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Abstract 
Complex Product and Systems (CoPS) has been considered a cornerstone 
of a national innovation strategy. Telecommunications network systems, 
aircrafts, gas turbines and weapon systems are example of CoPS, and 
their management are characterized distinctly different from mass-mar-
ket commodity goods. CoPS developments play an important role in 
shaping the modern industrial dynamics, since most, if not all, modern 
commodity goods and services depend on CoPS for their production. Fol-
lowing society’s increasing dependence on CoPS with ever increasing 
complexity, more research is needed to further uncover the innovation 
processes that occurs during the long-term evolution and maturation of 
technologies and tailored solutions needed for CoPS. This technology 
evolution, from the discovery of basic scientific principles until the de-
velopment of technology demonstrators and products, usually happens 
within R&D projects executed and coordinated by a wide range of net-
worked actors, from universities, SMEs, large firms, research institutes, 
industrial organizations and funding agencies. 
 
Hence, it is important to highlight the perspectives of networks and pro-
jects to better understand the innovation process during the develop-
ment of CoPS. In this context, this Thesis aims to explore the coordina-
tion of technology development addressing networks and projects, since 
the latter are usually considered the main unit of analysis for CoPS inno-
vations and require high levels of coordination efforts within a network 
of diversified actors.  
 
For this purpose, a case study methodology is used with a systematic 
combining approach, where the theoretical framework, empirical field-
work, and case analysis are continuously revisited in an iterative way. 
 
By describing and integrating the perspectives of networks and projects, 
it is suggested that projects are a crucial unit of analysis for understand-
ing network dynamics since they are the mechanisms that enable inter-
actions and collaborations for the development of relationships, which 
ultimately, creates a shared identity. 
 
The results show how diverse actors from different strategic nets can in-
teract to develop a research agenda, coordinate the network of actors and 
direct the technology path where the research agenda potentially con-
tributes to shape a network of R&D projects enabling the network actors 
to position and reposition themselves. Contributions are made to the 
CoPS literature and the dichotomy between managing within and 
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managing of the network. It is discussed how network capabilities can be 
a key component in a network alignment process and their relationship 
with systems integration, the core capability of a CoPS leading firm. It is 
suggested that, when the networked actors want to improve their net-
work position, they need to identify matching strategic nets, position 
themselves and contribute to the shaping of their value systems aligning 
with their strategies. In his context, the Technology Readiness Levels 
(TRL) become an essential tool to make this matching since it communi-
cates to the whole network, the outputs of their efforts in a standardized 
way. 
 
Keywords:  Complex Product and Systems, CoPS, Networks, Projects, 
Technology, Technology Readiness Levels, TRL 
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Sammanfattning 
Många väsentliga system i samhället, såsom telecom-system, flygplan 
och militära system, beskrivs som Complex Product and Systems (CoPS). 
Dessa anses spela en väsentlig roll i nationella innovationssystem. CoPS 
har tydliga karaktäristika som skiljer från till exempel massproduktion. 
CoPS-utveckling spelar en väsentlig roll för att forma den moderna 
industriella dynamiken, då många moderna produkter och tjänster är 
beroende av CoPS för sin produktion. Till exempel kan var och en av de 
teknologier som gör en smartphone så innehållsrik spåras tillbaka till 
utveckling av teknologier som ursprungligen designades för olika CoPS, 
såsom mikroprocessorer, internet, pekskärmsskärmen och GPS-
mottagaren. 
 
Som en effekt av den ökande betydelsen av alltmer sofistikerade CoPS i 
samhället, behövs mer forskning för att ytterligare tydliggöra hur 
innovationer skapas under den långsiktiga teknikutvecklingen som 
bedrivs för olika CoPS i forsknings- och utvecklingsprojekt (FoUprojekt). 
FoU-projekt bidrar till allt från grundläggande vetenskapliga principer 
till utvecklingen av teknik- demonstratorer och senare produkter. FoU-
projekt genomförs och koordineras ofta av ett brett spektrum av aktörer 
från universitet, små och medelstora företag, stora företag, 
forskningsinstitut, industriorganisationer och finansiärer 
sammanlänkade i ett nätverk. Därför är det viktigt att lyfta fram 
perspektiven för nätverk och projekt för att få en mer sammanhållen bild 
av innovationsprocessen för CoPS teknikutveckling. 
 
Denna avhandling syftar till att utforska koordineringen av 
teknikutveckling som bedrivs i nätverk av aktörer och projekt. Projekt är 
det dominerande sättet genomföra teknik-utveckling och i synnerhet för 
CoPS krävs omfattande koordinering och samordning i nätverka av 
aktörer och projekt för att lyckas skapa, bibehålla och vidareutveckla en 
lämplig teknikbas. 
 
Avhandlingen använder en fallstudiemetodik med fokus på flygindustrin 
och dess nätverk. Ett teoretiskt ramverk har succesivt utvecklats 
parallellt med studier av Svenska och Brasilianska nätverk inom flyg och 
försvarsindustri. 
 
I nätverksperspektivet visas hur olika aktörer från olika strategiska 
nätverk kan interagera för att utveckla en forskningsagenda, koordinera 
nätverket och styra den tekniska vägen via nätverk av relaterade projekt. 
Relationen mellan nätverken för teknikutveckling och förmågan att 
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genomföra CoPS-utveckling där systemintegration är en nyckelförmåga 
diskuteras. 
 
I projektperspektivet visas samspelet mellan gemensam förståelse och 
samordning inom ett projekt. Studierna visade att CoPS flerpartsprojekt 
kombinerar samordningsmekanismer baserat på olika stadier av ett 
projekt som succesivt skapar en alltmer gemensam förståelse.  
 
Slutligen, genom att kombinera de två perspektiven, framstår det som 
att dynamiska nätverk av aktörer och projekt ger mekanismer som som 
leder till nya och stärkta relationer och en alltmer delad identitet formas. 
Aktörerna har följdaktligen möjligheter att genom ett aktivt agerande 
både positionera och ompositionera sig i nätverket liksom att påverka 
nätverkets värdesystem utifrån sina egna strategiska ambitioner. 
 
Nyckelord: Komplexa produkter och system, CoPS, Nätverk, Projekt, 
Teknik, Teknikberedskapsnivåer, TRL 



 vii 

Acknowledgement 
It was quite a journey! Like a few other phases of my life, doing a PhD 
was a challenging and remarkable stage of personal growing and trans-
formation. Coming from Brazil, the cultural shock of living three years in 
Sweden was crucial for my learning process, which was not only fed by 
my academic formation but also by the different viewpoints, cultures and 
ways of people in Sweden. I am very grateful for this opportunity and for 
everyone who crossed my life during my stay in Sweden. I´ve learned so 
much from them. 
 
First of all, I praise God for guiding my life through many ups and downs, 
as it should be, to make me learn and evolve. 
 
Thank you, Nicolette Lakemond, my supervisor, for accepting this chal-
lenging task of guiding a very immature student at the beginning of this 
journey.  
 
Thank you, Gunnar Holmberg, my co-supervisor, for your patience and 
for sharing your precious knowledge and experience. I also thanks Per-
Olof Brehmer, co-supervisor, for helping me with a lot of insights during 
my studies. 
 
Benny, Mohammad, and Luiz, thank you for the many laughs, fikas, and 
bar talks, but also for your valuable tips about the academic work. Also, 
many thanks to Carina, Djamila, Ingrid, Ksenia, Dag, Inessa, Lotta, 
Olivieri, Cadorin, Stefan, and Anna for the pleasant working environ-
ment and your kindness. Thank you, Christian Berggren and Filiz, for 
your essential support in many crucial moments. Thank you, Magnus 
Klofsten, for your eventually short and brief but precise and accurate 
feedback. 
 
Back in Brazil, I also had help from many people to finish my studies. 
Special thanks to General Galdino, my boss at the Brazilian Army, who 
helped me in many ways to complement my Thesis, guiding and super-
vising me during another stage of my journey, believing in my work and 
convincing others to apply it in real-life problems. Thank you, Aderson 
Campos Passos, for giving me valuable tips during a difficult moment of 
this process.  
 
Special thanks to my father, that taught me the value of hard and efficient 
work. Thank you, Mother, for always being present to comfort me in 



viii 

difficult moments. Thank you, my brother, Tony, that was always an in-
spiration to success for me. 
 
Last but not least, thank you so much to my lovely wife, Elaine, who al-
ways kindly supported and encouraged me despite my many absences 
due to my busy studying weeks and weekends. Thank you, my precious 
son, Micael, for being my partner in many ways, especially cycling. Thank 
you, my sweet daughter, Nicole, who was born during my last year in 
Sweden, and despite making my life more intense, it filled me with joy 
and happiness.  
 
 
Linköping, 2023 
 
José Adalberto França Junior 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ix 

To Elaine, Micael and Nicole 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



x 

 



 xi 

List of appended papers 
 

I. França, J. A., Lakemond, N., & Holmberg, G. (2017). Mechanisms 
of Innovation in Complex Products Systems : An Innovation Sys-
tem Approach. Revista Militar de Ciencia e Tecnología, 34(1), 47–
54. 
 

II. França, J. A. (2018). The Coordination of Complex Product Sys-
tems Projects: A Case Study of an R&D Multy-Party Alliance. In-
ternational Journal of Innovation Management, 23(3), UNSP 
1950024. 
 

III. Franca, J. A., Lakemond, N., Holmberg, G. (2017). Network 
Alignment in Complex Product Systems: Shaping and Accessing 
External Resources. Academy of Management Annual Meeting 
Proceedings, 1–26. 
 

IV. França, J. A., Lakemond, N., & Holmberg, G. (2022). The Coor-
dination of Technology Development for Complex Products and 
Systems Innovations. Journal of Business & Industrial Market-
ing, 37(13), 106-123. 
 

V. França, J. A., & Galdino, J. F. (2019). Management of military 
systems: the role of technology readiness levels. Coleção Meira 
Mattos: Revista Das Ciências Militares, 13(47), 155–176. 

 
 

List of additional papers 
 
 
França, J. A., & Galdino, J. F. (2022). Aquisição de Sistemas e Produtos 
de Defesa: Conciliando Objetivos de Curto e Longo Prazo. In C. E. Franco 
Azevedo & C. E. Franciscis Ramos (Eds.), Estudos de defesa: Inovação, 
estratégia e desenvolvimento industrial (1st ed., pp. 42–71). FGV Edi-
tora. 
 
Galdino, J. F., & França Junior, J. (2022). Detecção de Anomalias nos 
Indicadores do Índice Global de Inovação. Coleção Meira Mattos: Re-
vista Das Ciências Militares, 16(56), 191–219.  



xii 

 
Girardi, R., Franca, J. A., & Galdino, J. F. (2022). The customization of 
technology readiness assessment processes based on the TRL scale: de-
velopment of a methodology for the Brazilian Army. Coleção Meira 
Mattos: Revista Das Ciências Militares, 16(57), 491–527. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 xiii 

Table of Contents 
Abstract .................................................................................................. iii 
Sammanfattning ...................................................................................... v 
Acknowledgement ................................................................................. vii 
List of appended papers ..........................................................................xi 
List of additional papers .........................................................................xi 
Table of Contents ................................................................................. xiii 
1. Introduction .................................................................................... 15 

1.1 Complex Product and Systems (CoPS) in Contemporary Industry
 ............................................................................................................ 15 
1.2 Technology Development during the CoPS Life Cycle ................. 18 
1.3 Theoretical and Practical Problems............................................. 20 
1.4 Thesis Outline .............................................................................. 25 

2. Theoretical framework .................................................................... 27 
2.1 Complex Product and Systems (CoPS) ........................................ 28 
2.2 The Network Perspective ............................................................ 29 
2.2.1 Network Coordination .............................................................. 30 
2.2.2 Network Capabilities ................................................................ 33 
2.3 The project perspective ............................................................... 36 
2.3.1 Project Coordination ................................................................ 39 
2.3.2 Common Understanding .......................................................... 41 
2.4 Synthesis and Research Questions ............................................. 42 

3. Research Methodology .................................................................. 45 
3.1 Motivation of the study ............................................................... 45 
3.2 Case Study Research ................................................................... 46 
3.3 Philosophical position ................................................................. 48 
3.4 Overall Research Design ............................................................. 49 
3.5 Case Selection ...............................................................................53 
3.5.1 Selection of the 1st case ..............................................................53 
3.5.2 Selection of the 2nd case ........................................................... 54 
3.5.3 Selection of the 3rd case ............................................................ 56 
3.6 Data Collection ............................................................................ 58 
3.6.1 Data Collection of the First Case: The Swedish Aerospace 
Network ............................................................................................. 58 
3.6.2 Data Collection of the Second Case: The MIDCAS Project ....... 61 
3.6.3 Data Collection of the Third Case: The Brazilian Army Network
 ........................................................................................................... 62 
3.7 Data Analysis ............................................................................... 63 
3.8 Reflections and Limitations ........................................................ 65 

4. Summary of the Appended Papers .................................................67 
4.1 Paper 1 ......................................................................................... 68 
4.1.1 Summary ................................................................................... 68 



xiv 

4.1.2 My contribution to the paper and current publication status .. 70 
4.2 Paper 2......................................................................................... 70 
4.2.1 Summary ................................................................................... 70 
4.2.2 My contribution to the paper and current publication status . 72 
4.3 Paper 3 ......................................................................................... 72 
4.3.1 Summary ................................................................................... 72 
4.3.2 My contribution to the paper and current publication status.. 74 
4.4 Paper 4......................................................................................... 75 
4.4.1 Summary ................................................................................... 75 
4.4.2 My contribution to the paper and current publication status . 76 
4.5 Paper 5 ......................................................................................... 76 
4.5.1 Summary ................................................................................... 76 
4.5.2 My contribution to the paper and current publication status ...77 

5. Discussion ...................................................................................... 79 
5.1 Research Question 1 ..................................................................... 79 
5.2 Research Question 2 .................................................................... 82 
5.3 Research Question 3 .................................................................... 86 

6. Conclusion ...................................................................................... 89 
6.1 Theoretical contribution .............................................................. 89 
6.1.1 Network coordination, resources, and alignment..................... 90 
6.1.2 Systems Integration within projects and across projects ......... 93 
6.1.3 Integrating the network and project perspectives .................... 97 
6.2 Practical contribution .................................................................. 97 
6.2.1 Practical Implications in the Network Perspective .................. 98 
6.2.2 Practical Implications in the Project Perspective .................... 98 
6.3 Limitations and Further Research .............................................. 99 

7. References: ................................................................................... 103 
8. Appendix ....................................................................................... 121 

8.1 Appendix A – MIDCAS Secondary documentation ................... 121 
8.2 Appendix B – First Interview Guide of the first case (The Swedish 
Aerospace network) ..........................................................................123 
8.3 Appendix C – Second Interview Guide of the first case (The 
Swedish Aerospace network) ........................................................... 125 
8.4 Appendix D – First Interview Guide of the Second case (The 
MIDCAS project) .............................................................................. 127 
8.5 Appendix E – Second Interview Guide of the Second case (The 
MIDCAS project) ............................................................................. 130 

 

 



 

 15 

1. Introduction 
 

This chapter provides the background of this Thesis by explaining what 
CoPS are and their importance for the contemporary industry. Second, 
technology development is explained in order to position the thesis. 
Third, a brief overview of the theoretical and empirical gaps is described. 
Forth, the outline of the thesis is portrayed.  

 

1.1 Complex Product and Systems (CoPS) in 
Contemporary Industry 
 
Complex Products and Systems (CoPS) are defined as high-cost, engi-
neering, and software-intensive goods, systems, networks, infrastruc-
ture, engineering constructs, and services. Can be included in this cate-
gory flight simulators, military, and commercial aircraft, telecommuni-
cation networks, aircraft engine control systems, and gas turbines 
(Hobday, 1998). 

CoPS has been considered the backbone of national strategic de-
velopment (Lee and Yoon, 2015; Mao et al., 2019) and usually comprise 
leading-edge technologies that result from novel knowledge recombina-
tion (Davies and Brady, 2000). CoPS industries usually span different 
other industries and disciplinary domains (Axelson et al., 2013; Gruber 
et al., 2013), sometimes replacing established systems and opening new 
markets (O’Malley et al., 2014). Therefore, CoPS developments play an 
important role in shaping modern industrial dynamics as well as eco-
nomic progress since a large part of modern non-CoPS goods and ser-
vices depend on CoPS for their development and production (Acha et al., 
2004).  

Indeed, this is exemplified by Mazzucato (2013), who shows that 
each of the components that make the iPhone so ‘smart’ can be traced 
back to a technology development process resulting in critical technolo-
gies. These technologies are the Internet, touch-screen display, micro-
processors, and others designed initially for CoPS. Today, a smartphone 
user can search for a nearby restaurant or an address thanks to the 
NAVSTAR GPS, a highly complex technology based on 24 satellite con-
stellations developed by the American Department of Defense (DoD) to 
provide global navigation to its military assets. In 2011, Apple´s revenue 
achieved 76.4 billion dollars, which, according to the US Treasury De-
partment reports from 2012, surpassed the US government’s operating 
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cash balance ($73.7 billion), and most of the investments made by the 
US government in those complex technologies (Mazzucato, 2013). 

This example shows how Apple, a non-CoPS actor, benefited 
from several CoPS developments before. This spin-off flow from CoPS to 
mass production industries is not uncommon. Eliasson (2010) presents 
how the aircraft industry that develops and manufactures a complex 
product fosters a “cloud of spillovers” around it that directly and indi-
rectly benefits other industries and society as a whole. In earlier stages 
of the CoPS life cycle, promising technologies are diffused to the broad 
engineering industry through alliances and collaborations, mergers and 
acquisitions, between CoPS and non-CoPS actors. Estimations show that 
the social values created by the R&D investment in the JAS 39 Gripen 
aircraft from 1980 through 1992 are at least 1.5 times higher (Eliasson, 
2010).  

At the same time, the growing phenomena of higher product va-
riety, global sourcing, more competition, and increased pace of techno-
logical change suggest that the modern economy and industry confront 
more complex and dynamic environments (Azadegan et al., 2013). The 
trend towards an increasing complexity comes from the fact that since 
1970, complex technologies comprising the 30 most valuable world 
goods exports increased from 43% to 84% (Kash and Rycroft, 2002). 
Moreover, because of several scientific disciplines and knowledge areas 
that need to be integrated and multiple players needed to be involved, 
the complexity of innovation processes keeps growing (Koottatep et al., 
2021). As a result, the innovation journey tends to progress in unpredict-
able ways over time in a nonlinear cycle of divergent and convergent ac-
tivities (Van De Ven, 2017). However, when innovation leaders intervene 
and put boundaries on complexity, they can maneuver around obstacles 
ending in a convergent pattern of innovation implementation (Van De 
Ven, 2017). 

While product complexity is increasing, many more players are 
entering the market as suppliers of high-technology components and 
subsystems for both CoPS and mass-produced goods, indicating that the 
flow of knowledge and technology is also reversing “from spin-off to 
spin-on.” (Mowery and Langlois, 1996; Ruttan, 2006). This is the case, 
for instance, of the CoPS military industry and the civilian industry that 
develops mass-produced goods. If back in the 90s, most of the advanced 
technologies used by civilian goods spilled from complex military pro-
jects, today, resources are now going in both directions, with civilian 
technology often spilling back to defense products (Eliasson, 2010). This 
new paradigm suggests that military and civilian R&D projects will rein-
force each other by developing dual-use technologies, raising demand, 
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and keeping costs down on both sides (Eliasson, 2010). As such, the im-
portance of CoPS developments also stands out for non-CoPS industries. 

The context of Complex Product Systems (CoPS) developments 
has been characterized as distinctly different from mass-market com-
modity goods (Appio and Lacoste, 2019; Hobday, 1998, 2000; Ren and 
Yeo, 2006). For instance, production in CoPS is limited to a unit or few 
tailored batches instead of the high volume produced by mass produc-
tion industries. In CoPS, the business-to-business market is politicized, 
heavily regulated, and controlled, while for mass production industries 
the business to the consumer market is often traded, with regular market 
mechanisms and minimal regulation. Innovation in CoPS developments 
is user-producer driven, with its path defined ex-ante among users, sup-
pliers, etc., whereas in high-volume production, innovation is frequently 
supplier driven, and the innovation path is mediated by market selection. 
CoPS seldom rely on off-the-shelf components. Rather, they are located 
at the forefront of technology, often being customized for specific cus-
tomers. Their development, therefore, takes a long time to terminate and 
comes with higher risks than developments of mass-production goods. 
Examples of CoPS are high-speed trains, aircraft, telecommunication 
systems, industrial turbines, chemical plants, mobile phone systems, 
weapon systems, satellites, etc. (Davies, 1997; Hobday, 1998). 

More recently, research on digitalization has been studying how 
the adoption of digital technologies by several industries is impacting or-
ganizational and product design (Tilson et al., 2010a). In CoPS develop-
ments, the digitalization phenomena have also been a game changer for 
developers that need to sustain a platform for several years ahead with 
the capability to integrate future upgrades and functionalities that are 
not always foreseeing (Lakemond et al., 2021). It has been argued that 
digitalization in CoPS innovation provides such levels of integration, en-
abling limited generativity (Lakemond et al., 2021). Generativity can be 
defined as a system’s ability to generate, create, or produce a new struc-
ture, behaviour, or output without any input from the original system 
(Tilson et al., 2010b).  

Despite the increasing importance of CoPS for several industry 
sectors, more research is needed in this relatively underexplored litera-
ture. It has been argued that much of the management wisdom has some 
limitations in providing explanations about the nature and determinants 
of the innovation process in CoPS (Davies, 1997; Hardstone, 2004; 
Hobday, 1998), especially regarding technology development that pre-
cedes product development (Magnusson and Johansson, 2008). These 
different stages of CoPS developments can be observed within the CoPS 
life cycle (Barringer and Weber, 1996; Davies, 1997; Vianello and 
Ahmed-Kristensen, 2012).   
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1.2 Technology Development during the CoPS Life Cycle  
The term “technology” can have multiple facets and understandings 
(Mitcham, 1983). At a popular level, technology is usually understood as 
technical objects, such as automobiles, computers, machines, software, 
etc. (Kline and Rosenberg, 1986). However, a careful examination of the 
history of technology development reminds us that this concept is much 
more than visible or physical artifacts (Lawson, 2008). In one of its 
broader conceptualizations, technology can be defined as “artifacts 
(tools, manufactured objects, etc.); knowledge (scientific, engineering, 
uniquely technological 'how to' knowledge, as well as insight from the 
social and physical sciences); process (problem-solving, research & de-
velopment, invention, innovation, etc.); or volition (ethics, technology as 
a social construction, technology as a social force, etc.) (Custer, 1995: P 
220).  

Therefore, in this Thesis, the concept of technology is utilized as 
bodies of knowledge, or understanding and practice, contextualized un-
der research, development, product design, and manufacturing activities 
(Brusoni & Prencipe, 2001; Pavitt, 1998). However, bodies of knowledge 
(or understanding) differ from bodies of practice. While bodies of 
knowledge reflect the competencies and qualifications of technical ex-
perts and can be reflected in technological fields in which they publish 
and patent, bodies of practice are related to the design, research, devel-
opment, production, commercialization, and utilization of a specific 
product (Pavitt, 1998). In this context, the main challenge for organiza-
tions is to organize their coordination and control process in order to 
match the production of technological knowledge from one side with the 
commercialization of working artifacts on the other (Pavitt, 1998). 
Therefore, by emphasizing that organizations need to coordinate and 
link bodies of understanding with bodies of practice, Pavitt (1998) sug-
gests that these two bodies evolve simultaneously but in different dy-
namics within a product life cycle. 

The well-known life cycle model for large batch and mass produc-
tion industries described by Anderson & Tushman (1990) and Utterback 
& Abernathy (1975) differs from how CoPS evolve (Davies, 1997). The 
Abernathy-Utterback model of innovation refers to two distinct periods 
of industry evolution. In an initial “fluid phase,” product innovation pre-
vails, with many small companies experimenting with different configu-
rations of component technologies and product designs to meet the re-
quirements of small and changing market segments. This period ends 
with the emergence of a dominant design that signals the beginning of 
the “transition phase”, which is dominated by a few large firms. In this 
phase, product innovation decreases while process innovation 
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predominates, with companies competing through economies of scale by 
supplying standardized commodities in high volumes at low unit costs.  

The fluid phase in the context of mass production industries as-
sumes a large market ruled by perfect competition where new entrants 
have few barriers to compete, and the market will eventually select a sat-
isfactory dominant design (Hardstone, 2004). However, CoPS are often 
produced under oligopolistic conditions, in smaller markets, and within 
a broad and established network of actors who maintain long-term rela-
tionships and usually work in multi-party projects that can last for years 
(Davies et al., 2011; Hobday, 1998) . Also, since CoPS production is typi-
cally high costs and one-off kind to meet the requirements of individual 
large business users, CoPS are produced in low volume. Thus, the devel-
opment of CoPS might never reach the transition phase of mass produc-
tion industries where products are manufactured in high volumes for 
mass markets (Davies, 1997). CoPS tends to stay in the fluid phase of 
product innovation, with technologies being developed for a long time 
until its first commercial introduction. After that, another long period 
starts with the utilization and upgrading, with several component inno-
vations taking place without altering the established architectural design 
(Davies, 1997). In trying to explain the distinction between CoPS and 
mass production goods in terms of their life cycles, Davies (1997) sug-
gested that the CoPS innovation process occurs through two main 
phases, the “architectural phase” and the “new product generation 
phase”. This phases broadly typify the development and commercializa-
tion of CoPS in its entire life cycle.  

The “architectural phase” of a CoPS is characterized by a long pe-
riod of technology development and system design until the first com-
mercialization of the new product. In these earlier stages, only a few com-
panies are capable of undertaking the risks of designing and developing 
high costs technologies that are needed for the product. For instance, the 
cellular mobile phone system found a long delay from its birth in the late 
40s until its implementation in the early 80s. During this period, com-
panies like AT&T, Motorola, and Ericsson proposed several system ar-
chitectures until they achieved a viable commercial product (Davies, 
1997; Davis, 1988; Meurling, John, and Jeans, 1994). Likewise, the first 
patent for a turbojet engine was applied in 1930, but it was only by the 
end of World War 2 that jet fighters became operational with turbojet 
technologies (Clarke, 2004; Petroski, 1996).    

After introducing the first commercial product system architec-
ture, the “new product generation phase” initiates. During this phase, 
successive product generations are introduced without fundamentally 
altering the established architectural design  (Davies, 1997) or platform 
(Magnusson and Johansson, 2008; Oshri and Newell, 2005). Even in the 
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same platform, continuous maintenance and upgrades are required long 
after its initial release (Park and Ji, 2015). For instance, the Gripen prod-
uct family is a fighter aircraft currently in its third generation (Gripen 
E/F). It started in the 1980s with Gripen A/ B, and in the 1990s, the sec-
ond generation came up with Gripen C/D. Each version implemented 
several middle upgrades with new technologies using a modular ap-
proach (Olivieri, 2017). The latest version (Gripen E/F) utilizes a digital 
approach in the avionics system, centered on Model-Based Systems En-
gineering and civilian standards, providing even more flexibility for sys-
tems upgrades in the future (Lakemond et al., 2021).  

Therefore, management within the architectural phase is critical 
for the success of CoPS innovations (Davies, 1997). Making wise deci-
sions during the earlier design and development of complex technologies 
might not only help reduce operational costs later (GAO, 2009) but can 
also facilitate trade-off decisions and reduces lead times if an integrated 
view is adopted (Magnusson and Johansson, 2008). In this thesis, tech-
nology development is defined as a long-term process of the architectural 
phase and is marked by activities such as design, prototyping, and testing 
(Eldred and McGrath, 1997; Magnusson and Johansson, 2008). By de-
veloping and integrating new technologies, companies can innovate by 
adding new functionalities, improving the performance of existing prod-
ucts, and creating new markets (Iansiti, 1995).  

In addition, due to the prolonged and de-staffed nature of tech-
nology development, its synchronization with commercial product de-
velopment becomes a critical issue (Magnusson and Johansson, 2008). 
Hence, the understanding of CoPS innovations needs a more integrated 
view of technology and product development than what is usually de-
scribed in the mass production literature (Clark and Fujimoto, 1991; 
Kohn, 2006; Wheelwright and Clark, 1992).  

In summary, the CoPS life cycle analysis highlights the im-
portance of technology development within the innovation process for 
CoPS. How well the development of new technologies is managed will 
substantially impact the success of a complex product. As soon as pro-
gram managers detect potential problems, it reduces the chance and 
magnitude of cost overruns and schedule delays in their projects and 
programs (GAO, 2009). As earlier as those managers identify promising 
alternatives and paths, it increases the chances of delivering successful 
innovative products (Davies et al., 2011; Davies and Brady, 2000).  

1.3 Theoretical and Practical Problems 
No single organization can manage alone the production of complex 
products and systems, their components, and technologies (Brusoni & 
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Prencipe, 2001; Andrea Prencipe, 2003). As such, the technology devel-
opment process is characterized by intense collaborations distributed in 
a broad network of diverse actors, which results in several direct and in-
direct spillover effects for the whole network (Davies et al., 2011; 
Eliasson, 2010; Möller and Svahn, 2003). These networked actors are 
not only business organizations connected by horizontal and vertical 
markets to develop a system or a product. Relevant actors of a CoPS net-
work are also represented by other organizations with distinct interests 
and objectives, such as universities and funding agencies that are more 
involved in scientific discoveries and developing general technologies 
(Davies et al., 2011). Hence, the network aspect in the context of CoPS 
innovations becomes crucial. 

The CoPS literature discusses the management of production and 
innovation from an extensive range of perspectives, industries, and top-
ics (Ranjbar et al., 2018). A wide range of examples is discussed in this 
literature, such as civilian and military aircraft (Lee and Yoon, 2015; 
Naghizadeh et al., 2017), flight control systems and engines (Prencipe, 
2000),  complex software (Hobday and Brady, 2000), governmental sys-
tems (Park and Kim, 2014), telecommunication (Choung et al., 2006; 
Park, 2013), stored program control switches (Zhang and Igel, 2001), 
power-generation systems (Kiamehr, 2017; Kiamehr et al., 2015), gas 
turbines (Majidpour, 2016), and nuclear industry (Wu et al., 2018).   

Most of the CoPS studies adopt a firm perspective, discussing 
mainly CoPS characteristics, managerial methods and tools, organiza-
tional structure, and key capabilities (Davies et al., 2011; Davies and 
Brady, 2000; Hobday, 1998; Kiamehr et al., 2015; Ngai et al., 2008; Park 
and Ji, 2015; Ren et al., 2014; Su and Liu, 2012). Others adopted an in-
dustry, or system perspective, examining economic performance, gov-
ernment policies and roles, and catch-up by latecomers (Choung et al., 
2006; Kim and Lee, 2008; Lee and Malerba, 2017; Vértesy, 2017; Zhang 
et al., 2013). 

Whichever perspective is adopted, CoPS research offers manage-
rial and policy implications regarding design, development, and produc-
tion. Moreover, the literature provides several gaps, trends, and under-
explored theoretical perspectives that demand further studies (Ranjbar 
et al., 2018). Previous research contributions, however, are empirically 
based on product development, a more goal-oriented stage, whereas the 
exploratory stage of technology development, and its relationship with 
the former, need more attention (Magnusson and Johansson, 2008). In 
addition, studies that emphasize the collaborative aspect of technology 
development are more limited to inter-firm collaborations and seldom 
include the perspectives of other diverse actors, such as universities and 
funding agencies. Within this collaborative dimension, so common 
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during earlier stages of CoPS innovation, two perspectives are promi-
nent: the network and the project perspectives (Hobday, 1998). Indeed, 
there is research on these perspectives that refer to high technology 
products, but, as acknowledged by Appio & Lacoste (2018), they do so 
within a group of other products to analyze aspects that are not specific 
to CoPS, such as mass production design.  

By not addressing the CoPS’ idiocrasies in their unit of analysis, 
these studies do not highlight the fundamental aspects that differentiate 
CoPS from mass-produced goods and, therefore, do not address how the 
conventional management wisdom can be adapted to this distinct cate-
gory. This is the case of technology development, a significant phase of 
the CoPS innovation process, characterized by emergent and existing in-
ter-organizational alliances coordinated by projects (Prencipe, 2003). 
This Thesis, therefore, tries to contribute to the CoPS literature by calling 
attention to these perspectives during technology development. For that, 
the network and the project perspectives are borrowed from other con-
texts. 

From the network perspective, inter-organizational networks 
are often addressed as current nets (Möller and Rajala, 2007), a type of 
business network where an established system integrator firm keeps a 
strong position and forms a stable value net  by interacting with suppli-
ers, manufacturers, competitors, and complementors (Rose-Anderssen 
et al., 2008). In CoPS innovations, these current nets are often formed 
during the production stage of the CoPS life cycle, where commercializa-
tion initiates (Aarikka-Stenroos et al., 2017). However, other types of 
networks, such as emergent or renewal nets (Möller and Rajala, 2007), 
play a crucial role during technology development. In these nets, univer-
sities and funding agencies share with firms the role of shaping new tech-
nologies and creating new knowledge for different kinds of industries, 
CoPS included.  

Whatever the type of network addressed, projects often appear as 
a common mechanism that connects networked actors with similar ob-
jectives. Thus, the project perspective is crucial for understanding 
how CoPS are developed since the project form of organization is the pri-
mary coordination mechanism of CoPS innovations (Davies et al., 2011; 
Davies and Hobday, 2005; Hobday, 1998). In CoPS networks, projects 
may take different forms. For instance, projects implemented in current 
nets and aiming at developing a complete CoPS, such as a tramway 
(Crespin-Mazet et al., 2019),  a construction (Ren et al., 2014), a thermal 
power generation plant (Kiamehr et al., 2015) or an aircraft (Naghizadeh 
et al., 2017) have a different dynamic from projects implemented at 
emergent and renewal nets (Möller and Rajala, 2007). CoPS projects 
formed by emergent and renewal nets aim to develop generic 
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technologies and generate knowledge that will be utilized for CoPS later 
and non-CoPS industries.  

Hence, the composition of technology development projects usu-
ally is very diverse, with competitors, suppliers, universities, systems in-
tegrators, governmental bodies, and users. As such, the coordination of 
these multiparty projects requires different strategies from product de-
velopment projects, where the components and subsystems to be inte-
grated have a higher maturity (Davies et al., 2011). For instance, imple-
menting a common research agenda in a network has been crucial to 
align these diverse partners’ objectives and attracting more investments 
from funding agencies and external partners (Möller, 2010). In several 
governments, such as Sweden and Brazil, funding agencies commit to ef-
ficiently investing in technology development programs, prioritizing 
projects aligned with common goals inserted in prioritized areas (FINEP, 
2021; OECD, 2016).  

To sum up, the two perspectives of “networks” and “projects” 
briefly described above are presented in the CoPS literature in a number 
of drivers, mechanisms, challenges, and strategies that are fundamental 
for understanding how innovation occurs in CoPS developments. How-
ever, the related studies are mostly inserted within the production stage 
of the CoPS life cycle and usually focus on one perspective or another. 
Although research focusing on the network and the project perspective 
have different loci of attention, they each acknowledge the other view. 
For instance, the network management perspective often recognizes that 
projects are efficient coordination mechanisms of business nets that can 
take different forms depending on the net type (Möller and Halinen, 
2017). Likewise, the project perspective acknowledges projects as tem-
porary coalitions or networks of firms, including partnerships or alli-
ances (Davies et al., 2011). Therefore, learning within, between, and be-
yond projects can help managers build project and strategic capabilities, 
which might also help them manage their network (Davies et al., 2011; 
Davies and Brady, 2000).  

Indeed, by focusing solely on the network perspective, the net-
work management literature leaves aside the dynamics coming from pro-
jects. For instance, the actors’ relationships within a project usually 
evolve from formal to informal interactions (Ring and Van De Ven, 
1994), resulting in an evolving form of project coordination and increas-
ing common understanding between the actors (Okhuysen and Bechky, 
2009). Thus, project dynamics may be relevant for network management 
studies focusing on the evolution of business nets and the formation of 
strategic intent and shared identity (Valkokari, 2015). Similarly, the fo-
cus on the project perspective without the network view might leave 
aside what lies ahead after the project termination and how it was before 
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the project initiation. This is because every project can be linked to busi-
ness nets (Möller and Rajala, 2007) that co-evolve through strategic in-
tent and shared identity (Valkokari, 2015). 

To address this gap from the CoPS literature, this thesis focuses 
on the network and project perspectives that managers need to master 
for CoPS developments, and therefore, need more investigation. Projects 
are usually considered the chief unit of analysis for innovation (Hobday, 
1998) and require high levels of coordination efforts within a network of 
diverse actors (Ren and Yeo, 2006). Therefore, the Thesis` purpose 
is to explore the coordination of technology development 
along the CoPS innovation process addressing networks and 
projects. 

Addressing the perspectives of networks and projects together 
can provide a holistic and richer view of CoPS innovations. It has been 
argued that combining knowledge breadth and depth about a complex 
phenomenon can give a fuller picture and more profound understanding 
(Johnson et al., 2007). While knowledge breadth can be obtained by ex-
ploring how innovation happens across CoPS projects in a network envi-
ronment, knowledge depth can be acquired by analyzing the same phe-
nomenon within projects.  

Hence, in this Thesis, the concept of coordination within net-
works and projects differs. Coordination within projects refers to the co-
ordination mechanisms utilized to integrate the organizational work un-
der conditions of task interdependence and uncertainty of a project 
(Faraj and Xiao, 2006; Okhuysen and Bechky, 2009). At the same time, 
coordination within networks refers to any activity or mechanism imple-
mented jointly by different parties to synchronize different value systems 
of a network and pursue specified mutual goals (Möller and Halinen, 
2017; Möller and Rajala, 2007; Möller and Svahn, 2003), through the 
combination of management and orchestration (Ritala, 2012). 

To accomplish this purpose, a case study research was chosen 
with a systematic combining approach (Dubois & Gadde, 2002) utilizing 
3 cases. The first case was the Swedish Aerospace network, a CoPS net-
work delimited by the actors with a strong relationship with the aero-
space company Saab. The second case was MIDCAS, a CoPS project rep-
resenting an international collaboration between the Swedish aerospace 
network and other CoPS international players. The third case was the 
Brazilian Defense Network (SCTIEx), another CoPS network with the 
Department of Science and Technology (DCT) as a focal organization.  
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1.4 Thesis Outline 
This thesis proceeds as follows. Chapter 2 introduces the main theoreti-
cal concepts used throughout the thesis, and reviews the literature on 
CoPS, Network Coordination, Networking Capabilities, Project Coordi-
nation, and Common Understanding. Based on a synthesis of the re-
maining theoretical gaps, the research questions are introduced. Chapter 
3 presents the methods used to collect and assess the data presented in 
the five papers included in this Thesis and reflects on methodological 
limitations. Chapter 4 summarizes the appended papers, presenting 
their current publication status and author´s contributions. Chapter 5 
provides the answers to the research questions by synthesizing the main 
findings of the papers. Chapter 6 concludes the thesis by presenting the 
main theoretical contributions, the policy and managerial implications 
of the findings, and providing potential directions for further research. 
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2. Theoretical framework

To address the Thesis` purpose, the network and project perspectives are 
explored, covering the main theoretical concepts concerning the CoPS 
innovation process. 

In subsection 2.1, CoPS are defined in relation to mass produc-
tion goods. 

In subsection 2.2, the network perspective is depicted. Since in 
CoPS networks, the coordination of production and integration of 
knowledge from external sources are often dominated by leading firms 
(Prencipe, 2003), section 2.2.1 is presented the perspective of strategic 
nets (Möller and Rajala, 2007) and in section 2.2.2, network capability 
(Möller et al., 2005). Both concepts adopt the strategic nets approach, 
which assumes networks as purposefully designed by a few actors pursu-
ing a specified mutual goal(s).

In subsection 2.3, the project perspective is portrayed. Within 
projects, the actors’ relationships usually evolve from formal to informal 
interactions (Ring and Van De Ven, 1994), resulting in an evolving form 
of coordination and common understanding (Okhuysen and Bechky, 
2009). Hence, in subsections 2.3.1 and 2.3.2, project coordination and
common understanding are reviewed, respectively, in the context of 
CoPS projects. Finally, based on a synthesis of the theoretical gaps, sub-
section 2.4 presents the purpose of the Thesis and the research ques-
tions. Figure 2.1 summarizes the theoretical framework.

Figure 2.1: Theoretical Framework – Main Concepts

2.1 CoPS

2.2 Network 
Perspective

2.2.1 Network 
Coordination

2.2.2 Network 
Capabilities
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2.3.1 Project 
Coordination
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2.1 Complex Product and Systems (CoPS) 
 
Complex Products and Systems (CoPS) can be considered as engineer-
ing-intensive products with a high-value and comprised with state-of-
the-art technological components and subsystems. For instance, aircraft, 
high-speed trains, telecom networks, large ERP and softwares, airports 
and intelligent buildings are all included in this category (Hobday, 1998). 
In CoPS developments, systems integration has been considered a core 
technical, strategic, and organizational capability (Hobday et al., 2005). 
In this context, the term “systems” in the CoPS literature becomes crucial 
to distinguish this category from mass-production goods or products.  

It follows that a system might comprise multiple products or sys-
tems. For instance, there are Large Technical Systems (LTS), such as 
electricity or telecommunication grids, Large Engineering Projects (LEP) 
like an airport, or Large IT Software Systems, like ERP large software 
(Ren and Yeo, 2006). In such systems, several products are included, 
such as aircraft, trains, turbines, softwares, etc. However, this distinction 
between products and systems is not consensus among CoPS scholars 
since there are several studies focusing on products, such as aircraft 
(Naghizadeh et al., 2017) or gas turbines (Magnusson et al., 2005), that 
are addressed as systems. Indeed, from the perspective of an aircraft de-
veloper, this product comprises a system of systems made of many cus-
tomized subsystems and components developed by a network of diversi-
fied suppliers that need to be coordinated. Therefore, in this Thesis and 
the appended papers, we use “products” and “systems” interchangeably, 
with both terms having the same meaning. 

Although Hobday (1998) has been considered the pioneer of re-
search on CoPS, this categorization has been done long before to differ-
entiate them from mass-produced consumer goods (Chudnovsky et al., 
1983; Rosenberg, 1982; Woodward, 1958). Several scholars refer to in-
dustries that exhibit one or more CoPS´ characteristics in isolation, such 
as high unit costs, low volume production, and a high degree of custom-
ization (Acha et al., 2004); multi-technology (Baldwin and Woodard, 
2008; Eklind, 2014); production within a network of diverse actors 
(Aarikka-Stenroos et al., 2014; Appio and Lacoste, 2019; Guan and Liu, 
2016; Möller and Halinen, 2017; Ritter et al., 2004); and projects as a 
coordination mechanism (Davies and Mackenzie, 2014; Hobday, 2000; 
Prencipe and Tell, 2001).  

More recently, the digitalization phenomena (Nambisan et al., 
2019; Tilson et al., 2010b) have also been explored in CoPS develop-
ments, with some implications for CoPS platform architecture and sys-
tems integration (Lakemond et al., 2021). 
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Few studies emphasize the characteristics of projects and net-
works together in order to make sense of CoPS innovations during tech-
nology development. A prominent case that allows for a deep investiga-
tion of this phenomenon is the aviation industry, an instance of the CoPS 
industry that strongly presents such characteristics (Eliasson, 2010). The 
development of aviation products and systems requires state-of-the-art 
technology customized to aviation engineering and across advanced dis-
ciplines such as materials, mechanical, computer science, electronics, 
systems engineering, etc (Lee and Yoon, 2015). The aviation industry is 
well known for its tradition of creating innovation networks and leading 
a wide range of diverse players (Naghizadeh et al., 2017).  

 

2.2 The Network Perspective 
 

Since actors are embedded within networks of interconnected relation-
ships that provide opportunities, but also limitations (Brass et al., 2004), 
the network perspective becomes crucial for understanding how firms 
can fully realize the economic value in their nets (Möller and Rajala, 
2007). Therefore, the importance of the network perspective for CoPS 
innovation and understanding how CoPS networks operate becomes 
clear. In this Thesis, a CoPS network is a network setting that involves a 
broad range of distinct actors and stakeholders led by one or more focal 
organizations who agree on strategic objectives and contribute to CoPS 
developments.  

The network management perspective for technology develop-
ment has been mainly studied for several kinds of mass-produced goods, 
such as antimicrobial hygiene products (Aarikka-Stenroos et al., 2017) 
or information and communication technology (ICT) products (Partanen 
and Möller, 2012). Since the life cycle of these products is shorter than 
the CoPS life cycle, these studies partially overlook the lengthy matura-
tion process of CoPS technologies. Still, they succeed in revealing a col-
laborative setting that exists between several diverse partners. Hence, 
research on network management can offer several managerial insights 
for CoPS researchers related to important theoretical concepts, such as 
networking capabilities (Möller et al., 2005) or typologies of strategic 
nets (Möller and Rajala, 2007). 

Moreover, collaboration in CoPS networks happens not only 
within projects but also across projects since the gradual maturation of 
technologies needs to follow a coherent process from idea generation un-
til a product ready for the market. This technology maturation starts with 
scientific discoveries and ideas generation, evolves into general 
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technologies that can be utilized in different applications, and culminate 
in a ready-to-market product (Davies, 1997). This technological progress 
is an incremental process and is often measured by a maturity metric 
system, such as Technology Readiness Levels (TRL) (Mankins, 2009a).  

Therefore, collaboration in CoPS networks poses additional man-
agerial challenges since it demands distinct mechanisms, methodologies, 
strategies, and capabilities (Davies et al., 2011). Next, as explained in Pa-
pers 3 and 4, we will review the concepts of Network Coordination and 
Network Capabilities. 

2.2.1 Network Coordination 
Research on networks has evolved since the late 1990s, extending vastly 
in terms of perspectives applied and broadening new research domains 
(Möller and Halinen, 2017). At the same time, conceptual confusion and 
theoretical fragmentation have also increased in this field. To diminish 
the ambiguity created, some scholars have tried to categorize the differ-
ent and sometimes contradictory, research streams of the network man-
agement approach (Aarikka-Stenroos et al., 2014; Aarikka-Stenroos and 
Ritala, 2017; Forkmann et al., 2018; Manser et al., 2016; Möller and 
Halinen, 2017). Among many, there are two complementary streams of 
research, yet partly conflicting, that can represent the CoPS context of 
multiple actors and long-life cycles. 

First, there is the industrial network approach (IMP), emphasiz-
ing the evolutionary character of borderless and self-organizing net-
works that emerge in a bottom-up fashion from local interactions 
(Håkansson and Ford, 2002; Håkansson and Snehota, 1995). Instead of 
control, this approach suggests that firms are only able to manage within 
networks by mobilizing or influencing other actors through relation-
ships, creating interfaces between resources (Mouzas and Naudé, 2007), 
and understanding the different logics of actors (Baraldi et al., 2007).  

Inspired by the IMP, other scholars operationalized the manage-
ment within networks regarding competence, capabilities, and activities. 
Gemünden & Ritter (1997:P297) conceptualized network competence as 
“the resources and activities of a focal company to generate, develop, and 
manage networks to take advantage of single relationships and the net-
work as a whole.” Focal firms can thereby perform better than others by 
strategically leveraging their web of direct and indirect relationships in 
which they are embedded (Thornton et al., 2013). However, in this view, 
complete control over a network might reduce the variety and speciali-
zation advantages of the net. In terms of organizational learning, too 
much control, although increasing the benefits of exploitation, can de-
stroy the potential for exploration and generative learning (Håkansson 
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and Ford, 2002). A firm’s degree of influence varies according to the per-
ceived power or dependence that exist between partners. As such, a 
firm´s managerial activities will match the type of its relationship, 
whether in a mutual, fellowship or leadership situation (Ritter et al., 
2004). 

The second approach is the strategic net perspective. In this view, 
networks can be orchestrated (Dhanaraj and Parkhe, 2006) and are pur-
posely constructed by a specific set of organizations that perform agreed-
upon roles (Möller et al., 2005). This perspective assumes that business 
networks are intentionally constructed and can be classified based on 
their goals and the determination of their underlying value-creating sys-
tems (Möller and Rajala, 2007; Möller and Svahn, 2003). In this ap-
proach, Möller and colleagues conceptualized three strategic nets based 
on a value system continuum: emerging business networks, business re-
newal nets, and current business nets (Möller and Rajala, 2007). These 
three types will be explained next: 

On current business nets, their actors have their business pro-
cess, capabilities, resources, and activities specified according to a stable 
value system. A typical illustration is the automobile industry's multi-
tiered vertical supply nets (Dyer, 1996). Horizontal nets are also in place 
with competing firms implementing projects to combine their products, 
establishing channel relationships or customer-service systems to 
achieve a stronger position in global-level competition. These nets aim 
to achieve high systemic efficiency through value activity integration and 
coordination. A well-established system integrator firm is considered es-
sential in these networks since a strong position can attract significant 
first-tier vendors, integrated manufacturers, competitors, and comple-
mentors to form a stable value net (Möller and Rajala, 2007).  

Business renewal nets are dominated by temporal and goal-ori-
ented projects aiming to create incremental innovations on top of exist-
ing offerings. Stability and gradual change coexist since these nets re-
quire a balanced position between knowledge exploitation and explora-
tion. The capability of bridging different communities of practice is es-
sential, which highlights the importance of actors with experience in co-
ordinating multi/functional and multi/actor teams and projects (Möller 
and Rajala, 2007). 

New technologies and concepts are being created in emerging 
business nets, igniting the birth of new business fields. Major companies 
explore broad science networks through multi-party collaborative R&D 
projects with universities, research institutions, and SMEs. Dispersed 
and unclear ideas permeate these nets and are usually tested looking to 
an uncertain future. Möller and Rajala (2007) go further on the concep-
tualization of this net by identifying three subnets: the innovation 
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networks aiming at developing broader scientific fields; dominant design 
nets, looking to create new dominant technology solutions; and applica-
tion nets, aiming at creating new commercial applications. This last sub-
net sometimes overlaps with the dominant design net but has a hub com-
pany coordinating the interaction between multiple and diverse actors in 
a collaborative project-based system. 

The uncertainty characteristic of emerging business nets can be 
minimized when organizations build their capabilities of sensemaking, 
framing, visioning, and agenda construction (Möller, 2010; Möller and 
Svahn, 2009; Paquin and Howard-Grenville, 2013). For instance, sense-
making delineates a firm’s visioning capability, enabling the iden-
tification of opportunities for future business development through the 
search for potential technological pathways. By combining visioning 
with a generative learning culture, a company can select between uncer-
tain and risky directions, encouraging explorative strategic risk-taking 
(Möller, 2010). A clear vision ahead paves the way for the construction 
of a development agenda for influencing and mobilizing the relevant 
stakeholders (Bessant et al., 2014).  

Agenda construction helps participants from a network to in-
crease their commitment if there is consensus about their common ob-
jectives rather than by imposing decisions (Möller and Rajala, 2007; 
Provan and Kenis, 2007) . To align their goals, actors develop a joint view 
of their business, trying to foresee the pathway ahead with a focus on 
their core capabilities (Möller, 2010) . Such an agenda helps managers to 
keep members motivated and to adjust network goals as their business 
field changes. These “goal adjustments” or “goal alignment” influence 
network composition by balancing their size and diversity, e.g., networks 
need to be large enough to have influence but small enough to be man-
ageable; and diverse enough to attract more resources but similar 
enough to avoid conflicts (Planko et al., 2017). The impact of goal align-
ment on resource attraction is significant since funding agencies in sev-
eral countries concentrate their investments in technology development 
programs aligned with prioritized strategic areas (OECD, 2016). For in-
stance, as a policy approach, alignment with strategic programs has been 
an essential criteria adopted by funding agencies for prioritizing funding 
for technology projects in Sweden (OECD, 2016) and Brazil (FINEP, 
2021).  

Finally, in business nets, their actors, roles, and positions change 
dynamically (Möller et al., 2005; Nyström et al., 2017; Valkokari and 
Helander, 2007). The types described are snapshots of business nets at 
a given time. In reality, they co-evolve continuously through intricate 
patterns of strategic intent and shared identity over time (Valkokari, 
2015). Hence, while strategic intent can act purposely to align the nets’ 
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goals and coordinate evolution, reaping long-term benefits for the whole 
network, shared identity needs to be formed through interaction, inter-
pretation, and sense-making of the net actors’ collective experiences. 
(Valkokari, 2015). Hence, strategic intent enables the parallel function-
ing of business nets and is paramount for their managers to reconfigure 
their networking and development practices in different situations, 
changing their network position (Turnbull et al., 1996; Valkokari, 2015). 

Hence, for shaping technological evolution, CoPS firms coordi-
nate their network through systems integration and simultaneous imple-
mentation of exploitative and explorative activities (Prencipe, 2003). In 
this Thesis, network coordination comprises any activity or mechanism 
implemented jointly by different parties to synchronize distinct value 
systems of a network and pursue specified mutual goals (Möller and Ha-
linen, 2017; Möller and Rajala, 2007; Möller and Svahn, 2003). In this 
context, coordination needs to be understood as a holistic and evolution-
ary process of aligning management and orchestration (Ritala, 2012). 
Orchestration is associated with “coordination by enabling,” where the 
“orchestrator,” instead of exercising authority, provides a common vi-
sion, facilitates the process of collaboration, and ensures that the neces-
sary structures and discussion mechanisms are in place when needed, 
thus supporting innovation activities. Management is associated with 
“coordination by commanding,” where usually one or two network actors 
have a leading role and, therefore, high influential power (Ritala, 2012). 

2.2.2 Network Capabilities 
Although the network management literature stresses that relationships 
with external actors are important, existing CoPS research provides only 
superficial explanations of the dynamic interactions in network relation-
ships and how organizations capitalize on the wider business network to 
become more competitive. Davies and Brady (2016) emphasize this lack 
of depth in the literature. According to them, members of temporary 
standalone projects cannot rely on a firm’s existing experience, capabili-
ties, and memories of past projects unless they are embedded in a per-
manent, more comprehensive, inter-organizational network. Thus, Da-
vies and Brady (2016) recognize the need for research on the dynamic 
and project capabilities “distributed among a community of firms and 
professionals that have worked on previous projects and can be assem-
bled, dismantled and reassembled temporarily to support complex pro-
jects undertaken episodically over many years” (Davies and Brady, 2016: 
325).  

Likewise, many scholars have considered network capabilities as 
a core capability of the modern firm to manage networks (Mitrega et al., 
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2012; Mort and Weerawardena, 2006; Ritter, 1999; Ritter et al., 2004; 
Walter et al., 2006). The research area of network management goes be-
yond dyadic relationships and alliances (Dyer and Singh, 1998; Lavie, 
2006; Zajac and Olsen, 1993) to broader business relationships. It em-
phasizes the complex networked environment in which various counter-
parts are embedded (Håkansson et al., 2010; Ritter, 1999). Several per-
spectives exist aimed at capturing firms’ network management to con-
ceptualize the notion of network capabilities (Mort and Weerawardena, 
2006; Ritter, 1999; Sivadas and Dwyer, 2000). Many of these studies 
emphasize the firms’ capabilities of influencing, adapting to, assimilating 
from, and accessing their network. 

For instance, Walter et al., (2006) recognize network capabilities 
as a concept that affects a broad array of activities within an organization 
and across its boundaries, which provides them the potential to influence 
the contribution of other knowledge sources. Among these sources are 
university spinoffs, considered important means of commercializing 
technologies, creating wealth, and building the bridge between basic and 
applied research. Thornton et al., (2013), using the industrial network 
approach, acknowledge that some firms perform better than others by 
strategically mobilizing and utilizing the web of direct and indirect rela-
tionships in which they are embedded. These firms can thereby influence 
technology development by leveraging their network context. Thornton 
et al., (2013) further suggest that firms adopt networking behaviours re-
lated to activities, routines, and practices that enable them to make sense 
of and capitalize from their network. Griffith and Harvey (2004) state 
that firm performance ultimately depends on its marketing manager’s 
ability to build social capital and influence collective behaviour and per-
formance. They define the concept of “governing agency social capital” 
as the action of building relationships to gain “input into the develop-
ment of new regulations, logistical infrastructure development plans, 
governmental policies, etc.” (Griffith & Harvey, 2004: 252). According to 
Ritter et al., (2004), a firm’s degree of influence is related to its role in 
the relationship and its capability to lead, determine, and organize its 
interactions. These activities are critical for the firm to achieve its eco-
nomic goals.  

To be able to influence their networks, organizations also need to 
adapt. Ritter et al., (2004) find that network and relationship manage-
ment involves influencing and being influenced, strategizing and impro-
vising, forcing and adapting, planning and copying, acting and reacting, 
leading and following, and initiating and responding. From this point of 
view, a single organization cannot wholly manage any given network, nor 
is there an “invisible hand” guiding the network to create a situation of 
efficiency and wealth for all (Håkansson et al., 2010). Instead, several 
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“visible hands” create mutual benefits in business networks composed of 
self-organizing entities in which decisions are made within a bottom-up 
structure from which micro-interactions and relationships evolve among 
actors (Ritter et al., 2004). Firms often use strategic management to 
adapt to the environment and take advantage of its changing conditions 
(Håkansson and Snehota, 1995). For instance, in a study of an inter-firm 
R&D network, Hagedoorn et al. (2006) found that the pharmaceutical 
industry witnessed a dramatic change in the nature of relationships be-
tween companies. As a result of radical technological developments, 
pharmaceutical companies were eventually forced to adapt their re-
search strategies to also include a large number of R&D partnerships, 
such as universities and other science-based institutions. In the context 
of managing complex business networks, these relationships demanded 
strategic adaptation (Hallen et al., 1991; Ritter, 1999). Ritter (1999) ar-
gued that adaptation might involve taking strategic decisions from a net-
work perspective (considering the number of investments, bonding risk, 
policy, customers, etc.). Hallén et al. (1991) found that unilateral or re-
ciprocal adaptation in business relationships implies a cost. However, 
adaptations can be expected to pay off eventually because they are in-
vestments.  

Nevertheless, a firm’s ability to adapt to high-velocity environ-
ments is provided by its degree of potential absorptive capacity and how 
well it can assimilate knowledge (Zahra and George, 2002). Assimilation 
refers to the routines and processes that allow a firm to interact with ex-
ternal sources of information, including analyzing, processing, interpret-
ing, and understanding external knowledge (Kim, 1997; Zahra and 
George, 2002). Zahra and George (2002) also imply that firms increase 
their assimilative capabilities if they are exposed to diverse and comple-
mentary knowledge in areas where they are experienced. Gilbert and 
Cordey-Hayes (1996) acknowledge that assimilation is the last stage of 
the knowledge transfer process, which describes how organizations in-
ternalize knowledge into their core routines. The notion of assimilation, 
therefore, can be understood as the firm’s capability to make novel asso-
ciations and linkages with pre-existing and external knowledge without 
necessarily exploiting the knowledge (Cohen and Levinthal, 1990; Zahra 
and George, 2002). It is suggested that in exploiting external knowledge, 
firms invest in their absorptive capacity by conducting internal R&D, 
which enables them to utilize the accessible external resources (Cohen & 
Levinthal, 1990).  

In other studies of how firm alliances utilize knowledge, scholars 
differentiate accessing knowledge from acquiring knowledge (Grant and 
Baden-Fuller, 2004; Lavie, 2006). Grant and Baden-Fuller (2004) argue 
that the primary advantage of alliances is that they provide access to 
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knowledge rather than the acquisition of knowledge. They further sug-
gest that accessing knowledge is an exploitative activity that is improved 
by knowledge integration in the production of complex goods and ser-
vices. Moreover, when uncertainty over future knowledge requirements 
is high, access to knowledge from alliances becomes even more im-
portant. Utilizing a similar approach, Lavie (2006) argues that owner-
ship or control of resources is not necessary for competitive advantage. 
It might be enough for organizations just to have access to a network’s 
“shared resources,” which establishes the right to utilize and employ 
these resources or enjoy their associated benefits. 

The above studies indicate that the following three points are im-
portant: Network capabilities are built through joint routines, activities, 
and practices that can be implemented by “behavioural action” (Mort 
and Weerawardena, 2006) or can be embedded in “network behaviours” 
(Thornton et al., 2013). Because network behaviours are a joint endeav-
our, they are seldom analyzed only from the level of the actor (that is, the 
firm); instead, they are examined interchangeably from the actor-level 
and the meso-level. In the meso-level, the relationship, rather than the 
organization (or the individual), is the unit of analysis. Therefore, in this 
Thesis, network capability is considered a capability of the network, and 
not the firm alone, and includes the capabilities to influence, adapt to, 
assimilate and access external resources.  

Finally, to summarize the network perspective, it is argued that 
the strategic net approach acknowledges the coordination role of a hub 
or leading firm and the development of distinct network capabilities to 
coordinate different types of strategic nets. In this context, this Thesis 
sheds light on the phenomena of network coordination when the differ-
ent resources from the strategic nets need to be integrated to create value 
for the whole network. 
 

2.3 The project perspective 
 
In CoPS developments, the design of components and systems are per-
formed within projects to be reused in subsequent projects allowing 
economies of repetition and recombination (Davies et al., 2011; Davies 
and Brady, 2000). The survival and growth of a firm depend on its ability 
to coordinate innovative projects usually implemented at earlier stages 
of technology development (Davies and Brady, 2016; Moody and 
Dodgson, 2006) and establish the path to potential new business oppor-
tunities (Davies and Hobday, 2005). Projects are the primary tools for 
coordinating the R&D of CoPS rather than optimizations of processes 
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and management techniques of single firms and its supply chain struc-
ture, as usual for mass production goods (Hobday, 1998). This project 
nature of CoPS can be considered the chief unit of competition rather 
than improvements of the single firm. CoPS projects are characterized by 
long-term objectives agreed upon by their participants. Therefore, CoPS 
focal firms usually have a long-term strategy and design their business 
models by implementing and participating in a series of interconnected 
projects along different time horizons in their network (Davies and 
Brady, 2000). In this strategy, multi-party projects are formed to de-
velop technological systems and subsystems, such as platforms or mod-
ules for CoPS that will be commercialized in the future (Baldwin and 
Clark, 2004; Gawer, 2014). Such projects are implemented earlier on 
within the innovation process. 

CoPS projects are often customized for specific customers, mak-
ing product requirements unique (Hobday, 1998). Because such projects 
are uncertain activities, “project managers and engineers must recognize 
that unexpected events and unknown risks will arise, using their tacit 
knowledge, judgment, and experience to cope with them” (Davies et al., 
2011:16). Moreover, collaboration in CoPS projects takes place within a 
network of users (Baraldi, 2009), partner suppliers (Eslami and 
Lakemond, 2016), regulators, specialized small firms (Davies et al., 
2011), customers and competitors (Liu and Su, 2014). In such a network, 
a hub firm usually engages, at the same time, in multiple projects and 
programs with diverse organizations (Achrol, 1996; Davies and Hobday, 
2005; Prencipe, 2003) and plans for the future over the innovation pro-
cess (Aarikka-Stenroos et al., 2017). 

The project nature of CoPS development can be considered a cru-
cial aspect of the technology development process. Understanding the 
main coordinating issues and problems within such projects can help 
managers to grasp better how to manage innovation in a CoPS network 
environment. 

In a study to identify the main problems, or “hot spots” that firms 
experience within CoPS projects, Hansen and Rush (1998) grouped these 
issues into three overlapping categories: coordination of information, re-
quirements identification, and process issues. Knowledge integration is-
sues occur when managers try to integrate information and learn from 
customers (Hansen and Rush, 1998). Usually, problems arise when the 
information about the roles and responsibilities of team members is un-
clear or not well defined from the beginning. It follows that time and ad-
ditional costs are consumed with the discussion and assignment of emer-
gent responsibilities (Hansen and Rush, 1998). These issues are linked 
with an inadequate level of common understanding of partners related 
to the project`s tasks, participants` roles, and the knowledge to be 
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integrated. Therefore, partners and stakeholders must achieve high lev-
els of common understanding (Okhuysen and Bechky, 2009) and make 
wise choices in coordinating the work to maximize the benefits of sys-
tems integration (Prencipe, 2003). 

Because systems integration has been considered the core capa-
bility of CoPS firms (Davies et al., 2011; Davies and Mackenzie, 2014; 
Hobday et al., 2005), several studies have focused on how systems inte-
grators, customers, and suppliers integrate their systems and knowledge 
to offer integrated solutions (Davies, 2004). However, systems integra-
tion is not the same as knowledge integration (Brusoni et al., 2001). The 
boundaries of the division of labor and the division of knowledge do not 
always, and not necessarily, overlap, and therefore, an emphasis on 
knowledge-integration strategy is needed besides the systems-integra-
tion strategy (Becker and Zirpoli, 2003). Mechanisms to integrate 
knowledge are addressed in the CoPS literature strongly related to sys-
tems integration, a capability associated with the production stage of a 
CoPS life cycle (Hobday et al., 2005). The mechanisms used by CoPS in-
dustries to integrate knowledge during technology development are still 
scarce. 

In projects, knowledge integration demands extensive communi-
cation and close interaction with repeated time-consuming dialogues 
among members (Carlile and Rebentisch, 2003; Nonaka and Takeuchi, 
1995). Project participants need to establish communication channels to 
combine the members' specific knowledge bases in innovative ways. 
They need to create ways to collaborate despite holding different under-
standings, motives, and communication patterns (Galison, 1999). 
Nonaka (1994) suggests that knowledge integration is built during a pro-
cess in which project members partly acquire each other’s tacit 
knowledge through observing, imitating, and practicing. Informed by in-
formation processing theory (Mintzberg, 1973), it has been acknowl-
edged that knowledge integration mechanisms that require intensive 
communication are also associated with coordination costs (Grant, 
1996). Therefore, costly mechanisms such as group problem-solving 
must be reserved for “teams to unusual, complex, and important tasks” 
(Grant, 1996:115). In other situations, knowledge integration can rely on 
less costly mechanisms such as rules, directions, routines and sequenc-
ing (Grant, 1996). This is in line with the approach that in very complex 
projects intensive cross-learning between specialists might be expense in 
time and effort. (D’Adderio, 2001; Schmickl and Kieser, 2008). Conse-
quently, knowledge integration can be achieved with the right level of 
communication and learning according to specific needs in combination 
with organizational rules (Baldwin and Clark, 2000; Kieser and Koch, 
2008; Schmickl and Kieser, 2008).  
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In summary, within CoPS projects, successful knowledge integra-
tion can be achieved with: high levels of common understanding, careful 
choices of coordination of the work, and balanced levels of communica-
tion and learning. Next, as explained in Paper 2, we will review the con-
cepts of Project Coordination and Common Understanding. 
 

2.3.1 Project Coordination 
Coordination research has focused on many different perspectives and 
contexts, such as interdependence (Faraj and Xiao, 2006; Malone and 
Crowston, 1994; Van De Ven et al., 1976), interaction (Heath et al., 
1999), cooperation (Pinto et al., 1993), capabilities (Barqawi et al., 2016), 
communication (Ballard and Seibold, 2003), knowledge-sharing 
(Bechky, 2003; Carlile, 2002), and uncertainty (Faraj and Xiao, 2006). 
CoPS projects have a high degree of uncertainty and interdependence be-
tween the tasks to be performed (Davies and Mackenzie, 2014). This The-
sis adopts the definition of Faraj &Xiao, (2006) of Project Coordination 
as “the integration of organizational work under conditions of task inter-
dependence and uncertainty” (Faraj and Xiao, 2006: P1156). The inte-
gration of a collective set of interdependent tasks is enabled by coordi-
nating mechanisms (Faraj and Xiao, 2006; Okhuysen and Bechky, 
2009), usually distinguished by plans, rules, goals, objects, schedules, 
routines, and face-to-face meetings (Van De Ven et al., 1976).  

In complex collaborative settings, such as in CoPS projects, 
knowledge is integrated through impersonal and personal coordination 
mechanisms. These projects rely on scheduled and unplanned face-to-
face meetings, statements of work, and evolving product and process 
specifications (Enberg, 2012). Coordinating such mechanisms is not easy 
and often involves a complex dynamic in decision models (Holmberg and 
Lakemond, 2018). 

Classical theories of organization have described coordination 
concerning work division, vertical and horizontal linkages in the organi-
zation structure, and the need for information-processing between peo-
ple and units (Mintzberg, 1973). They distinguish between personal and 
impersonal modes of coordination. Impersonal coordination builds on 
programming, such as using plans, schedules, rules, policies, and proce-
dures. In contrast, personal coordination relies on coordination by feed-
back between individuals, which allows for mutual task adjustments. 
Concerning information-processing needs, Van De Ven et al. (1976) ar-
gue that when tasks are highly interdependent and uncertain, it becomes 
more difficult for organizations to coordinate by impersonal means. Per-
sonal modes of coordination based on feedback are more effective means 
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of information exchange, especially in the presence of tacit knowledge 
(Nonaka, 1994).  

However, although coordination through feedback allows joint 
learning and may help solve complex problems, it is also an expensive 
form of coordination as it requires more resources and effort by the in-
dividuals involved (Prencipe and Tell, 2001). Thus, when knowledge is 
highly explicit and can be easily codified, impersonal forms of coordina-
tion is more frequent. Therefore, firms must make careful choices on co-
ordinating work to maximize the benefits of knowledge integration 
(Grant, 1996). 

In a multiple case study of five R&D alliances, Faems et al. (2010) 
show that impersonal and personal mechanisms are combined differ-
ently according to different stages of the alliance process (i.e., operation 
stages vs. negotiation) and for various purposes. Impersonal mecha-
nisms were prevalent initially to postpone costly investments until nec-
essary. Personal mechanisms dominated the design stage when prob-
lems first appeared to enhance joint problem-solving. 

Moreover, in CoPS R&D collaborations, innovation activities are 
often characterized by project organizations connected across multiple 
sites. These projects represent an environment characterized by “work-
ing together apart” relying on communication and information technol-
ogy, such as video conferences, simulation technologies, common IT 
platforms, or e-mails (Zakaria et al., 2004). These means of communica-
tion and coordination can put individuals in contact with each other in a 
geographically dispersed or virtual setting, facilitate teamwork, enable 
exposure, and therefore accelerate knowledge creation (Alavi and 
Leidner, 2001).  

However, virtual communication also poses specific challenges 
related to creating trust, creativity, and management (Chamakiotis et al., 
2014; Greenberg et al., 2007). It is more challenging to develop informal 
and high-quality relationships and spontaneous work conversations 
(Furst et al., 2004). Reliance on virtual communications also increases 
the risk of erroneous stereotypes and faulty interpretations. Massey et al. 
(2003) show that coordination in virtual projects is temporally designed 
in complex ways. Early phases often show unbridled optimism followed 
by an over-reliance on virtual communication resulting in a relatively low 
degree of communication efforts based on feedback (Furst et al., 2004). 
A reality shock can typically follow this with new agreements on how to 
operate forward and an evolving insight into the limits of virtual interac-
tions. 
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2.3.2 Common Understanding 
Common understanding is important in projects when two or more ac-
tors carry out interdependent work and is often a result of agreed goals, 
mutual benefits, and contributions (Gulati et al., 2012). In this context, 
partners need to agree on goals, objectives, and activities that need to be 
performed (Okhuysen and Bechky, 2009). Common understanding re-
fers to creating a shared conception of the work and can be understood 
in three dimensions, i.e., related to an account of the (1) task, (2) 
knowledge of the different parties, and (3) broader context. These di-
mensions help provide a shared perspective of the task and how each ac-
tor’s role fits within the whole.  

Common understanding is usually created by combining differ-
ent coordination mechanisms (Pinto et al., 1993) and is essential to ac-
complish coordination (Okhuysen and Bechky, 2009). For instance, 
plans and rules help to decide between particular ways of completing 
tasks (Axelson and Richtnér, 2015; Cannon-Bowers and Salas, 2001; 
Okhuysen and Bechky, 2009; Reagans et al., 2005), while objects (e.g., 
demonstrators and prototype machines) help groups translate their dif-
ferent understandings of the tasks (Bechky, 2003).  

Steen et al. (2013) emphasize the development of objects in an 
innovation project, like scenarios and demonstrators, as crucial to pro-
moting common understanding. The iterative process of developing de-
monstrators facilitates trying out and learning in the context of complex 
projects. An iterative process is an engineering design methodology 
where managers divide the complete design into discrete design deci-
sions (Gartzen et al., 2016). An iteration is the repetition of design tasks 
due to the arrival or discovery of new information (Smith and Eppinger, 
1997).   

In multi-party alliances, common understanding can be weak-
ened as there are greater diversity and more interests to be harmonized 
than in dyadic relationships (García-Canal et al., 2003). Therefore, 
multi-party alliances generate additional complexity and coordination 
costs compared to dyadic alliances (García-Canal, 1996; Parkhe, 1993).  

A synthesis of the previous findings points to a complex relation-
ship between common understanding and coordination. This relation-
ship is that tasks and roles are complex to coordinate in a multi-party 
project in a context of uncertainty and interdependence. This complexity 
also makes it difficult to understand the tasks to be performed and who 
executes them. In this thesis, coordination is distinguished between im-
personal coordination, virtual coordination (interaction through elec-
tronic media), and personal coordination (face-to-face interaction).  
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2.4 Synthesis and Research Questions 
 
In summary, CoPS have long life cycles and are developed with long-term 
strategies by a network of project-based actors that focal firms usually 
lead. These firms are systems integrators seeking to increase their prod-
ucts' competitiveness and performance by setting up their network. This 
strategy suggests that several activities must be executed simultaneously, 
involving product and technology development and goal alignment be-
tween diverse partners. Although these two broad processes interact 
with each other along the CoPS life cycle, technology development is ex-
ecuted at earlier stages where the exploration of potential alternatives 
precedes product development.  

Since technology development is characterized by a significant 
interaction between diverse actors in a project-based form, this thesis fo-
cuses on the theoretical perspectives of networks and projects that, taken 
together, can shed light on how CoPS innovations occur. During CoPS 
developments, focal firms, as systems integrators, often represent the 
“visible hand” of the market and have a great deal of influence in shaping 
their networks and adapting to them (Davies and Hobday, 2005; 
Hobday, 2005). A focal firm, or leading firm, is a systems integrator that 
sets up the network and leads it from an organizational and technological 
viewpoint. Hence, this Thesis adopts the perspective of the focal firm and 
its relationships with other actors in the network (Möller and Halinen, 
1999). Moreover, since projects are the primary form of coordination, 
these are the main elements analyzed. To address the Thesis’s purpose, 
three main research questions are posed: 

Research Questions: 

 

• How to implement a common vision be-

tween diverse partners in a CoPS network? 

• How to coordinate technology develop-

ment within networks? 

• How to coordinate technology develop-

ment within a CoPS project? 
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By answering these three research questions, one can better 
grasp how CoPS innovations are managed during technology develop-
ment from two different perspectives.  

One is the network perspective, where one can understand how 
firms, universities, funding agencies, and other actors align themselves 
with implementing a common vision and coordinating the technology 
development towards an envisioned product or family of products. A net-
work view can provide CoPS actors with a holistic understanding of how 
their businesses are inserted in a wide context (Davies and Brady, 2000) 
and that their performance is closely linked with their network capabili-
ties (Mitrega et al., 2012; Möller et al., 2005) and network resources 
(Lavie, 2006). Moreover, since innovation is an evolutionary process 
that is managed by diverse organizations from different business nets 
(Möller and Rajala, 2007; Valkokari, 2015), it is also valuable to compre-
hend how these nets can be coordinated to support alignment between 
the short and long-term strategies (Axelson and Richtnér, 2015).  

Likewise, from the project perspective, one can grasp how firms 
manage technology development within a CoPS project and how they can 
implement coordination mechanisms to achieve common understanding 
as the project unfolds. For multiple project actors, common understand-
ing is often necessary to create a shared conception of objectives and the 
work to be performed (Okhuysen and Bechky, 2009). Common under-
standing can help managers build project and strategic capabilities 
needed to implement a series of projects (Davies et al., 2000, 2011). 
Hence, exploring the issues of implementing projects and coordinating 
them might be beneficial for a holistic understanding of how technolo-
gies are continuously developed in several kinds of projects. 

Hence, as projects, at the network level, are the main coordina-
tion mechanisms of CoPS networks (Davies et al., 2011), the integration 
of these two perspectives can provide a comprehensive and coherent 
view of CoPS innovation that can complement the CoPS literature to a 
large extent.  
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3. Research Methodology  
In this chapter, the methodological choices are described. The chapter 
commences with the motivation of the study in Section 3.1, explains the 
rationale for the selection of a case study methodology in Section 3.2, 
briefly portraits the philosophical position adopted in Section 3.3, and 
provides an overview of the research process in section 3.4. Section 3.5 
presents the Case Selection, Section 3.6, Data Collection, and Section 3.7, 
Data Analysis. This chapter terminates with some reflections and limita-
tions of the research methodology in Section 3.8. 
 

3.1 Motivation of the study 
At the beginning of my study in 2015, I was interested in innovation man-
agement within the context of Research and Development (R&D) of de-
fense products due to my background in the management of defense 
technological projects. From 2009 to 2014, I was involved in defense 
projects between Brazilian research institutes, funding agencies, and de-
fense companies, aiming at developing basic technologies and techno-
logical demonstrators for weapons systems. Hence, I identified an op-
portunity to study innovation in the development of complex systems, 
since many practical and theoretical issues remain unresolved in this 
area. 

Overall, my PhD study occurred within two different scenarios. 
The first scenario occurred from 2015 to 2017 when I worked full-time in 
Sweden dedicated to the PhD course. This stage set the basis for my for-
mation with the lectures taken and several interactions with academics 
from other universities on international seminars and workshops. In ad-
dition, I initiated interviews with key members of the Swedish aerospace 
network, such as senior managers from renowned companies, professors 
from other universities, executives from industrial groups, and officers 
from the Swedish Armed Forces. The second scenario happened from 
2018 to 2021, when I went back to Brazil to work at the Innovation Man-
agement Agency of the Brazilian Army (AGITEC) but continued my PhD 
studies in partial time. This stage was crucial to complement my for-
mation since I had to attend practical issues of technology management 
from the Brazilian Army, where I could apply the knowledge acquired 
during my course at LiU and learn from it. At the same time, my last pa-
per was written in this stage based on data from the Department of Sci-
ence and Technology of the Brazilian Army. 

Because I wanted to study innovation management in defense 
technology development, I realized that this empirical field had some 
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limitations in providing managerial recommendations and practices for 
earlier stages of the innovation process when the R&D of sophisticated 
defense technologies is intense. Since I come from a military organiza-
tion that constantly needs to align stakeholders' objectives to a common 
goal and foster innovation, I wanted to explore this topic to gain an in-
depth insight into these issues. However, at the beginning of the study, 
the topic and the issues were not fully understood. After a long research 
process, I could better understand and define the problem, which is now 
refined and finalized, and presented in section 1. 

As an instance of CoPS, military systems take a long time to de-
velop and are characterized by technological uncertainty (Davies et al., 
2011; Hobday, 1998). In my experience, this situation often makes cus-
tomers and other stakeholders have false expectations and misunder-
standings about the R&D of new and complex technologies and their con-
crete results in a military product. In addition, during technology devel-
opment, the interaction between diverse actors of a network, such as uni-
versities, SMEs, and funding agencies, is more intense, as acknowledged 
by Hobday (1998); Prencipe (2003); Davies et al. (2011), and other schol-
ars. Such actors usually are not under the control of a focal firm or mili-
tary organization. Therefore, it is more difficult for the latter to align 
their objectives with those key players to smooth the innovation process 
(Möller and Rajala, 2007).  

The complexity of this phenomenon requires an adequate meth-
odology to be investigated. Initially, the objective was to explore innova-
tion management in the context of defense product development. There-
fore, I started to conduct a literature review of the field to be able to make 
a research proposal. In this process, I realized that most studies about 
technological management in the context of defense and other Complex 
Products and Systems (CoPS) (Hobday, 1998) were more limited to later 
stages, such as product development. Hence, the CoPS literature and the 
focus on technology development were my primary theoretical basis to 
build from and contribute.  

 

3.2 Case Study Research  
This research aimed to provide an in-depth understanding of the 

coordination of technology development along the CoPS innovation pro-
cess. This goal was pursued under the perspectives of CoPS networks and 
projects, which essentially involve diverse actors with different objec-
tives, backgrounds, and characteristics interacting within and across 
projects. According to Dubois and Gadde (2002), this situation displays 
a number of interdependent variables that add complexity to the analysis 
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and challenge the research. Likewise, Dubois and Gibbert (2010) argue 
that industrial networks are quite challenging for researchers since they 
are often considered as open or unbounded systems that are difficult to 
define. In such context, “the main units of analysis are organizations and 
relationships which are complex in structure and hard to access com-
pared to, for example, individual firms. As a result, a case study of a sin-
gle, or a small number, of such entities can provide a great deal of, largely 
qualitative, data which can be written up as a case” (Easton, 2010:P118).  

Case study research can be considered an intense and holistic de-
scription and analysis of a bounded phenomenon such as a program, an 
institution, a person, a process, or a social unit (Merriam, 1998). It has 
also been defined as the study of a single case's particularity and com-
plexity and its activities within given circumstances (Stake, 1995). In this 
type of research, multiple data collection and analysis methods are 
adopted to develop and understand the case, shaped by context and 
emergent data (Stake, 1995). As a qualitative method, case study re-
search is a linear but also iterative process of planning, designing, col-
lecting, and analyzing data that investigates a contemporary phenome-
non (a mix of the recent past and the present, not just the present) and 
within its real-world context (Yin, 2017). It is also considered most ap-
propriate for studying “how” and “why” questions since these deal with 
operational links to be traced over time rather than with frequency or 
incidence (Yin, 1994). 

Therefore, a case study research was chosen since it is suggested 
to be the most appropriate for the phenomena under investigation and 
this thesis's purpose. In addition, an abductive logic was utilized within 
the case study method. Case study research within industrial marketing 
may gain new insights on research subjects with multiple perspectives if 
based on an approach defined by moderate constructionism and abduc-
tion (Järvensivu and Törnroos, 2010). Abductive logic is characterized 
by a nonlinear and iterative process of systematic confrontations be-
tween literature and empirical data (Dubois & Gadde, 2002). Dubois & 
Gadde (2002), explored further the abductive logic and proposed the 
systematic combining approach for case study research. With systematic 
combining data, literature, and developing interpretation evolve simul-
taneously, and it is particularly more useful for the refinement of existing 
theories rather than on inventing new ones. 

Hence, this Thesis adopted a systematic combining approach re-
lying on a continual interplay between theoretical framework, empirical 
fieldwork, and case analysis. This allowed a gradual building of complex 
combinations of assumptions, groups of codes, and higher-order con-
cepts that helped the analysis. That required a flexible design, where the 
researcher is concerned in the beginning, mostly with a general 
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framework and research questions, which later would lead to its contin-
uous refinement (Stake, 1995) and redirection of the study (Dubois & 
Gadde, 2002). Figure 3.1 illustrates this iterative and emergent approach 
that guided the research design. 
 

 
 

Figure 3.1: Systematic Combining Approach grounded in an abductive 
logic for Case Study research (Adapted from Dubois & Gadde (2002)) 

 

3.3 Philosophical position  
The choice and adequacy of a research methodology embody a set of as-
sumptions about the nature of the phenomena under investigation 
(Morgan and Smircich, 1980). To capture the complexity of relationships 
and networks over time, the phenomena investigated in this Thesis re-
quires a philosophical position such as critical realism (Ryan et al., 
2012). Considered the most adequate orientation for case study research, 
critical realism assumes that there exists a reality “out there” independ-
ent of observers. However, critical realists also accept that reality cannot 
be readily accessible and is often socially constructed (Easton, 2010). 
Critical realists must conciliate the constructivist approach by allowing 
interpretations to arise, with the pragmatic approach, by referring to the 
most “reliable reality” out there (Ryan et al., 2012).  

This conciliation can be achieved by an iterative process of de-
ductive and inductive cycles of data collection, analysis, and theory 
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access (Dubois and Gadde, 2002; Easton, 2010). For instance, by utiliz-
ing semi-structure interviews during data collection, slight changes were 
allowed on the interview questionnaires at each round of interviews. 
That means some coded categories have been downplayed during data 
analysis, and others emerged. Likewise, to not be entirely led by the in-
terpretations of respondents and my interpretations, the literature was 
constantly revisited to match with data and guide the conclusions. 

 

3.4 Overall Research Design 
The study, retrospectively, concerns network interactions and CoPS col-
laborative projects over time. Hence, two different perspectives were 
adopted in this Thesis: the network and the project, which, together, can 
describe the coordination of technology development in CoPS innova-
tions in a complementary fashion. In addition, combining these two per-
spectives can bring valuable knowledge to this research since they com-
bine breadth and depth to an understanding (Boh et al., 2014). It has 
been argued that combining knowledge breadth and depth about a com-
plex phenomenon can provide a fuller picture and deeper understanding 
(Johnson et al., 2007). Hence, while knowledge breadth is created by ex-
ploring how innovation happens across CoPS projects in a network envi-
ronment, knowledge depth is formed by analyzing the same phenome-
non within projects. Since projects are usually considered the chief unit 
of analysis for innovation (hobday, 1998) and require high levels of co-
ordination efforts (Ren and Yeo, 2006), it is explored management and 
coordination issues in these two settings that managers need to master 
for CoPS developments. 

The research process can be divided into three major phases con-
nected through an abductive approach with deductive and inductive cy-
cles of literature review and interpretations, respectively (Dubois and 
Gadde, 2002). The overall research design utilized in this Thesis fol-
lowed a systematic combining approach from Dubois and Gadde (2002), 
as illustrated in Figure 3.2, and reflects a cumulative understanding from 
Phases 1 to 3 of technology development for CoPS Innovations. 

In the first phase, the initial design aimed to explore intra-or-
ganizational aspects of the Firm, guided by a couple of research questions 
devised by an initial literature review of CoPS innovations.  
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Therefore, I interviewed key managers from Saab AB, the leading 
firm of the Swedish Aerospace Network that produces several CoPS, such 
as aircraft and weapons systems but also develops, in collaboration, sev-
eral general technologies with different applications. The interviewees 
were selected based on experience in national and international CoPS 
projects, resulting in six interviews, two full days of study visits, several 
informal discussions with managers at Saab, and additional secondary 
information. The data collected informed about Saab’s innovation and 
collaboration strategy and in-depth examples of collaborative projects.  

 

Figure 3.2 – Research Design 
 
Initial analysis pointed to evidence of “coordination by enabling” 

when it was found that Saab´s internal strategies were strongly impacted 
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by the goals and objectives of other actors from the Swedish Aerospace 
network. As suggested by the literature (explained in Section 2.2.1), co-
ordination is an evolutionary process of combining “management” and 
“orchestration” (Ritala, 2012). This initial understanding allowed me to 
write the first paper and devise five broad mechanisms for CoPS innova-
tion. At this point, even though an intra-organization focus was adopted, 
more than a Firm´s strategy, these mechanisms pointed to a network´s 
strategy to innovate across projects aligned to a common goal.  

In parallel, I initiated the study of MIDCAS project, by interview-
ing Saab´s managers with a coordination role, which allowed for the de-
velopment of the second paper. As explained in Paper 2, the interviewees 
were key managers working with the company´s strategy. During two 
days of study visits to the company, it was possible to have informal dis-
cussions about MIDCAS and ongoing and previous projects as a refer-
ence for comparison. As the MIDCAS project had a strong orientation 
towards standardization, a large quantity of documentation was released 
to inform stakeholders, including objectives, reports, and press releases 
on the project's results. I was given access to detailed and extensive sec-
ondary documentation (Appendix A) that was produced to inform non-
experts of the R&D activities, which provided a detailed understanding 
of the project. During this process, a set of categories and themes were 
created based on the data analysis. At this time, I found that different 
combinations of coordination mechanisms can be used according to the 
different phases. 

After this initial process, two case studies were defined. The first 
case was the Swedish Aerospace network, delimited by the actors with a 
strong relationship with Saab. The second case was MIDCAS, a CoPS 
project representing an international collaboration between the network 
and other CoPS international players. The study of these cases led to a 
redirection of the study from an intra-organizational to an inter-organi-
zational perspective, pointing to long-term strategies for technology de-
velopment between networked members and based on projects. 

In the second phase, after many iterations between data anal-
ysis and literature review, the understanding of the two cases evolved, 
allowing for updating the theoretical framework and consolidating the 
CoPS literature as the Thesis´s cornerstone. To increase understanding 
of how CoPS innovation occurs within this collaborative context, data 
gathering was increased.  

From the network perspective, I started interviewing other key 
actors of the Swedish aerospace network and attended seminars, work-
shops, and courses led by key organizations. As explained in papers 3 and 
4, the aim was to complement the data with more sources of evidence 
from different actors other than Saab to find indications of mutual goals 
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being achieved and outcomes of individual works being integrated. That 
allowed us to capture not only the perspectives of industry actors but also 
governmental institutes and science-based organizations inside the Swe-
dish aerospace context, which, in turn, led to the development of papers 
3 and 4, focusing on the concepts of network capabilities and coordina-
tion. 

In addition, it was found that a maturity metric system such as 
the TRL (Technology Readiness Levels) aids technological management 
in a network since it facilitates communication among diverse stakehold-
ers. 

From the project perspective, it was necessary to gather the views 
from other project players other than the coordinator Saab to triangulate 
initial interpretations and find new insights. Hence, I interviewed key in-
ternational partners of the MIDCAs project from four companies in Ger-
many, France, and Italy. After more data analysis and revisiting the lit-
erature, the main findings were depicted in Paper 2. 

In the third phase of the research process, I went back to Brazil 
to work at the Army while doing my PhD at partial time. During my work-
ing hours, I could apply what I have learned in several activities, which 
allowed me to complement my PhD formation. Hence, I could increase 
my awareness of technology development for CoPS innovations by ex-
ploring the case of the Department of Science and Technology of the Bra-
zilian Army (DCT) and its network.  

Within this case, which also represents the network perspective, 
I could analyze several internal documents from DCT related to techno-
logical innovation, such as the Army’s Strategic Plan 2016-2019; Guide-
lines for Management Restructuring 2015; Guidelines DCT Restructur-
ing and Transition 2015; and the Strategic Diagnosis and Planning of 
SCTIEx 2010, and additional literature about lifecycle management of 
defense products. By studying a CoPS network different from aero-
nautics, I could complement my understanding by exploring other man-
agerial issues among diverse partners that I couldn’t investigate further 
in the Swedish Aerospace Network, resulting in the fifth paper of the 
Thesis. It was found that network coordination is not necessarily led by 
a firm but can also be led by another central actor with systems integra-
tion capabilities. In addition, it was checked the importance of TRLs for 
managers in a central position to achieve a common vision, facilitating 
coordination. 

At this stage, I had several data revisitation that allowed for tri-
angulating some initial findings and discarding some others. In addition, 
the amount of data collected, analyzed with a systematic combination 
with literature, helped me progressively adjust the initial insights and 
find new others along the research. The result was a framework of CopS 
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innovations that integrate and combine the perspectives of networks and 
projects depicted in this Thesis.    
 

3.5 Case Selection  
 
Several case descriptions were written and rewritten during the research 
process, following the focus and research direction that was gradually 
developing. As such, the selection of each case presented next was not 
defined a priori but resulted from the systematic combining approach. 
 

3.5.1 Selection of the 1st case  
 
To explore CoPS innovations in a network environment, the most obvi-
ous choice would be a CoPS network, which is usually composed of di-
verse actors, such as universities, research institutes, funding agencies, 
SMEs, and have a CoPS leading firm as a systems integrator (Hobday, 
Davies and Prencipe, 2005).  

As depicted in Papers 1, 3 and 4, the aerospace industry strongly 
represents this setting since it is well known for its tradition of establish-
ing and leading networks to integrate complex technologies from a wide 
range of diverse players in CoPS projects (Naghizadeh et al., 2017). The 
complexity of aerospace networks has been attracting attention resulting 
in several qualitative studies capturing the richness and nature of rela-
tionships in this industry (Alberti and Pizzurno, 2015; Ferreira et al., 
2013; França, 2018; Prencipe, 2001). Therefore, the Swedish Aerospace 
Network was selected. Aerospace companies in Sweden today account 
for a direct turnover of EUR 2.1 billion and employ around 12,000 people 
within their own business, with an equivalent number of people em-
ployed outside of the aviation sector through the dissemination of tech-
nology. According to the Swedish Aerospace Research and Innovation 
Agenda (NRIA) (NRIA, 2013), the Swedish Aerospace Network has sev-
eral players, with Saab AB and GKN Aerospace having a central position. 
For this Thesis, this network was delimited to the players strongly in-
volved in the coordination of the Swedish Aerospace Network based on 
the descriptions of the key informants and secondary information (Fig-
ure 3.3).  
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Figure 3.3: Main actors of the Swedish aerospace network

3.5.2 Selection of the 2nd case 

To explore the project perspective in CoPS innovations, the MIDCAS 
project was selected. This case represents the complex setting of a CoPS 
project and serves as an illustration of a particular and relevant phenom-
enon.

As detailed in Paper 2, in 2009, the European Defense Agency 
(EDA) and its member nations funded a multi-party R&D project, the 
mid-air collision avoidance system (MIDCAS), which was a partnership 
of 13 European industrial companies with knowledge on technologies 
needed for sense and avoid (S&A) solutions. The main objective of this 
project was to contribute to the remotely piloted aircraft system (RPAS) 
integration in the European civilian airspace by jointly developing an 
S&A function and agreeing on a future standard. The project was carried 
out under the supervision and authority of the Ministries of Defense 
(MOD) from five participating nations: Sweden, Germany, France, Italy,
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and Spain. The company Saab had a coordination role among 13 indus-
trial partners from those countries, as shown in Figure 3.4.  

MIDCAS had a large budget for a European consortium (€50 mil-
lion), many diverse participants (13 companies from 5 countries and 
many other stakeholders), and a complex and interdependent nature of 
the R&D tasks. These are characteristics of a CoPS project (Davies et al., 
2011; Hobday, 2000). In addition, a large part of the knowledge utilized 
in MIDCAS was acquired in similar projects implemented before to de-
velop RPAS technologies. Likewise, the knowledge generated in 
MIDCAs, and the technology created, were intended to be used in future 
RPAS products. Therefore, MIDCAS is relevant because it is positioned 
in the middle of an evolutionary technology development chain for an 
envisioned CoPS.  

Because such projects share many similarities, such as task inter-
dependence and complexity (Davies and Hobday, 2005), this case can 
also be referred to as an instrumental case. In such cases, the interest is 
to understand something inside the case that can be transferable to other 
contexts, not the case itself (Stake, 1995). Hence, the findings of 
MIDCAS, can support reasonable analytical generalization, helping the 
external validity of the research (Riege, 2003) and offering knowledge 
depth to the understanding of CoPS innovations within projects. 
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Figure 3.4: Main contractual actors and stakeholders of the 
MIDCAS Project

3.5.3 Selection of the 3rd case 

By exploring the network perspective for CoPS innovations, I found that 
the TRL system has been utilized by the Swedish Aerospace network be-
yond the original intent of its creators focused on technology integration. 
Key organizations in Sweden use the TRL system also as a management 
tool for issues such as decision-making and network alignment. In order 
to check and broaden the initial assumptions it was necessary to find an-
other CoPS network to explore such issues and their relationship with 
the TRL tool. Hence, the Brazilian Defense Network (SCTIEx) was se-
lected, having as a focal organization the Department of Science and 
Technology (DCT). 
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As described in Paper 5, the SCTIEx “is designed to plan, guide, 
coordinate, control and execute scientific and technological activities re-
lated to Military Systems (MS) and their influences in the areas of the 
Ground Military Doctrine, Logistics, and Personnel” (BRASIL, 1994). 
This system has been transformed by adapting to changing national and 
international scenarios (PRADO FILHO, 2014). Figure 3.5 illustrates the 
current structure of SCTIEx, consisting of military and civil, public and 
private organizations that interact to foster technological Innovation for 
the Army and the Country. 

 

 
Figure 3.5: Army Science, Technology, and Innovation System. 

 
The relevance of this case is due to the following reasons. First, 

most studies on CoPS consider companies as the focal element and the 
primary means of coordinating the network. Therefore, choosing a gov-
ernment agency with a similar role of coordinating and directing techno-
logical development may bring additional knowledge to the literature, 
given the difference in objectives between governments and firms. 

Second, like the Swedish Aerospace network, the SCTIEx is in-
volved in several complex and strategic projects, moving hundreds of 
millions of reais ($BRL), employing thousands of people, and creating 
partnerships with small, medium, and large companies, universities, re-
search institutes, and funding agencies. Organizations like SCTIEx have 
a major role in the Defense sector and the civilian industry since relevant 
spillovers end up in other technology fields (LESKE, 2013).  
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Third, defense systems can be quite different in terms of degrees 
of complexity. For instance, a ground radar can have a difference degree 
of complexity, component customization, and units produced if com-
pared with a gas turbine or aircraft. Hence, different managerial tools 
might apply according to different degrees of complexity. 
 

3.6 Data Collection 
For each case study, I used different data collection methods, such as in-
terviews, workshops, informal discussions, and secondary data. As the 
research process evolved, data collection was also evolving for each case. 

 

3.6.1 Data Collection of the First Case: The Swedish 
Aerospace Network  
As detailed in Paper 4, for the first case, I interviewed two key managers 
from Saab, the director of future business and the director of aeronautics 
R&T strategy. The semi-structured interviews took about 1.5 to 2 hours 
and were guided by an open and exploratory interview guide focusing on 
the internal process of Saab regarding R&D collaborations. They were 
recorded and transcribed afterward. The interview guide is presented in 
Appendix B. These two interviews were fundamental to indicate the need 
to adopt a holistic approach, e.g., a network perspective. Thus, an abun-
dance of secondary information was gathered from public governmental 
reports of VINNOVA, the Swedish innovation funding agency, and from 
INNOVAIR, Sweden’s national strategic innovation program for aero-
nautics. VINNOVA has funded and evaluated several programs and pro-
jects implemented since 1994 in the context of the Swedish aerospace 
network. INNOVAIR supports stakeholders from industry, academia, 
and universities by coordinating the development of joint research and 
innovation agendas. I also had access to several reports from Saab re-
lated to their main projects in the forms of internal and public documen-
tation and PowerPoint presentations.  

Therefore, I was able to have a good understanding of how the 
actors of the Swedish aerospace network act and behave indicating a 
strong emphasis on building network capabilities. This concept affects a 
broad array of activities within an organization and across its bounda-
ries, which provides them the potential to influence the contribution of 
other knowledge sources (Walter et al., 2006). In addition, I could also 
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identify the most active actors in coordinating the network, as shown in 
Figure 3.3. 

To acquire different perspectives from other actors of the net-
work and enhance the construct and internal validity of the case (Yin, 
1994), the data was enriched with more sources of evidence. Hence, ad-
ditional data was collected from other key stakeholders representing the 
different value-creating systems other than Saab and VINNOVA. There-
fore, I participated in executive courses, congresses, and workshops in 
Aeronautics and Defense about the Swedish aerospace industry, minis-
tered by representatives of governmental agencies, universities, and 
companies. From these events, I could gather an abundance of Power-
Point presentations. In these unique events, I could learn from research 
managers from academia (Chalmers, Royal Institute of Technology and 
Linköping University), project managers from the Swedish Defense Re-
search Agency (FOI), the Swedish Defense Material Administration 
(FMV), and VINNOVA and other senior managers from Saab. 

Moreover, I conducted seven additional semi-structured inter-
views in 2017 with other key stakeholders from the Swedish aerospace 
network. These interviews were guided by a second interview guide, took 
about 1.5 to 2 hours and were recorded and transcribed. The interview 
guide is presented in Appendix C. Table 1 summarizes the main sources 
of data and associated actors that informed the network perspective. 

In summary, the data collected for the Swedish Aerospace Net-
work case followed an abductive logic in the first two phases of the re-
search design. In the first phase, the study was designed based on a lit-
erature review, secondary data, and initial interviews based on the gen-
eral research question. After data analysis, the initial findings were con-
fronted with the literature, and the research question was reformulated. 
Following this, it was collected additional secondary data and new inter-
views were performed. Finally, a new round of analysis of the findings 
was carried out. 

Table 3.1 summarizes this abductive process along with the two 
phases. The interview guides, the extensive database accumulated, and 
the data coded during the research process ensured the reliability of the 
research (Dubois and Gibbert, 2010). 
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 1st phase 2nd phase 
S

o
u

r
c

e
s

 

o
f 

d
a

ta
 SAAB; VINNOVA; INNOVAIR. SAAB; VINNOVA; INNOVAIR; Aerospace 

Cluster Sweden – ACS; Chalmers; Royal 
Institute of Technology; Linköping 
University (LiU) 

S
e

c
o

n
d

a
r

y
 D

a
ta

 • PowerPoint presentations from 
Saab (Internal documents); 
• National Research Innovation 
Agenda from INNOVAIR (NRIA 
2013); 
• Funding Programs Reports from 
VINNOVA (NFFP) (available at 
VINNOVA website). 

• PowerPoint presentations from LiU, FMV, 
FOI, Saab, Chalmers, and KTH; 
• National Research Innovation Agendas 
from INNOVAIR (NRIA 2016 and 2019); 
• Funding Programs Reports from 
VINNOVA (FLUD, and GF DEMO); 
• Website public documents about Clean 
Sky, Gripen NG and Neuron Programs. 

In
te

r
v

ie
w

s
 

• director of future business 
(SAAB); 
• research and technology (R&T) 
strategy director (SAAB); 
• project manager of the MIDCAS 
project (SAAB) 

• director of business development research 
and technology (SAAB); 
• director of commercial aircraft systems 
and Clean Sky program (SAAB); 
• managing director of ACS (ACS - SAAB); 
• INNOVAIR program’s director; 
• head of the department of Management 
and Engineering (LiU - INNOVAIR); 
• head of the Division of Fluid and 
Mechatronic Systems (LiU - INNOVAIR) 

M
a

in
  

o
b

je
c

-

ti
v

e
s
 

• To explore internal processes of 
Saab related to coordination during 
technology development. 
• To explore how Saab influences 
the innovation direction 

• To identify how common goals were 
achieved. 
• To identify connections between 
interdependent projects and programs 
framed by TRL towards a common product. 

M
a

in
 o

u
tc

o
m

e
s
 

• “coordination by enabling” is 

more evident than “coordinating by 

commanding” within the Swedish 
Aerospace Network during 
technology development. 
• The innovation direction is highly 
influenced by Saab but is shaped by 
the agreement of common goals 
between key network members.  
• TRL plays a key role in helping 
coordination across different kinds 
of projects 

• technology development can be 
coordinated within the technological and 
the business dimensions and according to 
different strategic nets. 
• agenda construction can facilitate the 
direction of innovation when it mobilizes all 
strategic nets towards simultaneous 
coordination, aligned with a common goal. 
• strategic nets co-evolve when their related 
projects are connected, and advance in 
maturity, and their actors change their 
network position. 

 
TABLE 3.1: Data collection of the Swedish Aerospace Network case (de-

tailed in Paper 4). 
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3.6.2 Data Collection of the Second Case: The MIDCAS 
Project  
As depicted in Paper 2, within the MIDCAS project, it was performed the 
first round of three interviews with key managers of the project at the 
beginning of 2015. The interview guide is presented in Appendix D. In 
addition, during two days of study visits to the company, it was possible 
to have informal discussions about MIDCAS and ongoing and previous 
projects as a reference for comparison. As the MIDCAS project had a 
strong orientation toward standardization, many documentation was re-
leased to inform stakeholders, including objectives, reports, and press 
releases on the project's results. I was given access to detailed and exten-
sive secondary documentation (Appendix A) that was produced to in-
form non-experts of the R&D activities, which provided a detailed under-
standing of the project. During this process, a set of categories and 
themes were created based on the data analysis.  

After becoming more acquainted with MIDCAS, I needed to 
complement my understanding of the project and gather perspectives 
from other participants. I started interviewing key international partners 
from four companies in Germany, France, and Italy. The industrial 
partners were selected based on their higher involvement in the project´s 
coordination. The additional four chosen partners for the interviews 
were coordinators inside their own countries and leading most of the 
working packages inside the project. The interview guide is presented in 
Appendix E.  

In summary, along the first 2 phases, data was collected through 
12 interviews at five of the industrial partners involved in MIDCAS, two 
full days of study visits to Saab’s facilities, frequent informal discussions 
with Saab’s managers, and numerous internal reports of the project that 
served as secondary information. The selection of the industrial partners 
was made based on their higher involvement in the project’s coordina-
tion. Saab was the main coordinator of the project. The other four se-
lected partners for the interviews were coordinators of the partners in-
side their own countries and also were leading most of the working pack-
ages inside the project. Having key informants from multiple sources of 
diverse industrial coordinators and secondary information about the 
project helped the construct validity of the research (Riege, 2003). All 
interviews have been performed with the project members: the Chair-
man of the Steering Committee, the Project Manager, the Chief Engineer, 
the Saab Director of Future Business, and the Director of R&T Strategy. 
Interviews have also been performed with National members of the 
Steering Committee, National Industry managers, National Industry 
Chief Engineers, and Work Package leaders at six industrial partners (12 
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interviewees in total, five of which were from the coordinator, Saab). The 
interviews were semi-structured, conducted according to an interview 
guide, and lasted about 1.5–2 h. During the interviews, I made detailed 
notes and also transcribed recordings. 

 

3.6.3 Data Collection of the Third Case: The Brazilian 
Army Network 
As described in Paper 5, For the third case, the objective was to collect 
more data to complement the network perspective, which was done dur-
ing the third Phase. Bibliographic data were obtained from a literature 
review on knowledge communication during technology development 
and defense technology management with the TRL tool. This review co-
vers scientific articles, theses, dissertations, and strategic planning mod-
els from other international organizations similar to SCTIEx, such as 
DoD. The empirical data was collected from the SCTIEx and was ob-
tained from documentary investigations on government reports, minis-
terial ordinances, regulatory instructions, management plans, and stra-
tegic agendas. Specific internal documents are the Army’s Strategic Plan 
2016-2019, Guidelines for Management Restructuring 2015, Guidelines 
for Transition to DCT Restructuring 2015, the Strategic Plan of ST&I 
2016-2019, and the Strategic Diagnosis and Planning of SCTEx 2010. 
 These documents contain information on the short-, me-
dium- and long-term strategies of the military organizations directly 
subordinate to DCT, such as the Instituto Militar de Engenharia – IME 
(Military Institute of Engineering), the Centro Tecnológico do Exército – 
CTEx (Army Technology Center), and the Centro de Avaliações do Exér-
cito – CAEx (Center of Army Evaluations), as well as diagnostics address-
ing their internal (strengths and weaknesses) and external (threats and 
opportunities) environments. The diagnostics documentation was elab-
orated with interviews with Commanders, Chiefs, and Directors of those 
organizations, as well as the Executive Manager of the Programa Polo de 
Ciência e Tecnologia do Exército em Guaratiba - PCTEG (Army Science 
and Technology Complex Program in Guaratiba), and, as guests, the 
Presidents of the Fundação de Apoio a Pesquisa, Desenvolvimento e Ino-
vação – Exército Brasileiro - FAPEB (Research, Development, and Inno-
vation Foundation – Brazilian Army), the Fundação Ricardo Franco – 
FRF (Ricardo Franco Foundation) and the Supervisor of the Fábrica de 
Material de Comunicações e Eletrônica - FMCE (Communication and 
Electronics Material Factory) of  Indústria de Material Bélico - IMBEL 
(Military Material Industry). 



 

 63 

3.7 Data Analysis 
Within all three phases of the research design, the analyses were con-
ducted simultaneously with data collection, compatible with an emer-
gent design (Stake, 1995). The coding was performed by separating ideas 
so that categories and themes relevant to the research questions could be 
identified (Noble and Smith, 2014). It was a concurrent and interactive 
process of finding patterns inside the data during the research. This in-
teraction was done by continuously revisiting the data and the literature 
and converging interpretations with interviewees as the research pro-
gressed. These iterations resulted in a matching process (Dubois & 
Gadde, 2002), which combines empirical observations with eventual re-
directions of the research problem.  

To perform the matching, I used the software Atlas TI to code the 
large amount of text from the secondary documentation, interviews, and 
course presentations. This tool was necessary for the research, as I could 
find patterns within the different kinds of data and between data and lit-
erature. The coding procedure was an iterative process of going back and 
forth between framework, data sources, and analysis (Dubois & Gadde, 
2002). Every iteration created or downplayed themes related to the lit-
erature using a process of continuous refinement throughout which the 
researchers regularly discussed the content of these themes. 

In summary, the downplayed categories represent the initial cy-
cles of inductive and deductive analysis with the initial data and inter-
pretations. As the research was maturing, the interpretations from in-
ductive cycles were being shaped by theory with deductive cycles, result-
ing in the final themes of the Thesis. In this context, the systematic com-
bining approach forced me to adopt a perspective closer to critical real-
ism, regardless of what my philosophical position was in the beginning.  

Tables 3.2 and 3.3 summarize the downplayed, emerged, and 
kept categories that were grouped in final themes for the network and 
project perspectives, respectively. 
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Initial downplayed 
categories  

Emerged and 
kept categories 

Final themes of 
the Thesis 

Triple Helix Model 
Ecosystems 
Innovation Systems 
Absorptive and de-
sorptive capabilities 

Innovation Net-
works 
Business Networks 
Networking Capa-
bilities 
TRL system 
Knowledge Commu-
nication 
Systems Integration 
 

Strategic Business 
Nets 
 
Network alignment 
 
Network capabilities 
 
Network coordina-
tion 
 
Technology develop-
ment 
 

Table 3.2: Categories and final themes coded in the network perspective 

Initial downplayed 
categories  

Emerged and 
kept categories 

Final themes of 
the Thesis 

Coopetition 
Unintended 
knowledge leakage 
Trust 
Standardization 
 

Consensus 
Extended work-
shops 
Stakeholders work-
shops 
Iterative approach 
Demonstrators 
Multi-party projects 
Project complexity 
Task interdepend-
ence 
Emergent tasks 
Tasks and Roles 
Face-to-face Meet-
ings 
Statements of Work  
Remote communi-
cation 

Common Under-
standing 
 
Project Coordination  

Table 3.3: Categories and final themes coded in the project perspective 
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3.8 Reflections and Limitations 
In general, the analysis of the large amount of secondary data and inter-
views from various sources, produced results pointing all to the same di-
rection, creating a solid basis for the finding´s reliability, validity, and 
generalizability. However, this endeavour had some difficulties.  

During the first phase of this research, I had to acquaint myself 
with the management field and qualitative methodology. This phase was 
a challenging learning process, given my new role as a PhD student in 
social sciences and technical background in exact sciences. However, the 
effect of my lack of experience was minimized with the active participa-
tion of my supervisor during these first interviews. 

Therefore, redirections of the research were needed due to my lit-
tle knowledge of the literature and shortage of data collected. Once I col-
lected new data, I analyzed and discussed it with my supervisors. That 
was often a challenge since our interpretations were not always the same. 
In the following step, I did a deeper revision of the literature, which al-
lowed me to revisit the cases with other eyes and adjust my initial analy-
sis. This cyclic process repeated several times until my supervisors and I 
agreed on the redirections. It is important to note that my co-supervisor 
is employed by Saab and has provided detailed insights during this pro-
cess. Since he has a lot of experience in collaborative innovation pro-
grams in the Swedish aerospace network, he served as a key informant 
for this research. 

When my three years in Sweden had finished, I had to continue 
the research back in Brazil. Although at this time, I already had all planed 
interviews done and most of the data collected, this situation hindered 
the research process since I lost the academic environment of the Uni-
versity. Nevertheless, I continued in contact with my supervisors 
through video conferences while working on some of my research tasks. 
For instance, by customizing a TRL scale and methodology for the Bra-
zilian Army, I gained new insights into CoPS management, which would 
return to the Thesis, materialized in the 5th paper, and the discussion 
and conclusion section of the Kappa. 

Finally, the research presented in this thesis has methodological 
limitations, which represent opportunities for further research. For in-
stance, from the network perspective, the findings stem from analyzing 
two cases, one in the Swedish Aerospace Network and the Other in the 
Brazilian Defense Network. First, these two cases were not selected to 
serve as comparative case studies considering that Brazil and Sweden 
have very distinct National Innovation Systems in terms of business and 
market sophistication, infrastructure, human capital, political institu-
tions, and quality of governance (Fagerberg and Srholec, 2008; 
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Jankowska et al., 2017). These factors can greatly impact the innovation 
performance of CoPS industries and networks. Hence, the unit of analy-
sis within each case did not cover all factors necessary to evaluate and 
compare the performance of CoPS networks. Rather, the unit of analysis 
within the two networks involves the process of CoPS developments at 
the network level, enabling a limited comparison of how these two net-
works manage technology development.  

Consequently, and as expected from case studies, these cases 
might not be representative of all CoPS industries that can vary in terms 
of internal characteristics, such as degrees of complexity, component 
customization, or units produced, but also in terms of external charac-
teristics, such as national infrastructure or political factors. Further stud-
ies could test the findings by investigating other contexts and collecting 
more data from different stakeholders that are more active in different 
phases of the CoPS life cycle. 
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4. Summary of the Appended Papers 
This chapter summarizes each of the five appended papers and defines 
my contribution to their writing process, constituting the basis for the 
synthesis presented in the next chapter. Table 4.1 shows the current sta-
tus of the papers in the order they were initiated, matching the sequence 
of the three phases of the research design described in the methodology 
section. The research questions posed in the thesis are also related to the 
papers in Table 4.1. 

 
Papers Status Research Ques-

tions addressed 
Paper 1: Mechanisms of In-
novation in Complex Prod-
ucts Systems: 
An Innovation System Ap-
proach 

Published in 
Revista Militar 
de Ciência e 
Tecnologia, 
2017 

RQ 1 

Paper 2: The Coordination 
of Complex Product 
Systems Projects: A Case 
Study of an 
R&D Multi-Party Alliance 

Published in In-
ternational 
Journal of In-
novation Man-
agement, 2019 

RQ 3 

Paper 3: Network Align-
ment in Complex Product 
Systems: Shaping and Ac-
cessing External Resources 

Published in 
Academy of 
Management 
Proceedings 
2017 

RQ 1, RQ 2, and RQ 3 

Paper 4: The Coordination 
of Technology Develop-
ment for Complex 
Products and Systems In-
novations 

Published in 
Journal of Busi-
ness and Indus-
trial Market-
ing, 2022 

RQ 1, RQ 2, and RQ 3 

Paper 5: Management of 
military systems: the role 
of technology 
readiness levels 

Published in 
Coleção Meira 
Mattos, 2019 

RQ 1 and RQ 2 

Table 4.1: Papers and current status 
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4.1 Paper 1 

4.1.1 Summary 
Paper 1, Mechanisms of Innovation in Complex Products Sys-
tems: An Innovation System Approach, was published in Revista 
Militar de Ciência e Tecnologia, in 2017. This paper aimed to elucidate 
the mechanisms leading firms use to manage innovation in CoPS net-
works at a national level. The theoretical background was mainly based 
on National Innovation Systems (Lundvall, 2010) and the aerospace in-
dustry (Smith, 2003) a 
s an instance of CoPS. The national aspect is emphasized since it is ar-
gued that a nation's economic performance results mainly from its firms' 
technological capabilities. Such capabilities are essentially national and, 
therefore, are built by national action. This aspect is well observed in 
CoPS industries since governments play a prominent role in CoPS devel-
opments by establishing standards, purchasing products, funding pro-
jects, regulating the market or managing export control. Hence, the lens 
provided by the National Innovation Systems framework is well suited to 
analyze the aerospace industry and the mechanism they use for innova-
tion. 

By utilizing a qualitative methodology with interviews and con-
sulting internal documentation from Saab, five inter-organizational 
mechanisms were found: (1) embeddedness in a national innovation sys-
tem context; (2) investment in demonstrators; (3) bridging the gap be-
tween universities and firms; (4) collaboration in an international net-
work; and (5) encouraging an open climate. Figure 4.1 illustrates the five 
mechanisms. 
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Figure 4.1: Five Mechanisms that drives innovation in CoPS de-

velopments (In Paper 1) 
 
Built on Brusoni et al. (2001) and other scholars that 

acknowledge the role of systems integrator firms in coordinating suppli-
ers' work (R&D design and manufacturing), this paper extends their view 
to a wider context. It was found that the five innovation mechanisms 
need to be coordinated in a consensus-based not only with suppliers but 
also with other key actors of the network, such as universities and SMEs. 
While this consensus might not be easy to be achieved, it is facilitated by 
a common research agenda that sets a common vision.  

Notwithstanding the growing interest in international collabora-
tions by CoPS firms, it is suggested that their prior interaction towards a 
national research agenda might strengthen the capabilities of the whole 
CoPS network, making those firms better positioned to participate in in-
ternational projects. Therefore, implementing the five mechanisms can 
establish a link between the national and international levels since it 
shapes national capabilities that will attract international interest. In this 
context, this research shows the importance of public funding to support 
the development of strategic technologies and, therefore, increase the 
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capabilities of strategic partners. These findings support the argument 
that the competitive advantage of firms, and economies, can be built up 
by conscious and deliberate policy actions towards networks. 

4.1.2 My contribution to the paper and current 
publication status 
Paper 1 is co-authored with Nicolette Lakemond and Gunnar Holmberg. 
My supervisor Nicolette and I collected data at Saab with interviews and 
internal documentation. I conducted the initial analysis, and Nicolette 
helped further with it. I wrote the first version of the paper, and through-
out the revisions, Nicolette Lakemond and Gunnar Holmberg (co-au-
thors) offered valuable comments and helped me write some parts. 

 

4.2 Paper 2 

4.2.1 Summary 
Paper 2, The Coordination of Complex Product Systems Pro-
jects: A Case Study of an R&D Multi-Party Alliance, was pub-
lished in the International Journal of Innovation Management in 2019. 
In this paper, the project perspective is explored. Within the MIDCAS 
project, coordination dynamics and common understanding are de-
picted, showing how they can be created through different coordination 
mechanisms (Pinto, Pinto & Prescott, 1993). While common understand-
ing can be conceptualized as a shared conception about a collective set of 
complex and interdependent tasks to be performed, project coordination 
can be understood as Integrating them through coordinating mecha-
nisms (Faraj and Xiao, 2006; Okhuysen and Bechky, 2009). Therefore, 
common understanding can be achieved through careful choices of coor-
dination mechanisms and is framed on three dimensions: understanding 
of the task; understanding of the knowledge of the different parties; and 
an understanding of the broader context (Okhuysen and Bechky, 2009). 

The coordination process can assume multiple forms, shaped by 
adopting different combinations of personal and impersonal mecha-
nisms. Because the right choice of a combination according to different 
phases of the project can save time and costs, it is important to under-
stand the coordination dynamic, especially in CoPS projects, when 
knowledge is highly tacit and difficult to codify. Hence, in this paper, the 
MIDCAS project was selected to shed light on this issue.  
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MIDCAS is a multi-party R&D project characterized by a high de-
gree of interdependence between the tasks to be performed and a high 
uncertainty.  This project was performed as a collaboration between 11 
industrial companies operating in the aerospace industry. The project 
represents five European countries and is contracted by the European 
Defense Agency (EDA) and funded by the EDA member states. The the-
oretical framework is based on the literature on knowledge integration 
and coordination, as well as insights from previous CoPS studies. 

By exploring this representative CoPS project, it is suggested that 
coordination mechanisms can be combined according to different stages 
of a project and create common understanding by increasing the shared 
perspectives of tasks and roles between partners. In turn, common un-
derstanding improves the use of coordination mechanisms. This interac-
tion happens incrementally and progressively, helping and enabling co-
ordination during the project, as illustrated by Figure 4.2. 

 

 
Figure 4.2: Coordination in CoPS projects (In Paper 2) 

 
Hence, coordination mechanisms need to evolve through per-

sonal, impersonal, and virtual coordination mechanisms. Impersonal 
mechanisms need to be implemented to refine tasks and solutions 
through continuous improvement of the codified knowledge base. Per-
sonal mechanisms need to be integrated with virtual mechanisms to pro-
vide close interaction with participants and enable the convergence of 
different perspectives of roles and tasks. Virtual coordination, therefore, 
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becomes crucial to complement and reinforce the utilization of other 
mechanisms. 

4.2.2 My contribution to the paper and current 
publication status 
Paper 2 is single-authored by me. I collected data for the paper at Saab 
with interviews, internal documentation, and interviews with four indus-
trial partners in France, Germany, and Italy. While Gunnar Holmberg 
provided me access to the interviewees, Nicolette Lakemond assisted me 
with the interviews. I conducted the initial analysis and wrote the first 
version of the paper. Throughout the revisions, Nicolette Lakemond and 
Gunnar Holmberg also offered valuable comments and helped me with 
the analysis and also some writing. 

 

4.3 Paper 3 

4.3.1 Summary 
Paper 3, Network Alignment in Complex Product Systems: 
Shaping and Accessing External Resources, was published in the 
Academy of Management Proceedings and presented at the Academy of 
Management Annual Meeting in 2017. This paper aimed to explore net-
work capabilities to understand how CoPS firms can manage external re-
sources to influence the direction of technology. This research departs 
from the concept of dynamic capabilities, which emphasizes the role of 
strategic management in adapting, integrating, and reconfiguring inter-
nal and external competencies and organizational skills in response to 
changing environments (Teece and Pisano, 1994). There exist several 
perspectives of network capabilities within the network management 
stream related to the firms’ capabilities of influencing, adapting to, as-
similating from, and accessing their network (See Table 4.2). 
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Perspec-
tive 

Description Construct 

Influ-
ence the 
network 

The capability of organizations 
to manage their interactions 
affect the development of the 
relationship, and contribute to 
the direction taken by the net-
work in which they are embed-
ded. 

(Griffith and Harvey, 
2004b; Håkansson et 
al., 2010; Ritter et al., 
2004; Thornton et al., 
2013; Walter et al., 
2006) 

Adapt to 
the net-
work 

The capability of organizations 
to allow others to influence 
them and make strategic deci-
sions based on the collective 
decisions of the network. 

(Håkansson et al., 
2010; Håkansson and 
Snehota, 1995; Ritter, 
1999; Ritter et al., 
2004) 

Assimi-
late 
knowledge 
from the 
network 

The capability of organizations 
to make novel associations and 
linkages with pre-existent 
knowledge and external 
knowledge without necessarily 
applying this knowledge to 
commercial ends. 

(Cohen and Levinthal, 
1990; Gilbert and 
Cordey-Hayes, 1996; 
Kim, 1997; Zahra and 
George, 2002) 

Access 
the net-
work 

The capability of organizations 
to utilize resources and inte-
grate knowledge available 
from their network and apply it 
to commercial ends without 
necessarily acquiring the re-
sources and knowledge. 

(Granovetter, 2005; 
Grant and Baden-
Fuller, 2004; Lavie, 
2006; Walter et al., 
2006; Uzzi, 1996) 

Table 4.2: Different perspectives of network capabilities in the litera-
ture (In Paper 3) 

From this theoretical framework, it is argued that network capa-
bilities are built through joint routines, activities, and practices that can 
be implemented by “behavioural action” (Mort & Weerawardena, 2006) 
or can be embedded in “network behaviours” (Thornton et al., 2013). Be-
cause network behaviours are a joint endeavour, they are seldom ana-
lyzed only from the level of the actor (that is, the firm); instead, they are 
examined interchangeably from the actor-level and the relationship 
level. Hence, rather than the organization (or the individual), the rela-
tionship was the unit of analysis for this research. The study utilized a 
qualitative case study on strategic innovation programs of the Swedish 
aerospace industry that have been implemented continuously in comple-
mentary and incremental versions since 1994. 
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It was found that network capabilities are the abilities to shape 
(influence, adapt to, and assimilate) network resources in an explorative 
stage and access them next. During the transition from the explorative to 
the exploitative stage, actors engage in a Network Alignment process by 
agreeing on the technology research direction; increasing the overlap of 
common knowledge; developing trust; improving partner knowledge; in-
creasing the network of contacts; and improving reputation. This process 
is illustrated in Figure 4.3. 

 

 
Figure 4.3: Network Alignment process (In Paper 3) 

 

4.3.2 My contribution to the paper and current 
publication status 
Paper 3 is co-authored with Nicolette Lakemond and Gunnar Holmberg. 
I collected data at Saab from interviews and internal documentation. 
While Gunnar Holmberg provided me access to the interviewees, Ni-
colette Lakemond assisted me with the interviews. I conducted the initial 
analysis and wrote the first version of the paper. Throughout the revi-
sions, Nicolette Lakemond and Gunnar Holmberg also offered valuable 
comments and helped me with the analysis. 
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4.4 Paper 4 

4.4.1 Summary 
Paper 4, The Coordination of Technology Development for 
Complex Products and Systems Innovations, was published in the 
Journal of Business and Industrial Marketing in 2022. The paper em-
phasizes the role of network coordination during technology develop-
ment. This study provides a wider understanding of network coordina-
tion, which is conceptualized as an evolutionary process of aligning man-
agement and orchestration. In this context, coordination is any activity 
or mechanism implemented jointly by different parties to synchronize 
different value systems of a network and pursue specified mutual goals. 
 This study departs from a theoretical framework covering 
three aspects. First, the nature of CoPS projects since they can be consid-
ered the backbone of network coordination (Hobday, 1998). Second is 
the coordination role of a hub or leading firm within a wide network of 
diversified value systems that must be managed towards common objec-
tives (Möller and Rajala, 2007). Third, the Technology Readiness Level 
(TRL) is a standardized measurement system that assesses the matura-
tion of technologies during CoPS developments and improves communi-
cation between diverse network actors. 

To have an in-depth understanding of how technology develop-
ment can be coordinated to support CoPS innovations, we utilized a case 
study. As a qualitative method, “the richness of the picture produced by 
case research is suitable to handle the complexity of network links 
amongst actors and can be used to trace the development of network 
changes over time” (Easton, 1995: p. 480). 

It was found that technology development can be coordinated 
within the technological and the business dimensions, as depicted in Ta-
ble 5.1. In the business dimension, a common long-term vision is pre-
sented to align objectives. To show that common goals were decided in 
consensus, a research agenda is constructed to attract and mobilize key 
stakeholders, such as new partners and funding agencies. In the techno-
logical dimension, key technologies are identified, selected, and priori-
tized. Once their maturity is assessed, low and medium TRL projects are 
implemented, aligned to a common product or product portfolio.  

Agenda construction is key to create and pursue a common vision 
and drives simultaneous coordination of current, renewal, and emergent 
nets framed on a maturity metric system, such as TRLs. Agenda con-
struction in this context requires:  
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 • a common product or product portfolio based on the strategies 
of leading firms; 
• a consensus-based prioritization of technology demonstrator 
projects, aligned with a common product or portfolio and based 
on the strategies of leading firms and SMEs; 
• a consensus-based prioritization of technology development, 
aligned with prioritized demonstrators and based on the strate-
gies of leading firms and SMEs, plus the competences of univer-
sities. 
Hence, by describing the interconnections of the different pro-

jects and programs of the Swedish Aerospace Network, according to dif-
ferent TRL targets and value systems, it is suggested that strategic nets 
co-evolve when their related projects connect and advance in maturity, 
driving change in the network position of diverse actors, as illustrated in 
Figure 5.1. 

4.4.2 My contribution to the paper and current 
publication status 
Paper 4 is co-authored with Nicolette Lakemond and Gunnar Holmberg. 
As an evolution of Paper 2, I collected data at Saab from further inter-
views and internal documentation. Gunnar Holmberg provided me ac-
cess to additional interviewees. I conducted the initial analysis and wrote 
the first version of the paper, and throughout the revisions, Nicolette 
Lakemond and Gunnar Holmberg offered valuable comments, also help-
ing with analysis and writing. 

 

4.5 Paper 5 

4.5.1 Summary 
Paper 5, Management of military systems: the role of technol-
ogy readiness levels, was published in Coleção Meira Mattos in 2019. 
In this paper, I analyzed the Brazilian Army science and technology net-
work, and checked the importance of TRLs for managers in a central po-
sition, to achieve a common vision. With maturation milestones stand-
ardized across a complex network of diverse actors, decision-makers and 
managers can have a broader and fine-grain view of the technological 
evolution throughout the product life cycle (Mankins, 2009b). As such, 
the utilization of TRL for CoPS actors in their management models helps 
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the strategic planning of R&D projects and programs (of integration and 
maturation of subsystems) and knowledge communication (Axelson, 
2015). 

First, it was found that network coordination is not necessarily 
led by a firm, as underlined in Prencipe (2003). Coordination can also be 
led by another central actor with systems integration capabilities. In the 
case of the Brazilian Army science and technology network, the central 
actor was a governmental department with distinct roles according to 
different phases of a product life cycle, such as establishing operational 
scenarios, defining requirements, and realizing procurements with sev-
eral systems integrator firms, for the development of military products.  

Second, the study highlighted the role a maturity metric system 
for the coordination of technology development. Despite the benefits of 
adopting a readiness scale in CoPS networks, their specificities cannot be 
met by scales available in the literature, requiring customizations. How-
ever, these customizations should adhere to the original TRL scale to en-
able knowledge communication with external network actors, including 
those from other countries. Moreover, it deems necessary a maturity 
metric system that correlates with key phases of the life cycle of complex 
products, taking into account manufacturing issues and degrees of com-
plexity. 

 

4.5.2 My contribution to the paper and current 
publication status 
Paper 5 is co-authored with General Juraci Ferreira Galdino. I collected 
data from internal documentation from the Department of Science and 
Technology of the Brazilian Army. Having conducted the initial analysis 
and written the first version of the paper, General Galdino offered valu-
able comments throughout the revisions, helping with analysis and some 
writing. 
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5. Discussion 
This chapter integrates the research´s contributions in the five appended 
papers in relation to the research questions. 

 

5.1 Research Question 1 
The first research question concerns how to implement a common vision 
between diverse partners in a CoPS network to facilitate the direction of 
technology. A common vision is often required if a leading firm wants a 
strategic advantage over its competitors but requires the capability of in-
fluencing a network (Möller, 2010). A core issue during technology de-
velopment is how to implement a common vision, i.e., how to turn a vi-
sion manifested earlier into a realized business or, from a network per-
spective, how to integrate fragmented ideas and partial visions (Möller, 
2010). This question is mainly answered in the discussion section of Pa-
per 4, but it also has contributions from papers 1, 3, and 5.  

The work presented in Paper 1 aimed to elucidate the mecha-
nisms used by leading firms to manage innovation in a CoPS network. 
Five inter-organizational mechanisms were found: (1) embeddedness in 
a national innovation system context; (2) investment in demonstrators; 
(3) bridging the gap between universities and firms; (4) collaboration in 
an international network; and (5) encouraging an open climate. Built on 
Brusoni et al. (2001) and other scholars that acknowledge the role of sys-
tems integrator firms in coordinating suppliers' work (R&D design and 
manufacturing), this paper extends their view to a wider context. It was 
found that the five innovation mechanisms need to be coordinated in a 
consensus-based not only with suppliers but also with other key actors 
of the network, such as universities and SMEs. While this consensus 
might not be easy to be achieved, it is facilitated by a common research 
agenda that sets a common vision.  

In addition, regardless of the growing interest in international 
collaborations by CoPS firms, it is suggested that their prior interaction 
towards a national research agenda might strengthen the capabilities of 
the whole CoPS network, making those firms better positioned to partic-
ipate in international projects. Although not explored in Paper 1, grasp-
ing these capabilities and how they are implemented would be fruitful in 
uncovering how CoPS firms can manage external resources to achieve a 
strategic goal. This issue is explored in Paper 3. 

Because the creation of a common vision is a joint endeavour be-
tween multiple partners of a network, in Paper 3, it is explored network 
capabilities and discussed how CoPS firms utilize them intending to 



80 

influence the direction of technology and manage external resources. In 
CoPS contexts, it was found that network capabilities are the abilities to 
shape (influence, adapt to, and assimilate) network resources in an ex-
plorative stage and access them next. During the transition from the ex-
plorative stage to the exploitative stage, it was found that actors engage 
in a Network Alignment process through: (1) agreeing on the technology 
research direction; (2) increasing the overlap of common knowledge; (3) 
developing trust; (4) improving partner knowledge; (5) increasing the 
network of contacts; and (6) improving reputation. 

In summary, the Network Alignment process helps organizations 
to promote shared understanding and agree on common objectives while 
enabling them to build their shaping and adapting capabilities. A com-
mon vision is, therefore, a critical requirement for the Network Align-
ment Process. 

While Paper 1 and Paper 3 are quite broad in terms of how to cre-
ate a common vision, Paper 4 goes deeper into this matter. As explained 
in this paper, it is emphasized the role of coordination of technology de-
velopment. Hence, a wider understanding of coordination is adopted, be-
ing conceptualized as an evolutionary process of aligning management 
and orchestration, and is referred to as any activity or mechanism imple-
mented jointly by different parties to synchronize distinct value systems 
of a network and pursue specified mutual goals. This paper further com-
bines the literature of strategic nets (Möller and Rajala, 2007) with the 
concept of Technology Readiness Levels (TRL), providing a novel frame-
work for the coordination process. 

It was found that agenda construction is key to creating and pur-
suing a common vision. It also needs simultaneous coordination of cur-
rent, renewal, and emergent nets framed on a maturity metric system, 
such as TRLs. Agenda construction in this context requires:  

• a common vision of the future CoPS and related product 
portfolio  

• a consensus-based prioritization of technology demonstra-
tors, aligned with the vision of the future CoPS  

• a consensus-based prioritization of technology develop-
ment aligned with prioritized demonstrators 

By including the concept of Technology Readiness Levels, it is 
provided an alternative way to look at strategic nets and to show how 
strategic intention enables their parallel functioning and co-evolution. 
By showing how the different projects and programs of the Swedish Aer-
ospace Network, with different TRL targets and value systems, were con-
nected, it is argued that strategic nets co-evolve towards a common goal 
when their related projects are connected and advance in maturity, and 
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their actors change their network position, mainly based on a Research 
Innovation Agenda.  

Because it was found that a maturity metric system is fundamen-
tal for Agenda Construction in CoPS innovations, the role of TRLs is ex-
plored in a different CoPS network other than the Swedish Aerospace 
network. By analyzing the Brazilian Army science and technology net-
work, in Paper 5, it was discussed the importance of TRLs for managers 
in a central position to achieve a common vision. With maturation mile-
stones standardized across a complex network of diverse actors, deci-
sion-makers and managers can have a broader and fine-grain view of the 
technological evolution throughout the product life cycle (Mankins, 
2009b). As such, the utilization of TRL for CoPS actors in their manage-
ment models helps the strategic planning of R&D projects and programs 
(of integration and maturation of subsystems) and knowledge commu-
nication (Axelson, 2015). 

Therefore, by studying two different settings, it was found that 
the original TRLs proposed by NASA might not be suitable for all kind of 
CoPS industries. Because knowledge communication is so important for 
a CoPS network to implement a common vision, a maturity metric sys-
tem might need to be customized and spread across the main players in 
order to facilitate common understanding. 

To sum up, for a network aiming to direct the technology path 
and gain economic advantages, it is essential to create and implement a 
common vision and construct a development agenda (Möller, 2010). It 
was found that the implementation of a common vision in a CoPS net-
work is a process that needs to be coordinated jointly by its key players, 
usually led by systems integrators. These firms shape the network with a 
network alignment strategy while building and implementing their net-
work capabilities. Agenda construction is essential to implement a com-
mon vision and is performed through consensus about objectives, prior-
itization of emergent technologies and demonstrators, and tasks to be 
performed by the main players participating in the agenda.  

A technology maturity metric system such as TRLs helps to iden-
tify the profile of the main players according to their TRL capabilities, 
e.g., their R&D competencies in certain TRLs, avoiding misunderstand-
ings about players` responsibilities and roles. In addition, TRLs, set a 
common language for technology evolution and facilitate knowledge 
communication, being fundamental for common understanding be-
tween diverse actors. Therefore, since not all CoPS industries are the 
same, customization of TRLs might be needed to ensure that knowledge 
communication flows smoothly. 
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5.2 Research Question 2 
The second research question concerns how to coordinate technology de-
velopment within networks. Coordination in networks is fundamental to 
achieving a common vision and can be conceptualized as a combination 
of management (coordination by commanding) and orchestration (coor-
dination by enabling) (Ritala, 2012). This question is mainly answered in 
the discussion section of Paper 4, but it also has contributions from pa-
pers 3 and 5.  

CoPS firms need systems integration capabilities to coordinate 
the development of new and emerging bodies of technological knowledge 
in-house and across boundaries (Davies et al., 2011; Prencipe, 2001, 
2003). Systems integration is manifested in the organizational capability 
of firms, individually and networked (Prencipe et al., 2003). Paper 3 
depicts this network aspect by focusing on network capabilities (Mitrega 
et al., 2012; Möller and Törrönen, 2003; Walter et al., 2006). It was 
found that the network capabilities of shaping (influencing, adapting to, 
and assimilating) external resources in an explorative stage and access-
ing them later are embedded in the concept of systems integration capa-
bility. Systems integration capabilities have many coordination facets re-
lated to intra and inter-organizational activities (Prencipe, 2003). It fol-
lows that network capabilities emphasize the inter-organizational aspect, 
focusing on shaping and accessing behaviours during technology and 
product development.  

During technology development, this research suggests that or-
ganizations need to build shaping capabilities, an ability to influence 
other partners to follow a particular direction, but also to adapt and con-
cede to the counterpart’s wishes. Partners most often utilize shaping ca-
pabilities during explorative activities. In such activities, the value and 
assimilation of knowledge are paramount but bring no guarantee that 
the capability will be exploited. Above all, shaping capabilities require 
that organizations look to the future and try to create the best possible 
situation for the network in the long term. This means that organizations 
might need to reserve part of their efforts to reconfigure and leverage 
their network resources. 

During the whole innovation process, from technology to product 
development, organizations need to build accessing capabilities, the abil-
ity of an organization to utilize and capitalize from their shaped network 
relationships and maintain these relationships to achieve a defined vi-
sion. Hence, the concept of Network Alignment is devised, a process 
combining exploration and exploitation activities, providing insights for 
networking actors to build jointly, network capabilities, allowing them to 
coordinate their network.  
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In Paper 4, it is emphasized the role of coordination activities 
during technology development. First, by defining technology develop-
ment as an explorative stage before the product development stage, these 
two broad stages are underlined to highlight the large temporal aspect 
that coordination in CoPS developments requires. Consequently, the 
adopted definition of coordination goes accordingly when it refers to 
Ritala (2012), who conceptualizes coordination as a combination of or-
chestration in explorative stages and management when the network 
shifts to more exploitative ones. As explained in Paper 4, while orches-
tration is associated with “coordination by enabling,” where the “orches-
trator,” instead of exercising authority, provides a common vision and 
facilitates the process of collaboration and discussion, management is 
associated with “coordination by commanding,” where usually one or 
two actors of a network have a leading role.  

Hence, it is portrayed how coordination happens during the net-
work evolution in CoPS settings. It is argued that technology develop-
ment can be coordinated within the technological and the business di-
mensions and through different strategic nets logics.  

• Within the technological dimension: key technologies are iden-
tified; their maturity assessed; low and medium TRL projects are imple-
mented and aligned to a common product or product portfolio.  

• Within the business dimension: a common vision is presented, 
a research agenda is created to mobilize the key stakeholders, and emer-
gent technologies and demonstrators are jointly prioritized.  

In Table 5.1, the coordination of technology development in net-
works in these two dimensions is summarized. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



84 

 Emergent nets Renewal nets Current nets 
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-Universities have crucial par-
ticipation in low TRL projects, 
which are usually funded by 
leading firms and funding 
agencies. 
 
-Actors usually aim to im-
prove their position aiming to 
participate in medium TRL 
projects nationally and inter-
nationally. 
 
-A research innovation agenda 
usually lobbies for the crea-
tion or continuation of these 
projects aligned to a common 
vision (target product) to at-
tract investments from fund-
ing agencies and attract other 
potential participants such as 
universities and SMEs. 
 
-Emergent technologies are 
jointly prioritized. 
 
-leading firms usually coordi-
nate these projects, influenc-
ing the research direction, but 
also adapting to the compe-
tence of local universities and 
research institutes. 

-Multiparty R&D projects in 
medium TRL are formed 
mainly between firms (some-
times competitors), funded 
by these firms and funding 
agencies. 
 
-Actors on national projects 
usually seek to participate in 
international projects. 
 
-Bridging borders between 
SMEs and universities. 
 
-A research innovation 
agenda usually emphasizes 
these projects as a bridge be-
tween scientific knowledge 
and new products in the mar-
ket. Aligned to a target prod-
uct, the agenda lobbies for in-
vestments in these projects to 
attract investments from 
funding agencies nationally 
and internationally. 
 
-Technological demonstra-
tors are jointly prioritized. 
 
-Leading firms usually have a 
coordinating role in national 
and international projects 
that have several funding 
sources, such as international 
companies, funding agencies 
and governmental bodies. 

-New product develop-
ment projects in high TRL 
managed by leading firms 
with the participation of 
suppliers and customers. 
 
-A research innovation 
agenda sets an envisioned 
target product or product 
portfolio.  
 
-Projects in high TRLs are 
usually implemented by 
leading firms “in house”, 
giving them full control of 
the R&D. 
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-Emergent technologies are 
identified and selected based 
on future demonstrators and 
on target products. 
 
-Low TRL projects currently 
on levels 2 or 3 are imple-
mented to raise the TRL of 
emergent technologies to lev-
els 3 or 4.  

-Technological demonstra-
tors are identified and se-
lected based on future target 
products and on emergent 
technologies developed. 
 
-Medium TRL projects cur-
rently on levels 4, 5 or 6 are 
implemented to raise the TRL 
of technological demonstra-
tors to levels 5, 6 or 7. 

- One or few target prod-
ucts are selected. 
 
-High TRL projects cur-
rently on levels 7 or 8 are 
implemented to raise the 
TRL of target products to 
levels 8 or 9.  

 
Table 5.1: The coordination of technology development in technological 

and business dimensions (In Paper 4) 
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Finally, by studying a different setting in Paper 5, the Brazilian 
Army science and technology network, the concept of coordination could 
be further discussed. First, it was found that network coordination is not 
necessarily led by a firm, as underlined in Prencipe (2003). As explained 
in this Thesis, the coordination of technology development can also be 
led by another central actor with systems integration capabilities. In the 
case of the Brazilian Army science and technology network, the central 
actor was a governmental department with the role of realizing procure-
ments with several systems integrator firms for the development of many 
different products.  

Second, the study highlighted the role a maturity metric system 
for coordination. Despite the benefits of adopting a readiness scale in 
CoPS networks, their particularities cannot be met by standardized 
scales available in the literature. Therefore, customizations are often 
made based on the original TRL scale in order to enable knowledge com-
munication within and across the network. Moreover, it deems necessary 
a maturity metric system that correlates with key phases of the life cycle 
of complex products, taking into account manufacturing issues and de-
grees of complexity. 

To sum up, it is suggested that the coordination of technology de-
velopment requires a central systems integrator actor capable of aligning 
its network. This is done by simultaneous orchestration and manage-
ment of strategic nets through projects framed on a maturity metric sys-
tem, such as TRLs, and aligned with a common vision. This is illustrated 
in Figure 5.1. 
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FIGURE 5.1: Coordination of Technology Development across different 
TRL projects (In Paper 4). 

 

5.3 Research Question 3 
The third research question concerns how to coordinate technology de-
velopment in a CoPS project. Coordination within projects refers to “the 
integration of organizational work under conditions of task interdepend-
ence and uncertainty” (Faraj &Xiao, 2006: P1156). Hence, this study pro-
vides a complement to the study of coordination in CoPS networks since 
the interaction between their diverse partners often happens within 
CoPS projects. This question is mainly answered in Paper 2, but also has 
contributions from Papers 3 and 4. 

In Paper 2, it is explored, within the MIDCAS project, the dy-
namics of coordination and common understanding that can be created 
through different coordination mechanisms (Pinto, Pinto & Prescott, 
1993), and it is an important means to accomplish coordination 
(Okhuysen & Bechky, 2009). As defined in paper 2, common under-
standing refers to a shared conception of the work that is to be per-
formed. It can be understood in three dimensions, i.e., related to (1) 
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understanding of the task, (2) understanding of the knowledge of the dif-
ferent parties, and (3) an understanding of the broader context 
(Okhuysen and Bechky, 2009). All of these dimensions help provide a 
shared perspective of the task and how each actor’s role fits within the 
whole.  

The importance of coordination and common understanding in 
MIDCAS are also emphasized by Holmberg and Lakemond (2018), who 
suggest that the division of work in terms of workshare can be an exten-
sive process, but also enables to get to know each other and the project 
itself, creating a shared understanding of the project’s content, focus, 
and volume. 

A CoPS project refers to a multi-party R&D project characterized 
by a high degree of interdependence between the tasks to be performed 
and a high uncertainty related. By exploring a representative CoPS pro-
ject, the MIDCAS, it is suggested that coordination mechanisms can be 
combined according to different stages of a project and create common 
understanding by increasing the shared perspectives of tasks and roles 
between partners. In turn, common understanding improves the use of 
coordination mechanisms. This interaction happens incrementally and 
progressively, helping and enabling coordination during the whole pro-
ject, as explained in Figure 4.2. 

Common understanding within MIDCAs would not happen until 
the perspective of the systems integrators, such as Saab, Alenia, AIRBUS, 
and Thales, would be shared with other partners, such as component 
suppliers. System integrators are quite familiar with system engineering 
and practices of iterative and incremental development. In a CoPS pro-
ject, at each increment, design modifications are made, and new func-
tionalities are added. In contrast, suppliers at a component or sub-sys-
tem level do not have this orientation and are used to working based on 
pre-determined specifications of the components. Hence, by the end of 
the project, suppliers became more aware of systems integration princi-
ples, progressively accepting the iterative and incremental logic.  

It is suggested, therefore, that diverse partners in a CoPS project 
need to level their knowledge about systems integration. Thus, partners 
not used to integrate entire systems might need to build systems integra-
tion capabilities, at least to a certain level, to achieve common under-
standing and facilitate coordination.   
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6. Conclusion 
 

This chapter discusses the theoretical and practical contributions of the 
study on Innovation in Complex Products and Systems (CoPS). Section 
6.1 describes some main theoretical contributions. Section 6.2 outlines 
the practical contribution and provides some recommendations for or-
ganizations that develop technologies for CoPS. Finally, the limitations 
of the study are presented, and suggestions for future research are dis-
cussed. 
 

6.1 Theoretical contribution 
Guided by the purpose of the investigation, this study set out to provide 
an increased understanding of Innovation in Complex Products and Sys-
tems (CoPS) under the perspectives of networks and projects. Initially, 
this Thesis highlights the importance of research on CoPS by pointing at 
the increasing complexity that modern products are facing nowadays, 
not only in CoPS industries but also in the mass production industry 
(Azadegan et al., 2013). By making a literature review of the latest CoPS 
studies, it was found that CoPS-based firms organize themselves in a net-
work of diverse actors and in a project-based form in order to develop 
complex technologies and products (Davies et al., 2011; Hobday, 2000; 
Naghizadeh et al., 2017; Prencipe et al., 2003). However, even though 
the role of networks and projects in CoPS innovations is well recognized, 
most research approaches these issues during the production stage of the 
CoPS life cycle (Davies, 1997). In this stage, the product's architecture is 
already defined, and a network of suppliers and system integrators inter-
act to develop a product with the customer's requirements (Davies et al., 
2011). Research on CoPS addressing the technology development phase, 
where the product architecture is still open and actors such as universi-
ties, SMEs, and funding agencies have a key role, is still scarce. 

Hence, the main theoretical contribution of this Thesis falls 
within the technology development stage of the CoPS life cycle, defined 
as a long-term process of the architectural phase and is marked by activ-
ities such as design, prototyping, and testing (Eldred and McGrath, 1997; 
Magnusson and Johansson, 2008). However, because the synchroniza-
tion between technology development and commercial product develop-
ment presents a critical issue (Magnusson & Johansson, 2008), we also 
explored the link between technology and product development stages. 
The result is a broad and integrative view of CoPS innovations during 
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these two critical phases of the CoPS Life Cycle utilizing the perspectives 
of networks and projects.  
 

6.1.1 Network coordination, resources, and alignment 
It is widely recognized that CoPS are often produced within a wide and 
established network of actors who maintain long-term relationships (Da-
vies et al., 2011; Hobday, 1998) . These networked actors are not only 
business organizations but also universities or research institutes that 
are more involved in scientific discoveries and developing general tech-
nologies (Davies et al., 2011). In such networks, it is common the pres-
ence of a leading firm, an organization that sets up the network and co-
ordinates it from an organizational and technological viewpoint (Pren-
cipe et al., 2003). Because the relevant knowledge to develop technolo-
gies needed for CoPS are often distributed among the diversified actors 
that have distinct goals and objectives, it is a challenge to agree on the 
technology direction and coordinate the activities of the network (Davies 
et al., 2011; Hobday, 1998; Prencipe, 2003). To shed light on this topic, 
this research investigates how a CoPS network can be coordinated and 
how a common vision can be implemented to facilitate agreement on the 
technology direction.  

To describe how a common vision is implemented, the literatures 
of strategic nets (Möller, 2010; Möller and Halinen, 2017; Möller and 
Rajala, 2007) and network capabilities (Mitrega et al., 2012; Möller and 
Svahn, 2003; Thornton et al., 2013) are utilized. The findings expand the 
understanding of agenda construction (Möller, 2010), discussing 
knowledge communication and the potential issue of finding consensus 
among such diversified actors. In this context, matching the partners ac-
cording to their strategic nets helps them to align their interests since 
their businesses have similar logic and value systems (Möller and Rajala, 
2007). To help with knowledge communication between such partners 
(Axelson, 2015), a standardized technology readiness measurement sys-
tem, such as TRLs, establishes a common language, facilitating consen-
sus and enabling agenda construction.  

The process of agenda construction builds common vision since 
it supports identifying potential projects in medium TRLs that can ben-
efit multiple partners. Projects in medium TRLs (TRLs 3 to 5) still don’t 
need to achieve specific user requirements, which would direct the pro-
ject outcomes for specific partners only. Rather, TRLs 3 to 5 aim to de-
velop technology demonstrators to demonstrate generic functions with 
multiple applications. It follows that the outcomes of such projects would 
benefit each partner with their private interests. Hence, the possibility of 
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aligning different private interests leads to a consensus about the com-
mon interest, which facilitates coordination. 

To depict the coordination process in CoPS networks, the strate-
gic net perspective is adopted, which assumes that a network can, at least 
partly, be managed (Möller and Halinen, 2017; Möller and Rajala, 2007). 
By building on Ritala (2012), that conceptualizes coordination as an evo-
lutionary process, the results suggest that coordination in CoPS networks 
is done by simultaneous orchestration and management of strategic nets 
through projects framed on a maturity metric system, such as TRLs, and 
aligned with a long-term common vision. 

As such, my findings offer a novel and integrative view of how 
diverse actors from different strategic nets can interact to develop a re-
search agenda, coordinate the network and direct the technology path, 
contributing to the discussion if a network can or cannot be managed 
(Möller and Halinen, 2017; Van De Ven, 2017). In addition, the analysis 
provides an instance of innovation leaders implementing boundaries 
around complexity, enabling them to maneuver around obstacles (Van 
De Ven, 2017) and converge in a common direction.  

Second, it is shown that network coordination can optimizes the 
access to network resources, which is often referred to as a means to gain 
competitive advantage and depends on the firms’ ability to form and 
maintain valuable interactive relationships with partners (Lavie, 2006).  

According to Lavie (2006), the proprietary assumption of the Re-
source Based View (RBV) alone might be inaccurate in evaluating a 
firm´s performance advantage since it is not solely obtained through 
ownership or control of resources. The access to network resources, be-
ing knowledge the most important, is also indicative of a firm´s perfor-
mance advantage (Grant and Baden-Fuller, 2004; Lavie, 2006). Re-
source accessibility in interfirm alliances establishes the right to utilize 
and employ resources or enjoy their associated benefits (Lavie, 2006). 
This perspective appears to hold up also when collaboration partners are 
diverse, such as universities, suppliers, and customers (Un et al., 2010). 
In such collaborations, the polling of resources between such partners 
facilitates knowledge access, driving positive impacts on product inno-
vation. 

However, these studies of inter-organizational alliances and their 
positive impacts on product and firm performance often consider a set 
of shared resources polled in a given timeframe. This static analysis pro-
vides a good indication of the benefits of inter-organizational alliances, 
suggesting that sparse R&D collaborations, such as projects, regardless 
of their interconnections over time, improve product innovation and 
firm´s performance.  
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This thesis complements this view by adopting an evolutionary 
perspective of resource accessibility, pointing to the benefits of several 
R&D collaborations interconnected and synchronized towards a long-
term common vision created through agenda construction. In this con-
text, the value of shared resources, e.g., the intersection between the 
firm´s internal resources and partners’ internal resources (Lavie, 2006), 
is not only considered over a single alliance but also over the evolution 
of several interconnected alliances. In other words, since the degree of 
shared resources formed from an alliance impacts value creation (Lavie, 
2006), so does the evolution of network resources, e.g., a set of several 
shared resources. Thus, the evaluation of network resources in the pre-
sent needs to consider how they were integrated from different network 
resources of the past and how they will be integrated with other network 
resources to accomplish an objective in the future. 

This argument is supported by the description of network coor-
dination and the network alignment strategy that address network re-
sources generated by projects and their evolution in subsequent inter-
connected projects. The network alignment strategy indicates the for-
mation and continuation of long-term relationships between organiza-
tions and individuals, leading to an increase in trust, common 
knowledge, and partner knowledge. The maintenance of such relation-
ships creates communication structures that facilitate access to shared 
resources, impacting the performance of the parties (Becker and Zirpoli, 
2003; Lavie, 2006). In addition, the strategic intent of network coordi-
nation can act purposely to align the nets’ goals and coordinate evolu-
tion, reaping long-term benefits for the whole network (Vallkokari, 
2015). This is because past connections and experiences between net 
members lead to the development of relationships and the creation of a 
shared identity within the net (Vallkokari, 2015). Hence, since a network 
alignment strategy supports the creation and nurturing of inter-organi-
zational relationships within and across nets, it can be inferred that it 
also creates a shared identity within the whole network, affecting the 
value of network resources. As such, although it needs further research 
to be fully supported, it can be suggested that the level of alignment of 
the network in which the firm is inserted might as well be an indication 
of the firm´s performance advantage. 

Therefore, network alignment can be updated as a simultaneous 
process of network coordination and capability building. Network coor-
dination ensures that a common vision is implemented, driving the cre-
ation and insertion of different projects in different TRLs interconnected 
through the value systems of the strategic nets. Throughout this process, 
network capabilities are progressively built, with the continuous devel-
opment of inter-organizational relationships and a shared identity that 
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supports back the coordination process. The network alignment process 
is illustrated in Figure 6.1.  
 

 
Figure 6.1: Network Alignment process through network coordination 

and capability building 
 

6.1.2 Systems Integration within projects and across 
projects 

System integrators have a holistic knowledge of the broader con-
text (Hobday et al., 2005) with a deep understanding of the underlying 
technological disciplines of a system and the capability to integrate them 
(Prencipe, 2003). Systems integration capability refers to the firms' abil-
ity to design the product concept, decompose it, orchestrate the work of 
partners, and then recompose the product within an existing architec-
ture (Prencipe, 2003). This definition moves beyond the technical field, 
traditionally embedded within the systems engineering discipline, that 
refers to systems integration as the integration of components, along 
with their testing and verification of the system (NASA, 2007). As such, 
the Systems Integration definition utilized in the Thesis covers the tech-
nical field and the organizational one.  

Therefore, the findings deepen our understanding of systems in-
tegration in the organizational aspect when explores the network and 
project perspective.  

First, in complex environments, the boundaries of the division of 
tasks and the division of knowledge do not always overlap (Brusoni and 
Prencipe, 2001). Therefore, when complexity grows beyond the cognitive 
capacity of organizations, systems integration becomes a problem more 
akin to knowledge integration (Becker and Zirpoli, 2003). Knowledge 
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integration can be understood as a process of integrating organizational 
work under conditions of task interdependence and uncertainty (Faraj 
&Xiao, 2006: P1156). For this endeavour, within CoPS projects, manag-
ers utilize impersonal coordination mechanisms, such as rules, direc-
tions, routines, sequencing, and personal coordination mechanisms, 
such as problem-solving (Grant, 1996). Using these mechanisms is criti-
cal for understanding the tasks at hand and the knowledge of the differ-
ent parties (Okhuysen and Bechky, 2009). 

Previous studies have argued that, when complexity is perceived 
to be low, impersonal mechanisms are more likely to be implemented in 
the early phases of a product development. In contrast, personal mecha-
nisms are more prevalent when problems arise (Faems, Janssens & Van 
Looy, 2010). However, a more complex dynamic can be devised. As ex-
plained in paper 2, appended in this Thesis, my findings show an adap-
tation of coordination mechanisms as the project unfolds to create com-
mon understanding of emerging tasks and roles through: 

• Refining tasks and tasks solutions through continuous improve-
ment of impersonal coordination of the codified knowledge base;  

• Converging the partner`s different perspectives of roles and 
tasks by adapting personal and virtual coordination mechanisms;  

• Using virtual coordination as a baseline to complement and re-
inforce the other mechanisms.  

In a multi-party project, tasks and roles might evolve, or new 
ones emerge, meaning that understanding the tasks and knowledge of 
the different parties need to be updated. This process of understanding 
occurs incrementally and iteratively and needs to be coordinated by a 
system integrator with knowledge of the broader context. Partners not 
used to integrate entire systems might need to build systems integration 
capabilities, at least to a certain level, to achieve common understanding 
and facilitate coordination.  

Therefore, within the project perspective, I argue that systems in-
tegration capability is crucial to achieving common understanding 
through the balanced use of impersonal and personal coordination 
mechanisms during the project. Because the knowledge of the different 
parties is not completely understood at the beginning of the project, sys-
tems integration becomes a problem of knowledge integration that is 
performed incrementally as the project unfolds. 

Second, it is acknowledged that in networked environments, sys-
tems integration refers to the integration of organizational knowledge 
beyond the firm's boundaries (Davies et al., 2011; Prencipe et al., 2003). 
The findings add an additional layer to this understanding. By assuming 
a network with the strategic intent to be coordinated towards a common 
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goal, a key objective of a leading systems integrator becomes to align the 
network.  

Hence, the network alignment process devised in this Thesis be-
comes a key feature of systems integration. This finding is supported by 
a close relationship between the main features of systems integration, as 
defined in Prencipe (2003), and the network alignment process. Table 
6.1 shows this association. 

 
Systems Integration (Prencipe, 

2003) 
Network Alignment 

Set the product concept design.  Implement a Common Vision with a 
product or product portfolio (jointly 
create and disseminate a Research 
Common Agenda) 

Decompose it Identify and select key emergent 
technologies and demonstrators 
that will be part of the envisioned 
product or product portfolio 

Orchestrate the work of several com-
panies 

Identify and coordinate key partners 
(Firms, universities, research insti-
tutes, etc.) to participate in different 
projects in different TRLs, to mature 
the selected technologies and de-
monstrators 

Recompose the product within an ex-
isting architecture 

Develop the envisioned product or 
product portfolio integrating the 
matured technologies 

Table 6.1: Network Alignment as a key feature of Systems Inte-
gration in CoPS innovations 

 
Third, it follows that systems integration is needed to orchestrate 

the work of several organizations in lower and medium TRL projects so 
that, in the long term, those matured technologies are available for inte-
gration in high TRL projects. However, this task might be a challenge if 
the architecture of the envisioned product is not carefully chosen. Archi-
tectural decisions greatly impact the product's evolution and its ability to 
deal with unpredicted interactions between components and uneven 
rates of development in the technologies (Brusoni and Prencipe, 2001; 
Prencipe et al., 2003). In addition, if the product is designed to have a 
long life cycle and accept unforeseen upgrades and new functionalities, 
like an aircraft, the architectural choice is paramount (Eliasson, 2010; 
Lakemond et al., 2021).  

In this context, studies on digitalization have argued that digital 
platforms can offer an adequate solution for a flexible architecture, 
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enabling new levels of integration and allowing for new functionalities 
and generativity (Nambisan et al., 2019; Tilson et al., 2010a). Research 
on digitalization for CoPS developments utilized the case of the Gripen E 
platform and arrived at similar conclusions, with the exception that the 
generativity aspect needs to be balanced with safety criticality 
(Lakemond et al., 2021). In this study, it was found that a digital platform 
centered on Model-Based Systems Engineering (MBSE) and the ARINC 
standard is enabling, for the avionic systems of Gripen E, continuous in-
troduction of new functionality and flexible integration, both within the 
system and with external actors, while still maintaining affordability. 
The idea is that the MBSE approach accelerates the system's maturation 
by integrating a realistic model of the system with simulations and anal-
ysis already in the beginning of the project. The use of realistic models 
during the initial operation of the system and throughout its entire life-
time, enable the reuse of knowledge, minimizing rework and identifying 
issues earlier (Andersson, 2012).  

In this case, it was found that the utilization and evolution of soft-
ware-defined avionics in Gripen E since 2010 have been possible due to 
the several research projects on avionics that have been continuously im-
plemented in the Swedish Aerospace Network. Since NFFP 4 in 2006, 
VINNOVA and Saab have been financing projects in low TRLs for avion-
ics development based on MBSE and civilian standards, such as ARINC, 
especially utilizing simulations and modeling techniques (Andersson, 
2012).  More recently, NFFP 7 (2017 - 2022) is also funding projects with 
digital technologies for avionics, such as the “Next generation distributed 
processing platform for sensor signal and avionics data processing” 
(INNOVAIR, 2019). Likewise, other medium TRL projects have been de-
veloping digital technologies for avionics systems as part of national and 
international programs such as FLUD (Vinnova, 2010), SPEEDS, and 
SECD (Andersson, 2012).  

Because all of those projects were coordinated by Saab and 
adopted an MBSE approach, some projects could reuse the knowledge 
generated in previous ones, as the developments were based on a real 
model from the correspondents Gripen`s avionics subsystems. Thus, the 
maturation of avionics technologies from low and medium TRL projects 
until their integration in Gripen E was facilitated with an MBSE ap-
proach. Therefore, although needing further research to be supported, it 
can be suggested that a digital platform centered on MBSE can perform 
as a common structure between different TRL projects, simplifying the 
integration process as the technology matures and also helping the coor-
dination of the different parties involved. 
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6.1.3 Integrating the network and project perspectives 
In describing network dynamics in the three business nets, Valkokari 
(2015: P228) argues that “strategic intent enables parallel functioning of 
business nets, whereas a shared identity enables learning and social com-
mitment between net actors.” Both strategic intent and shared identity 
are required in complex and turbulent business environments 
(Valkokari, 2015). In this conceptualization, shared identity is formed 
through long-lasting collaborations and interactions where actors build 
a common mindset.  

From this conceptualization, projects become an essential unit of 
analysis for understanding network dynamics since they are the mecha-
nisms that enable interactions and collaborations for the development of 
relationships, which ultimately creates a shared identity. Since a shared 
identity is related to a common mindset, roles, rules, and goals 
(Valkokari, 2015), common understanding, as explored in this Thesis, 
can be associated as an element that helps to create a shared identity for 
business nets. In this context, coordination within projects aiming to 
achieve common understanding can be a key process to increase a shared 
identity among actors of a business net. In this way, systems integrators 
would be well advised to foster the creation of common understanding 
within inter-connected projects if they want to create a shared identity 
among the diverse players of the whole network. 

Therefore, shared identity can be supported among actors of stra-
tegic nets with a network alignment strategy, where common under-
standing is created within projects. This can be true if relationships from 
one project are kept in subsequent projects. For instance, From NFFP1 
to FFP4 five spin-off companies were created, with about 65 employees, 
many of whom worked on demonstrator programs such as FLUD and GF 
DEMO. As a result, trust, partner knowledge, and common knowledge 
increased. Hence, building on Valkokary (2015), that explores network 
dynamics within each business net, but unconnected, this Thesis offers 
novel wisdom on the topic by depicting how strategic intent and shared 
identity can be created and nurtured along connected business nets 
through project and network coordination and a network alignment 
strategy. 

 

6.2 Practical contribution 
This research can provide important implications for practice in the net-
work and project perspectives.  
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6.2.1 Practical Implications in the Network Perspective 
From the network perspective, since the coordination of technology de-
velopment is a joint endeavour, there are significant implications for 
practitioners in three types of strategic nets. 

First, to attract funding for technology development projects, 
leading organizations, as a hub of strategic nets, have an essential role in 
implementing a network alignment strategy and showing it to potential 
investors and funding agencies. Hence, they have to influence their net-
work to follow a business vision by creating a common research agenda 
and reaching a consensus on the prioritization of technologies and de-
monstrators.  

As systems integrators, leading organizations should consider 
adopting a product architecture based on digital platforms, utilizing, for 
instance, an MBSE approach, to facilitate the maturation of the technol-
ogies and the coordination of the diverse actors of a CoPS network. In 
addition, organizations in different CoPS networks might consider cus-
tomizing a TRL scale to their context. A customized TRL scale improves 
knowledge communication between actors, also facilitating coordina-
tion. 

Second, the academia also has an important role in the coordina-
tion of technology development, especially at low TRL- levels. Universi-
ties must adapt to or contribute to implementing a common research 
agenda. This strategy would be aligned with the entrepreneurial orienta-
tion of universities to generate spin-offs and commercialize inventions 
(Walter et al., 2006). 

Third, funding agencies, even though they do not participate di-
rectly in creating and updating research innovation agendas, need to in-
centivize and support it. 

Fourth, SMEs, as another important building block of an aligned 
network, must also look for opportunities to implement a research 
agenda and participate in the technology demonstrators’ projects.   

 

6.2.2 Practical Implications in the Project Perspective 
From the project perspective, practical implications for managers of 
CoPS projects can be drawn.  

First, as explained in paper 2, appended in this Thesis, managers 
need to recognize that emergent tasks arise in multi-party projects and 
that risk management techniques and preplanned contingencies might 
not be sufficient to deal with unpredicted events. As the project unfolds, 
the management team needs to learn about the new task´s dependencies 
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and re-plan an appropriate response to the consequences that these 
emergent tasks will infer. One of these consequences is the creation of 
new assignments not planned before. Therefore, a high level of common 
understanding is needed to achieve consensus on the work to be done 
and who must do it. 

Second, common understanding is not easy to achieve in a com-
plex setting, and managers need to find suitable combinations of coordi-
nation mechanisms according to the different stages of the project. These 
combinations are planned before the project, but the management team 
must be flexible enough to adapt when needed.  

Third, to not be overwhelmed by complexity, the iterative ap-
proach can provide a solution to coordinate under uncertainty and inter-
dependence. In an R&D project, accurately defining all requirements and 
specifications in advance is not always possible. However, in a multi-
party project, not all partners might know that. Therefore, this study sug-
gests that coordinators need to divide the work into iterations, trying to 
find a good balance between their efficiency and costs. The short-term 
goals of each iteration can help partners to see, from a closer range, via-
ble solutions for each task. At each iteration, the partners can identify 
problems earlier and progressively increase their common understand-
ing of the functionalities needed for integrating the whole system. In this 
way, diverse partners in a CoPS project can level their knowledge about 
systems integration, helping the coordination process. 
 

6.3 Limitations and Further Research 
My findings draw novel implications for the theory and practice in both 
the network and project perspectives. However, from the network per-
spective, the findings stem from analyzing two cases, one in the Swedish 
Aerospace Network and the Other in the Brazilian Defense Network. 
First, these two cases were not selected to serve as comparative case stud-
ies. The units of analysis within each case were different, enabling the 
complementation of findings and not triangulating them. Therefore, as 
expected from case study methods, the selected cases of this Thesis might 
not represent the whole spectrum of the existent CoPS industries that 
can vary in degrees of complexity, component customization, units pro-
duced, etc. Future studies could validate these findings with other con-
texts. In addition, the attempt to increase the reliability, validity, and 
generalizability of the research by collecting more data from other stake-
holders of the selected cases, was limited. The diversity of stakeholders 
in CoPS nets follows the length of the CoPS life cycle, resulting in 
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challenge for researchers that aim to build a complete picture of a CoPS 
network.  

Therefore, other perspectives were outside the scope of this The-
sis, such as customers that establish the user requirements and sign con-
tracts with leading firms, having a strong influence on the implementa-
tion of a common vision. These players are important actors in strategic 
nets, since they also support technology development. 

In addition, this research called attention to the recent digitaliza-
tion phenomena that is impacting mass production industries and the 
Information Technology industry. However, digital technologies are also 
impacting CoPS industries in numerous ways (Andersson, 2012; 
Lakemond et al., 2021). Even though this Thesis draws some implica-
tions of the digitalization phenomena for network coordination, more 
studies are needed to gain additional insights into how digital ap-
proaches have been utilized in multiple projects with the objective of 
knowledge re-utilization. 

Finally, the network alignment concept came from the Swedish 
case, where an aligned network was identified based on a methodology 
designed in an abductive approach utilizing several types of sources. 
Since the objective of this thesis was not to develop an accurate method-
ological approach to identify network alignment but rather to devise the 
concept, future studies could improve a methodology for that. For in-
stance, funding agencies, or any other organization with access to a da-
tabase of several projects tagged by their TRLs outputs and inputs, could 
more easily find connections between low, medium, and high TRL pro-
jects and establish a measurement system for alignment. A measurement 
system for network alignment would allow, for instance, comparisons 
between different industrial sectors concerning the common strategies 
and prioritized goals of their networked actors. Other promising appli-
cations for police strategies, such as funding prioritization, might follow 
since the preference for funding projects with several stakeholders rather 
than a few would make a more significant impact.  

From the project perspective, this Thesis also has some limita-
tions. First, as also explained in paper 2, the case analyzed was a multi-
party project where the main coordinator is a governmental agency, the 
European Defense Agency (EDA). Therefore, the selection of the part-
ners was not in full control of the industrial coordinators. This is a unique 
case of heterogeneous firms with different backgrounds, experiences, 
and working cultures trying to achieve common understanding. Many 
multi-party alliances are assembled by industrial coordinators having 
full control over the selection of the partners, making the partnership 
more homogeneous. However, this same characteristic that makes it 
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difficult to generalize to all multi-party alliances makes achieving com-
mon understanding more observable, reinforcing the findings. 

Second, this is a project where the industrial partners represent 
only one facet of the enterprise. Other important facets are represented 
by governmental bodies like EDA, which coordinated the work at a 
higher level; the supervisors of each country (the MODs); and the regu-
latory bodies, like EUROCAE. All these stakeholders had a relevant role 
in the decision-making process made by the coordinators. Therefore, fu-
ture studies could complement this research by considering the perspec-
tives of these other stakeholders and finding other relationships between 
common understanding and coordination. 
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8. Appendix 

8.1 Appendix A – MIDCAS Secondary documentation 
 

Doc Title Authorship Pages 

1 MIDCAS - EASA and Unmanned 
Aircraft Systems (UAS) 

EASA 15 

2 MIDCAS - Stakeholder Workshop # 
1 

MIDCAS 
Team 

95 

3 MIDCAS - Minutes of First stake-
holder workshop 

MIDCAS 
Team 

72 

4 MIDCAS - Second stakeholder re-
port on analyses results 

MIDCAS 
Team 

18 

5 MIDCAS - Minutes of Second Stake-
holder Workshop 

MIDCAS 
Team 

26 

6 MIDCAS - ACAS Compatibility MIDCAS 
Team 

17 

7 MIDCAS - Third stakeholder report 
on analyses results 

MIDCAS 
Team 

20 

8 MIDCAS - Minutes of third stake-
holder workshop 

MIDCAS 
Team 

27 

9 MIDCAS - Concept Of Operations MIDCAS 
Team 

129 

10 MIDCAS - Working Paper – Colli-
sion Avoidance concept and Opera-
tional aspects considered in 
MIDCAS 

MIDCAS 
Team 

25 

11 MIDCAS - Traffic Avoidance Con-
cept 

MIDCAS 
Team 

31 

12 MIDCAS - ATC Simulations MIDCAS 
Team 

50 

13 MIDCAS - S&A System Simulation MIDCAS 
Team 

22 

14 MIDCAS - Performance Vs Safety 
Requirements summary and reflec-
tions 

MIDCAS 
Team 

6 

15 MIDCAS - Performance Vs Safety 
Requirements 

MIDCAS 
Team 

25 

16 MIDCAS - Project update MIDCAS 
Team 

8 

17 MIDCAS - HMI Questions & Discus-
sions 

MIDCAS 
Team 

17 
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18 MIDCAS - Manned Flight tests MIDCAS 
Team 

24 

19 MIDCAS - Stakeholder Require-
ment Synthesis 

MIDCAS 
Team 

48 

20 MIDCAS - Sixth stakeholder report 
on analyses results 

MIDCAS 
Team 

24 

21 MIDCAS - Minutes of sixth stake-
holder workshop 

MIDCAS 
Team 

12 

22 MIDCAS - Performance and Safety 
Case Considerations 

MIDCAS 
Team 

57 

23 MIDCAS - System Requirements 
Specification (SSS) covering opera-
tion in airspace A-G 

MIDCAS 
Team 

87 

24 MIDCAS - High Level Sense & Avoid 
Requirements 

MIDCAS 
Team 

41 

25 MIDCAS - MID-AIR COLLISION 
AVOIDANCE FOR RPAS – 
FINDINGS FROM MIDCAS 

Saab (Aero-
space Con-
ference 
2016) 

18 

26 Integration of Unmanned Aircraft 
Systems into the National Airspace 
System 

Federal 
Aviation 
Admin-
istration 

120 

   
6101 
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8.2 Appendix B – First Interview Guide of the first case 
(The Swedish Aerospace network) 
 
Saab’s innovation capabilities now and then 

1. What are Saab’s traditional strengths in relation to innovation? 
2. What are Saab’s current strengths in relation to innovation?  
3. How has Saab changed over the years due to changes in the com-

pany’s market and environment? (e.g. in relation to adapting 

product-market scope, scan the market, monitor customers and 
competitors, allocate resources to marketing, respond to chang-
ing market needs in timely manner)  

4. How do these changes affect Saab’s innovation strategy? Inter-

nally and with regards to collaboration? (e.g. strategic innovative 
orientation related to product, process and market innovative-
ness) 

5. How do these changes affect Saab’s internal processes? Exam-

ples? (e.g. whether internal management systems encourage peo-
ple to challenge outmoded practices and sacred cows) 

6. How do these changes affect Saab’s collaboration efforts and the 

way these collaborations are managed? Examples? (e.g. to learn 
from partners, integrate external information, transform it into 
firm-embedded knowledge, create new knowledge) 

7. How are these changes reflected in Saab’s culture and the way 

people perform their working tasks? (e.g. behavioral orientation) 

Collaborative capabilities 
8. What are the main objectives with collaborative projects for 

Saab? (e.g. scanning market, long-term planning, capturing 
knowledge, joint knowledge creation, influencing future direc-
tions for technology development, developing standards) 

9. What are reasons not to take part in collaboration? 
10. How are the specific objectives for the collaboration determined 

and agreed upon by the actors involved? 
11. What kinds of activities are performed in collaborative projects? 

(e.g. workshops, joint planning, joint discussions, joint invest-
ments, joint problem solving, negotiations, presentations etc.) 

12. Could you mention some examples of collaborative projects and 
type of actors involved? 

13. What does Saab contribute with during collaboration? 
14. What do the other actors contribute with? 
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15. Are there any (Saab’s, jointly formulated, or from other ac-

tors)processes supporting the collaboration? 
16. What difficulties may occur during collaboration? Examples 
17. How would you describe Saab’s employees’ attitude towards col-

laborations? 

Internal vs collaborative innovation activities 
18. If you would compare internal vs collaborative innovation activi-

ties – how would you describe differences and similarities? 
19. To what extent does Saab’s strategy guide the formulation of 

goals in internal innovation and collaborative innovation activi-
ties respectively? 

20. In collaborative innovation, how do the other actors’ goals affect 

the overall collaborative effort? Consequences for how Saab can 
capture benefits? 

21. How do internal innovation processes differ from collaborative 
processes? 

Linking internal and collaborative activities 
22. How does Saab make sure that it captures benefits from collabo-

rations? (e.g. how are results from collaborations captured and 
integrated with its internal business) 

23. How does Saab link its collaborative activities to its internal ac-
tivities? (e.g. are there any formal or informal processes)  

24. How is collaboration supported by internal processes? Examples 
25. How is collaboration affecting internal innovation? 
26. What difficulties occur in linking internal and collaborative activ-

ities? 
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 8.3 Appendix C – Second Interview Guide of the first 
case (The Swedish Aerospace network) 

 
1. Your background and actual role? 

 
Strategy related with actors in the knoweldge ecosystem (Co-
evolution, Co-specialization, complementarity): 
 

2. What is the rationale to have a national strategic innovation pro-
gramme for aeronautics? (Co-evolution, Co-specialization, com-
plementarity) 

3. About the aim of INNOVAIR/NRIA, why do you need to coordi-
nate and support so many stakeholders and how do you do that? 
(coordination, Co-evolution, Co-specialization, complementa-
rity) 

4. What are the challenges of this coordination? 
5. About the objectives of INNOVAIR/NRIA, what do you consider 

favorable conditions for a strong aeronautics industry? (Comple-
mentors, specialists) 

6. What are the advantages in involve so many partners? (Co-evo-
lution, Co-specialization, complementarity) 

7. What are the disadvantages in involve so many partners? 
8. And Universities, what is their importance? (sources of value) 
9. How are these partners selected? 
10. About interdependence with the future platforms: How do you 

make sure that the envisioned “product platforms” will have the 
right actors and complementors necessary in their life cycle? (ex-
pertise for maintenance, suppliers for spare parts, potential cus-
tomers, etc) (Co-evolution, Co-specialization, complementarity) 
 

Strategy related with the shared focal proposition (locus of co-
ordination, legitimacy) 

 
11. In NRIA 2013 you develop the main “areas of research”, what 

is the rationale to have these priorities? (to coordinate?)  
12. And demonstrators? What is the relationship with the “areas of 

research”? 
13. In NRIA 2013 you highlight the necessity of the “areas of re-

search” to be internationally attractive. What is the importance 
to be internationally attractive? And national? (gain legitimacy? 
Attract more sources of value?) 
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14. What do you think is the point of attraction in your ecosystem? 
(is it the areas of research? And related competencies? Or just 
the funding oportunities?) 

15. How do you plan/design demonstrators and “areas of research” 
to be that attractive? 

16. How is the prioritization of demonstrators/areas of research? 
What are the main criteria? (The competence strengths of Swe-
den or requirements of international programs?) (In NRIA: 
technology demonstrators -> demonstrators/areas of research) 

17. In each demonstrator you have synergies with other technology 
areas. What is the reason to make these synergies/collaborations 
with other partners? 

18. How do you chose the synergies? 
 

Outcomes of the strategy (Value co-creation, sources of value) 
 

19. How can you visualize the outcomes of this strategy? (value co-
creation, sources of value) 

20. And in terms of value co-creation, how the implementation of this 
strategy is changing the value creation in basic and applied re-
search? (value co-creation, sources of value) 

21. How this strategy has been aligning the actors of the ecosystem? 
(value creation, sources of value) 

22. Demonstrators and areas of research are being planned and de-
signed for future products. What about actual developments? 
How activities in Medium TRLs (demonstrators in the 6 areas) 
are influencing and being influenced by actual developments? 
(Gripen, RBS 70, etc…) (sources of value) 

23. Is this strategy achieving its objectives? Fully? Partially? 
24. What do you think it needs to improve in this strategy? 
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 8.4 Appendix D – First Interview Guide of the Second 
case (The MIDCAS project) 
 
Questions about the interviewee: 
 

1. Personal history (background, academic formation, how long and 
how got in Saab) 

2. Current position and what it entails 
3. Who does the interviewee report to? 

 
Role of the interviewee: 
 

4. What organizational process, the interviewee are? 
5. What is the R&D process is the interviewee involved?   
6. Where and when in the R&D process is the interviewee involved? 
7. Which R&D projects is the interviewee currently involved in? 
8. What are the specific activities within this process which you are 

involved with? Try to separate the internal activities and 
collaborative activities. 

 
Collaborative capabilities 

9. What are the main objectives with collaborative projects for 
Saab? (e.g. scanning market, long-term planning, capturing 
knowledge, joint knowledge creation, influencing future 
directions for technology development, developing standards) 

10. What are reasons not to take part in collaboration? 

11. How are the specific objectives for the collaboration determined 
and agreed upon by the actors involved? 

12. What kinds of activities are performed in collaborative projects? 
(e.g. workshops, joint planning, joint discussions, joint 
investments, joint problem solving, negotiations, presentations 
etc.) 

13. What does Saab contribute with during collaboration? And what 
do the other actors contribute with? 
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14. Are there any (Saab’s, jointly formulated, or from other actors) 

processes supporting the collaboration? And how do these 
processes differ from internal processes? 

15. What difficulties may occur during collaboration? What are the 
main disagreements and conflicts between the partners on 
MIDCAS? 

16. What are the main standardization issues? (How Midcas Support 
Standardization? What about the standardization process? It had 
changes during the project? These process can work for similar 
complex systems projects? How stakeholders information is 
managed?) 

17. How does Saab make sure that it captures benefits from 
collaborations? (e.g. how are results from collaborations 
captured and integrated with its internal business) 

18. How would you describe Saab’s employees’ attitude towards 

collaborations? Willingness to collaborate 
 

Saab’s innovation capabilities now and then 
19. What are Saab’s traditional and current strengths related to 

innovation? 

20. How would you classify MIDCAS regarding innovation? 
Incremental, Radical, Architectural, Modular? From the previous 
model (Auto ACAS) 

21. How has Saab changed over the years due to changes in the 
company’s market and environment? (e.g. in relation to adapting 

product-market scope, scan the market, monitor customers and 
competitors, allocate resources to marketing, respond to 
changing market needs in timely manner)  

22. How do these changes affect Saab’s innovation strategy? 

Internally and with regards to collaboration? (e.g. strategic 
innovative orientation related to product, process and market 
innovativeness) 
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23. How do these changes affect Saab’s internal processes? 

Examples? (e.g. whether internal management systems 
encourage people to challenge outmoded practices and sacred 
cows) 

24. How do these changes affect Saab’s collaboration efforts and the 
way these collaborations are managed? Examples? (e.g. to learn 
from partners, integrate external information, transform it into 
firm-embedded knowledge, create new knowledge) 
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8.5 Appendix E – Second Interview Guide of the Second 
case (The MIDCAS project) 
 
Questions about the interviewee: 
 

1. Personal history (background, academic formation, how long and 
how got in your company) 

2. Current position and its role? 
3. What were the roles of the company in MIDCAs? And 

individuals? How many? And what specialty? 
 

Reasons for Collaboration, Objectives and Processes: 
 

4. Did you participate in Collaboration like MIDCAS before? 
5. How did your company join MIDCAS?  
6. What capability do you think you have, that made you be 

selected? 
7. Collaborations like MIDCAS is a type of collaboration that you 

always try to participate?  
8. if yes, what are the main reasons? To participate in the 

standardization? Capture knowledge from R&D? just share 
resources? 

9. What would be reasons not to participate? (Share knowledge?) 
10. Would you say that were the specific objectives in the case of 

MIDCAS? What were your specific objectives in MIDCAS? 
11. You might have your internal processes, and what about 

collaborative processes? Do you have general ones? It adapted to 
MIDCAS? How? 

 
MIDCAS Evolution: 
 

12. What were the main problems and difficulties that you faced in 
MIDCAS? (cultural differences in companies, physical distance, 
week decision making system) 

13. How it was solved? (extended workshops,  strong decision 
making system) 

14. How do you think the decision model evolved? 
15. How did you work together? Considering distance, cultural 

differences, … 
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16. Do you think the solutions were adequate? What would you make 
differently? (P3) 

 
Knowledge Integration: 
 

17. How did you make sure that you captured the benefits of 
MIDCAS collaboration and integrated in your internal business? 

18. In MIDCAS, How did you integrate the knowledge (outputs) from 
the standardization process and transferred to the R&D process 
in MIDCAS? And vice versa? 

19. Do you think the number of iteration’s from both scenarios were 
ideal?  

20. Do you think the heterogeneity of the group (e.g suppliers, 
integrators) helped or not to achieve the right levels of iterations 
and what each iteration should test? 

21. Do you think the decision making evolution helped the 
knowledge capture and integration among teams and partners? 
How? 

22. Do you think the extended workshops or other solutions for the 
distance problem helped the knowledge capture and integration 
among teams and partners? How? 

 
Leakage of specific knowledge to competitors: 
 

23. About sensitive knowledge. How deep do you think the common 
knowledge between teams was necessary to efficiently achieve 
the R&D objectives? 

24. Did you adopted any mechanisms to share the exact level of 
knowledge required and avoid unintended knowledge leakage?  

25. What kind of mechanisms and how did you implemented? 
 
Other Questions: 
 

26. For INTEGRATORS: Do you think the way of collaborate in 
MIDCAS was efficient? Or it would be better to do it by your-
selves. 

27. For SUPPLIERS: Do you think the way of collaborate in MIDCAS 
was efficient? Or it would be better to do it with fewer partners. 
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