstream partners involved in service delivery. Tax et al. (2013) argue for the adoption of a 

network approach to service delivery, since service encounters involve more than dyadic 
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interactions between a provider and a client. A service delivery network perspective is useful 

because a customer interacts with multiple providers during a given experience. Roth and Menor 

(2003) discuss service supply chain management as an external integration consideration relevant 

for the service delivery system level of analysis. In line with modularity literature, and to address 

the network of partners involved in service delivery, the service network is designated to account 

for intra-organization market relationships as a separate level of analysis. Essentially an extended 

delivery system, the service network consists of all the actors that integrate resources to create 

experiences for customers. Arm’s-length relationships lead to loosely coupled, modular service 

networks while collaborative relationships result in integral, complex networks. 

A synthesis of the presented literature, summarized in Figure 1, illustrates the different 

levels of analysis (service concept, service delivery system, and service network) and how design 

principles drawn from the literature are manifested at each level. 
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Methodology 

This is a comparative case study, an appropriate method for theory building, particularly 

when the definitions of key constructs are poorly understood (Voss et al., 2002), such as in the 

case of service modularity and service design. This research follows a multiple embedded case 

study design, examining each of two cases, through three units of analysis: 1) Service concept 2) 

Service delivery system, including innovation processes; and 3) Service network (Yin, 2003). The 

choice of units of analysis is theoretically driven, in line with the polar theoretical sampling 

strategy (Eisenhardt and Graebner, 2007), which, in turn, is guided by the goal to develop theory. 

Based on the general modular theory (Schilling, 2000), two cases are selected that represent 
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opposite extremes of the modular-integral continuum. Polar case studies stimulate theory 

development, allowing for theoretical sampling which facilitates pattern recognition in the data, 

and points towards contrasting or even extreme patterns (Jugdev and LaFramboise, 2010). 

The research cycle, consisting of literature review, data collection and analysis, was twice 

iterated. In the first iteration, domain literature was identified, and the scope of the study was 

established. At this stage, the two case companies were identified as polar cases based on public 

information about market offerings. In the second iteration, the literature review was further 

refined, the conceptual framework was finalized, and data collection continued. Secondary data 

was continually collected from public sources – including websites, social media and marketing 

brochures – throughout the time of the study which lasted approximately one year. Primary data 

was generated from site visits, field research and interviews with company executives, which were 

transcribed verbatim. The interviews were relatively unstructured (Blumberg et al., 2008), aiming 

for a holistic understanding of the two organizations. Prior professional relationships with the two 

case firms allowed for openness during the interview process and for unobstructed access to data 

collection. Triangulation was achieved by interviewing different company representatives and by 

verifying information through observation. One of the authors participated in tours provided by 

the case companies. During field trips, the researcher’s role stood between what Gold (1958) 

describes as participant-as-observer and observer-as-participant. Although the tour participants 

were not aware that research was being conducted, the tour guides and other partners were 

informed and offered valuable insights. 

 

Cases and the industry context 

Reflection at a macro level supports a deeper understanding of the two cases and provides 

the contextual frame of modularity and service design to the study. Delineation of context is 

crucial for the development of new theoretical perspectives, especially in service research (Voss 

et al., 2016). Industry level considerations are common within service modularity research (Bask 

et al., 2010; Pekkarinen and Ulkuniemi, 2008; Vähätalo and Kallio, 2015; Voss and Hsuan, 2009) 

and as MacDuffie (2013) points out, modular design, requires uncovering and addressing 

contextual idiosyncrasies such as sector specificities. 
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The Tourism industry 

Tourism is one of the fastest-growing industries in the world, with continued growth over 

decades and export volumes surpassing those of food products and automobiles (UNWTO, 2016). 

It is a service intensive, experience-centric sector where customer satisfaction, service design and 

innovation are of central focus (Oh et al., 2007; Otto and Ritchie, 1996; Stamboulis and 

Skayannis, 2003). A multitude of different businesses from a variety of industries, usually referred 

to as service providers, constitute the supply side of tourism. These actors (airlines, hotels, 

restaurants, museums, etc.) collectively contribute to and influence the experience of the 

individual tourist. 

The demand side of tourism is comprised of any individual who is capable of travelling, and 

is quite heterogeneous. Between supply and demand are the intermediaries, such as the two 

companies investigated in this study, who bundle resources provided by various suppliers at host 

destinations and offer packages to end customers. These intermediaries act as gatekeepers, 

determining which elements of a destination are offered to any given client and how those 

elements are presented. Bastakis et al. (2004) point to the control tour operators can exert on the 

supply side of the industry. Sheldon (1986) suggests that tour operators follow a strategy of scaling 

economics (higher volume for reduced costs) or a strategy of specialization, focusing on special 

interest groups. In group packaged tourism, the tour guide has a central role for moderating 

individual customer experiences and group dynamics (Quiroga, 1990). 

The development of the internet has reshaped tourism. Intermediation, dis-intermediation 

and re-intermediation have become common terms to describe the placement and displacement of 

middlemen among the supply and demand side. These intermediaries, usually inbound or 

outbound tour operators (ITOs and OTOs) and Destination Management Companies (DMCs) 

make use of global distribution systems and similar digital technologies to facilitate the packaging 

of different offerings. Recently, social media, meta-search, semantic search, and dynamic 

packaging applications have forced intermediaries to redefine their offerings. Tour operators used 

to be considered quality assessors (Clerides et al., 2008). Yet, today, social media is taking over 

this role, and - while tour operators’ core offerings used to be the packaging of different services- 

nowadays semantic search and dynamic packaging allow customers to create their own packages. 

Information technology, in general, contributes to the increase of interface standardization among 
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the various actors in the supply side of tourism, a fact that leads to increased modularity (Ndou, 

2011) and facilitates mixing-and-matching of different elements. 

 Case presentation 

The two companies, MOD and IGR (pseudonyms used to retain anonymity), were chosen 

as polar cases since MOD’s market offerings are positioned at the modular end of the modular-

integral continuum while IGR’s at the integral end. Table 2 summarizes key information about 

the two companies. MOD and IGR operate in the same industry, are of the same size, have similar 

offerings and are both based in Northern Europe. Yet their strategies, target market, organizational 

boundaries and operations are quite different (see Figure 2). 

 

TABLE 1 - KEY INFORMATION ON CASE ORGANIZATIONS 

 MOD IGR 

Year Founded 2006 2006 

Company Location Northern Europe Northern Europe 

Main Market Segment International students Senior/ Elderly 

Main destinations Russia & Lapland Russia & Eastern Europe 

Average Price 400 € 1.200 € 

Number of employees 10 10 

Annual Turnover (approx.) 3.000.000 € 2.000.000 € 

Tourists per year 6000 1500 

Organizational Structure 

Flat and networked, annual 

planning and long-range 

contracts, clear responsibilities 

among employees 

Hierarchical and contained, 

project-based, short- and 

medium-term contracts, shared 

tasks, and mixed responsibilities 

Strategy Low-cost, high volumes 
Differentiation, high-end, low 

volumes 

Reservation system Complete automation online 
Manual reservation, payment 

via bank wire transfer 

Awareness about modularity Basic Absent 
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MOD case 

MOD is a tour operator that focuses on offering affordable group travel by reaching high 

volumes at low cost, particularly through collaboration with international student associations 

(SAs). Similar offerings are provided to all SAs, with adjustments to logistical elements according 

to the location of each association. Some SAs choose to enhance MOD’s offerings prior to and 

during the tour, while others limit themselves to promotional activities. 

MOD has a decentralized organization structure with a flat hierarchy. Its general 

management is located at the main office, devoted to reservations and quotas. The customer 

service and support office (i.e., help desk and telephone center) is located near the airport. Tasks 

outsourced to specialized organizations include accounting, bookkeeping, visa applications, and 

maintenance of the online reservation system. Back-office operations and large group reservations 

are supported by a high-end information system. Social media plays an important role in MOD’s 

marketing strategy. SAs use social media extensively for promotions and as a result, MOD 

employees and SA representatives can monitor customer’s behavioral intentions and manage 

supply in real time. 

Before trips, SAs organize information and networking meetings to create a group dynamic 

and keep the participants excited. At the booking stage (online system), the customer is presented 

with pricing information for the core offering and the possibility to add additional activities to the 

package at extra cost. The core offering consists of transportation and accommodation. Extra 

activities, such as guided visits to cultural institutions, can increase the price by over 100%. 

Participants can sign up for extra activities, both when the group departs from the home 

destination, and after the package has been purchased. MOD expects a good interplay and group 

dynamic among tour participants. During trips, SA representatives often plan ad hoc tasks to keep 

the group united and the experience solid. 

Planning and execution vary significantly between MOD’s two main destinations. In 

Lapland, the CEO and employees are on-site and help with day-to-day operations. Most extra 

activities are offered by local entrepreneurs. MOD acts as an agent for these local businesses and 

receives a commission. Freelance tour guides are hired by MOD, that usually do not have a 

professional training. In Russia, the handling of tourists is managed by certified tour guides, who 

are employed by partner ITOs that support groups during the tour. This creates a completely 



This article is © Emerald Publishing and permission has been granted for this version to appear here (and in the future at http://openarchive.cbs.dk/). 
Emerald does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Emerald 

Publishing Limited. 

69 

 

different operation as the responsibility for the group “changes hands” when crossing national 

borders. ITOs help develop the program and tour in close cooperation with the MOD team, 

including most of the bookings (with the exception of hotel accommodation quotes, which MOD 

organizes in-house). After the tour, MOD evaluates ITOs’ performance based on surveys. MOD 

has managed to develop strong, close relationships with its partners, with whom it holds yearly 

planning meetings. MOD’s innovation activities focus on concept replication for SAs and, to a 

lesser extent, on developing new offerings. The latter requires a more comprehensive approach 

which includes hiring new people. 

IGR case 

IGR is a tour operator that focuses on specialized tours with an educational outlook. IGR 

differentiates itself from competitors by offering not just a conventional tourism experience, but 

also academic knowledge and information. The company offers an exclusive, high-end, niche 

service, to destinations that could be cumbersome for individual tourists to arrange on their own. 

IGR focuses on promoting the knowledge and image of their tour guides (the two founders 

themselves lead some of the tours). Relationships with tour guides are taken seriously as their 

knowledge and background comprises a big part of the value proposition. 

The company operates from a relatively small office in a Northern European capital. The 

two founders (also directors) are responsible for marketing, human resource management, 

operations, partnerships, and NSD. However, the roles are intertwined among all employees. The 

production department manages bookings, but is also responsible for budgeting and forecasting 

each trip. All invoices are channeled to the sign-up and bookkeeping department which is 

responsible for transferring funds to pay for bookings - but also serves as the first and main contact 

point with customers, before a trip begins. IGR does not have an online registration and payment 

system; reservations are made via phone and email. Payments are made via bank wire transfer. 

Another department is responsible for the visa application process. This department also serves 

as a front office – not in the sense of answering phones (phones are answered by everyone), but 

by formally greeting guests from its location in the main entrance/lobby area. 

IGR invests more than 10% of its annual revenue in newspaper marketing. Universities that 

promote tours to students comprise another major marketing channel. IGR does not rely on the 

contributions of partners with the exception of tour guides who act as brand ambassadors and 
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creators of new business. Many former IGR tour guides have been “acquired” by competing firms. 

Thus, when IGR finds tour guides that fit its tour concepts, it attempts to retain them with 

exclusive rights and competitive remuneration. Tour guides become tour sales representatives, as 

they distribute leaflets and flyers to their networks or at the end of their lectures. The travel 

packages are prepared in cooperation with tour guides, who are experienced and skilled at 

providing coherent narratives as opposed to simply historical facts. Narratives, storylines, and the 

whole customer journey during a tour constitute a major part of IGR’s value proposition. IGR 

supplies groups with headsets to maintain attention to the narrative throughout the whole tour, 

whether on buses or during museums and other site visits. 

IGR controls every facet of its tours. In certain countries, where a certified local guide is 

required, AR pushes for a “silence assistance” model where locals are not allowed to address the 

group. It does not allow partners to promote their agenda, but instead designs tours to suit the 

needs and expectations of its own customers and never buys finished packages from ITOs. IGR 

does, however, cooperate with ITOs in some countries where wire transfer is risky. In these 

instances, consolidation of payments for a bundle of offerings via an ITO is considered easier and 

safer. IGR frequently accepts requests for tailor-made tours from special interest groups, which 

has proven to fuel innovation activities. Once a tour proves to be a success, the focus shifts to re-

using various elements and creating a variety of offerings. 
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Analysis 

This section presents the application of the framework and corresponding theories to the 

cases. The following analysis is mapped against the service lifecycle of a travel package in Figure 

3 and summarized in Figure 4 using the conceptual framework. 

Service concept 

The service concept is divided into three stages. The first part (before), looks at how a firm 

makes its offerings available to any individual tourist. Next, during tour execution, the 

orchestration of service elements at a given destination is examined. Here, the role of tour guides 

is of paramount importance, as they moderate the way a group moves from one service element 

to the next and its interaction with each respective element. Each customer experience differs; 

thus, the functional outcomes that each individual receives are context-dependent. Apart from 

environmental factors (e.g., museum ambiance), the context is influenced by the agency of each 

of the participants, by the tour guide who moderates the narrative, and by the group dynamic.  

At the post-tour (after) stage, the focus is on the activities involved after the tour’s 

completion. Customer satisfaction and service recovery mechanisms are a direct outcome of 

functional coherence among all three stages. When a group returns home, the post-tour functions 

include the evaluation of the travel package and how the whole experience is mediatized (via 

pictures, social media, etc.) to attract more customers and create positive memories. 

At the booking stage (before), MOD can be characterized as modular compared to IGR since 

it is possible for the individual customer to buy different activities to complement a standard 

offering. MOD allows tourists to choose upgrades for accommodation or to add other activities. 

The modularization of offerings is achieved with the support of the reservation information system 

which allows for individual package customization at high speed and low cost. The customer is 

presented with a standard limited set of pre-booked activities. The option of adding extra activities 

is possible up to the last minute (subject to capacity limitations). Using standardized check lists 

that are handed out to participants, any individual can sign up for extra activities and pay to the 

tour guide in cash. This can be seen as the ability to postpone some elements of the offering to 

later stages, by creating an interface – a manual sign-up list. This flexibility permits for increased 

profitability and points to a multi-level role for the tour guide, due to the subsequent accounting 

practices in case of postponed sign-ups. IGR, in contrast, provides all-inclusive travel packages 
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in an integral fashion. Its tour programs are fixed, so the individual customer has no options to 

choose from different activities when purchasing a travel package. This does not imply an inferior 

service; it is just a different concept – a more inclusive one. MOD’s standard package includes 

just transportation to the destination and accommodation. IGR does not offer a standard package 

that can then be customized; instead, all activities are included in its initial offering. 

MOD, whose service concepts are considered modular at the booking stage, has a loosely 

coupled structure amongst the various elements at the destination during the execution of the tour. 

For example, it is common for a group to be split into multiple locations, according to the various 

extra activities. MOD expects customers to interact and contribute with their own resources and 

time to shape experiences for a given group. Loosely coupled structure, high flexibility and 

customizable customer journeys are associated with increased modularity. Contrary, the process 

of tour execution at IGR is well timed and requires minimal customer resources. The group is 

always together, apart from designated slots of free time. The whole experience involves a 

sequential, planned, and standardized process. The day programs are full and the organizers are 

always aware where their customers are and what they are doing. The tour guide uses a 

microphone that transmits to customers’ personal earplugs, helping sustain a proper educational 

experience and narrative and ensuring a smooth interface among the various service elements. 

IGR’s approach to execution entails a tightly coupled process that leans towards integrality. 

At the third stage (after), both companies use a standardized email system and attach a 

standard Likert scale for their evaluations. MOD focuses on the evaluation of the whole service 

network including their ITOs, by explicitly asking customers about the performance of their 

partners and any other third-party including tour guides. Conversely, IGR asks customers to 

evaluate the whole service without any reference to external parties with the exception of tour 

guides. The main differences lie in the promotion and advertising of results for each tour. The 

main implication drawn at this stage is related to the number of times each company chooses to 

interface with its customers after a tour – the number of interfaces or touchpoints. While IGR 

sends out a survey, MOD extends the experience across social media platforms. As such, a higher 

variety of interfaces leads to a lower degree of modularity and higher degree of integrality because 

the more interfaces in an architecture the higher its complexity. 
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Service delivery system 

Here, the attention turns to organizational design and to the tasks that departments perform 

to create a travel package. The focus is on the degree to which tasks are shared between different 

departments; the degree of compartmentalization of the company; and the degree to which 

responsibilities are clear cut among employees (or departments) as opposed to mixed 

responsibilities (in which the same task is shared among two or more employees or departments). 

Figures 2 shows the most important tasks required to design and deliver various offerings, and 

how MOD and IGR differ in the way they distribute tasks among various employees, departments 

or partners. This level also includes the innovation activities used by each company to develop 

new market offerings. 

Based on the blurred boundaries and interdependencies prevalent among its departments, 

and on the collocation factor of its employees, IGR is considered to have an integral approach. In 

contrast, MOD balances communication costs among two different locations and has clear 

division of labor among the different departments and external partners, which is associated with 

increased modularity. At IGR, employees share tasks and may perform them at various 

destinations, pointing to an integral work structure inside its boundaries. Yet, when it comes to 

innovation activities, such as introducing a new destination or developing a new program, the 

company tends to be pushed by the market (e.g., requests for tailor made tours). Nevertheless, 

once an architecture for a given travel destination is established, IGR’s innovation activities focus 

on the program’s specificities by recombining different elements. The archival categorization in 

the company’s digital records points to modularity as a design principle for creating variety, based 

on standardized templates. The elements that change are usually the date of the trip, the tour guide, 

and the tour’s overarching theme. Reservations for both accommodation and activities remain the 

same for every trip. Several components (e.g., hotel and plane fares, reservations at the local 

destination and photos and text for the website) are re-usable for a variety of different offerings. 

Thus, although IGR’s service concept is integral, modular design rules are employed for its 

development. MOD, in contrast, offers service concepts in a highly modular fashion to any 

individual tourist, but has a less modular template for the innovation and design of packages, 

compared to IGR. MOD replicates its existing services for various SAs to achieve growth. Yet to 

develop new concepts, MOD follows a more integrated approach by adding new human resources 

and building relationships with new partners. 
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Service network 

Next, the focus turns to the network of actors on the supply and demand side that is involved 

in the development of travel packages and in the corresponding service delivery systems. IGR 

strives to keep most of its operations in-house and attempts to retain control of suppliers at 

destinations. With upstream suppliers, who provide bookings at local destinations (either for 

hotels or various activities), relationships are always of transactional nature. IGR’s 

communication with upstream partners is one-way and focuses on the fulfilment of orders. This 

is evident, for example, in its silent guide concept. IGR attempts to develop control of the whole 

process upstream, via arm’s-length relationships. It thus is considered to have a modular approach, 

in terms of its upstream service network. However, IGR accepts requests for tailor-made tours 

and at times collaborates with various interest groups. This points to a degree of customization 

and strong collaboration with downstream partners. This is understood as an integral downstream 

service network. 

MOD handles its upstream service network structure differently. In Lapland, MOD 

employees are co-located in the area and are responsible for the orchestration of the tour, while 

local entrepreneurs provide service elements. In Russia, responsibility for the tour lies solely with 

the partner ITOs and MOD has no employees “on the ground”. MOD has long-term contracts with 

hotels. Thus, for MOD, upstream relationships can be characterized as relational and the processes 

are quite integrated among the service network. This is considered an integral upstream service 

network, as MOD is tightly coupled and integrated in terms of processes with its respective 

partners, with whom it has long-term relationships. Downstream of the service network, MOD 

retains collaborative relationships with SAs who act as agents. Thus, the downstream network is 

also of an integral nature due to the tight coupling and cooperation between SAs and MOD. 
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Conclusions 

This study begun with a polar theoretical sampling of two cases based on public information 

about their offerings. The case demonstrating mix and match principles for their offerings was 

labeled as modular (MOD) and the case with inclusive offerings was labeled integral (IGR). A 

comprehensive framework is developed drawing on modularity, service design, and market 

relationships (Figure 1). It provides a synthesis of the most prevalent analytical levels in 

modularity research (offering, organization, and network), thus responding to calls for linking the 

three groups in the field (Campagnolo and Camuffo, 2010). By deploying the framework, the 

research responds to Voss and Hsuan’s (2009) call for a study of comparative cases in the same 
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industry but with different architectures. The analysis shows that both cases demonstrate a mix of 

modular and integral characteristics. Therefore, if an offering is made available to the market in a 

modular fashion, it does not necessarily lead to modularity at every level of the service 

architecture. Contrary, different segments of the architecture can be modular or integral 

independent of how an offering is made available to the market. Overall, modularity and 

integrality can be associated with different design rules according to each level of the architecture. 

The analytical framework for modularity in services makes several contributions. It 

provides a more fine-grained perspective on the opportunities that modularity theory presents 

when applied in service contexts. Moreover, it provides a multilevel view of service design 

drawing on modularity theory. Consequently, the study offers a novel perspective on the concept 

of service architecture. It demonstrates a variety of architectural choices available to managers 

faced with designing services. Modularity theory can be adapted to approach the design of 

services at multiple levels, including that of service interactions between humans. This research 

extends the modularity continuum to services and introduces new dimensions in the process. 

Establishing a three-stage perspective for the service concept yields preliminary insights to the 

long-standing gap about the impact of modularity on customer experience (Dörbecker and 

Böhmann, 2013). The two cases show that a modular or an integral design entail different 

implications for each segment of the architecture. 

Discussion 

This section discusses the implications arising from the results of the study along with the 

insights gained, outlining limitations and future research avenues. 

Modularity as a design principle of customer experiences 

The analytical framework in this study complements prior multilevel analysis in service 

design and NSD with perspectives from modularity theory. For example, Ordanini and Maglio 

(2009), based on Service Dominant Logic, develop a decision-oriented framework for NSD based 

on three levels (customer and market orientation, internal resources and process, and external 

network). Patricio et al. (2011) present an integrated method for the development of service 

offerings based on the service concept, the service system, and the service encounter. However, 

because service offerings contain experiential and phenomenological elements (Clark et al., 2000; 

Vargo and Lusch, 2016), the paper builds on research from marketing and customer experience 
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to break the value proposition into three time points (before-during-after) providing with a first 

attempt to explore how modularity can contribute to the design of customer experiences. One can 

deploy this framework to explore various design configurations and their interactions. Design 

effects at each sub-level are different, and the modularity continuum presents as a powerful frame 

to examine these. 

The application of the framework enabled a partial understanding of how modularity theory 

becomes relevant, in the context of tourism services. The principle of mix-and-match is relevant 

at the before stage (how offerings are made available to the customer). This is probably the most 

representative way in which extant literature has focused on modularity at the offering level (e.g., 

Baldwin and Clark, 1997). At the during stage, the notion of control manifests in relation to the 

various interfaces throughout the customer journey. There is considerable divergence regarding 

how the two case companies exert control on interfaces during service delivery. Additionally, the 

notion of customer resources manifests at this level of analysis. The implication arising here, is 

that the less control the company exerts on its interfaces during service interaction, the higher the 

amount of customer resource integration is required to enhance a given experience. When, instead, 

the customer journey at the during stage of the service concept is efficiently and tightly controlled, 

customers are required to contribute fewer resources. The notion of interface control and its 

relation to customer resources provides a new perspective on the impact of modularity or 

integrality on the customer experience (during stage of the service concept). The after stage relates 

to how each company extends the experience via a number of interfaces at the end of a given trip. 

Both companies use standardized interfaces (i.e., evaluation surveys) to get feedback from their 

customers, while MOD also uses social media to increase positive word-of-mouth and sustain its 

brand reputation. It was observed that the cases do not provide rich data to allow for a concrete 

discussion at this level, as the number of interfaces at the after stage is limited. Had both 

companies used social media channels, it would have been possible to provide insights on their 

usage. However, the observation that it is the company labeled as modular (MOD) that extends 

the experience via digital channels, begs the question of whether its modular nature provides with 

a different set of environmental sensing capabilities. 

Extending the mirroring hypothesis to services 

The exploration of service architectures yields insights into the relationship between service 

offerings and organizational design. Various instances of the mirroring hypothesis in the service 
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architectures of the two case firms were observed. The analytical framework provides one way to 

unravel the complexity of the mirroring hypothesis in services. Via its application to the two cases, 

the established assumptions regarding the mirroring of various analytical levels were both 

confirmed and contradicted. Specifically, the organization with integrated offerings (IGR) 

adopted arm’s-length relationships with its partner network upstream (but not downstream), while 

the organization with modular offerings (MOD) had tighter relationships and integration with 

partners, both upstream and downstream. According to the mirroring hypothesis, a given design 

(modular or integral) shares similar characteristics with the organizational structure used to create 

that design (Colfer and Baldwin, 2016). These results presented counter the mirroring hypothesis 

since modular offerings are developed from a tightly integrated network while integral offerings 

emerge from a modular network. At an inter-organizational level, a modular offering (MOD) is 

delivered from a modular organizational task structure and an integral offering (IGR) is delivered 

from an integral task structure. Thus, the organizational structure appears to mirror its production 

output. However, at the sub-level of NSD, modular design principles (mix-and-match of different 

elements) are used by IGR to support fast NSD and to customize offerings for partners. Similarly, 

the organization whose products are labelled as modular (MOD) replicates its offerings in an 

attempt to scale operations with different agents of the same segment (SAs). Yet, when attempting 

to address other segments, MOD’s innovation activities are integral: New concepts are developed 

almost from scratch and new individuals are hired. These results counter the mirroring hypothesis 

as integral offerings are developed with a mix-and-match approach while modular offerings are 

designed with a tightly coupled, integral process. 

The mirroring hypothesis was also examined according to the three stages of the service 

concept. This represents an extension of the mirroring logic to the three stages of the service 

concept, albeit limited to the context of tourism. It was observed that the way in which an offering 

is made available at the before stage mirrors the execution (during stage). More specifically, when 

a service offering is made available to the customer before the tour in a modular fashion, 

modularity is observed at the execution stage regarding how people move through the different 

service elements. The same is true for the case of IGR (labelled as integral): An integral offering 

prior to the booking leads to a more tightly controlled and efficient service. 

In an industry that is heavily modularized, such as tourism, modularity at the industry level 

does not necessarily lead to closer collaboration. Rather, it represents a strategic choice related to 
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market offerings. This is evident at IGR, which chooses to retain ITOs at arm’s length. However, 

the opposite is also possible: MOD, takes advantage of established thin crossing points and 

outsources to DMCs. Moreover, integral products can be developed from a modular structure and 

modular products from a tightly coupled, integral structure. This shows that, in tourism services, 

modularity or integrality can be a strategic choice regarding how to approach a market and does 

not necessarily reflect a design constraint. 

Limitations and future research 

The purpose of this paper is not to provide a normative method for the design of service 

systems, but rather to explore modularity in service architectures and advance theoretical 

contributions. Thus, at the current descriptive stage, the analysis remains agnostic in terms of 

performance implications for choosing either a modular or integral design at the various analytical 

levels. Future research can operationalize this framework and validate its predictive power to 

provide normative directions. The research is limited to two cases, at a specific point in time, in a 

specific industry. The framework requires further empirical validation, including an exploration 

of the various periods in the continuum. Future research can focus on precise operationalization 

of the continuum, to grasp intermediate stages and create a scale that goes beyond the two anchor 

points of modular or integral. In the context of tourism, industry standards, destination 

specificities and the time spent at each location instruct further investigation and can support the 

development of modularity theory in service contexts. For example, observing how much time 

the customer spends at each service element and how the different service elements interface may 

lead to theorize on the modularization of contexts and practices (Ng, 2013) during an experience. 

More research is also required to explore the design of interfaces according to the three 

stages of the service concept. Although interface design is not part of this research, it is an integral 

part of modularity theory, constituting an opportune area for future research (de Block et al., 

2014). For instance, the effect of control and customer resources on service interfaces at the during 

stage can be enriched from literature on the customer journey (e.g., Bitner et al., 2008). Modularity 

theory requires further exploration in relation to interfaces involving human interactions. This 

becomes evident in relation to tour leaders (at IGR) and to SAs (at MOD). Both of these elements 

contribute to the competitiveness of the two companies and can be seen as unique modules (Voss 

and Hsuan, 2009). The tour leaders and SAs play important multi-level roles for both IGR and 

MOD. They act at all three level of analysis: By orchestrating service elements during the tours 
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(service concept), by supporting service and program development (delivery system) and by 

developing new markets from their respective networks downstream (service network). The 

example of ad-hoc manual sign-up lists at MOD, points to the role of humans as modules, that are 

part of the architecture, possessing abilities to accommodate variety in complex ways. 

Observing various characteristics of the two companies (customer segment, competitive 

strategy and pricing structure), a few suggestions arise that require further examination, in 

connection to alternative design configurations. The two cases target different customer groups 

and follow very different strategies. But to what extent does the customer segment instruct the 

design of the service concept? Would a senior customer value a modular concept more? It was 

also observed that modular offerings were made under a low-cost and high-volume strategy 

(MOD case) while integral offerings under a differentiation and low volume strategy. Future 

research can examine the impact of strategic orientation and choice of customer segment on the 

various levels of service architectures. Attention should also be placed on aspects of pricing for 

the different modules and how this accrues profitability for each firm. For MOD, the modular 

fashion in which offerings are made available to the customer increases cross-selling. By 

observing the fact that prices for many activities fluctuate from semester to semester, and knowing 

that MOD receives a commission each time an individual book an extra activity, the relationship 

between extra modules and profitability presents another avenue for future work.
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COMMENTS AND REFLECTIONS ON PAPER II 

 

Abductive approach 

“Abduction starts from facts like induction, but it does not turn away 

theoretical knowledge and is, to that extent, closer to deduction. The 

analysis of facts may very well be combined with, or preceded by, 

studies of existing theory in the literature, not as a mechanical 

application to single cases, but as a source of inspiration to discover 

patterns for further explanations. This means that the research 

process consists of alternations between (existing) theory and facts, 

where both are seen in the light of each other.” (Arbnor and Bjerke 

2009, pg. 92). 

Based on the approaches to case research discussed in Ketokivi and Choi (2014) the study 

in the preceding paper is closer to theory elaboration. The empirical context is explored with 

latitude and serendipity, attempting not only to test but also to challenge established theories 

through a disciplined iteration between generality and empiricism. Consistent with the theory 

elaboration theme, the reasoning during data generation and analysis can be categorized as 

abductive. In the process of analyzing the data generated from the case study, extant theories and 

data are utilized in combination to develop and advance the theory of modularity in services. 

Figure 3 below illustrates the timeline of research activities including empirical data collection 

and analysis.  

 

FIGURE 3 - RESEARCH ACTIVITIES THROUGH TIME 
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Modular and integral designs to match customer needs 

Although the idea that systems can been seen in a continuum that ranges from modular to 

integral is a prevalent assumption in the literature, there has been no studies that empirically 

sample cases based on the continuum. The research in paper II confirms the idea that modularity 

and integrality are two opposites that may manifest across different analytical levels. Additionally, 

the study of the two organizations shows that a modular offering targets a low-cost market while 

the integral offering targets a premium and demanding segment. Specifically, MOD targets the 

market for student travel and thus competing with meta-search engines and the customer who may 

choose to book a trip on their own: 

 

 [with modular offerings] the students can choose what they want to 

do. But then […] when they see that they like something, they can 

Google […] our approach is – our trip cannot be more expensive than 

a trip that they can organize themselves. It can be at the same price 

but then with us there will be more value so then students start 

comparing transportations and quite fast they realize that the 

approach of do it yourself is usually more expensive (CEO, MOD) 

 

However, the value proposition of IGR is made towards a completely different market segment 

who care for the price premiums less and value online search costs and other factors more:  

when people buy things like these tours, which is a very expensive 

thing, on the one hand it’s not a luxury thing – it’s not a jewel – but it 

is expensive […] (Director, IGR) 

This observation is in many respects confirming the arguments put forward in extant literature. 

Integral structures provide a better fit and performance when the market is under-served but 

however may become a disadvantage when customers are over-served (Chistensen et al., 2002). 

The study also confirms Argyres and Bygelaw (2010) who argue that in modular environments 

(such as the tourism and travel industry) firms aiming at higher ends of the market, such as IGR 

in paper II, will emphasize aesthetics while firms aiming at lower tiers will emphasize cost (MOD 

case). The argument is reiterated by Fujimoto (2014) albeit in the context of manufacturing:  
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“price-oriented customers tend to choose relatively modular 

products, whereas function-oriented customers choose relatively 

integral products more often, other things being equal (pg. 14) 

Service design, innovation, and industry architecture 

“that fundamental trip here is called 74 but it is the version of the 74-

trip called 268. 74 is a code we use for a 6-day trip to St. Petersburg 

which means that everything here, the general description and 

pictures that are offered, the map, and other dates for the same kind 

of trip is made available, then the rest – the text that describes the day 

per day program, the decision of who is actually the tour leader (and 

a short CV about the tour leader), the price and the dates is put and 

made unique for the 268 trip” (IGR Director). 

While discussing innovation and the design of new service offerings, the quote above was 

mentioned in the interviewee’s reply. In the framework of the paper, these activities are referred 

to as new service development (NSD) and in the analysis such level becomes relevant when new 

concepts or destinations are made available. It is interesting to observe that IGR, which was 

sampled as an ideal integral case, and which indeed has integral offerings and integral 

organizational structure, used such an elaborate archiving as a baseline for developing new service 

offerings. Despite having no idea about modularity and modularization, the company used a 

customized information system where hundreds of such “fundamental” trips have been archived 

and that with little modification could lunch as new service offerings. Indeed, IGR since its 

inception has organized tours to several destinations. Contrary, MOD, sampled as an ideal 

modular, whose offerings were made available in a modular, mix-and-match fashion and was 

generally organized in a modular and decentralized way, was observed to follow a much more 

complex, and lengthy approach when developing new service offerings. 

As discussed in the paper this observation is relevant in relation to the literature on 

mirroring. Looking beyond the discussion in the paper however and in line with recent work 

(Colfer and Baldwin, 2016; Sorkun and Forlan, 2016), the idea of diverging from mirroring 

(“breaking the mirror”) appears to have a strategic dimension. Tourism is an industry that has 

undergone a digital transformation with automated booking technologies, aggregation of data, and 

dynamic pricing. However, the ways that each company exploits established thin crossing points 
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(Baldwin, 2008) varies considerably. IGR leverages digital technologies to rapidly develop new 

offerings by re-using certain elements while retaining a rather manual booking process with 

limited customization options. What can be inferred is that to a certain extent, the industrial 

architecture will frame the innovation process (a modular tourism industry frames a modularized 

innovation process), but the final offering (the integral market offering of IGR) may well be kept 

with a different architecture for strategic reasons, such as charging premiums for inclusiveness. 

MOD makes heavy use of digital technologies in the booking process which allows for a modular 

offering to the customer. However, the innovation process remains rather integral. As such, apart 

from established thin crossing points in the industry architecture, there must be other factors that 

determine whether a modular innovation process is plausible or indeed possible. An explanation 

in the current cases may be that MOD was only focusing on two destinations while IGR had more 

than fifteen. Thus, it may have been easier for IGR to create new offerings by re-using certain 

elements. At a higher level however, MOD also re-used elements for creating new offerings at the 

same destination.  Understanding how the design of innovation processes corresponds to the 

industrial structure remains a fascinating field of study.  
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CHAPTER 4 

PLATFORMS AT SEA:  

EMERGING ISSUES FOR MODULARITY AND ECOSYSTEMS RESEARCH 

This chapter includes the working paper “Platforms at sea: emerging issues for modularity and 

ecosystems research”. It draws on secondary data and personal experience in the maritime 

industry to provide an inductive analysis and uncover emerging research directions for the study 

of platform ecosystems. 
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Platforms at sea: emerging issues for modularity and ecosystems research 

Viktor Avlonitis 

 

 

 

Abstract 

A growing number of studies identify digital platforms as the enabling mechanism for data driven 

innovation. Modularity is the central structural characteristic of platforms across economic and 

engineering studies. Modularity is recently posited to be a precondition for the emergence of 

ecosystems. This paper synthesizes seminal modularity research to uncover emerging research 

directions for the study of platform ecosystems via four cases in the context of maritime industry. 

The analysis points to a range of theoretical and managerial issues for the design and management 

of digital platforms and ensuing ecosystems. 
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Introduction 

In a world imbued with rapidly evolving information and communication technologies, big 

data, and the Internet of Things (IoT), all organizations aim to leverage digital resources to 

compete and innovate. Increasing liquification of information coupled with a range of new 

enabling technologies such as cloud computing and artificial intelligence are leading a digital 

transformation across industries, sectors, and society at large (Normann, 2001; Teece, 2018). 

These technologies commonly manifest as digital platforms, that is stacked and modular 

technologies which allow organizations to create micro-economies by providing core-periphery 

governance structures and standardized contractual mechanisms (Baldwin and Woodard, 2009; 

Parker and Van Alstyne, 2017; Zysman and Kenney, 2018). In these settings, conventional 

wisdom suggests that “there is simply little competitive space for more than a few players” 

(Constantinides et al., 2018, pg. 9).  

The established understanding of digital platforms derives either from research on “born 

digital” software firms who managed to reach or even surpassed the scale of industrials in very 

short time, or from sharing economy startups, that managed to attain higher valuations than large 

manufacturing conglomerates. These companies are often referred to as platforms, and in such 

markets, competition takes place in “winner-takes-all” markets and network effects are a prime 

growth engine (Parker et al., 2016). However, the trend is increasingly evident across sectors with 

some of the largest industrial firms vying to establish digital platforms (e.g. GE Predix and 

Siemens Mindsphere). In fact, the manufacturing and industrial sectors are projected to have some 

of the highest growth opportunities from IoT transformation (Opher et al., 2016). Fleets of 

industrial assets from aerospace turbines, to excavators and railways are fitted with sensors that 

transmit continuous data to inform decision making. Digital technologies can alter the very nature 

of traditional industries by accentuating competition beyond product functionality to overall 

system performance contingent on the generation and analysis of digital data streams (Pigni et al., 

2016; Porter and Heppelmann, 2014; 2015). It follows that industry-wide platforms have strong 

parallels with dominant designs by linking technological properties with industrial dynamics, 

setting value creation and value appropriation mechanisms that other players can innovate upon. 

The difference though is that while dominant designs are emergent, there is agency behind 

industry platforms and ensuing ecosystems, which can be designed with specific strategic intent 

(Murman and Frenken, 2006; Jacobides et al., 2018).  A picture that emerges across sectors is that 

of a platform owner or architect, balancing competing concerns, such as interface control and 
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appropriability with the peripheral autonomy of complementors to stimulate adoption (Gawer, 

2014; Wareham et al., 2014; West, 2003). 

These developments change the nature of industry architectures towards distributed systems 

of innovation which presents with a new unit of analysis for management and organization 

research, that of an ecosystem (Baldwin, 2012). As formally independent organizations from 

different sectors establish close collaborations and create new operating models, there is a need 

to reexamine core assumptions of organization design (Gulati et al., 2012). Individual 

corporations or even supply chains are no longer an adequate unit of analysis for organization 

design (Baldwin, 2012). Instead, the ecosystem, as a novel conceptualization of interrelationships 

has arisen to characterize the structure and dynamics of coopetition across sectors. The concept is 

becoming prevalent in a multitude of different academic fields (among others): strategic 

management (Jacobides et al., 2018), organization science (Wareham et al., 2014), marketing 

(Vargo and Lusch, 2017) and information technology (Parker et al., 2017).  

There are strong theoretical parallels between the concept of platforms and ecosystems. 

Across the variety of positions that populate the literature on platform architecture at different 

analytical levels (Thomas et al., 2014), a shared element across frameworks is an underlying 

modular architecture, composed of a stable core and a variety inducing periphery (Baldwin and 

Woodard, 2009; Gawer, 2014). Indeed, the literature on modularity is increasingly being used as 

a lens to address the complexities associated with advances in information technology (Cenamor 

et al., 2017) and is deemed essential for advancing research on IoT (Ng and Wakenshaw, 2017). 

And more recently, in an attempt “towards a theory of ecosystems”, modularity is marked as 

necessary but not sufficient, for the emergence of ecosystems (Jacobides et al., 2018). As such it 

becomes apparent that examining ecosystems with a platform at their core, that is platform 

ecosystems, constitutes a fruitful area of research for modularity theorists. 

The goal of this paper is to establish an agenda for modularity research in the context of 

platforms and ecosystems. Towards this end, the paper explores four initiatives to establish digital 

platforms across the maritime industry and inductively generates new insights by juxtaposing the 

empirical to the theoretical realm.  The central question guiding the inquiry is: what are the 

implications for modularity research that derive from emerging platform ecosystems across the 

maritime industries? Focusing on one specific industry has merit because it allows to examine 

different initiatives from the perspective of different actors. In other words, it allows to draw 
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comparisons of different undertakings towards the emergence of ecosystems within the same 

institutional space. This is echoed by de Reuver et al., (2018) who argue that, given the different 

contexts within which platform ecosystems emerge, there is a need to develop contextualized 

knowledge that addresses the lack of understanding regarding the relationship between platforms 

and institutions. Given the nuance nature of platform ecosystems across industrial sectors in 

general - and maritime in particular - there is an opportunity to juxtapose established theories to a 

new context. 

The rest of the paper is structured as follows: first the literature on platform ecosystems is 

reviewed. A presentation of maritime shipping follows complemented with four cases of emerging 

digital planforms. Specifically, the maritime industry is explored from the perspective of different 

actors who are currently undertaking initiatives to create digital platforms and set new standards. 

The paper expands on theoretical and managerial issues for the design and management of 

platform ecosystems and concludes with avenues for further work. 

 

Platforms 

There are different viewpoints when referring to the concept of a platform. Early research 

on the topic can be traced in the manufacturing context of automobiles (Robertson and Ulrich, 

1998) and semiconductor industries (Kim and Kogut, 1996).  These studies focused on tangible 

assembled artifacts, manufacturing of consumer electronics and automobiles, emphasizing how a 

platform approach to innovation can support the development of product families which in turn 

increase time to market and reduce costs (Meyer and DeTore, 1999; Sanderson and Uzumeri, 

1995). A prevalent focus on flexibility, variety creation, and options during the innovation process 

characterizes this stream of platform research (Sanchez and Mahoney, 1996). Later work begun 

to utilize the platform concept to explore new types of markets, such e-commerce market-places 

or credit cards, placing a focus on the economic and market nature of actors’ interactions (Rochet 

and Tirole, 2003). In this stream, a platform, commonly referred to as a multi-sided market, is an 

intermediary organization that connects buyers with suppliers. 

Computers and the internet led to the study of software platforms, understood as extensible 

computer software that expose certain interfaces which can be used to extend its functionality. In 

this stream, platform examples featured commonly are operating systems or other software 
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products such internet browser applications (Evans et al., 2012; Hagiu, 2012). Lately, the literature 

has begun to address digital platforms (Tiwana et al., 2010; Yoo et al., 2010; Ghazawneh, and 

Henfridsson, 2015) using similar definitions, where a platform is a software-based system – the 

core - with extendable functionalities –the periphery. It is within this context that platforms are 

discussed in this paper. Specifically, and based on extant work, a digital platform can be defined 

as a set of digital resources that instigates a layered modular technological architecture including 

a governance model to enable value-creating interactions between sets of interdependent actors 

(Parker et al., 2016; Tiwana, 2013; Yoo et al., 2010).  

Like earlier conceptualizations on product platforms, digital platform frameworks assume 

modularity as structural property (Baldwin and Woodard, 2009; Gawer, 2014; Tiwana et al., 2010). 

Modularity is related to a process of decomposition and decentralization, loose coupling, interface 

standardization, re-use and mix-and-match of resources, and a clear mapping of structural to 

functional representations. A growing stream of work within Information Systems focuses on the 

layered architecture of software economy (Henfridsson et al., 2014; Yoo et al., 2010).  Software-

enabled products embody features of design incompleteness (Garud et al., 2008), with ambivalent 

ontology (Kallinikos et al., 2013), and re-programable characteristics that incorporate generative 

affordances (Yoo et al., 2012). Instead of analyzing products as a single hierarchical architecture, 

these studies challenge established modularity literature by arguing that software products and 

associated digital infrastructures are comprised from multiple design hierarchies. The layers 

include a device layer, network layer, service layer, and content layer (Yoo et al., 2010). Table 

4.1 depicts a more elaborate example of how the different layers may be stacked. 

Drawing on the characteristics of digital technology, such as programmability and 

homogenization of data, the layered modular architecture denotes an approach for conceptualizing 

a product architecture that is characterized by both physical and digital components. As the 

number of layers and the degree of modularity increases, new opportunities emerge for resource 

recombination (Lusch and Nambisan, 2015). The layers represent different design hierarchies and 

thus products have different functions in different layers of the architecture. The idea of layered 

modular architecture is based on the multi-layered software stack (Gao and Iver, 2006; Hagiu, 

2012) which in turn is based on the OSI Layer and today’s industrial organization of the cloud 

computing industry (Zimmermann, 1980; Iver and Henderson, 2012). Given the inherent 

modularity of software, companies can compete by introducing new architectural layers and as 
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such competition may take place independently across layers with firms being simultaneously 

competitors and collaborators across the stack. 

TABLE 4.1 - A LAYERED ARCHITECTURE  

(ADAPTED FROM OPHER ET AL., 2016) 

Type of actors/ Layer Market offerings  

Data presenters User interface, experience and engagement 

Insight providers 
Data analytics, statistical techniques, algorithms and machine 

learning 

Platform owners Application development, discovery and APIs for connectivity 

Data aggregators and custodians Data collection from different sources and normalization 

Data producers Owners of machines that generate data 

Enablers/ physical and hardware 

devices 

Physical networks, sensors and actuators, and cloud 

infrastructure 

 

Consistent with modularity theory, control and governance in digital platforms concentrates 

on standardized interfaces that allow other actors to either tap into an existing user base or leverage 

an already existing infrastructure. These standardized interfaces, the so-called application 

programming interfaces (APIs), are the enablers of modern platform ecosystems. APIs open 

specific areas of software architecture to allow for new service applications to be developed and 

whole new markets to emerge. This is a common scenario widespread among smartphone 

application marketplaces, web-browsers, and enterprise software alike. APIs allow for scalability 

of operations, flexibility in partnership development while reducing the need for strategic 

alliances (Iver and Subramaniam, 2015). A platform owner commonly issues software 

development kits (SDK) which, coupled with the APIs, constitute boundary resources providing 

a form of bidirectional governance control and generativity mechanism between the owner of the 

platform and the complements (Ghazawneh and Henfridsson, 2013.). As such digital platforms 

allow a host of different actors to participate in interactions, resource integration, and in general 

the creation of new value. However, digital platforms can also create major political tensions 

between ecosystem participants (Eaton, 2015) and the emergence of new platforms can alter the 

balance of industry control (Gawer and Cusumano, 2014). 
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Ecosystems 

Across disciplinary domains, there are similarities and differences on the conditions and the 

ways that the ecosystem construct is being deployed. For example, ecosystems can be understood 

both as the outcome or the context of innovation activities. Adding to the confusion, an ecosystem 

has been studied both as a network structure of number of organizations and as a deliberate firm 

strategy (Adner, 2017). The complexity surrounding the ecosystem construct can also be 

attributed to aspects of methodology. Ecosystems relate to an empirical object, in the real world, 

such as the Android, Microsoft, or Apple ecosystem, but also describe an emerging theoretical 

lens, such an innovation, a platform, or a service ecosystem. This has led to incompatible 

treatments of the concept in the literature and a simultaneous proliferation of the concept among 

practitioners. 

Etymologically, the ecosystem represents a “biological community of interacting organisms 

and their physical environment” (Oxford dictionary). In management and organization research, 

most studies that use the term draw their basic conceptualization from the work of Moore (1993; 

2006). He put forward an evolutionary perspective for business using an ecosystem metaphor, 

arguing for a “systematic approach to strategy, where companies are not viewed as members of a 

single industry, but as part of a business ecosystem that crosses a variety of industries” (pg. 76, 

1993). Indeed, this tendency for biomimicry can be observed in the usage of terms such as 

coevolution (the ability to evolve together), symbiosis (the ability to closely co-exist), resilience 

(the ability to regenerate) which feature heavily in ecosystem literature. Apart from instigating 

this line of research, James F. Moore, has also provided with a four-stage lifecycle framework for 

business ecosystems: birth, expansion, leadership, renewal.  

Another foundational perspective that has heavily informed the current ecosystems discourse 

comes from the work of Iansiti and Levien (2004). They underline the importance of 

interdependence with actors outside firm’s boundaries and control, while also acknowledging that 

drawing the boundaries of business ecosystems is complex task and advise managers to identify 

the organizations with which their future is closely intertwined and determine the dependencies – 

essentially instigating a resource-dependence perspective in ecosystem structure. Two 

fundamental elements across the work of both Moore (1993; 2006) and Iansit and Levien (2004) 

inform the extant ecosystem literature across disciplines. First, the recognition of different actors 

beyond firms that have an influence on the ecosystem. Governmental and regulatory authorities 
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are recognized to be powerful ecosystem actors. Second the importance of leader or keystone 

organizations. This idea of a focal organization having the role of orchestrator is a dominant 

feature not only in ecosystems studies but also in supply chain management among others. Table 

4.2 depicts how ecosystems are defined across streams of work. 

 

 

TABLE 4.2 – ECOSYTEM DEFINITIONS 

Definition Reference 

[Business ecosystems are] “intentional communities of economic 

actors whose individual business activities share in some large 

measure the fate of the whole community” (pg.33) 

Moore (2006) 

“We formally define an innovation ecosystem as a network of 

interconnected organizations, connected to a focal firm or a 

platform, that incorporates both production and use side participants 

and creates and appropriates new value through innovation” (pg. 

205) 

Autio and Thomas (2014) 

“A business ecosystem is a community consisting of different levels 

of interdependent organisations that stimulate co-evolution between 

partners and their business environment” (pg. 51) 

Rong and Shi (2014) 

“A service ecosystem is a relatively self-contained, self-adjusting 

system of resource-integrating actors connected by shared 

institutional arrangements and mutual value creation through 

service exchange” (pg. 11) 

Vargo and Lusch (2016) 

The ecosystem is defined by the alignment structure of the 

multilateral set of partners that need to interact in order for a focal 

value proposition to materialize (pg. 42) 

Adner (2017) 

An ecosystem is set of actors with varying degrees of multilateral, 

nongeneric complementarities that are not fully hierarchically 

controlled (pg. 2264) 

Jacobides et al., 2018 

 

A widespread perspective in the literature of ecosystems is that of technological innovation. 

With roots in strategic management, this view argues that when introducing new technologies 

firms need to understand and assess their environment in terms of risks inherent in co-innovation 

and co-adoption (Adner and Kapoor, 2010; Adner, 2012). Successful commercialization depends 

not only on the work of the technology owners, but to the ecosystem which is assumed to include 

the suppliers of components and the co-adopters (firms that need to adopt the technology before 

the final value proposition can be materialized). This line of research commonly adopts variance 

theories and statistical techniques to measure the performance of firms and predict technology 
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choice or evolution (Adner and Kapoor, 2016; Kapoor and Furr, 2015; Kapoor and Agarwal, 

2017).  

Ecosystems have been extensively studied in the context of platform businesses. Platform 

ecosystem research has contributed with theoretical and empirical insights on the management of 

innovation around product and industry platforms (Cusumano and Gawer, 2002; Gawer, 2011). 

Platforms constitute the technological core around which ecosystems may arise. In-depth case 

studies are characteristic of this stream which is heavily intertwined with research from 

information systems. Major concerns regard the governance of platform ecosystems with 

examples arising from the sectors of information and communication technology both hardware 

and software. Platforms are understood as the underlying infrastructure, controlled by an 

individual or a collective of organizations. However, as pointed by Autio and Thomas (2014), 

although a successful platform will typically have an ecosystem surrounding it, “an ecosystem 

does not necessarily have a platform at its core” (pg. 209). This is important, as it implies that to 

be successful, firms pursuing a platform strategy, need to manage an ecosystem. 

A third and distinct stream of research on ecosystems emanates from marketing and 

specifically the work on service dominant logic (Vargo and Lusch, 2004; 2016). In this stream, 

the term service ecosystem is mainly used. A service ecosystem is defined as a “relatively self-

contained, self-adjusting system of resource-integrating actors connected by shared institutional 

arrangements and mutual value creation through service exchange (Vargo and Lusch, 2016). The 

stream of research on service ecosystems, although emanating from marketing has now 

transferred to Information Systems (Barrett et al., 2015; Lusch and Nambisan, 2015). Given that 

service dominant logic operates at meta-theoretical or pre-paradigmatic level of analysis, most 

work on this area is at a conceptual and theoretical level with limited empirical applications. 

Adner (2017) provides with two views on ecosystems: one as affiliation of organizations, 

defined by their network and platform affiliations, and one as structure, centered on activity 

configurations defined by a value proposition. For Autio and Thomas (2014) ecosystems are 

different from other network strategy constructs (e.g. clusters or networks) due to “the explicit 

inclusion of use side participants” (pg. 205).  In a recent attempt “towards a theory of ecosystems” 

Jacobides et al., 2018 unify business (e.g. Moore, 1993) innovation (e.g. Adner, 2012; 2017) and 

platform views (e.g. Gawer and Cusumano, 2008) by conceptualizing ecosystems as a specific 

type of industry architecture enabled by modularity. This creates a clear link between platform 
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architecture, as a de-facto modular structure, and the architecture of an ecosystem as a type of 

industry architecture and creates scope to focus on the concept of modularity to advance platform 

ecosystem research. 

 In management, organizational, and engineering studies, modularity is commonly traced in 

connection to the architecture of a technological market offering, such as products, services or 

software, or an organizational architecture. The two analytical levels have been studied in 

isolation but also in connection to each other, with many studies’ findings concentrating on the 

interdependent nature among them. To this end, modularity literature develops a mirroring 

hypothesis which deals with the interdependences between technological and organizational 

architectures that can either emerge or be purposefully designed, to address strategic concerns 

(Colfer and Baldwin, 2016). Research has also considered how technology choices made by 

organizations can inflict changes to the industry architecture via modularization processes (e.g. 

MacDuffie, 2013). However, if ecosystems can be designed, then the modular architecture of 

digital platforms creates the conditions for ecosystem emergence and the transition to a new 

industry architecture (Jacobides et al., 2018). Drawing on the above, Table 4.3 depicts a 

framework through witch to explore this further. 

 

TABLE 4.3 - ARCHITECTURE IN MODULARITY RESEARCH 

Level of analysis Explanation 

Market offering 
Products or services as technological architectures, characterized by the nature 

of interdependences between elements and their functionality 

Organization 
Departments, units or processes as organizational architectures characterized by 

the nature of interdependences between groups and tasks structures 

Digital Platform 
Ecosystem  

Diverse sets of actors as an industry architecture, characterized by the nature of 

their interdependencies and propensity to create, exploit, build upon, use, or 

access shared digital platform resources via standardized interfaces or contracts. 

 

Cases and approach 

After a general introduction to the industrial landscape, four cases are presented that revolve 

around digital data streams. Given the current turbulence in the industry, there is merit in 

identifying ecosystems based on digital data streams (Pigni et al. 2016). This way, even if a 
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dominant digital platform has not emerged yet, it is possible to identify the interests of actors that 

aim to control these data streams, discuss their strategic orientation, and use these as input to 

explore new questions for the study of modularity and platform ecosystems. Given the exploratory 

nature of the research, there is no goal to explain causal relationships between analytic constructs 

but rather to allow for relationships to surface through a disciplined iteration between theory and 

data. The aim is to allow the cases to speak to the current body of knowledge of modularity, 

platform, and ecosystems, in a way to guide future theorizing by pointing towards the 

development of better frameworks and emerging questions. Given the above, the cases are 

purposively sampled to describe different actors in the current industry structure, different data 

streams, and different degrees of platform openness. 

Before presenting the cases I provide with a concise yet comprehensive view of the industry. 

The goal is to depict established patterns and relationships between actors. In turn, this allows to 

discuss how the concepts of ecosystem, platform, and modularity can support conceptualizing 

changes of the industry architecture inflicted by four different actors. 

 

The maritime industries 

Maritime shipping is the main mode of transportation for the largest proposition of global 

trade. It is global industry with numerous actors involved. As a capital-intensive service sector, 

maritime shipping is subject to economic cycles and considerable demand and supply variations. 

Although there are strong similarities with the ownership structures of the airline industry and 

with the transportation sector in general (e.g. automotive, railways etc.), several characteristics 

make the maritime sector a unique case. 

A stable industry architecture, low rates of technological innovation, and long asset life-

cycles are some of the defining characteristics in the maritime world.  A range of highly-

institutionalized processes make up the industrial landscape. In addition, there are numerous thin 

crossing points (Baldwin, 2008) with established broker roles between most market transactions 

and standardized contracts (BIMCO, an NGO, provides with contract templates for different types 

of transactions). Fixed economic cycles, secondary markets, and established interactions between 

political and business actors are prevalent. 
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Although there are a few vertically integrated incumbents, a large part of shipping 

operations centers on the separation of ownership from asset operation. This leads to several 

agency problems and split incentives whereby costs are distributed among various actors 

depending on the type of contract (Rehmatulla and Smith, 2015), making it hard for innovators to 

diffuse their inventions. For example, a common scenario in the freight market is to have three 

main actors involved around the vessel: a ship owner, a ship management company and a charterer 

(the cargo owner). All three parties have different views on the operational and capital 

expenditures of the vessel and thus different incentives. The fuel cost, which constitutes a 

considerable percentage of the total operating cost for running a ship is commonly distributed 

differently depending on the type of contract. In many cases, ship-owners pay an outsourcing fee 

to the ship management company and may have no further incentive to invest on fuel efficiency. 

In turn, the ship management company is likely to have a short-term perspective on the vessel 

operation. In other words, the one who invests in new technologies will not be the one to reap the 

benefits of such investment. Depending on the type of contract, a ship management company may 

not have an interest to reduce voyage costs (which includes fuel) as those may be covered by a 

firm chartering (cargo owner) the vessel at a given time. In many occasions, ship managers are 

not even allowed to make any long-term decisions without the owner’s consent. These 

relationships vary across contracts making it even harder to diffuse innovations that have a long-

term outlook. As a result, for example, it is hard to find consensus to invest in an innovation that 

addresses reductions in fuel costs, although it may be beneficial from an asset life-cycle (an 

average vessel has a life span of 20 years) and societal perspective. This has implications for the 

diffusion of innovation within the industry as it means that firms which own and operate vessels 

with a long-term focus, will be first to explore the benefits accruing from new technologies. 
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FIGURE 4.1 – THE FOUR SHIPPING MARKETS  

(ADAPTED FROM STOPFORD, 2009) 

Global economies of scale and specialization dominate maritime shipping. More than 40 

per cent of shipowners operate from Europe, while 90 per cent of shipbuilding is taking place in 

Asia. An economic view sees the industry as four markets revolving around transactions for 

buying and selling cargo or ships (Figure 4.1). The freight market is the main cash-generating 

activity for the industry. A great part of information exchange and transactions take place between 

charters and shipowners who regularly trade cash for shipping services. In the sale and purchase 

market, for various reasons, second-hand ships often with obligations or liabilities attached, are 

exchanged in essentially the same manner as any asset. However, the sale and purchase market 

remain a zero-sum game for the industry as the value does not migrate outside. The demolition 

market becomes particularly important during recessions periods that overcapacity forces 

shipowners to reduce fleet size. In the newbuild market the central actor is the shipyard. Because 

of established thin crossing points (Baldwin, 2008) the industry structure is modularized to the 
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extent that shipyards are an arm’s length systems integrator. This means that, contrary to 

automobile and aerospace manufacturing whereby system integrators retain a relationship with 

the physical asset through its lifetime, shipyards, as the system integrators in the case of vessels, 

do not. A vessel is out of reach from shipyards once delivered. Differences abound in terms of 

size and numbers too. For example, there are more than 300 shipyards while there are only a few 

aerospace manufacturers. Similarly, the supplier base is different, whereby shipyards work with 

thousands of different suppliers and subcontractors‡. The newbuild market has considerable time 

lag (vessels delivered 2-3 years after order) and price fluctuations connected to materials but also 

to the other shipping markets. 

Given the standardized design of the vessel’s technological architecture, innovation has 

been of incremental or modular nature mainly focusing on size. There has not been any 

breakthrough technological change in the architecture of ships for many years. At the level of the 

engine and the hull, the design of steel structures is pretty much the same since the 1950s, it just 

got bigger and more efficient.§ Technology onboard the vessel has progressed of course, and 

automatic identification systems have revolutionized the industry by allowing vessel tracking. 

However, and especially in older vessels, there may be more than a dozen bridge systems onboard 

that do not interoperate. And still today, much of the routine administrative tasks of the ship are 

done manually, many times on paper. 

An alternative view can see the maritime sector composed of different actors concentrated 

around the main technological architecture of the industry, the vessel (Figure 4.2). Albeit limited 

to serve the current discussion, the industry can also be broadly divided in four categories 

according to main operations and core competences**. First, a category on investment, operations, 

and sales which includes firms involved in buying, selling and operating vessels – managerial 

core competence. Second, a category on design and manufacturing of ships which includes firms 

involved in ship manufacturing and maintenance – mechanical engineering core competence. 

                                                 

‡ Competitive position and future opportunities of the European marine supplies industry, European Commission 

(2014), URL: [http://ec.europa.eu/DocsRoom/documents/4233/attachments/1/translations/en/renditions/native], 

Last accessed August 2018 
§ Martin Stopford, during his keynote presentation at Danish Maritime Days, 2015, elaborated on innovation 

through time in the industry 
** For a more detailed technology centric view of the actors involved in maritime networks see Mougaard et al., 

2013 
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Third, a category on network connectivity and IT systems which provides with the necessary 

satellite infrastructure for communication in high seas and IT systems onboard – network and 

software engineering core competence. Fourth, a category of semi-institutional actors responsible 

for insurance, certification and regulatory oversight with a mix of economic and political 

competences such as classification societies, flag states, port authorities, insurance providers, and 

even supranational bodies such as the International Maritime Organization (IMO) of the United 

Nations and the European Union (EU). Classification societies are knowledge powerhouses in the 

sector, mediating a host of services ranging from mandatory regulatory compliance and 

certifications to additional market-based offerings in the form of technology consulting including 

the provision of software platforms. Instead of revolving around transactions for cash and services, 

this view provides with a different perspective that allows to consider the flow of information 

from asset design to manufacturing, to operation and maintenance. 

 

 

FIGURE 1 – AN ASSET-OPERATION-CENTRIC CLUSTERING OF MARITIME ACTORS ACCORDING TO 

MAIN COMPETENCES 
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Recent developments 

It is safe to argue that the current wave of technological changes led by digital platform 

ecosystems is especially noticeable in the maritime world. During the last three years several 

highly radical initiatives have been announced. Collaborative projects at an EU level for the last 

decade have taken forward digital navigation technologies for coordination of ships via digital 

data streams (Watson et al., 2017). Several blockchain initiatives are underway (e.g. Tradelens, 

NSG E2E, 300Cubits, Insurwave), the first autonomous vessel is expected to sail Norwegian 

waters by 2020, cyberthreats abound, and two of the largest engine manufacturers (MAN Dielsel 

Turbo and Wärtsilä) have been implicated in scandals connected to software for emission 

monitoring††. Apart from firm initiatives to capture value via new digital infrastructures across 

maritime operations, new regulatory measures from the European Union (EU) and the 

International Maritime Organization (IMO) create pressure points for shipping to digitalize (see 

Figure 4.3). These recent developments briefly summarize the current trend of digitalization 

across maritime industry circles.  

 

 

FIGURE 2.3 - EU MRV INFORMATION FLOWS  (DIGITAL SHIP, 2016 ) 

                                                 

†† The case for emission scandals was extensively covered by specialized maritime press, see for example: 

https://shippingwatch.com/secure/suppliers/article8497043.ece [Last accessed August 2018] 

https://shippingwatch.com/secure/suppliers/article8497043.ece
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Digital data streams across maritime shipping 

This section explores four cases of digital platform technologies (summarized in Table 4.4). 

Data on the cases are to a large extent publicly available. In addition, the author draws from own 

experience and participation in numerous open and closed industry events and personal 

communication with a range of different actors in the maritime industry including but not limited 

to the cases involved. Specifically, during the last four years, the author has engaged in discussion 

with companies regarding their strategic orientation towards data driven innovation and digital 

technologies in general, participated in international maritime events, and in specialized 

conferences with focus on digital technologies in the maritime industry. 

 

TABLE 4.4 – DETAILS ON THE FOUR CASES 

Platform and 

owner 

Eniram by 

Wärtsilä 

Kognifai by 

Kongsberg 

Tradelens by  

Maersk 

- Regulators 

- 3rd parties 

Organization 

of platform 

owner 

Acquisition but 

retain separate 

brands 

Separate BU 

(Kongsberg Digital) 

Separate BU  

(Maersk Digital) 

- IBM 

- Tradelens 

3rd parties such as 

class societies or 

other maritime 

software providers 

have separate Digital 

Units (e.g. DNV GL 

or Class NK) 

Control point 
- Trademarked 

control units, 

proprietary 

algorithms 

- Data analysis 

inhouse 

competence 

- The platform 

infrastructure 

- Digital data 

streams going 

through the 

platform 

- Installed based and 

inhouse expertise 

- The platform 

infrastructure 

(partial) 

- Digital data 

streams going 

through the 

platform 

(blockchain) 

- Installed based and 

inhouse expertise 

Data stream of fuel 

consumption 

Implicated 

Actors 

- Vessel owners 

- Vessel 

operators 

- Asset owners/ 

operators across 

industrial sectors 

- Software firms 

- All actors involved 

in the supply chain 

(see table 4.7) 

- Software firms 

Mainly emitters and 

verifying authorities 

but potentially more 

(see table 4.8) 

Current 

aspiration for 

platform 

ecosystem 

status 

No Yes Yes Not relevant 
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Eniram by Wärtsilä 

Eniram is a Finland-based SME which rose to prominence in 2015 when it was awarded the 

Lloyds big data award. The company holds several patents for software algorithms and hardware 

control units. In June 2016 Eniram was acquired by Wärtsilä, a Finland-based industrial 

conglomerate with core competencies on the manufacturing and maintenance of marine 

technology. A few months after the Eniram acquisition, in September 2016, Wärtsilä introduced 

a dedicated digital organization and a new executive role of a digital officer. The value proposition 

of Eniram, is centered on an optimization platform that is installed onboard vessels to collect data 

from ship automation and navigation systems and consult crews how to best sail their ship. The 

system combines data from a variety of sources including weather, machine, and maps.  

Performance data is stored in Eniram’s data centers from where complex mathematical modeling 

turns it into insight for its customers. The Eniram platform offerings include the software but also 

the hardware that is integrated with any system on a given vessel. Once the core platform is 

installed, the customer may choose from a portfolio of five different modules with different 

functionality. Additionally, an API is available for the development of custom dashboards. The 

pricing of the platform is considered high compared to similar offerings in the industry, but it is 

also quite ahead in terms of technology being used. The main customers of Eniram are cruise 

ships which are high value and complex assets compared to an average merchant vessel. Table 

4.5 applies the layered architecture framework in the case of Eniram. The third column depicts 

the degree of the involvement the company has at each layer with darker color signifying a higher 

degree (based on information from Eniram’s webpage). 
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TABLE 4.5 - A LAYERED ARCHITECTURE FOR ENIRAM 

Type of actors/ Layer Market offerings  
Eniram degree 

of involvement 

Data presenters 
User interface, experience and engagement –  

Eniram has an API for dashboard customization  

 

Insight providers 

Data analytics, statistical techniques, algorithms and 

machine learning – This is a core competence for the 

company which also has related IPR portfolio 

 

Platform owners 
Application development, discovery and APIs for 

connectivity – Eniram is the platform owner 

 

Data aggregators and 

custodians 

Data collection from different sources and 

normalization – Eniram combines data from external 

and internal sources 

 

Data producers 

Owners of machines that generate data – The 

shipowner is the data producer and owner. However, 

Eniram uses patented control units. 

 

Enablers/ physical and 

hardware devices 

Physical networks, sensors and actuators, and cloud 

infrastructure. Large technology firms and satellite 
providers (e.g. Inmarsat) - Eniram is managing their 

own cloud infrastructure and have own hardware. 

 

 

Kognifai by Kongsberg 

Kongsberg Gruppen is a diversified supplier of technological solutions for aerospace, 

marine, military and oil and gas industries. Following a consolidation of IT activities in 2017 

under a new unit dubbed Kongsberg Digital which was stuffed with IT specialists, Kognifai, a 

new digital platform was launched. The new platform creates a common infrastructure for all IT 

systems in the company, complementing a variety of digital initiatives including the development 

of autonomous vessel navigation systems. Although the company has worked with real time data 

analysis for a decade, the knowledge was dispersed across different business units. Kognifai 

instigates a common platform architecture for internal applications while also providing with a 

range of open resources on GitHub. To accompany Kognifai, the firm released a series of APIs, 

an SDK and a dedicated developer portal to allow for innovation via third party complements. 

Offerings, or the apps available, are very diverse from cost control systems, simulation for digital 

twin technologies, to dry docking management, and continuous data monitoring of different 

parameters. Currently, a year after the platform launch, many applications available are developed 

from Kognsberg inhouse while a couple of third-party applications are acquisitions that were latter 

integrated as part of the Kognifai ecosystem. The platform also allows for integration with the 

newly developed NSG E2E, a data sharing platform for supply chain that allows for end-to-end 
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connectivity. Table 4.6 applied the layered architecture in the case of Kognifai. The third column 

depicts the degree of the involvement the company has at each layer with darker color signifying 

a higher degree (based on information from Kognifai’s webpage). 

 

TABLE 4.6 - A LAYERED ARCHITECTURE FOR KOGNIFAI 

Type of actors/ 

Layer 
Market offerings  

 

Data presenters 
User interface, experience and engagement 

According to each application provider 
 

Insight providers 
Data analytics, statistical techniques, algorithms and machine 

learning Kognifai or external application provider 

 

Platform owners 
Application development, discovery and APIs for 

connectivity Kognifai is the platform owner 

 

Data aggregators and 

custodians 

Data collection from different sources and normalization 

Kognifai in house but not complementor may as well 

 

Data producers 
Owners of machines that generate data 

The asset owner is data producer and owner 

 

Enablers/ physical 

and hardware devices 

Physical networks, sensors and actuators, and cloud 

infrastructure 

Kognifai runs on Microsoft Azure. 

 

 

TradeLens by Maersk  

Maersk Group is the world’s largest shipping conglomerate, owning the largest fleet of 

vessels globally, while also having operations in deep sea drilling and port management among 

others. In conjunction with a recent corporate restructuring and new executive leadership, Maersk 

has recently introduced a new unit dubbed “Maersk Digital” led by a new executive team and 

staffed with software engineers. Partly, this can be a response to competitive threats arising from 

outside the maritime industrial landscape (Maersk’s new chairman raised concerns at a public 

event about competition arising from firms such as Amazon and Google). Around the same period, 

Maersk partnered with IBM and announced a blockchain initiative which has been recently 

branded as Tradelens. The platform is developed, to an extent, in collaboration with academia 

(Jensen, 2017). Although still on a trial phase, the platform aims to create a common infrastructure 

based on a private blockchain ledger to benefit actors across the whole logistics chain, including 

ports, customs authorities, and inland transport among others (see table 4.7). This is expected to 

eliminate a range of issues while also saving the industry billions. 
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TABLE 4.7 – ACTORS AROUND THE DIGITAL DATA STREAM OF TRADE INFORMATION 

Type of actor Potential interest 

Ship owner 
Increase efficiency via digital audit of events/ simplified compliance/ protect again 

mis-declared cargo 

Financial actors Optimize insurance policies with smart contracts/ reduce verification costs 

Software developers Application development/ market place for commercialization 

Charterers Visibility of supply chain information/ reduce manual data input 

Freight forwarders 
Visibility of inland transpiration data/ increase planning efficiency / access historical 

data 

Inland transportation Access to real time data to optimize pick-up and drop-off/ reduce terminal queuing  

Customs/ Government Visibility and information access/ reduce paperwork 

Ports/ Terminals 
Reduce connectivity costs/ improve asset utilization/ optimize stack placement and 

service times 

 

Despite the forward-looking initiative and projected cost savings, industry circles heavily 

criticized the move precisely because it came from Maersk, the firm with the biggest market share. 

Instead, the industry has called for a platform based on co-ownership of rights.  As a response, 

according to latest press releases, the project which was the initially announced as joint venture 

with IBM, is now being rebranded as “collaboration”. 

 

Compliance with environmental regulation 

Given the high environmental footprint of the maritime industry, the relevant regulation has 

been a matter of a heated debate among industry actors. This became especially evident in 

connection to the recent monitoring, reporting and verification (MRV) scheme introduced by the 

EU and the less stringent but globally relevant Data Collection System (DCS) by the IMO.  

Both schemes represent an attempt to limit CO2 emissions while also providing 

transparency on the level and source of emissions. For MRV, the compliance process involves 

accreditation bodies, verification authorities and local state authorities that will ultimately report 

to the EU. The MRV drew a lot of attention because all fuel consumption data is expected to 

become publicly available at an EU database. Consider Figure 4.4. 
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FIGURE 4.4 - AN INDUSTRY NEWSLETTER ABOUT EU MRV 

 

Although companies have different options to comply, the most advanced one is via direct 

monitoring of emissions, a process that implies additional investments and a digital data stream. 

A range of different actors are now providing software as an added feature to existing platforms 

and consultation on how to comply with MRV or DCS‡‡. As such in a hypothetical scenario 

surrounding the pool of fuel consumption and CO2 data, there are several actors all with different 

agendas as shown in the table 4.8. 

 

TABLE 4.8 – ACTORS AROUND THE DIGITAL DATA STREAM OF FUEL EFFICIENCY 

Type of actor Potential interest 

Engine manufacturing Feed innovation activities and improve service 

Ship management company Optimize costs and ship revenue, short term focus 

Ship owner Optimize costs and ship revenue, legitimacy, CSR, long term focus 

Institutional actors Enforce compliance 

Society Environmental concerns 

                                                 

‡‡ Class societies have also developed digital platforms to attract complementors, a prominent example is the Veracity 

platform by DNV GL. 
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Emerging issues for the study of platform ecosystems 

This section juxtaposes the theoretical frames presented in the second section on platform 

ecosystems and modularity, on the four cases and the maritime industry at large. The aim is to 

uncover emerging issues that require attention for platform ecosystem research. 

Organizational architecture and digital technologies 

A clear similarity in the cases is the separation of digital activities from the central apex of 

each company. A similar pattern can be observed in class societies too, with DNG GL and their 

“Veracity” platform but also in other sectors such General Electric with “GE Digital”. This may 

be because of the immense amount of information processing required from data driven 

organizations. Or it may because new skills, culture and processes are required.  Irrespective of 

the reasons why, for the study of modularity and organizations, the issue here is that of exploration, 

exploitation and ambidexterity. Modular innovation is important is stable environments which 

call for exploiting established mechanisms. But, given the turbulent nature of digital technologies, 

characterized by unstable and uncertain environments, the organizational modes shift towards 

exploration, calling for a logic of integrality (Chesbrough, 2003; Fine, 1998; Jacobides and Witner, 

2005). The character of interdependences entailed in software development may require tighter 

coupling and this may lead to the separation of operations.  

But how do notions of integrality manifest in digital platforms and the wider ecosystem? Is 

there, or should there be tight coupling in platforms and their ecosystems surrounding them, and 

at what points? Although a handful of studies examine the idea of integration and integrality as 

the opposite forces of modularity and modularization (Fixson and Park, 2008; Tiwana et al., 2010), 

research has yet to establish an understanding of the architectural capabilities in digital platforms, 

the knowledge required to integrate, and the effects of increasing integration and tight coupling 

in digital architectures. This is especially important as integrative capabilities, which underpin 

value capture and value creation mechanisms in the platform ecosystems, are proposed to shrink 

the boundary of platform owners while expanding the boundaries of the ecosystem (Helfat and 

Raubitschek, 2018). This gap in knowledge is especially relevant to the characteristics of digital 

technology. Given the unbounded and multilayer architecture of software, which makes module 

reconfiguration easier, integration may be more important than modularization. Increasingly open 

source software is being made available for free to support some of the most demanding 

applications (e.g. machine learning, artificial intelligence). However, there is considerable effort 
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required for the integration of those enabling technologies to specific industry contexts (Teece, 

2018). 

As such future research will need to address the strategic boundary decisions and internal 

coordination patterns of platform owners (the boundaries and resources of the organization that 

designs the platform and the ecosystem) in connection with the platform boundaries itself (the 

system infrastructure and the systems it interacts with). Platforms allow organizations to reach out 

to new types of actors and as such create new interdependences that deviate from established 

understanding of mirroring in modularity theory. This is perhaps the reason why in cases of digital 

technology the mirroring hypothesis of modularity has been called to question (Constantinides et 

al., 2018). The boundary of the platform expands further that the boundary of the platform owner 

organization. 

Industrial digital platforms 

An insight that emerges from the Maersk case is the notion of winner-takes-all and the 

reluctance of suppliers to join a new platform controlled by the industry leader. Previous work 

has shown that due to network effects, a first mover advantage in the context of platform markets 

is probable (Parker et al., 2016). Although this line of work has examined B2C cases, the idea 

seems equally applicable to B2B industrial contexts. As an industry wide digital platform based 

on blockchain technology aiming to reduce bureaucracy and paper trails, the success of Tradelens 

is contingent on adoption from the whole ecosystem of actors involved in ship operations. 

However, given the vantage position of Maersk, as an integrated firm with the largest container 

fleet and an operator of port terminals among other activities in the chain, it may even have 

internal rationalization benefits irrespective of external adoption. This implies that, aspiring 

ecosystem designers with a large installed base will need to leverage a neutral position to allay 

competitive fears and create a sense of unity among potential platform participants. 

Kongsberg’s Kognifai is in line with much of the common practice for creating a platform 

ecosystem. This is especially pertinent in the creation of APIs, SDKs and a software developer 

portal. All these elements create the necessary conditions for a developer ecosystem that would 

build new applications and add functionality to the platform. However, and up until today, 

Kognifai appears to be an internal platform that although confers a better architecture internally 

for Kongsberg, it has limited development taking place outside the boundaries of Kongsberg’s 

organization. Considering the specialized nature of the industry, the best candidates for creating 
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complements that extend the functionality of the platform could be Kongsberg’s customers, that 

is, the owners of assets that generate digital data streams. As such, a potential research avenue is 

to examine the types of actors that join industrial platforms. Per conventional wisdom and 

according to most work on multi-sided digital platforms (Parker and Van Alstyne, 2017; Parker 

et al., 2017), users and innovators are two distinct groups brought together by the platform owner 

who functions as an interoperability provider. However, in the case of industrial platforms it is 

likely that the two sides of the platform interact in different ways than in B2C contexts. Although 

the strategy of Kongsberg is in line with extant work on B2C contexts, centered on network effects 

and attempts to create ecosystems of complementary innovation, a point of departure is that in 

industrial contexts, the developers of complementary applications may not be third parties but the 

actual customers or users of such services. This can be partly explained by the highly 

contextualized knowledge required regarding the operation of capital equipment and the sensitive 

nature of industrial infrastructures. Comparing how the assumptions and results of research in 

B2C digital platforms compare to B2B is another avenue for future work.  

Eniram appears to use modularity at an offering level to allow for customization and mix 

and match of elements. This is line with existing work on product and service modularity where 

a range of modules enables mixing-and-matching to increase cross-selling at an offering level. 

Eniram and Wärtsilä, however, do not appear, at least for now, to have aims to become an 

ecosystem architect. Contrary the approach here appears to be very focused on doing something 

very specific and doing it good. That is, monitoring and analyzing data. Trademarks and patents, 

at both hardware and software levels can provide with a strong appropriability mechanism when 

and if a marketplace from Maersk, Kongsberg or DNV GL becomes established. Indeed, research 

shows that greater intellectual property rights and trademarks have a positive influence on the 

decision to join a platform (Huang et al., 2013). 

How much modularity? 

Ecosystems, it has been recently argued, emerge because of modularity and can potentially 

alter industry interdependencies towards less hierarchical types of governance. Jacobides et al. 

(2018) conceptualize complete modularity to be equal to a market. As such they imply that for an 

ecosystem to emerge, the “golden ratio” should be somewhere along the continuum. Research in 

that space is only beginning. Although there are several different ways to measure modularity (see 

Cabigiosu and Camuffo, 2017 for a review) it remains an open question if and to the extent these 
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measures can equally apply in the context of platform ecosystems. Further research will need to 

consider the mechanisms that alter modularity in this space and explore different configurations. 

Many questions remain open, such as the relationship between platforms and ecosystems. Do 

platforms come first and ecosystem follow up or does an ecosystem emerge and create the 

conditions for the rise of a platform at its core? For example, Eniram appears to be a platform 

with no ecosystem, but especially given their strong IP portfolio, Wärtsilä could decide to move 

towards that direction. 

Availability of data streams and common data pools may be essential to increase diffusion 

of new technologies and the creation of ecosystems. In many industries, data monopolies exist 

(e.g. environmental or financial data). The success of new digital platforms may depend on 

cooperation with these organizations. As such the ability to integrate external data sources may 

be enhanced with the creation new platforms that allow the pooling of different data for common 

analysis. This implies an equally and perhaps stronger attention to integration among different 

elements as a central element in the design and management of a given platform. By standardizing 

interfaces, a platform facilitates integration. Indeed, interface standardization is a pre-requirement 

for the development of a platform but also for the process of modularization (Baldwin and 

Woodard, 2009; Gawer, 2014; MacDuffie, 2013; Tiwana et al., 2010). How much modularity is 

essentially for the successful orchestration of platform ecosystems across time remains an open 

question. 

Regulators, digital platforms, and industry architecture 

The case of CO2 and fuel monitoring provides with a different view on digital platforms, a 

view that is less pronounced in the literature than in the real world. Specifically, the melding of 

regulatory authorities in terms of creating standards, rules, and enforcing transparency of digital 

data. Although to comply with EU MRV it is not necessary to digitize fuel monitoring§§, I consider 

that is the case for the sake of discussion. Digital platforms are not only relevant for increasing 

efficiency, reducing costs, or creating network effects; digital platforms have the potential to 

enforce regulations and create transparency and visibility of information that was not previously 

available. If data on fuel emission become public, and it is possible to identify, for example, the 

                                                 

§§ There are four ways to comply with the EU MRV. To this date, negotiations are still ongoing at EU and IMO 

committees.  
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vessels that pollute more than others, this creates a new “green” arena of competition in the 

industry, whereby ranking of shipowners based on CO2 footprint is possible. 

The EU MRV and a host of other regulations give rise to a market for software applications 

which, at the time of writing, are available and provided not only from classification societies but 

also from independent maritime consultancies, specialized IT vendors, and manufacturers. As 

such software, it appears, at least in the contexts of industrials, becomes a new arena of 

competition where seemingly different actors from different industries can provide with solutions. 

Instead of an orchestrator or architect, common in platform studies, these platforms and the rules 

they must abide are set by institutional actors.  

Perhaps then, digital data streams are essential for the emergence of platform ecosystems. 

Although extant research sees ecosystem emerging around digital platforms, the short case 

analysis points to another center of gravity for ecosystem emergence: pools of unstructured data 

and the potential competition between digital platforms to access certain machine data and provide 

analytics. Across all four cases the platform and ensuing ecosystem of organizations are created 

around digital data streams that are produced by mechanical equipment. It appears that the ability 

to generate such data pools may also give rise to platforms ecosystems. 

Back to the four shipping markets 

Changing interdependences induced by platform ecosystems can provide a solution to the 

apparent disconnection between shipyards and the artifact they produce, the vessel. Digital 

platforms can forge new links and feed innovation activities to allow yards greater visibility 

through the lifecycle of the vessel.  This could alter existing interdependences in the industry 

considerably. However, this raises the issue of data ownership and data sharing. Apart from the 

expected benefits of performance optimization, cost reduction and efficient operation, digital 

platforms can also allow for the enforcement of regulation by creating data trails that can be shared 

between multiple parties. As such an avenue for further work is to examine the actions of actors 

involved in the institutionalization of platform ecosystems. This is a fascinating topic with only 

limited points of reference (Gawer and Phillips, 2013). It appears that there is scope for research 

on the role of acotrs inflicting changes in industry architecture by introducing regulatory platforms. 

As shown in the case of CO2 regulation, contextual data about how a piece of a machinery 

performs over time can be of different value to different parties. Platform owners will have the 

opportunity to pool large data sets that, given the right analytics tools, can lead to a series of new 
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innovations by for example developing new services. Asset owners may be inclined not to share 

performance data as this may allow the enforcement of regulation. Firms providing monitoring 

services will have a very diligent role to balance regulatory pressures while protecting the interests 

of their stakeholders. Future work will need to concentrate further on different configurations of 

platforms and ecosystems and work towards establishing archetypes that can guide future 

theorizing. 

Conclusion 

This research was motivated from a recent convergence of perspectives around modularity 

as the fundamental principle of both platforms and ecosystems (Gawer, 2014; Jacobides et al., 

2018; Teece, 2018). To begin addressing this space, the paper generates contextualized knowledge 

regarding digital platforms in the case of maritime industry. The research has taken an inductive 

approach with focus on seeking new theoretical directions for platform ecosystems literature. 

Through this exploratory inquire, the study develops an agenda for studying the transition from 

industry to ecosystems. Although limited to one context and at a specific point in time, the study 

captures a snapshot of how new digital technologies are deployed from different players. This 

allows to explore how organizations that occupy different positions and have different 

competences deploy digital platforms and how aspiring ecosystem designers establish boundaries. 
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CHAPTER 5 

 TOWARDS A UNIFIED PERSPECTIVE OF MODULAR AND INTEGRAL DESIGN  

 

This chapter includes Paper IV. This is a work in progress manuscript that emerged at the end of 

my Ph.D. journey. It is a purely conceptual piece that explores the underlying principles of the 

relationship between modularity and integrality and argues that there is value in considering them 

in tandem.  
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PAPER IV 

 

 

Towards a unified perspective of modular and integral design *** 

Viktor Avlonitis 

 

 

 

 

Abstract 

A growing number of management scholars and practitioners invoke the concept of modularity to provide 

insights to a variety of problems in their respective fields. As a general systems principle, modularity is 

associated with the study of technological and organizational architectures across management studies. 

However, the literature is fragmented with a variety of offshoots that develop independently. Aiming to 

clarify the concept across domains the paper advocates for explicit definitions of central concepts to guide 

further research. To encourages a convergence of perspectives around the different views, the paper 

explains modularity and its opposite, non-modularity or integrality, around three principles and three 

analytical levels. This multilevel conceptualization creates a common frame of reference that supports the 

cross-pollination of insights and the structuring of this diverse body of work to uncover elements that 

require further attention. 

 

  

                                                 

*** The development of this paper benefited from feedback at the Academy of Management specialized conference 

on big data and the digital economy, Surrey, UK, April 2018 
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Introduction 

Design drives the way strategies are formulated or formed, and 

determines whether and how they can be implemented. It is the vehicle 

by which firms recognize the need for adaptation, determine its 

course, and put change into effect. It is the framework that enables 

and allows collective behavior to occur (Greenwood and Miller, 2000) 

Adaptation in changing environments is of central concern in management research and 

practice. As a response to environmental complexity, organizations aim for adaptation to achieve 

survival and growth. Modular design entails certain principles that guide such adaptive response 

processes. As a logic modularity has roots on notions of near-decomposability (Simon, 1996), 

loose coupling (Orton and Weick, 1990), the study of organization design (Thompson, 1967; 

Galbraith, 1974; Lawrence and Lorsch, 1967; Tushamann and Nadler, 1978) and the work of 

Christopher Alexander (Alexander, 1964). Modularity instigates an architecture, that provides 

with a range of strategic benefits in face of increasing uncertainty and heterogeneity of external 

or internal environmental conditions (Baldwin and Clark, 2000; Schilling, 2000). Along those 

lines, modularity has provided conceptual anchor in the development of various empirical 

investigations and subsequent theorizations across management, organization, and technological 

innovation studies. A modular product architecture confers flexibility via interchangeability, 

increased variety and fast response to market demands, autonomous innovation and a way to 

prolong product lifecycles (Ulrich, 1995; Pil and Cohen, 2006; Mikkola, 2006). A modular 

organizational architecture underscores the capacity of organizations to develop capabilities, 

routines, tasks and processes that are transferable across divisions, reconfigurable, less resource 

demanding, and in general allow for easier coordination (Albert, 2018; Galunic and Eisenhardt, 

2001; Sanchez and Mahoney, 1996; Sinha and Van de Ven, 2005; Zhou, 2013). At a macro level, 

scholars have examined modularity from the perspective of supply chain and industry architecture 

which can also be more, or less modular. Intimately related to the literature on standards and 

dominant design, macro level analysis juxtaposes insights from technological innovation on 

decisions related to firm boundary choices and governance. These studies focus on the extent of 

vertical integration, the division of labor, industry evolution, standard battles, and the location and 

intensity of transactions, and in general interactions, among sets of interdependent actors 

(Baldwin, 2008, Jacobides et al, 2006; 2018; Argyres and Bigelow, 2010, Kapoor, 2013). 
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A central tenet in modularity literature is that systems, such as products and organizations, 

can be viewed in a continuum that ranges from a completely modular system to a completely 

integral one. Fundamental to this distinction is the idea of recombination and interdependences 

between sub-systems. Modular systems can be decomposed and recombined while minimizing 

propagation of interdependences. Integral systems interact in complex ways and are hard to 

decompose without any loss of functionality. A common parlor has been that systems migrate 

towards increased modularity which is associated or even treated as synonymous with 

disintegration or decentralization depending on the level of analysis and the perspective of each 

study (Christensen et al., 1992; Fine, 1998; Jacobides, 2008; Wolter and Veloso, 2008). However, 

and despite the breadth and depth of empirical work concerned directly or indirectly with the 

power of modularity, there are considerably fewer investigations that focus on the properties of 

integral systems. The underlying principles that inform modularity and integrality as distinct 

properties are not explicitly articulated, a problem exacerbated given inconsistent terminology 

across the literature. There is thus scope to explore the relationship and underlying principles 

between modularity and integrality. The topic is increasingly critical as recent research suggests 

that modular and integral design rules may co-exist (Avlonitis and Hsuan, 2017; Colfer and 

Baldwin, 2016; Fixson and Park, 2008; Tee et al., 2018). This means that organizations may 

devise architectures that are composed of both modular and integral designs, and thus calls for 

more attention to the relationship between the two opposing sides. 

The purpose of this study is to disentangle the relationship between modular and integral 

design principles. Taking as a point of departure extant modularity literature in management 

studies, the central question of this paper is as follows: what are the principles that inform the 

relationship between modularity and integrality? To develop a coherent understanding of the 

relationship between modular and integral properties, I engage with the literature to deduce the 

fundamental ideas that can be seen central to frameworks and models based on modularity. 

Through a critical review and synthesis with adjacent streams of work, the study contributes with 

a reframing of modularity and integrality as a duality around three principles, and in the process 

provides terminological clarification via explicit definitions. The study argues that modularity and 

integrality are counterparts whose underlying dynamics entail episodes of temporal co-existence. 

The rest of the paper is structured as follows: first, modularity and integrality are introduced 

and defined. Second, two ideas are discussed that transverse across streams of work: first the 
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presence of alignment between two or more analytical levels and second modularity as the 

continuum of modular to integral system design. Based on these two ideas, the following section 

traces three principles underlying the relationship between modular and integral design and 

consequently draws on extant empirical work to demonstrate how the principles manifest in the 

nested hierarchy of products-organizations-industries. The paper concludes with a discussion on 

the complementary role of modular and integral design and provides directions for research. 

Key concepts 

Before moving to discuss modularity and integrality, I refer to MacDuffie’s tripartite 

distinction to clarify the concept: 

 “Modularity is a design property of the architecture of products, 

organizations, and interfirm networks; modularization is a process 

that affects those designs while also shaping firm boundaries and 

industry landscapes; and ‘modularity’ is a cognitive frame that guides 

categorization and interpretation of a wide array of global economic 

phenomena” (MacDuffie, 2013, pg. 8). 

Although to an extent biased from manufacturing studies, the take away here is that modularity 

describes a property of a given system architecture, be that a product, organization or network 

which in turn confers adaptation benefits. Modularization is the process used to achieve 

modularity with implications across different system levels. One may also discuss the cognitive 

aspects of modularity as a mental schema to guide and frame productive work. This tripartite 

distinction allows to distinguish between the properties and outcomes of system architecture, the 

processes involved in creating one, as well as how those two are perceived and employed to frame 

design and management efforts. It follows that to create a modular (adjective) design (or 

architecture)††† that has modularity (noun) as its property, one would follow a modularization 

(noun) process, which would be required to modularize (verb). I hereby argue, and subsequently 

elaborate on the following sections, that this same tripartite schema holds for integrality too: To 

create an integral design or architecture that has integrality as its property, one follows an 

integration process which is required to integrate. 

                                                 

††† I use the term architecture and design (noun) interchangeably in the paper 
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Modularity and modularization 

Modularity is an abstract concept denoting certain system design properties. It is a word 

hard to define free of context as it is a versatile concept, which in practice can address a variety 

of design problems. From biological organisms to psychology, economics, and engineering the 

concept of modularity has found numerous applications. Limiting the focus of this paper to the 

study of management, technology, and organizations, modularity has been used to address 

problems related to the design and lifecycle management of technological market offerings, 

organizational structure, strategy, and overall industry evolution. Hereafter, I define modularity 

as:  

a system design property that instigates an architecture which allows 

for loose coupling between sub-systems and tight coupling within sub-

systems. Subsystems are referred to as modules, constructed by the 

separation of hidden from visible information to increase autonomy 

and adaptation benefits. This modular architecture confers the ability 

to re-use and interchange resources to induce variety and flexibility‡‡‡ 

To clarify, two concepts in the definition require further elaboration given their centrality 

to most treatments of modularity in the literature, that of an architecture and that of a module. The 

concept of architecture features as metaphor in the study of system design across management, 

organization, and strategy research. In a general sense, an architecture describes the “fundamental 

organization of a system embodied in its components, their relationships to each other and to the 

environment, and the principles guiding its design and evolution” (Maier et al., 2001, pg. 108). 

Despite the plurality of conceptualizations and variety of methodologies employed, theorizing 

based on modularity is always made, implicitly or explicitly, in connection to a specified 

architecture. Information, services, products, organizations, platforms, or even industries and 

ecosystems can be understood as systems that have a specified structure, an architecture. 

Modularity is about designing an architecture or observing its change through time. As such a 

modular architecture, has modularity as its property, and is composed of two or more modules.  

                                                 

‡‡‡ This definition draws from and is aligned with numerous studies within management literature. For exemplary 

citations the reader is referred to Table 1 (Chapter 1) of this dissertation. 
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A module represents an independent subsystem that is part of a larger system. Baldwin and 

Clark (2000) define it as follows: “a module is a unit whose structural elements are powerfully 

connected among themselves and relatively weakly connected to elements in other units” (pg. 63). 

In an early review of modularity and its manifold characterizations, Gershenson et al (2003) points 

that the definition of a module is instrumental to explain what modularity means across contexts. 

For example, empirical work has examined modules as part of software programs, as part of an 

automobile or its manufacturing process, as part of an organization, or as part of industrial 

economic systems. Even for the same type of innovation, a module can be perceived different 

depending on the level of analysis. A supplier, a system integrator, and the user or buyer of the 

final product will define the same module as part of different systems. Similarly, a modular 

innovation at one level of analysis maybe be an architectural innovation at other analytical levels 

(Murmann and Frenken, 2006).  

To achieve modularity, the process of modularization is essential. Contingent on the task at 

hand (e.g. new system vs redesign of existing system), modularization involves decisions 

regarding the number and type of modules and the nature of their interaction. A common process 

involves creating schemas that map structural and functional elements of a system to create 

boundaries between modules (Ulrich, 1995). Another essential part of modularization is the 

standardization of communication between modules to achieve easy coordination (Baldwin and 

Clark, 2000). Through time organizations accumulate knowledge about the interdependencies 

between modules. Knowledge about interdependencies allows organizations to create interfaces 

or thin crossing points that accommodate interdependencies that minimize transaction costs or 

cognitive complexity (Baldwin, 2008). The impact of such process is inevitably contingent on the 

available technologies and established industry structures. But in their efforts to modularize, 

organizations make choices, such as those related to their vertical scope, and thus may have an 

influence on the nature of their environment. 

Modularization is closely associated with information centric views of organization design 

whereby task interdependence determines the degree of coordination (Galbraith, 1974, Nadler and 

Tushman, 1978; Thompson, 1967). Modularization may be a very structured process with 

predefined steps (Gu and Sosale, 1999; Parnas, 1972; von Hippel, 1990) or it may entail emergent 

processes whereby instead of focusing on mapping and defining all interdependencies to 

modularize an architecture in a deterministic/ engineering approach, the task at hand become to 
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manage interdependencies as they emerge (Staudenmayer et al., 2005). Indeed, in large open 

source initiatives, there is no final design but a design trace that sustains design knowledge and 

makes digital innovation a more emergent than planed process (Garud et al., 2008). A 

modularization “multiplies design options and at the same time disperses them” which in turn 

bestows rights of “mix and match” without the need for a central architect (Baldwin and Clark, 

2000). A thorough review of the literature shows that although modularization is discussed across 

technology and management studies, it is not clearly defined. As such, hereby I define 

modularization as: 

a process through which a system can be decomposed into an aligned 

structure of structural and functional descriptions, that sustain a loose 

coupling, and promote learning about interdependencies to the extent 

that those become codified to embed coordination.§§§ 

Based on these ideas, the diverse body of work on modularity has examined systems at 

multiple levels of analysis, most prominently the nested hierarchy of products, organizations 

(including processes) and industries **** . Initially related to engineering and innovation 

management (Baldwin and Clark, 1997; Henderson and Clark, 1990; Hsuan, 1999; Ulrich, 1995), 

modularity quickly became a vehicle towards building economic arguments regarding strategy 

and firm boundaries (Garud and Kumaruswamy, 1995; Langlois and Robertson, 1992; Langlois, 

2002; Jacobides et al., 2018) and captured the attention of organizational scholars as a design 

frame of organizational architectures (Albert, 2018; Galunic and Eisenhardt, 2001; Karim, 2006; 

Sinha and Van de Ven, 2005). At the same time, given the underlying modular architecture of 

platforms (Baldwin and Woodard, 2009), research has increasingly employed modularity as a 

central characteristic in the design and management of product platform families and digital 

platforms (Gawer, 2014; Meyer et al., 2018; Tiwana et al., 2010). Another stream is increasingly 

                                                 

§§§ This definition draws from several studies that discuss modularity, its benefits, and the process involved into 

achieving a good modularization (also see Chapter 1). I try to accommodate the conflicting views on function and 

structure by Ulrich (1995) and Baldwin and Clark, (2000) who appear to disagree regarding the extent to which 

functional descriptions, given their subjectivity, are part of modularization. 

**** Although industrial networks may also be understood as organizations (Gulatti, 2012), I retain the distinction 

to signify an internal vs external view. 
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examining service modularity and the modularization of service architectures (Voss and Hsuan, 

2009; de Blok et al., 2014) while the field is expanding further to knowledge and information 

modularity (Cenamor et al., 2017; Fixson et al., 2017). 

Integrality and integration 

Contrary to modularity which has been adopted by researchers to explore economic, 

engineering and managerial problems, integrality is not an established term. Despite the fact that 

integral architectures have been discussed as antithetical to modular ones, the notion of integrality 

has hardly received any attention (for an exception see Jacobides, 2008 and Fixson and Park, 

2008). To be fair, a large body of work considers modularity as a spectrum with different degrees 

that can be estimated and quantified and as such, assumes integrality as a property, although many 

times does not explicitly refer to it. However, there is an equally large body of work that ignores 

integrality altogether or at best assumes, rather than articulates, the properties of integral systems 

as opposites of modular ones. This is becoming evident in supply chain research where a recent 

review finds a lack of attention to integral design (Pashaei and Olhager, 2015). Even fundamental 

studies of modularity remain agnostic regarding the role of integrality as a system property. A 

reason may be the lack of a definition. Hereby, I define integrality as follows: 

a system design property that instigates an architecture which 

furnishes a complex and tightly coupled system. Sub-systems, if any, 

remain entangled in ways that make separation without compromising 

functionality impossible. This integral architecture confers systemic 

performance advantages by exploiting rich interdependences and 

sharing of functions. 

Contrary to modularity, integrality as the property of integral architectures, allows for 

systemic performance optimization, relaxing standardization requirements while also reducing or 

eliminating the number of subsystems. The aim, contrary to modularity that seeks value and 

flexibility via options creation, is to seek value via a system setup that is optimized for a certain 

context by co-specializing its constituent parts. As such instead of allowing for independent 

evolutionary trajectories that regulate decentralized systems, an integral design focuses on 

centralized control and co-specialization, disregarding architectural partitioning for speed and 

performance. 
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Apart from the lack of definition, a reason why authors rarely invoke the concept of 

integrality as the opposite of modularity, may be the ubiquity of the concept of integration to 

describe a diverse set of organizational phenomena. Integration has been used, among others, to 

denote properties opposite of modularity. However, given the earlier quote from MacDuffie 

(2013) on modularity as a system property and as a process, it is prone to consider how this 

distinction applies to integral design. Dating back to, at least, the work of Lawrence and Lorsch 

integration can be defined as: 

the process of achieving unity of effort among the various subsystems 

in the accomplishment of the organization's task (Lawrence and 

Lorsch, 1967, pg.4) 

There are strong connections between the concept of integration and the concepts of integrality 

and modularity. For example, research has defined organizational integration as: 

 […] the extent to which distinct and interdependent organizational 

components constitute a unified whole […] reflecting how 

harmoniously the different departments of an organization work 

together and how tightly coordinated their activities are (Barki and 

Pinsonneault, 2005, pg. 166)†††† 

A review of the research that examines integration, although not available, is beyond the current 

scope of this study. Suffice is to note that, to a large extent, the intellectual foundations and 

empirical objects examined within various streams of integration research are shared with work 

on architecture and modularity. For example, studies of firm vertical scope commonly argue that 

modular designs lead towards vertical disintegration and integral designs to vertical integration 

(see also following section on mirroring). Similarly, research suggests that integrative capabilities 

can support organizations towards altering their boundaries (Henderson, 1994; Helfat and 

Raubitschek, 2000; 2018). Research on integration with similar foundations to those of modularity 

is prevalent in studies of mergers and acquisitions (Graebner et al., 2017), the structure and 

integration between supply chain partners (Davies and Joglekar, 2013), the role of systems 

†††† In this paper the authors draw on the concept of interdependences (Thompson, 1967) to develop a typology 

of organizational integration. Based on the same idea of pooled, sequential and reciprocal interdependences 

(Thompson, 1967) a recent paper develops a typology of decompositions (Eissens-van der Laan et al., 2016). 

This goes to shows that work on modularity and integration are based on similar ideas. 
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integrator firms (Davies, 2004; Hobday et al., 2005; Pavitt, 2003) and more recently used to 

advance an idea of integrator structures to facilitate adaptation during interdependence shifts (Stan 

and Puranam, 2017). 

Conventions and established assumptions 

As it becomes evident from the preceding section, the concept of modularity has a wide 

range of applications. One might say that it constantly runs the risk of being stripped of its 

analytical prowess as “all systems are, to some degree, modular” (Schilling, 2000, pg. 312). 

Numerous models and frameworks refer to modularity, apply it in different ways, levels of 

analysis, and contexts, selectively omitting certain elements or effects while stressing others.  

Some study modularity and modular design as an empirical object, such as the modules in tangible 

assembled artifacts but in many studies, modularity is instead a framework and a set of concepts 

attuned to the purpose of each study. Modularity has been referred to as strategy, a design method, 

or even as property of the external environment (designed or emergent) that nurtures certain 

interdependencies between organizations (Ethiraj and Levinthal, 2004; Jacobides et al., 2018; Pil 

and Cohen, 2006). This makes causal arguments regarding the effects of modularity hard to attest 

and transfer between different contexts. To begin untangling the literature and create a unified 

perspective, this section identifies and elaborates on two central conventions that comprise 

established assumptions regarding modularity: the mirroring hypothesis and the architectural 

continuum. Those two ideas, that of an architecture as a continuum that ranges from modularity 

to integrality, and the isomorphic arguments in the search for fit entailed in the mirroring literature, 

are central to unpacking the relationship between modular and integral design. 

The continuum of system architecture 

A central idea in modularity literature is that system architecture can gravitate between 

different degrees of modularity. The idea can be traced in the literature emanating from 

management engineering and technological innovation (Crawley et al., 2004). Therein, the 

mapping of functions to components, the degree of interface coupling, and the minimization of 

incidental interactions are fundamental characteristics that set apart modular from integral 

architectures (Ulrich, 1994; 1995; Mikkola, 2006). Numerous studies (see Table 1) related to 

industry evolution, technological change, and innovation among others, explain properties 
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associated with modular and integral systems and the forces that push systems towards one or the 

other.  

Synergistic specificity and customer knowledge are commonly assumed to be inversely 

related with the degree of industry modularity (Schilling, 2000). Contrary, increased heterogeneity 

of inputs and customer demands are positively associated with the degree of industry modularity, 

moderated by industry standards, rate of technological change and competitive rivalry (Schilling 

and Steensma, 2001). The fluctuation of demand factors coupled with technological 

discontinuities are determinants of whether an integral or a modular architecture becomes key to 

competitive advantage (Christensen et al., 2002). A vertically integrated firm is assumed to be in 

a better position to address increasing customer demands and develop systemic innovations while 

horizontally stratified (disintegrated) firms, are more competitive in less demanding markets 

(ibid)‡‡‡‡. Niche market competition, differences in knowledge, and organizational inertia exert a 

certain pressure that leads towards modular systems and horizontal industries. Contrary, technical 

advances, subsystem specialization that encourages bundling, and proprietary solutions, exert the 

opposite pressure towards integral systems and vertical industries (Fine, 1998). Firms are assumed 

to be better-off when the lifecycle stage of the underlying technological system is matched with 

an appropriate innovation approach. 

Modular systems call for exploitation while pre-modular and integral systems for 

exploration (March, 1991; Chesbrough and Prencipe, 2008). The shift from a modular to an 

integral architecture may come about when the specifications of a technological system cannot be 

exploited further and thus a new architecture is required (Chesbrough and Kusunoki, 2001). 

Environmental conditions such as the introduction of new innovations may also affect the degree 

of specialization or integration (Wolter and Veloso, 2008) and thus the degree of modularity. 

Alternatively, for strategic reasons, actors may purposefully attempt to manipulate industry 

boundaries, technological standards (Fixson and Park, 2008) or even retain a misaligned structure, 

such as an integral organizational architecture to compete in modular markets (Helfat and Campo-

Rembado, 2016). 

                                                 

‡‡‡‡ Although Melissa Schilling grants a continuum conceptualization to modularity, indeed defines modularity as a 

continuum, no discussion is provided on the properties of integral design and integrality in general. The opposite 

forces of modularity are referred to as non- modular. Clayton M. Christensen and colleagues also use different 

terminologies to refer to the integral system structure across industry, innovation and technology levels. 
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These studies show that technological, organizational, and industry architectures gravitate 

between varying degrees of modularity. This points to a cyclical relationship between the 

attributes of modularity and those of integrality. However, the continuum of modularity is usually 

implicitly assumed rather than explicitly defined. This has resulted in research that examines 

modularity without consideration of its conceptual opposite, or even using alternative 

terminologies to describe what may essentially be the same underlying concept. Inconsistencies 

across different streams of work make it hard to create a complete understanding of the properties 

of less modular, non-modular, and in general designs with properties that are opposite to 

modularity.  

The mirroring hypothesis 

A growing body of work is concerned with the relationship between different analytical 

levels in modularity. The literature pertaining to mirroring, hypothesizes isomorphic relations 

between on the one hand the set of decisions or tasks associated with an organization – that is an 

organizational architecture - and the architecture of organizational output, which in the commonly 

studied case of a given technology, would relate to technical dependencies between components. 

The flow of causality has been traced in both directions and as such, product architectures may 

exert isomorphic forces to organizational architectures and vice versa. In other words, modular 

products may lead organizations to become modular, but also modular organizations may get 

stuck into a modular product development architecture. The roots of such as ideas are not unique 

to modularity literature and can been traced to organizational contingency theories and Conway’s 

law in computer science (see Colfer and Baldwin, 2016 for a review). 

The underlying assumptions behind modularity and the mirroring hypothesis specifically, 

draw from an evolutionary view of firm boundary alignment and the search for fit across 

technology lifecycles. Many of these studies are grounded on an understanding that industries 

undergo a period of disruption or technological breakthrough which leads to an era of ferment 

characterized by intense experimentation only to abate when a dominant design emerges 

(Anderson and Tushman, 1990). The early, turbulent, and uncertain stages have been assumed to 

match with radical, integral, or architectural innovations. As the environment becomes less 

uncertain at latter stages of industry lifecycles, fit is assumed to be accomplished with incremental 

or modular innovations (Henderson and Clark, 1990). Research has constantly shown a strong 

positive relationship between product complexity and vertical integration (Novak and Eppinger, 
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2001). And an equally strong assumption surrounds the positive relationship between product 

modularity with vertical disintegration (Argyres and Bigelow, 2010). In other words, as shown in 

Table 5.1, there is a clear pattern of associating increasing integrality with an era of ferment, 

matched with integral technological innovation, centralized organizations and vertically 

integrated industries while increasing modularity is associated with modular technological 

innovation, decentralized organizations and vertical disintegrated industries after the emergence 

of a dominant design. 

TABLE 5.1 - EXPECTED RELATIONSHIPS OF STRICT MIRRORING 

Design 

approach 
Lifecycle stage 

Technological 

innovation  
Organization Industry 

Integrality 
Before dominant design 

(era of ferment) 

Integral  

(systemic/ 

complex) 

Centralized 

(Hierarchical 

fiat) 

Vertically 

integrated 

Modularity After dominant design 

Modular 

(autonomous/ 

component-based) 

Decentralized 

(market 

orientation) 

Vertically 

disintegrated 

 

Yet, this is far from a clear theory of innovation, industry boundaries and vertical 

integration. Although, the isomorphism between technological interdependences and organization 

design is prevalent, and commonly anticipated, there is an increasing amount of evidence that 

firms, for strategic reasons, may also choose to misalign their architectures. Several studies have 

repeatedly underlined the role of knowledge as conflicting to the assumptions inherent in the 

mirroring hypothesis (Brusoni et al., 2001; Tuertscher et al., 2014). Focusing on studies of system 

integrator firms, who “know more than they make”, research shows that although the task and 

technological dependencies are mirrored, the central firm in the network has to retain tight 

coordination routines with suppliers (Brusoni and Prencipe, 2006; Jacobs et al., 2007). This has 

led to a recurring notion that technological modularity does not necessarily subsite for 

interorganizational coordination and as such challenges the idea of strict mirroring. Moreover, 

firms may remain integrated irrespective of industry lifecycle stages to maintain their integrative 



 

138 

 

knowledge and capabilities to respond faster to systemic change (Helfat and Campo-Rembado, 

2016; Jacobides et al., 2016; Kapoor and Adner, 2012; Kapoor, 2013). In a modular organization, 

the role of agents may be designed separately from tasks at hand and as such the former may 

display tight coupling while the later may remain modular (Puranam et al., 2012). Other 

contingency factors have been recently identified that may lead to such misalignment such as the 

pace of technological change, degree of innovativeness and complexity of a given technology, 

industry specialization, and logistics costs (Sorkun and Furlan, 2016).  

Collectively the literature concerned with mirroring combines insights from technological 

innovation, transaction costs, uncertainty and knowledge-based arguments to examine the extent 

to which these views, manifesting as a nested hierarchy of technologies (market offerings), 

organizations, and industries, portray an isomorphic relationship. Inherent is the idea that the 

design or architecture of each of the three levels can range between different degrees of modularity 

(integrality) and that the corresponding other levels will display similar degrees of modularity 

(integrality). 

Tracing the principles of integrality and modularity 

The preceding review of the literature across management, organization, and engineering 

studies points to the following issues with the current state of the literature. First, numerous studies 

ignore the notion of the continuum while the precise terminology used across studies is not 

consistent. This has led to a lack of studies that consider integrality as a design property compared 

to the body of knowledge accumulated about modularity. As a result, this has constrained the 

development of knowledge regarding the relationship between modularity and integrality. This 

limited knowledge about the relationship between modularity and integrality as general design 

principles constrains the development of structured approaches for adopting modular and integral 

design across contexts. 

Apart from gaps across the literature, recent research finds organizations developing mixed 

architectures characterized by both integrality and modularity. This finding is especially prevalent 

in studies about the mirroring hypothesis where scholars observe organizations being partially 

mirrored (Colfer and Baldwin, 2016). Moreover, recent research finds the underlying antithetical 

notions of modularity and integration being complementary (Davies and Joglekar, 2013; Tee et 

al., 2018). These two issues, namely the ignorance about integrality in many studies and the fact 
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that modularity and integrality are observed to co-exist call for explicitly articulating and 

elaborating on the relationship between the opposite sides of system design. In what follows, three 

principles are presented that can be used to explain the antithetical properties of modularity and 

integrality. 

Principle 1: Composition vs Decomposition  

Integrality 
To construct a system with integral properties – to integrate a structure – one 

follows a logic of composition 

Modularity 
To construct a system with modular properties – to modularize a structure – one 

follows a logic of decomposition 

 

The intellectual traditions in both engineering and management research are concerned with 

decomposing systems in their constituent parts. Traceable to the seminal work on artificial 

systems (Simon, 1996), the idea of hierarchical decomposition runs through much of the literature 

on architecture and modularity. Systems become more adaptable to their environment when 

hierarchy and (near) decomposability pervades their insides: 

[…] the potential for rapid evolution exists in any complex system that 

consists of a set of stable subsystems, each operating nearly 

independently of the detailed processes going on within the other 

subsystems, hence influenced mainly by the net inputs and outputs of 

the other subsystems. If the near-decomposability condition is met, the 

efficiency of one component (hence its contribution to the organism's 

fitness) does not depend on the detailed structure of other components. 

(Simon, 1996, pg. 193) 

The ideas of Herbert Simon who argued for “hierarchy and near decomposability as a basis for 

specialization” (Simon, 1996, pg. 156) have infiltrated much of the discussion around the power 

of modularity. To reduce complexity, decomposition precedes, which allows the designer or 

manager to create chunks, or modules, that is subsystems independent of each other but highly 

interdependent on their insides (Baldwin and Clark, 2000). The adaptation benefits provided by 

decomposability have been re-iterated by Richard Langlois who also adds that lack of 

decomposability increases systemic interdependence: 
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“In a nondecomposable system, the successful operation of any given 

part is likely to depend on the characteristics of many other parts 

throughout the system. […] In a decomposable system, by contrast, 

the proper working of a given part will depend with high probability 

on the characteristics of other parts within its subassembly—but will 

depend with relatively lower probability on the characteristics of parts 

outside of that subassembly. As a result, a decomposable system may 

be able to limp along even if some subsystems are damaged or 

incomplete.” (Langlois 2002. pg. 21) 

In their seminal work on the transformation of the computer industry, Carliss Baldwin and 

Kim Clark advance the idea of modular operators, essentially, the actions designers may undertake 

to create and modify designs, fundamental to which is the splitting operator (breaking up a system 

into modules). In one of the few deep explorations of integrality, an integrating operator has been 

suggested to explain the actions of designers with intentions to alter systems that are already 

modular towards the opposite state, that of complexity and integrality (Fixson and Park, 2008). 

Thus, where a designer consciously aims to modularize a design, the logic of decomposition is 

employed that allows for the reduction of complexity. Indeed, one of the fundamental ideas behind 

modularity is that of complexity reduction (Baldwin and Clark, 2000). However, the opposite can 

be true; that is, in instances where a designer may want to de-modularize a design, a logic of 

integration or composition would need to be employed. As Ethiraj and Levinthal (2004) point out: 

“combining is the opposite of splitting, akin to combining or integrating two or more departments 

[…] a combining operator might be an important counterpart to splitting” (pg. 417).  Breaking up 

and re-combining systems and subsystems is also a central characteristic in the literature of 

organization design emanating from the work of Lawrence and Lorsch (1967). Similar ideas are 

echoed in the realm of information systems where the two fundamental functions of a platform 

architecture are that of decomposition and integration (Tiwana, 2013). 

It thus becomes evident that, corresponding to the continuum of system architecture and the 

notion of modularity and integrality as antithetical properties, the underling actions of composing 

and decomposing are viewed as antithetical too. However, modularity and integrality can, and 

many times do co-exist, when systems, as a response to decomposition, eventually make demands 

for composition. This argument is in line with the idea of technology lifecycles (Anderson and 

Tushman, 1990), the fact that organization design oscillates between centralization and 
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decentralization (Cummings, 1995), and the cyclical models of modularity and integrality (Fine, 

2000; Chesbrough and Prencipe, 2008). As a response to environmental turbulence, firms will 

need to engage with modularity and integrality and as such, deploy methods of composition and 

decomposition between constitutive elements. It follows that, when viewed longitudinally, the 

process of modularization and that of integration are not antithetical but represent an inherent 

property of organizations which in fact allows to rip the benefits of an existing architecture. 

To summarize, the first underlying principle of modularity and integrality is that of 

composition and decomposition which have an inherent processual focus and describe the drawing 

and redrawing of system boundaries. Decomposition is concerned with the idea of breaking things 

up in a hierarchical way that yields decentralized systems (to decompose), and composition with 

the idea of putting things together to create centralized, unified structures (to compose). The 

former aiming for adaptability and flexibility while the later to create performance and efficiency. 

Principle 2: Loose vs Tight coupling 

Integrality 
Integral design entails tightly coupled elements with interdependent interactions 

such as complex, unique or proprietary interfaces 

Modularity 
Modular design entails loosely coupled elements with clearly defined boundaries 

such as standardized interfaces 

 

Management literature is replete with references to the concept of coupling. Two dominant 

interpretations of loose coupling have been identified which capture the contemporary 

applications of the concept (Orton and Weick, 1990). First, a unidimensional interpretation sees 

coupling in a scale from loose coupling and tight coupling. The former is associated with the 

properties of modularity and the later with the properties of integrality. Second a dialectical 

interpretation which, based on the concepts of system responsiveness and system distinctiveness, 

identifies four system states: 

 “If there is neither responsiveness nor distinctiveness, the system is 

not really a system, and it can be defined as a noncoupled system. If 

there is responsiveness without distinctiveness, the system is tightly 

coupled. If there is distinctiveness without responsiveness, the system 

is decoupled. If there is both distinctiveness and responsiveness, the 

system is loosely coupled” (Orton and Weick, 1990, pg. 205) 



 

142 

 

Although a dialectical perspective of loose coupling is perhaps lacking within modularity research, 

the concepts of responsiveness and distinctiveness abound - and fit with integration and 

differentiation respectively (Lawrence and Lorch, 1967) and the overall ideas presented for 

principle 1. It follows that loose coupling, is not just the opposite of tight coupling, but it 

encapsulates both decoupling and tight coupling at the same time. A module remains independent 

of other modules (distinctive) yet it also remains responsive via standardized interfaces.  

The foundations of coupling within modularity research can be traced subsumed in the 

concept of synergistic specificity, defined as the:  

degree to which components are loosely coupled or tightly coupled in 

a product design depends on the extent to which a change in the design 

of one component requires compensating design changes in other 

components (Sanchez and Mahoney, 1996, pg. 65) 

Fundamentally coupling denotes a relationship and interdependence between two elements. 

Coupling in modularity theory is predominantly used to capture the nature and intensity of 

relationships or coordination mechanisms and commonly manifests around discussions based on 

the concept of interface. From a system perspective, interfaces denote the boundaries between the 

internal and the external environment. Across literature streams, a precondition for modularity and 

the process of modularization which leads to the creation of a modular architecture is the 

standardization of interfaces. The interface concept is also central to the conceptualization of 

architectural innovation (Henderson and Clark, 1990): An architectural innovation reconfigures 

the components by changing the ways they are connected to each other – that is, changing the 

interfaces. In contrast, a modular innovation, changes the modules of a system while leaving the 

interfaces intact (ibid). Indeed, to devise a modular system architecture, interfaces will need to be 

created. The degree that interfaces become standardized has a direct impact to the degree of system 

modularity (Mikkola, 2006). Irrespective of the analytical level, a modular architecture will be 

composed of two or more modules, and as such, a degree of interface standardization will be 

required. It follows that interfaces become the connecting points between modules in an 

architecture and represent the visible design properties, contrary to the inner workings of a module 

which remain hidden. By partitioning the architecture into visible design rules and hidden design 

parameters, which can be chosen late and changed often, a modular design allows for information 

hiding that allows for parallel development (Parnas, 1972; Baldwin and Clark, 2000). Thus, 
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interfaces describe the rules of communication and resource exchange which enabled modules to 

be linked in a coordinated manner without having to engaged in explicit coordination – that is 

interfaces embed coordination (Sanchez and Mahoney, 1996). While the inner workings of a 

module remain hidden, it is at the interface that modules retain communication which allows for 

coordination. As such the interface is the point where coupling manifests in a modular architecture.  

Information systems research has been placing an increasing attention on the role of 

interfaces as control mechanisms of the ecosystem of complementary technologies that surrounds 

the modular architecture of digital platforms. Termed application programming interfaces (APIs), 

interfaces have been conceptualized as boundary resources, which serve to both transfer design 

capabilities outside organizational boundaries but also to govern and control interactions 

(Ghazawneh and Henfridsson 2013; Eaton et al., 2015).  

The role of interfaces in integral design has received scant attention. Given the preceding 

discussion and the definition developed, it is safe to assume that integral design entails non-

standardized or specific interfaces which increase the specificity between sub-systems. But 

although the concept of an interface is commonly not invoked in the development of integral 

designs, the process of integration is very relevant to discusses in connection with the idea of 

interfaces. Essentially interfaces, entail a paradox as on the one hand they allow for separation 

between modules but on the other, interfaces are essential for modules to exchange resources that 

allow for the whole system to function. An even finer distinction can be elaborated regarding the 

different types of interfaces, and implicitly the role of integration. Specifically, the degree of 

coordination coupled with the extent that the coordination is structured or unstructured will have 

an impact on the nature of coupling and degree of interface standardization (Puranam and 

Jacobides, 2006). 

To achieve modularity, interfaces entail a degree of standardization. However, interfaces 

have another role, that of connecting and integrating different modules so that a given system can 

still function as whole.  Interfaces allow for separation which permits modules to be designed and 

managed independently without any propagation across the system. When sub-systems are easy 

to identify and interchange, when the interfaces between them are standardized to allow 

substitution, then these systems or services can be characterized as modular. Contrary when sub-

systems are tightly coupled, and the interface specifications are unique to specific sub-systems 

then the system may be considered as integral. When trying to inflict changes to a tightly coupled 
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system, one would expect that changes in a certain sub-system would have a ripple effect to other 

parts of the system. Thus, tightly coupled systems are responsive to their environment, however 

their responses propagate to other parts of the system. Contrary loosely coupled system, isolate 

changes in encapsulated modules, and thus remain responsive but also distinct. 

Principle 3: Function vs Structure 

Integrality 
Integral design entails a complex mapping of functions to structures whereby 

modules share functions between them 

Modularity 
Modular design entails a one-to-one mapping of functions to structures whereby 

each module is responsible for only one function 

 

An artifact’s design entails “an abstract description that encompasses both its structure and its 

function” (Baldwin and Clark, 2000, pg. 23).  This idea of design description based on functional and 

structural representations is fundamental to the development of modularity theory across disciplines. 

A structural representation entails a precise and complete description of a given design, limited only 

by the medium used to create that design (e.g. type of material or a programming language). A 

structural representation is required before a given system can be developed, produced, 

programmed, or materialized. Contrary to structural representations, functional ones need not be 

completely specified in the design description. This is because functional representations entail 

subjective elements and tend to be different depending on the analytical level, context, or the 

observer herself (Crilly, 2010). Thus, even when the design description – or system architecture - 

of an artifact is completed, new functional representations can be devised, and old ones can be 

replaced.  

Functional and structural design descriptions have been used as a proxy to explain the 

difference between modular and integral architectures across disciplines. A modular architecture 

is one that exhibits a one-to-one mapping between functional and structural elements. Conversely, 

“an integral architecture includes a complex (non-one-to-one) mapping from functional elements 

to physical components” (Ulrich, 1995, pg. 422). Put differently, the distinction between a 

modular and an integral architecture is made based on the “degree to which this functional 

description is mirrored by the physical architecture of the product” (Ulrich,1994, pg. 221) a notion 

termed as function binding (Salvador, 2007). As such, modular systems minimize function sharing 

between sub-systems (i.e. modules) while integral systems entail sharing of functions between 

different sub-systems. It follows that an important consideration in creating design descriptions 
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(or system architectures) relates to the decisions of encapsulating functions in modules and the 

decisions of sharing functions between one or more modules. To decide, the evolutionary 

trajectory for a given system and for each of its individual sub-systems will need to be considered 

in addition to the relationship of a given function to its external environment (Ulrich, 1994).  

The idea of mapping functions to structures is fundamental to the intellectual development 

of modularity. By conceptually separating the structural from the functional characteristics of a 

given system, two architectures can be seen in light of each other, the structural and the functional 

one. Although the lack of a common way for devising functions may be the limiting element in 

transferring the idea of function binding across contexts, it appears that it is exactly this idea of 

function binding that has served as an underlying assumption for much of the mirroring hypothesis 

literature whereby the structure of an organization is expected to mirror its organizational output. 

The organization relates to the structural part and the organizational output, such as a service or a 

product, to the functional.  

Mapping functions to structural characteristics is in many ways fundamental to partitioning 

an architecture. When the goal is to develop a modular architecture, the designer will aim to 

encapsulate functions to modules (structure) in such way that when functions need to change, this 

would not affect other modules. This process has implications for the reuse of knowledge and 

innovation recombination. When a modular architecture has been created with standardized 

interfaces, it confers the capability to reuse or mix-and-match different modules with different 

functional descriptions to increase variety and increase adaptability. Understanding functions as 

separate from structures, especially in the context of modular systems has implications on how 

systems may evolve via exaptation, that is the emergence of new functions (Andriani and 

Carignani, 2014). 

The three principles across the nested hierarchy§§§§ 

The previous section introduced fundamental ideas about modular design and its 

implications for technology strategy and organizations, summarized in three generic principles. 

In the process of developing the principles the paper established the importance of modularity and 

                                                 

§§§§ To avoid repetition, this section summarizes the principles and the continuum in two tables. Chapter 1 of the 

dissertation provides a detailed presentation of empirical research across the three levels.  
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integrality for system design and how insights from using these concepts help explain diverse 

phenomena such as platform architecture, organization design, technology management and 

industry structure. In doing so, the concepts of integrality and integration were clarified and 

elaborated as the opposite of modularity and modularization respectively. Herein, I assume that 

and further elaborate on how, the three principles of both modularity and integrality can be traced 

across the design of products, organizations and industries*****. Such multilevel conceptualization 

can support the structuring of this diverse body of work and create a common frame of reference 

across disciplines to support the cross-pollination of insights. I recognize that most empirical 

investigations that deal with modularity are concerned with at least two levels of analysis, usually 

that between a given technology and an organization. However, for analytical reasons, each level 

is explained separately. Table 5.2 provides a synthesis from more than twenty empirical studies 

that show how modularity and integrality have been conceptualized. Table 5.3 outlines how each 

principle manifests in the nested multilevel hierarchy of product-organization-industry. 

 

TABLE 5.2 - CHARACTERISTICS OF MODULAR AND INTEGRAL SYSTEMS 

(ADAPTED, REFINED, AND EXTENDED FROM MIKKOLA, 2006) 

Points of differentiation   
 Modular system Integral system 

Design criteria Commonality sharing Maximum performance 

Interfaces Loosely coupled Tightly coupled 

Coordination requirements Limited Substantive 

Nature of sub-systems Standardized/ generic Unique/ dedicated 

Output variety High Low 

Nature of innovation Autonomous Systemic 

Outsourcing Easy Difficult 

Knowledge/ learning Localized/ Dispersed Interactive/ Centralized 

Synergistic specificity Low High 

Interchangeability High Low 

Recombination and reuse Easy Difficult 

 

 

                                                 

***** A similar nested hierarchy can be conceptualized between product-process-supply chain (Fine et al., 2005) 
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TABLE 5.3 - EMPIRICAL RESEARCH ACCORDING TO THE PRINCIPLES AND THE ANALYTICAL LEVELS 

Product 

(Baldwin, 2015; Mikkola, 2006; Pil and 

Cohen, 2006; Salvador, 2007; Ulrich, 

1995) 

Organization 

(Albert, 2018; Galunic and 

Eisenhardt, 2001; Sanchez and 

Mahoney, 1996; Zhou, 2013).

Industry 

Argyres and Bigelow, 2010; 

Baldwin, 2008, Jacobides, 2005; 

2018; Kapoor, 2013

Principle 1 

Composition 

Vs 

Decomposition 

Technological artifacts are 

decomposed in separate 

components, so the designer can 

work on each part independently 

or easily outsource. Components 

may be combined to create new 

products. In complex systems 

composed of thousands or even 

millions of modules, architectural 

knowledge is necessary to 

combine parts in optimal ways. 

Organizations are 

decomposed in units, 

departments, projects, 

processes or even tasks. 

This way work gets 

coordinated. When 

knowledge becomes 

accumulation or 

environmental uncertainty 

fluctuates, organizations 

are structurally re-

combined to address new 

concerns and increase 

adaptation. 

An industry is 

decomposed in different 

actors, their capabilities 

and the relationships 

among them. Actors may 

combine their capabilities 

in different ways and 

create new relationships. 

Transaction costs are 

lower at the interface. 

Principle 2 

Tight vs loose 

coupling 

A modular system is composed of 

loosely coupled subsystems 

(modules). A module is tightly 

coupled on its insides and loosely 

coupled with other modules. 

Empirical research uses complex 

network mapping methods to 

visualize system architecture and 

explain its change through time. 

Coupling manifesting as linkages, 

at the interface, is thus used for 

explaining how systems 

architecture evolves over time. 

Loose coupling between 

organizational modules 

has been shown to 

facilitate recombination 

and diversification. For 

example, modular 

activities can be reused 

across projects. Tightly 

coupled organizations 

become co-specialized 

and excel in specific 

tasks. 

When actors and their 

capabilities are loosely 

coupled, this creates 

modularity which can 

support the transfer of 

capabilities among agents 

in the industry. Tight 

coupling is invoked to 

describe instances of 

strong interdependences 

between sets of actors, 

usually around a set of 

activities or processes. 

Principle 3 

Function vs 

structure 

Products can be conceptualized as 

two architectures, a functional and 

a structural one. When these 

architectures are mirrored, that is 

when they are mapped in a way 

that each structural sub-system 

(i.e. a module) corresponds to one 

specific function, then these 

systems are modular. Knowledge 

about the relationships between 

functions with their underlying 

structure facilitates the creation of 

multipurpose designs via the reuse 

of modules. 

Like a technological 

architecture, organizations 

can be mapped into two 

architectures. One relates 

to the structure of the 

organization, departments, 

processes etc. and one to 

the function the 

organization serves, the 

output of the system, 

which is commonly 

related to the products or 

the technology that the 

organization designs. 

The structure of an 

industry is related to the 

division of labor among 

interdependent agents and 

the function of an industry 

to the different activities 

of the industry as whole, 

such as the production of 

a specific technology. 

When the location of 

transactions among agents 

is fixed and requires little 

lateral coordination this 

leads to modularity 

because agents can 

transfer capabilities with 

little modification to other 

similar industries. 
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Discussion 

Distinguishing between modularity and integrality as architectural properties has 

implications for designing artifacts and for understanding the environment that these artifacts 

interact with. Viewed as antithetical approaches to system design, modularity and integrality 

provide a cognitive lens to guide designers and mangers to accomplish their productive work. 

Modular and integral design, when viewed longitudinally, as modularization and integration 

processes respectively, represent tensions (and not principles) which manifest as a duality. The 

continuum of system design and the corresponding principles coupled with the idea of 

isomorphism between levels – the mirroring hypothesis – are two assumptions that need to be 

considered when transferring the logic of modularity across contexts. 

Although perspectives differ across modularity literature, this paper makes a point by 

arguing that certain general phenomena are largely irrespective of disciplinary camps. 

Specifically, the three principles represent the fundamental tensions across empirical contexts, 

analytical levels, and units of analysis. As the concept of architecture is increasingly expanding 

across numerous streams of research the paper advocates for terminological standardization to 

accompany such cross-pollination of insights. Research that considers modularity and 

modularization will need to consider integrality and integration. To this end, the three principles 

provide for a starting point with definitions and relevant terminology. Research in technological 

and organizational architectures across different contexts will need to specify analytical levels 

while being aware of the expected relationships entailed within the mirroring hypothesis. 

Modularity and integrality as dualities at the interface 

The relationship between modularity and integrality can be seen as duality rather than that 

of a dualism (Farjou, 2010). Contrary to established notions that place modularity and integrality 

as antithetical or opposites, there is considerable value in considering them in tandem. In a given 

architecture, the properties and processes involved across the different design approaches will co-

exist across space and time. This idea does not refuse the continuum and mirroring studies 

described earlier. Contrary, it underscores that any system devised according to modularity will 

soon or later, for reasons of internal or external importance, make demands for design principles 

associated with integrality and vice versa. This means that the designer will need to consider the 

properties and processes associated with both modularity and integrality when attempting to 
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devise new solutions. Similarly, to comfort environment changes, such as the structural change in 

industry architecture, the designer will need to be aware of the relationship between modularity 

and integrality. The roots of this argument can be traced to earlier observations that individuals 

display partitioning focus or component focus which may lead to coordination neglect:  

the organization must re-integrate the tasks that it originally divided 

(Heath and Staudenmayer, 2000, pg. 157). 

To this end, and contrary to the majority of research in the literature of architecture and 

modularity, which has an inherent variance perspective to examine modularity cross-sectionally, 

looking at modular and integral architectures via a process perspective, longitudinally, can 

uncover episodes of temporal co-existence. In that sense, for example, the process of 

modularization and the process of integration become inseparable at the interface, a de-facto 

integrative mechanism, but however necessary for modularization. This is precisely why, contrary 

to most work on modularity, the definitions provided in this paper avoid using the term interface. 

There is value to frame the discussion around design tensions (Tatar, 2007) a framework 

which, like modularity research, draws on the work of Herbert Simon and Christopher Alexander. 

Design tensions emphasize ways of reasoning and conceptualize design not as problem solving 

but as goal balancing providing designers with an understanding of complex interrelationships. 

Contrary (but not exclusive) to investigations of NK models that assume a predefined design space 

(e.g. Ethiraj and Levinthal, 2004), design tensions frame the discussion around limited resources 

or choices across different criteria and thus allow for value-laden arguments (Tatar, 2007). 

Tensions, like paradoxes, are prevalent across many ideas closely linked with the study of 

technological and organizational architectures. As it becomes evident in this review and 

exemplified in table 3, modular and integral systems are related to different tensions across 

empirical settings. Although modular and integral properties commonly manifest as “either…or” 

questions, that is dualisms, they may also be seen as dualities (Frajoun, 2010). 

Conclusion 

The concept of modularity and its opposite, integrality, despite having similar underlying 

assumptions are many times studied in isolation. This research joins recent studies that advocate 

for considering modularity and integrality in tandem. Exploring this relationship, the paper 

provides with a more nuanced understanding of the design principles between modularity and 
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integrality. Additionally, the paper provides clarity and a structured frame that can assist designers 

and mangers to devise alternative design configurations. This view provides with direction to 

academics to help transfer the ideas of modularity across disciplinary contexts. Modularity has 

been defined and operationalized differently across studies. As such the three principles contribute 

to frame future theorizing about modularity. A core argument of the paper is that the power of 

modularity needs to be considered in tandem with the power of integrality. The three principles 

that characterize the relationship between modular and integral design can work towards this end. 
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CHAPTER 6 

CONCLUSION 

This chapter summarizes the key findings across the four papers, creates affinities between them 

and highlights contributions. Additionally, this part serves to discuss implications and future 

research opportunities. In the first section, a short summary of the dissertation is provided and 

answers to the research questions specified. In the second section two avenues for further work as 

these emerge across the dissertation are explored further. 
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SUMMARY OF KEY FINDINGS 

Various sub-fields of management studies are increasingly adopting a modular logic 

towards designing and managing systems of all sorts. Against this background, the present 

dissertation sought to advance research about of modularity in management. Via four essays the 

dissertation explores uncharted territories for modularity, digital platforms and service design 

among others. Although each paper makes a separate contribution, all papers are related to 

modularity literature in management and contribute by extending and further elaborating 

frameworks and concepts at the intersection of service research (paper I and paper II) and digital 

technologies (paper I and paper III). Additionally, by researching the multifaced role of 

modularity across disciplines, the thesis advances an argument for considering the underlying 

principles of modular and integral design as complementary (paper IV).  As such the thesis 

provides with a foundation for further theoretical exploration and cross-pollination of modularity 

theory across disciplines. Viewed longitudinally, as processes of modularization and integration, 

exemplified in three principles, modularity and integrality become complementary, and can 

support the balancing act of designing for stability and change. Figure 6.1 provides an illustration 

of key findings. 

FIGURE 3.1 - SUMMARY OF KEY FINDINGS 



 

159 

 

Paper I (chapter 2): A conceptual piece that explores how modularity informs service system 

design, Paper I provides with a novel theoretical conceptualization developed by drawing on the 

newly formed field of Service Science. The contribution of the paper centers on a literature review 

synthesized in a conceptual framework which contributes to both Service Science and modularity 

literature by depicting avenues for future work. The framework points to modular design rules for 

humans, value propositions, information and technology. As shown in the reflection section, work 

is underway to that respect with studies beginning to use modularity to research service system 

elements. Additionally, given that the underlying ontological assumption of service science is 

SDL, the study ponders whether the term service modularity implicitly perpetuates the distinction 

between products and services which has been heavily criticized. Finally, the paper points to the 

concurrent emergence of service modularity and attempts from the information systems 

community to develop frameworks for digital platform architectures via the lens of modularity. 

In that respect the reflection section calls for future research to clearly articulate fundamental 

assumptions of modularity to further advance the transfer of modular principles across disciplines, 

especially as digital service provision becomes increasingly common. 

Paper II (chapter 3): An empirical paper with strong theory development contributions, paper II 

combines insights from modularity research with seminal work on service design across 

marketing and operations literature. The paper contributes to the idea of modular service design 

for market offerings and organizations. The application of the framework in the theoretically 

sampled cases validates its explanatory potential and reveals new insights regarding the impact of 

modular and integral design. A key finding relates to the notion of customer resource integration 

which appears to be more demanding in the case of modular offerings. Additionally, the paper 

extends the mirroring logic at different levels of analysis while also elaborating on the strategic 

option to “break the mirror”.  

Paper III (chapter 4): An exploratory study based on secondary data coupled with insights gained 

from participation to numerous events and close discussions with industry representatives, paper 

III explores platform ecosystems under development in the maritime industries. Motivated by the 

recent calls for studying modularity and the emergence of ecosystems, this paper sought to explore 

the actions aspiring platform architects undertake to influence the architecture of their industry 

via digital solutions. The paper contributes to modularity and digital platforms literature by 

offering contextualized insights in the domain of maritime industry. The analysis of extant 
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literature coupled with the case data partly confirms conclusions raised in the mainstream platform 

research such as winner-take-all arguments and network effects. However, the cases reveal several 

new insights regarding the role of the digital platforms as a regulatory device, the lack of 

theorization on integral design structures, and the idea of unstructured data pools as the epicenter 

of platform ecosystems. 

Paper IV (chapter 5): This paper unpacks the commonly held assumptions of modularity and 

integrality to expose the underlying principles of their relationship and further uncover their 

dynamics. As such, the study contributes to the body of work on modularity by crystalizing three 

generic principles that can guide the design of systems across levels. The study clearly positions 

integrality as the opposite of modularity and elaborates on the nature of their relationship. As such 

the study advocates for conceptualizing integration as the antithetical process to that of 

modularization and integrality as the opposite of modularity. This way, like modularity, integrality 

needs to be appreciated for its properties as a design principle with unique mechanisms and 

associated benefits. The research frames a design view of modularity and integrality based on 

three principles and in the process advocates for terminological standardization to aid the transfer 

of ideas across disciplines. 

AFFINITIES ACROSS THE PAPERS AND FURTHER RESEARCH AVENUES 

This section explores how the insights derived from the four papers lay the foundations for 

further research. Drawing on Paper I and Paper III, whose literature grounding and discussion 

points intersect around physical and digital platform architectures, a research avenue emerges 

around the role of modularity in the context of digital technologies. The two papers collectively 

underscore certain tensions between conceptualizations of platform architecture in physical and 

digital systems. However, the exact role and logic of modularity in the context of digital 

technologies remains unexplored. As such, an avenue for further work is if and to what extent the 

established understanding of modularity requires adaptation in the context of digital 

technologies.  
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Modularity in the context of digital technologies 

It is hard to argue against the fact that with increased digitalization across markets and 

society at large, modularization and digital platforms become topical issues (Kenney and Zysman, 

2016; Zysman and Kenney, 2018). Part of the explanation may be that information and 

communication technologies are, by their very nature, highly modular. As shown in Paper III, a 

converging view of digital platforms ecosystems points to a modular architecture, composed of a 

stable core and a variety (Baldwin and Woodard 2009; Gawer, 2014; Jacobides et al., 2018). 

Consequently, understanding the ideas and rules put forward in modularity literature is essential 

for advancing the study of platforms. However, recent studies of digital innovation and platform 

technologies have called to question fundamental principles of modularity (Tiwana et al., 2010; 

Yoo et al., 2010; Lyytinen et al., 2015; Colfer and Baldwin, 2016). This is reflected on the 

increasing attention to the difference between physical and digital product architectures (Lee and 

Berente, 2012; Henfridsson et al., 2014) and the overall intricacies of digital innovation 

(Nambisan et al., 2017). The following quotes exemplify the tension in the literature: 

 “[…] the logic of modularity can no longer provide a sufficient 

theoretical framework to explain contemporary economic 

phenomena.” (Yoo, 2013, pg. 228) 

“[…] the increased digitization challenges the dominant position of 

modularity and the hierarchy-of-parts frame in design and 

management of industrial products” (Henfridsson et al., 2014, pg.30) 

“[…] we suspect that progressive digitization will replace traditional 

industrial organizational forms based on modular designs with more 

organic, anarchic networks within and across industries, which will 

rely on tight and swift horizontal integrations along with looser 

vertical couplings enabled by digital information infrastructures” 

(Lyytinen et al., 2015, pg.70) 

“[…] digital technologies make possible new modes of coordination 

that enable groups to deviate from classical mirroring as seen within 

firms” (Colfer and Baldwin, 2016, pg. 722) 
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“In the digital age, however, viewing platform ecosystems as purely 

modular systems misses out on some unique properties of digital 

technology” (Constantinides et al. 2018) 

The underlying assumptions in these studies pose a theoretical problem because previous 

knowledge regarding the logic of modularity may not be applicable in the context of digital 

platforms technologies and the management of digital innovation. Although paper 3 outlined 

several avenues for further research in this area as seen in the maritime cases, hereby I expand the 

scope with focus on the arguments put forward in IS literature. 

First, there is a need for comparative studies between physical and digital innovation 

contexts. For example, there has been extensive research on the lifecycle of physical products 

technologies, that is tangible assembled artifacts (Abernathy and Utterback, 1978; Henderson and 

Clark, 1990; Tushman and Anderson, 1986). To what extent, do these models change when the 

underlying technology is software based? Are there similar discernable patterns within software 

systems? How do dominant designs manifest, become established and get replaced within the 

different design hierarchies (i.e. in the layered architecture)? Is the dominant design the platform 

or is it its programming languages? One may assume that the nature of the technology lifecycle is 

comparably shorter in digital technologies, where frequent updating is the norm. However, 

dominant designs exist at different levels of technological architecture (Murmann and Frenken, 

2006). Modules in digital systems may entail less functionality as the reuse in the context of 

software is much more prominent (Parker and Van Alstyne, 2017). As briefly mentioned in paper 

IV and reiterated in the quotes above, digital technologies challenge the ideas of mirroring. A 

point of departure towards exploring mirroring in digital technologies, apart from network 

analysis (e.g. Baldwin et al., 2014), is to focus on principle 3 from paper IV. The relationship 

between function and structure is likely to lead to revelatory answers regarding mirroring. With 

physical products defining functional requirements has been relatively straightforward. However, 

given the ambivalent ontology of digital artifacts, functions may be able to transverse structure in 

complex ways (Kallinkos, 2013). 

According to the current understanding an established technological architecture can 

withhold organizations from quickly responding to new innovations in their environment when 

sudden changes occur that alter existing architectures or introduce new standards. This may lead 

firms to a “modularity trap” (Chesbrough and Kusunoki, 2001) whereby established coordination 
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mechanisms that may have served to provide with flexibility and adaptation benefits in a stable 

environment, become obstacles once uncertainty increases. The extent to which digital 

technologies pose similar problems or perhaps, given the unbounded nature of digital materiality 

can evade such issues via re-programmability remains an open question (Yoo et al., 2010; Yoo, 

2012). 

Modularization as institutionalization 

A perspective that is poised to receive increasing attention in the literature of platform 

ecosystems and modularity is that of institutional theory. A platform, a standard, or an architecture 

can be conceptualized as institutions. Herein, I briefly introduce some basic definitions of 

institutional theory and following I explore how these can be combined with research on 

architecture and modularity.  

In a general sense, institutions are the “rules of the game”, “the humanly devised constrains 

that shape human interaction” (North, 1990, pg.3). The theory of institutions has many different 

facets and rests on variety of assumptions that privilege different causal processes. The main 

differences between schools of thought in institutional theory center on the choice of elements 

that are accorded supremacy: regulative systems, normative systems, cultural-cognitive systems 

(Scott, 2014). Institutional theory provides with a third, alternative lens to strategic management 

that complements an external, industry-based view and an internal, resource-based view (Peng et 

al., 2009). Indeed, apart from resources and customers, organizations may compete for political 

power and institutional legitimacy (Dimaggio and Powell, 1983). The process through which 

components of formal structure become widely accepted and work to legitimize organizations is 

referred to as the institutionalization process (Tolbert and Zucker, 1983). These processes inflict 

change which can occur via coercive, mimetic or normative pressures that usually lead to 

isomorphism (Dimaggio and Powell, 1983). Organizations or individuals may try to change, 

create or defend institutions. The introduction of agency in institutional theory falls under the 

stream of research on institutional work (Lawrence and Suddaby, 2006) and institutional 

entrepreneurship (Greenwood and Suddaby, 2006) which allows to study the actions of actors in 

influencing and changing institutional logics. An institutional logic – the socially constructed, 

historical pattern of values and rules among individuals (Thornton and Ocasio, 1999) - can be 

located at the level of a market, a state, an organization, an industry or an ecosystem.  
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Institutional theory can thus help understand the actions of platform architects in their attempts 

to establish new platforms and ecosystems. This is because as complexity increases in the 

ecosystem, the less control an architect will have over the periphery. As such institutional levers 

may gain prominence in the control pallet of ecosystem architects. In one of the few studies in 

that space, Gawer and Phillips (2013) show how the institutional work of Intel inflicted changes 

to industry interfaces which became more open creating a shift in institutional logic from supply 

chain to platform forms of organizing. In a similar vein, Autio and Thomas (2016) discuss the 

strategic actions that organization undertake to influence the perceptions of value regarding a 

technological platform around which an ecosystem is organized. 

Market strategies aiming at capturing economic rents and increasing value creation for an 

individual or a collective of organizations has been the guiding logic of ecosystem research. What 

these studies largely do not address are the possible non-market strategies that organizations can 

employ to influence institutional environments (Dorobantu et al., 2017). The common actors 

studied in platform literature are platform owners, external innovation communities and the users 

of the platform. The literature lacks insights on the role of regulatory actors and governmental 

bodies in platform ecosystems. Although digital platforms can create major political tensions 

between ecosystem participants (Eaton, 2015) and emergence of industry platforms can alter the 

balance of industry control (Gawer and Cusumano, 2014), both conceptual and empirical work 

has largely ignored the institutional activity of non-market actors in ecosystems. To address this 

gap, conceptualizations of ecosystems need to incorporate both firm and non-firm actors. 

Capabilities 

Langlois (2002) points out that it is “not whether to be modular but how to be modular. Which 

modularization, which structure of encapsulation boundaries, will yield the best system 

decomposition?” (pg. 24). It follows that understanding where a system errs in the scale of 

modular to integral corresponds to a variety of implications for the management of a system and 

its environment. As such, knowledge regarding the process of modularization or that of integration 

becomes important and can support the design and re-design of a system towards modularity or 

integrality. Viewed this way modularization and integration can be understood as dynamic 

architectural capabilities which allow firms to “understand a technical system coherently and 

change it in ways that are competitively advantageous” (Baldwin, 2015, pg. 38). The role of 

integrative capabilities (Helfat and Raubitschek, 2018) is being examined but a corresponding 
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notion for modularization capabilities is still lacking. The work in paper IV provides some 

directions on how to explore this idea further. Specifically, the three principles can provide with 

a conceptual basis to theorize on the micro-level actions of designers to advance structured 

methods for framing design efforts.  
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