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a b s t r a c t 

The architects of inter-organizational R&D projects organize collaboration by structuring the activities and the 

knowledge base of the project. How do these two dimensions interplay and what are the implications on the 

project execution? The paper aims at developing new perspectives on inter-organizational multi-actor R&D 

projects using an exploratory inductive multi-case study of projects funded by the European Union’s Research 

and Innovation Programmes. The projects have been studied simultaneously in terms of activity coordination and 

knowledge integration as well as the implications of their interplay on collaboration, project resilience and project 

management. The paper provides empirical evidence about six patterns of project architecture. The workflow- 

integrated architecture disintegrates the knowledge base, provides a lower collaboration potential and may re- 

quire high management efforts, while a workflow-decomposed architecture makes project management easy but 

provides little added value from the inter-organizational setting. Nearly decomposable architectures offer the 

highest collaboration potential under contingent conditions. 
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. Introduction 

Society has taken the ‘projectification’ path ( Lundin et al.,

015 ; Midler, 1995 ): organizations increasingly engage into inter-

rganizational projects ( Stjerne, Söderlund & Minbaeva, 2019 ). Re-

earch, development and innovation (R&D) are affected by this

rend: over the last decades, they have become more collaborative

 Chesbrough, 2005 ) and more project-organized ( Kim, Kim & Lee,

015 ). Multi-actor publicly funded inter-organizational R&D projects

re a propitious setting for the generation of new knowledge, thanks

o the diversity of the knowledge base of the actors and the possibil-

ties for knowledge combination ( Nahapiet & Ghoshal, 1998 ). These

rojects have characteristic properties which are different from other

nter-organizational projects: autonomy and equality of the organiza-

ional actors ( Bor, 2014 ) and bottom-up self-organization in response to

ompetitive calls, considerable numbers of heterogeneous actors, col-

ective responsibilities, significant public funding, and lack of structural

roject flexibility ( vom Brocke & Lippe, 2015 ). These projects address

roblems which are ambiguous, uncertain and complex at the same time

 König, Diehl, Tscherning & Helming, 2013 ). Inter-organizational R&D
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rojects are difficult to manage ( Lin, Müller, Zhu & Liu, 2019 ; Söderlund

 Tell, 2011 ), especially in the multi-actor setting. 

The project structure defines the way how the tasks are decom-

osed and coordinated ( Mintzberg, 1979 ), it significantly contributes to

he organization of the collaboration ( Calamel, Defelix, Picq & Retour,

012 ) and to the success of the project ( Caniëls, Chiocchio & van Loon,

019 ; Dietrich, Eskerod, Dalcher & Sandhawalia, 2010 ). In the pres-

nce of multiple actors, the way in which the collaboration is arranged

 Fjeldstad, Snow, Miles & Lettl, 2012 ), or the structure of interdepen-

encies between actors in an organizational setting ( Capaldo, 2007 ), is

ften called architecture , defined in terms of strength and intensity of

inks, or couplings, between the nodes in the network, or actors ( Orton

 Weick, 1990 ). Couplings are often studied using social network the-

ry, which suggests that the structure and the strengths of relation-

hips or couplings between the actors in the network explain differ-

nces in outcomes for these actors ( Borgatti, Mehra, Brass & Labianca,

009 ; Coleman, 1988 ; Granovetter, 1973 ). In the context of collabo-

ative research and innovation, dynamic knowledge integration lead-

ng into creation of new knowledge has become increasingly important

 Berggren, Bergek, Bengtsson & Söderlund, 2011 ); and the project struc-

ure provides a framework to organize knowledge integration ( Lin et al.,
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019 ). Abundant literature on inter-organizational projects, ecosystems

nd networks mostly focuses on inter-firm collaboration, in most cases

ith one focal actor, but it is not well understood how to best set up

nter-organizational R&D projects ( vom Brocke & Lippe, 2015 ) where

he both activity coordination and knowledge integration are required.

heir interplay defines the core architectural collaborative patterns in

nter-organizational R&D projects, called “project architecture ” in this

aper. 

The present study addresses this research gap, using a theoretical

ramework which builds on literature on project management and addi-

ionally takes into account literature on innovation management. This

s in line with the call of scholars for a better connection between the

roject management and innovation research streams ( Davies, Manning

 Söderlund, 2018 ; Geraldi & Söderlund, 2018 ; Sydow & Braun, 2018 ),

specially when the focus is on projects aiming at knowledge integration

o generate new knowledge ( Berggren, 2019 ). We pose two related re-

earch questions: (1) How do activity coordination and knowledge inte-

ration interplay to define the architecture of inter-organizational R&D

rojects with multiple actors? (2) How does the project architecture fa-

or (or disfavor) collaboration and how does it affect the resilience of

he project and the requirements for project management? In order to

rovide answers to these questions, an empirical inductive multi-case

tudy ( Eisenhardt, 1989 ) has been put in place on inter-organizational

&D projects funded by the latest European Union’s Research and Inno-

ation Framework Programmes. The on-going Horizon 2020 Programme

as provided 27,55B € to fund 5147 such projects in 2014–2019, with

3.7 partners per project on average ( European Commission, 2020 ). 

In the first stage of the study, 11 projects were selected and studied

sing the project documentation simultaneously from two angles: the an-

le of the activity coordination and the angle of the knowledge integra-

ion. In the second part, the set of projects was narrowed to 6 projects

ith different architectures. 43 semi-structured interviews were orga-

ized, coded and analyzed in terms of activity coordination and knowl-

dge integration. The study provides empirical evidence about the in-

erplay between activity coordination and knowledge integration, led

o the identification of typologies of architectures with different im-

lications on collaboration, project resilience and project management,

nd offers heuristics for project managers on how to structure inter-

rganizational R&D projects with multiple actors. 

The study enhances the understanding of complex inter-

rganizational R&D projects with multiple actors and contributes

o the literature on the management of inter-organizational projects

nd to the connection of project and innovation studies ( Berggren, 2019 ;

avies et al., 2018 ; Geraldi & Söderlund, 2018 ; Sydow & Braun, 2018 ).

rom a practical point of view, the study provides suggestions to the

roject managers and funding agencies on how to adequately organize

nter-organizational R&D projects with multiple partners. 

The remainder of the paper is organized as follows. Firstly, the theo-

etical framework that guided the study is provided. Then the research

etting and the research design of the study are explained, followed by

he presentation of results, discussion and limitations of the research.

he paper concludes with a summary of the theoretical contributions

s well as the practical implications of the study, and future research

irections. 

. Theoretical framework 

.1. Structuring inter-organizational R&D projects: Project management 

erspective 

.1.1. Inter-organizational projects: Structuring for activity coordination 

Society is characterized by “projectification ” ( Lundin et al., 2015 ;

imard, Aubry & Laberge, 2018 ): more and more resources are allocated

o projects, “a unique, novel and transient endeavor managing the in-

erent uncertainty and need for integration in order to deliver beneficial

bjectives of change ” ( Turner & Müller, 2003 , p. 7). Organizations in-
292 
reasingly engage into inter-organizational projects ( Lundin et al., 2015 ;

tjerne et al., 2019 ), which are “so alike yet so different ” ( Ahola, 2018 ,

. 1007); all of them require efficient collaboration ( Caniëls et al., 2019 ).

The structure significantly contributes to the success of the col-

aboration in multi-actor projects ( Dietrich et al., 2010 ). Together

ith the term structure, the terms ‘ organizational design’ or ‘ architec-

ure’ are largely synonymously used in the literature ( Aubry & Lavoie-

remblay, 2018 ) . Structure is “the sum total of the ways in which (an

rganization) divides its labor into distinct tasks and then achieves co-

rdination among them ” ( Mintzberg, 1979 , p. 2). Architecture can be

efined as the way in which a system is arranged ( Fjeldstad et al., 2012 )

nd in an organizational setting the focus often is on the patterns of in-

erdependencies ( Capaldo, 2007 ). Organizational design explains “what

hould be the design, structure, or architecture of the organization ”

 Burton & Obel, 2011 , p. 1198), referring to both the thing , i.e. the result-

ng organization, and the process to perform the design ( Aubry & Lavoie-

remblay, 2018 ). Often scholars do not address the organizational de-

ign/structure/architecture of the projects, taking it ‘for granted’ ( Aubry

 Lavoie-Tremblay, 2018 ). Still, literature points out that structure sta-

ilizes patterns of interactions between participants in projects and re-

uces the uncertainty for the involved actors ( Raab, Soeters, van Fen-

ma & de Waard, 2009 ; Söderlund & Sydow, 2019 ), supports governance

echanisms ( Miterev, Mancini & Turner, 2017 ; Van de Ven, Ganco &

inings, 2013 ), helps to organize the integration of outcomes of dif-

erent activities ( Srikanth & Puranam, 2011 ; Zerjav, Edkins & Davies,

018 ), and influences organizational efficiency and performance (e.g.

urton & Obel, 2018 , Englmaier, Foss, Knudsen & Kretschmer, 2018 ,

i, Stieglitz & Knudsen, 2018 ). Structure also influences project re-

ilience, or capacity to maintain project viability during times of dis-

uptive change; an important research issue is how structures should

e designed to provide resilience of the inter-organizational settings

 Linnenluecke, 2017 ). 

Sydow and Braun (2018) pointed out that most project theories

ocus on actors; this includes their interrelated activities. Extant lit-

rature explains decomposition and integration of activities, using

.g. process architecture framework, process flow diagrams, workflow

 Bakker, Wang, Bosch-Rekveldt & Eykelenboom, 2018 ; Browning, 2014 ;

hi & Blomquist, 2012 ). Activities can be organized parallelly, sequen-

ially and with partial overlapping ( Eppinger & Browning, 2012 ). The

hoice of an appropriate structure of activities in a project is a big chal-

enge: there are multiple ways to organize interactions, and as a con-

equence there may be a reduction or an increase of uncertainty and

mbiguity ( Lin, Qian, Cui & Goh, 2015 ; Yang, Lu, Yao & Zhang, 2014 ).

his challenge is even more salient in large inter-organizational R&D

rojects which offer even more options to structure human resources, in-

eractions and thus collaboration between actors ( Calamel et al., 2012 ),

ut organizational setting and processes in inter-organizational R&D

rojects with multiple actors are yet not well understood ( vom Brocke

 Lippe, 2015 ). 

.1.2. Inter-organizational R&D projects: Structuring for knowledge 

ntegration 

Over the last decades, organizations face an increasingly challeng-

ng environment: innovation becomes more complex, the time to market

s shorter, the competition on the market harder. In response to these

hallenges, research and innovation have become more open and more

ollaborative ( Berggren et al., 2011 ; Chesbrough, 2005 ; Lundin et al.,

015 ) and often take place within inter-organizational R&D projects set-

ing ( Kim et al., 2015 ; Tiwana, 2008 ). 

Inter-organizational R&D projects with multiple actors are a spe-

ific category of inter-organizational projects: their common purpose,

aison d’être, is the generation of new knowledge ( Manning, 2017 )

s the result of knowledge integration ( Berggren et al., 2011 ). Such

rojects operate in contexts of simultaneous complexity, ambiguity,

nd uncertainty ( König et al., 2013 ) and exhibit particular proper-

ies: autonomy and equality of partners ( Bor, 2014 ), large numbers of
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artners-organizations ( Pandza, Wilkins & Alfoldi, 2011 ; Pinheiro, Serô-

io, Pinho & Lucas, 2016 ), heterogeneity of organizational actors, usu-

lly from academia and industry, collective responsibilities, significant

ublic funding and lack of structural project flexibility ( vom Brocke &

ippe, 2015 ). 

Efficient collaboration, or joint work to achieve a common purpose

new knowledge generation) significantly contribute to the project suc-

ess. Joint work in early project stages, communication, coordination,

nd aligned efforts favor collaboration quality in multi-actor projects

 Calamel et al., 2012 ; Caniëls et al., 2019 ; Dietrich et al., 2010 ). Historic

xperience and project context are other important aspects contributing

o collaboration quality: “no project is an island ” ( Engwall, 2003 , p.

89). Project management practice influences collaboration dynamics

nd needs to be adapted to the different types of projects ( Kapsali, 2011 ).

The project structure in inter-organizational R&D projects with mul-

iple actors exhibits the same characteristics as the structure of other

nter-organizational projects; in addition, it has to facilitate knowledge

ntegration and to reduce uncertainties ( Lin et al., 2019 ). While there

re several possible terms to describe the project structure, as explained

n Section 2.1.1 , the authors of this paper prefer the term ‘architecture’

hich emphasizes the patterns of interactions between the multiple ac-

ors in the project. 

Project management scholars pointed out that inter-organizational

&D projects with multiple actors experience three main management

aradoxes ( vom Brocke & Lippe, 2015 ): requirement for freedom due to

esearch uncertainties versus requirements for tight management and

tructure that reduce uncertainty and help to achieve project outputs;

equirement for integration of different research views versus the re-

ulting heterogeneity of partners and inter-disciplinarily challenges; lim-

ted management authority versus requirement for integration of results

nd commitment of all partners. The literature also points out that the

roject actors may depend on each other in terms of workflow (activ-

ties) or in terms of knowledge flow ( Clement & Puranam, 2018 ); not

nly workflows but also knowledge flows shall be structured to im-

rove performance of the organizations ( Rauniar, Rawski, Morgan &

ishra, 2019 ). This suggests that the managers of multi-actor inter-

rganizational R&D projects shall structure both activities and knowl-

dge to facilitate collaboration. How to structure such projects is how-

ver not well understood ( vom Brocke & Lippe, 2015 ), but very impor-

ant, as the consequences of structuring usually persist until the project

nd. 

To address this research gap, we pose two related research questions:

1) How do activity coordination and knowledge integration interplay

o define the architecture of inter-organizational R&D projects with mul-

iple actors? (2) How does the project architecture favor (or disfavor)

ollaboration and how does it affect the resilience of the project and the

equirements for project management? 

To fill this gap, scholars call for a better connection between the re-

earch streams of project studies and innovation studies ( Davies et al.,

018 ; Geraldi & Söderlund, 2018 ; Sydow & Braun, 2018 ), espe-

ially when studying projects that focus on knowledge generation

 Berggren, 2019 ). In line with these calls, the theoretical framework con-

ributes to better linkages between both streams of studies and builds

pon the project management literature ( Section 2.1 ), and also on the

nnovation management literature ( Section 2.2 ). 

.2. Structuring inter-organizational R&D projects: An innovation 

anagement perspective 

.2.1. Knowledge integration 

Knowledge is often created using the mechanisms of exchange and

ombination ( Nahapiet & Ghoshal, 1998 ); the activation of these mech-

nisms is conditioned by the opportunity for exchange or combination ,

he anticipation of valuable collaborative outcome , the motivation to be

ngaged, and the combinatory capability ( Moran & Ghoshal, 1996 ).

owever, the combinatory mechanisms are activated only when cer-
293 
ain pre-conditions take place, such as reasonable cognitive technolog-

cal distance ( Nooteboom, Vanhaverbeke, Duysters, Gilsing & van den

ord, 2007 ) and existence of collaborative links and social relations,

nfluencing the creation of social capital ( Burt, 2004 ; Nahapiet &

hoshal, 1998 ). 

Combinatorial innovation ( Obstfeld, 2005 ) requires knowledge in-

egration. Scholars defined knowledge integration “as a process of col-

aborative and purposeful combination of complementary knowledge,

nderpinned by specific and focused personal, team and organizational

apabilities, a process that usually involves significant element of new

nowledge generation ” ( Berggren et al., 2011 , p. 7). The more special-

zed the knowledge becomes, the more there is a need for dynamic

nowledge integration for innovation: this is particularly critical in

nter-organizational settings ( Tell et al., 2017 ). Knowledge integration

epends on the characteristics of knowledge being integrated ( Brusoni &

rencipe, 2013 ; Johansson, Axelson, Enberg & Tell, 2011 ), and requires

trong internal capabilities for exploiting external knowledge and ade-

uate knowledge integration mechanisms ( Berggren et al., 2011 ) such

s rules, sequencing activities, organizational routines, group problem-

olving, formal and informal interactions ( Grant, 1996 , Berggren et al.,

017, Canonico, De Nito, Esposito, Martinez & Iacono, 2017 ). Knowl-

dge integration is goal-oriented process: in the project context, the

oal is to create new knowledge in order to obtain the project out-

ome. Enberg (2012) pointed out that among two dominant approaches

n literature on knowledge integration, one puts accent on the need

or knowledge integration mechanisms based on frequent interactions

nd knowledge sharing, and another one emphasizes structural mech-

nisms, attaching lower importance to shared knowledge and joint un-

erstanding. Project structuring supports knowledge integration: it helps

o deal with interdependencies between activities and components, to

rganize interactions, to stimulate exchanges when required, or put

onstraints on them, for example in case of coopetition in the project

 Enberg, 2012 ). 

.2.2. Modularity for knowledge integration 

The literature on innovation and modularity often studies knowledge

ase and knowledge flows through the network lens ( Steen, DeFillippi,

ydow, Pryke & Michelfelder, 2018 ), putting the focus on the architec-

ure of the network (e.g. Capaldo, 2007 , Michelfelder & Kratzer, 2013 ,

ost, 2011 , Yayavaram & Ahuja, 2008 ). Scholars conceptualized the

rchitecture of networks in terms of the nodes that make up the net-

ork, the couplings between the nodes, and the resulting pattern of

nterconnections ( Ahuja, Soda & Zaheer, 2012 ). In the context of inter-

rganizational R&D projects with multiple actors, the interconnections

re in terms of patterns of coordinated activities and in terms of patterns

f knowledge integration; interconnections of knowledge and activities

ay be partially independent ( Brusoni & Prencipe, 2006 ; Tell, 2011 ).

he interplay of these patterns defines the project architecture. 

Architecture of a complex organizational setting is rooted in the con-

ept of modularity, or decomposability ( Simon, 1969 ). Simon’s seminal

heory of complex system and near decomposability puts in evidence

hat the structure influences the performance of a system: complex sys-

ems with nearly decomposable configurations adapt themselves to the

emands of their environment more easily than non-decomposable sys-

ems; the level of decomposition depends on the necessity of interac-

ions between components that is necessary to achieve the intended re-

ults ( Simon, 1969 ). Modularity describes the degree of independence

nd interdependence between the components of a system ( Baldwin &

lark, 1997 ), which can also be conceptualized as the presence or ab-

ence of couplings ( Orton & Weick, 1990 ). Couplings are often stud-

ed using social network theory ( Coleman, 1988 ; Granovetter, 1973 ),

hich suggests that the variations in the properties of the networks,

uch as the structure and the strengths of relationships or couplings be-

ween the nodes in the network “account for differences in outcomes

or the networks (or nodes) ” ( Borgatti et al., 2009 , p. 895). Orton and

eick (1990) described couplings in terms of distinctiveness and re-
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Fig. 1. Conceptual framework: the interplay between activity coordination and 

knowledge integration. 
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ponsiveness: “if there is responsiveness without distinctiveness, the

ystem is tightly coupled. If there is distinctiveness without responsive-

ess, the system is decoupled. If there is both distinctiveness and re-

ponsiveness, the system is loosely coupled ” ( Orton & Weick, 1990 , p.

05). In the project context, distinctiveness is about setting up distinct

odules, while responsiveness is about maintenance of the coherence

etween the modules. 

A modular structure facilitates coordination, helps to organize the

nowledge base and the interdependencies ( Brusoni & Prencipe, 2013 ;

ayavaram & Ahuja, 2008 ), helps to manage complexity ( Tee, Davies

 Whyte, 2019 ), it also may help to achieve efficiency in integration

f specialized knowledge ( Grant, 1996 ). However, too high modularity

as downside effects, e.g. it encourages specialization within modules,

hus creating barriers to collaboration: this is the reason why modular-

ty is often counterbalanced by integration ( Tee et al., 2019 ), through

he couplings between the modules, which – especially when they are

ot precisely defined initially - require dynamic management to ensure

oherence of the system ( Brusoni & Prencipe, 2013 ). 

.2.3. Modularity for knowledge integration in inter-organizational 

tructures 

Previous research has investigated the characteristics of actors,

nowledge, degree of modularity and relevant knowledge integration

echanisms in different inter-organizational settings and contexts. Be-

ow, some main findings of prominent scholars about several inter-

rganizational structures are provided. 

Inter-firm R&D projects are characterized by a relatively limited num-

er of involved autonomous organizations and by a limited (usually up

o several years) duration of the project. In such settings, analysis of

he interplay between coordination , or alignment of the knowledge of

he firms, and cooperation , or alignment of the interests of the firms and

heir relationship, is needed for better understanding of knowledge in-

egration: the problems of coordination are related to knowledge char-

cteristics - multi-disciplinarity, interdependence, degree of tacitness…,

nd thus call for adequate knowledge integration mechanisms, and both

oordination and cooperation call for appropriate governance mecha-

isms ( Johansson et al., 2011 ). Rotating leadership is an example of

 governance mechanism that helps to diversify the access to different

nowledge in different phases of the project and to facilitate knowledge

ntegration ( Davis & Eisenhardt, 2011 ). 

R&D business ecosystems are characterized by the presence of a fo-

al, orchestrating firm, multiple partners and relative stability of rela-

ionships without fixed durations. Brusoni and Prencipe (2013) stud-

ed coupling and knowledge in such settings, and demonstrated how

ifferent types of couplings between the actors are influenced by the

eatures of the problems that require to be addressed, how types of cou-

lings relate to the degree of specific knowledge characteristics, such

s uncertainty, complexity, and ambiguity, and how types of couplings

ay have to evolve over time: “ambiguous problems call for tightly

oupled ecosystems; complex problems call for loosely coupled ecosys-

ems; and uncertain problems call for decoupled business ecosystems ”

 Brusoni & Prencipe, 2013 , p. 167). The level of ambiguity also de-

ends on the historic collaboration and the context of project prepara-

ion ( Engwall, 2003 ), and it echoes the degree of tacitness of knowledge

eing integrated ( Johansson et al., 2011 ): the higher the ambiguity, the

igher the tacitness of knowledge, the more couplings and interactions

re required. 

In innovation collaboration network s, scholars studied the decompos-

bility of the knowledge base with different strengths and density of cou-

lings, and pointed out a continuum of different types of architectures

 Yayavaram & Ahuja, 2008 ): in highly decomposable knowledge struc-

ures , dense couplings exist within modules but not between modules;

n nearly decomposable structures , there are dense couplings within mod-

les and loose coupling between modules; in integrated (non-modular)

tructures, there are strong and pervasive couplings between groups of

lements which are in interactions and interdependent. It was also found
294 
hat there is no optimum architecture, as it depends on the objectives

f the actors ( Ahuja, 2000 ), but the nearly-decomposable architecture

ombining strong and weak couplings is considered beneficial in terms

f the performance of inter-organizational collaborations ( Michelfelder

 Kratzer, 2013 ; Rost, 2011 ; Yayavaram & Ahuja, 2008 ). 

Extant literature mostly deals with inter-firm project and networks,

ften with one orchestrating firm: although the findings presented above

rovide directions, they do not provide an answer to the research ques-

ions in the context of inter-organizational R&D projects with multiple

ctors. First, as mentioned before, these projects operate in contexts

hich are characterized by complexity, ambiguity and uncertainty at

he same time : this requires tight coupling to deal with ambiguity, but

lso loose coupling to deal with complexity and uncertainty ( Brusoni &

rencipe, 2013 ), and it is not clear how to combine different types of

ouplings. In addition, there is no focal firm. Second, there are multiple

ptions of couplings because of many organizational actors. Rotating

eadership ( Davis & Eisenhardt, 2011 ) is hardly feasible at the project

evel due to the contractual arrangements with the funding agency.

hird, to the best of knowledge of the authors, the architecture of cou-

lings and its implications in inter-organizational R&D projects with

ultiple actors were not studied yet. 

.3. Towards a conceptual framework 

Our understanding of the differences amongst inter-organizational

&D projects is still limited ( Ahola, 2018 ) and it is of interest to anal-

se different settings of collaborative R&D projects with multiple ac-

ors, as these projects offer multiple options to structure activities and

nowledge, with different implications which are yet not well under-

tood. Sydow and Braun (2018) pointed out that most project theories

ut the accent on the actors, and most network theories put the ac-

ent on the pattern of interdependencies, while none of them shall be

ut first: both are related and both shall be analyzed together. This du-

lity of patterns is not well studied ( Pinheiro et al., 2016 ). The pro-

osed conceptual framework (see Fig. 1 ) takes the duality of patterns

nto account, grounds the research study in theoretical constructs and

rovides a foundation to investigate the research questions defined in

ection 2.1.2 : how do activity coordination and knowledge integration

nterplay to define the architecture of inter-organizational R&D projects

ith multiple actors? How does the project architecture favor (or dis-

avor) collaboration and how does it affect the resilience of the project

nd the requirements for project management? 
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In projects, a dynamic layer of processes is required in addition to the

tructure ( Lundin & Söderholm, 1995 ) and both, the architecture and

he processes, should be analyzed ( Aubry & Lavoie-Tremblay, 2018 ).

his paper puts in focus the project architecture, because the interplay

etween activity coordination and knowledge integration as well as its

mplications are not well understood in structurally inflexible projects

ith multiple actors. The scope of both architecture and processes would

e too broad for a single paper. 

. Research setting 

The research setting is defined as inter-organizational R&D projects

ith multiple actors, that are funded through competitive open calls

y the European Commission (EC) through its latest Framework Pro-

rammes of Research and Innovation: the 7th Framework Programme

2007–2013) and Horizon 2020 (2014–2020). Although the topic of

ach project is specific, their setting is similar. The EC calls define the

opic, the challenge, and the scope of the projects. The goal of the

rojects is pre-competitive R&D, the intended outputs is generation of

ew knowledge which is translated into innovations. The on-going Pro-

ramme uses the term “research and innovation action ” or “innovation

ction ” for these projects, to highlight innovation beyond knowledge

eneration. The projects usually last three to four years and they are

anaged (coordinated, in the EU terminology) by a coordinator (project

anager in this paper) which can be from industry, from a research or-

anization or from a consultancy. During the proposal preparation, the

pplicants agree on the way to organize their collaboration patterns,

nd they must demonstrate in the proposal why the project requires

 joint effort and the presence of each partner. The projects have a

ell-defined architecture in terms of workflow: they are decomposed

nto work packages and tasks which provide the logical structure of the

roject activities. The proposal also describes the collaborative links be-

ween the partners, thus identifying the knowledge integration pattern.

he project architecture is chosen based on the previous experiences of

articipants. At the proposal stage, time and available resources usually

ut tight restrictions on the exchange of information. There is a great

eal of tacit knowledge involved in the projects. 

There are three main reasons that make this setting particularly

nteresting for management research. First, because the field is large

nd important: inter-organizational R&D projects with multiple actors

ave become an important instrument of R&D funding, and the number

f such projects is steadily growing; the on-going Horizon 2020 Pro-

ramme has already provided 27,55B € to fund 5147 such projects in-

olving over 70,000 participants (organizations) all over the world. Sec-

nd, the number of partners in such projects is quite high, over 13 on av-

rage ( European Commission, 2020 ). Third, the projects lack structural

exibility, it is difficult to change partners or to drastically revise the

orkplan. Thus, the consequences of the architectural choices mostly

ersist until the project end. 

The field is difficult to access: consultation of internal project doc-

ments by external organizations is possible only with unanimous au-

horization from all project partners because of confidentiality reasons.

s the project work is reviewed by the funding agency, the partners

f on-going projects are reluctant to share their concerns other than in

nterviews with someone they know and trust, with anonymity guaran-

eed. In addition, partners are geographically distributed across Europe

nd beyond. Given these difficulties, it is not surprising that this field

o far remained largely outside the focus of management research. Our

tudy was enabled by the fact that the first author was either known

y the informants or was introduced to them through a co-author or a

ommon contact, and got access to data, the second author guided the

esearch process and challenged the findings, and the third author has

articipated in many EU-funded multi-actor inter-organizational R&D

rojects. 
295 
. Research design 

We have adopted the exploratory inductive multiple case study

ethod ( Eisenhardt, 1989 ). Multiple case studies usually provide a

tronger base to build theory ( Eisenhardt & Graebner, 2007 ; Yin, 1994 ),

nable comparison and demonstration of replication ( Eisenhardt, 1991 )

nd provide a deep understanding of the investigated phenomena and

rocesses ( Bakker, De Fillippi, Schwab & Sydow, 2016 ). A detailed case

tudy protocol was developed with two phases, including specifications

f the quantity and variety of data collection ( Avenier & Thomas, 2015 ).

.1. Case selection and data collection 

.1.1. Phase one. Identification of project architectures 

For this phase, 11 projects were selected, using three selection cri-

eria: homogeneity, variety and availability of data. Homogeneity : The se-

ected projects (1) are inter-organizational R&D projects with multiple

ctors; (2) have durations from 3 to 4 years; (3) have a considerable

umber of partners, between 10 and 21. Variety : the projects vary in

erms of (1) technology maturity ( European Commission, 2014 ); (2)

roject advancement: completed or on-going; and (3) their thematic.

e selected projects where it was possible to have access to project data .

ach of these 11 projects is unique, but the whole sample enabled us

o recognize and compare architectural patterns and to analyze their

nfluence on the project execution. 

Names of celestial constellations were given to the projects for their

nonymization. The projects were firstly studied in terms of their char-

cteristics, using content analysis of over 1500 pages of project docu-

entation: 624 pages of project proposals, over 900 pages of public and

nternal project reports, and approx. 50 pages of agendas of plenary

eetings. 

Following the literature, we conceptualize modularity as the degree

f (inter)dependence, or couplings, between the project actors, in terms

f knowledge flow or/and workflow. We studied modularity by cap-

uring the couplings (working links) between partners in the project as

ell as the strength of these couplings and dependencies (activities or

nowledge). For example, if academic and industrial actors collaborate

hroughout a project, they form a module of knowledge and activities

ith tight couplings. Loose couplings describe weak, punctual or irreg-

lar collaborative links: this is, for example, review by one partner of a

ork done by another partner. 

Based on the literature, we adopted the following definitions. A

roject combines different elements : actors, activities, knowledge, orga-

ized into components , which in turn may form modules , i.e. sets of activ-

ties organized in a thread of work for a common purpose, to produce

pecific outputs. Modules are characterized by a strong integration of

he activities and of the knowledge of the participating partners. Inte-

rative module(s) receive input from two or more other modules, and/or

rovide input to other modules, and produce own output(s). A coupling

efines a connection between the elements or groups of elements of

he project. The strength of a coupling, weak or strong , defines the de-

ree of inter-dependence between the elements. A project output is an

lement of the finality of the project. The resilience of a project archi-

ecture describes to which extent the project is affected if an element

s encountering problems, e.g. not performed or not performed satis-

actorily. Previously, scholars conceptualized also interacting activities

etween partners, such as plenary project meetings, as weak couplings

e.g. Michelfelder & Kratzer, 2013 , Pinheiro et al., 2016 ). These activ-

ties facilitate knowledge integration, and meetings may be part of the

roject architecture, however regular plenary meetings are mandatory

n all projects in the research setting, and they are not specific to the

ypes of architecture. Thus, for theoretical clarity, this paper focuses on

orking relations between partners as elements of the architecture ; in-

eractive activities are considered as part of the knowledge integration

echanisms. 
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Table 1 

Overview of informants and number of interviews. 

Informants (number) 

Interviews 

(number) 

Profile Total 

incl. those participated in 

two or more projects under 

study 

Research/university 11 2 17 

Industry 22 5 24 

incl. large industry 10 4 12 

incl. tech SMEs 12 1 12 

Consultancy 2 0 2 

TOTAL 35 7 43 
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1 Isolated work of partners which does not have important consequences on 

the project in case of their failure, does not count as a module. 
We used three criteria to identify the project architectures: the fi-

ality (how many project outputs are planned or obtained), the decom-

osition of the project (how many modules are planned, are they run-

ing in parallel or sequentially, are they dependent), and the coordi-

ation ( connectedness between modules, density and strength of inte-

rative modules). We asked at least one core project actor, usually the

roject manager, to verify the identification of the project architecture:

he use of both primary and secondary sources enables triangulation of

he collected information in order to avoid potential interpretation bi-

ses ( Eisenhardt, 1989 ). Appendix 1 provides an overview of the projects

nd their architectures. 

.1.2. Phase two. Understanding the effect of the project architecture 

For this second, explicative phase of the study, following

isenhardt (1989) , we selected projects that are comparable and applied

wo additional criteria to narrow down the knowledge base from 11 to

 cases that (1) represent all types and sub-types of architectures identified

n the first phase, and (2) are at an advanced project stage or already

ompleted . In all selected projects, about half of the partners had histor-

cal experience of joint work. We conducted 43 semi-structured inter-

iews in 2018–2019: 39 interviews of about one hour duration each,

nd 4 complementary shorter interviews, that focused on specific issues

hat required additional investigations. The interviews involved 35 in-

ormants; in each project, representatives of between 35 and 65% of the

articipating organizations were interviewed. We used theoretical sam-

ling ( Eisenhardt, 1989 ) to select the informants, using three criteria:

ifferent profiles of the partner-organizations (large industry, technolog-

cal SMEs, research organization), different roles of the persons in the

rojects (project manager, workpackage leader, contributor), different

evels of participation of the persons in EC-funded multi-actor projects

multiple projects or newcomer). In order to have comparable data, we

elected experienced informants: over 80% of the informants were CEOs

f technological SMEs, team leaders within large multinational corpo-

ations, university professors and research directors. These informants

llocated only part of their activities to the studied projects and thus

hey were able to see the project in a larger context. 7 informants par-

icipated in more than one project from our sample and thus interviews

ncluded comparative elements, adding to this research a comparative

ultiple-case dimension. An overview of the informants is provided in

able 1 . 

The interview protocol included 8 groups of questions related to (1)

roject preparation and context; (2) motivation of organizations to par-

icipate in the project; (3) project overview and outputs; (4) project ar-

hitecture; (5) inter-organizational collaboration and its evolution over

ime; (6) new knowledge generation; (7) involvement of external par-

ies, their influence; and (8) project management. A detailed interview

uide was developed, and all interviews were recorded. Before the in-

erviews, information was provided to the informants according to Eu-

opean General Data Protection Regulations, and their consent was ob-

ained about the recording. The fact that the informants knew one or

ore of the co-authors, either directly or through a colleague, supported
296 
stablishing of trust since the beginning of the interview and resulted in

he collection of a wealth of information. 

The interviews resulted into 45.02 h of recording and 791.2 pages of

aterials transcribed verbatim ( Table 2 ). The results of the interviews

ere compared with the findings of Phase 1 and confirmed the classifi-

ation of the project architectures. 

.2. Data analysis 

The data analysis in phase two is based on the abstractive process of

pen coding ( Strauss & Corbin, 1998 , adapted by Gioia, Corley & Hamil-

on, 2013 ). The interviews transcripts were firstly coded using the NVivo

2.1 software: a data structure has been built by grouping 31 concepts

f 1st order into 13 aggregate and more abstract themes of the 2nd or-

er, which were combined into 6 aggregate dimensions ( Appendix 2 ).

hen each dimension was matched with different types of architectures

dentified during the documentary analysis. Coding and analysis were

one for each of the 6 cases, and then the results of the analysis were

ompared across cases. During the research process, reflections on the

heoretical foundations were performed and some new elements were

dded to the interviews in response to these reflections, e.g. on historic

xperience ( Engwall, 2003 ). 

. Results 

The findings are presented below in two parts: firstly, the typology

f the identified project architectures is presented, with their character-

stics and sub-types. Then, the analysis of the implications of different

ypes of architecture is provided. 

.1. Identification of three main types and six sub-types of project 

rchitectures 

To facilitate the explanations, a conceptual representation of the

roject architecture is shown in Fig. 2 . It provides an example of a

roject with four modules: three parallel modules, with small groups

f contributing organizational actors following three main consecutive

tages of activities (workflow), and one integrative module (green color)

oing throughout the project, where the whole group of actors con-

ribute. 

The results of the first phase put in evidence three main types of

roject architecture ( Table 3 ): workflow-integrated (3 projects) , nearly

ecomposable (6 projects), and decomposed (2 projects). The project ar-

hitecture is not easily recognizable in the proposals: the workflow and

he knowledge flow are often “hidden ” in the formal structure of the

orkpackages and only became visible thanks to the analysis of inter-

al project documents. 

The workflow-integrated architecture is sequential ; its defining fea-

ures are a dominating collaborative finality and the absence of mod-

larity. 1 It has two sub-types, sequential and converging . The sequential

ub-type is in fact one big module that runs through the project: output

rom one stage is a prerequisite for the work at the next stage, the groups

f activities (components) are strongly interdependent. Strong couplings

xist within the components where two or more partner contribute. In

he converging sub-type, the work is organized in several parallel compo-

ents; work starts with a joint, integrative activity where most partners

ontribute, such as the development of specifications for a software plat-

orm. However, this integrative activity is only a first step in the process,

nd the result of this activity does not have its “own life ” after the end

f the project. 

The nearly decomposable architecture comprises three sub-types:

eakly coupled, grid, and waterfall. They all consist of modules with
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Table 2 

Overview of interviews per case study. 

Anonymous 

Name 

Partners- 

organizations 

(number) 

Interviewed 

organizations per 

case 

Interviews, 

including 

compar. 

(number) 

Interviews per profile of informants 

(number) 

Recording 

(minutes) 

Trans- 

cripts 

(pages) 

Type / sub-type of 

project architecture 

(de facto) 

number % Research Industry Consultant 

Large SME 

GEMINI 13 6 46 6 1 1 3 1 410 118,1 workflow-integrated, 

sequentual 

SCORPIUS 14 5 35 5 1 1 2 1 298 87,6 workflow-integrated, 

converging 

HERCULES 10 4 40 6 3 2 1 0 443 130,3 waterfall 

ORION 17 11 65 11 4 3 4 0 639 201,1 grid 

PERSEUS 15 7 47 8 5 2 1 0 527 145 decomposed 

PEGASUS 12 6 50 7 3 3 1 0 384 109,1 weakly coupled 

TOTAL 43 17 12 12 2 2701 

(45,02 h) 

791,2 

Fig. 2. Conceptual representation of the project architecture (example of a project with three parallel modules and one integrative module). Key to symbols used: 

1: set of partners (organizations); 2: project boundary; 3: module; 4: components (with collaborating partners); 5, 6: dependencies; 7: integrative module; 8: main 

project output. Couplings within the components and intermediary project outputs have been removed for clarity. 

Table 3 

Three main types of architecture in inter-organizational R&D projects. 

Type of project 

architecture 

Sub-types of 

project 

architecture 

Number of 

main 

outputs 

Structure of activities 

Knowledge base Decomposition of activities Integration of activities 

Decomposed 

(highly 

decomposable) 

N/A Several (at least 

one per module) 

Decomposed into 

independent modules, 

with dense couplings 

within modules 

No couplings between 

modules 

Strongly integrated within 

modules, no coupling 

between modules 

Nearly 

decomposable 

Three: weakly 

coupled, grid, 

waterfall 

Several (at least 

one per module) 

Decomposed into 

independent modules, 

with dense couplings 

within modules 

Couplings between 

modules are not 

pronounced but relevant 

Integrated within modules, 

nearly decomposable in 

integrative module 

Workflow- 

integrated 

Two: sequential 

converging 

One Integrated, with strong 

couplings between groups 

of activities 

Integrated, elements are 

sequentially dependent 

Decomposed; integration 

only happens at the 

inter-faces and on a lower 

level if the group of 

partners works together 
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Table 4 

Main characteristics of the sub-types of architectures. 

Type of 

architecture 

Organization of workflow 

Strengths of couplings 

Stage of the project when 

integrative activities happen (if 

applicable) 

Strength of 

integrative activity 

(if applicable) 

Sequential Parallel 

Integra- 

tive 

Early 

stage 

Mid- 

term 

End 

stage Strong Weak 

Workflow-integrated 

Sequential X Strong between 

interconnected components 

Between 

interconnected 

components 

Converging X X X Strong between 

interconnected components 

X X X (end 

stage) 

X 

(early 

stage) 

Nearly decomposable 

Weakly 

coupled 

X X Strong within modules, weak 

between modules 

X X 

Grid X X Strong within modules, vary 

between modules 

X X X X 

Waterfall X X Strong within modules, strong 

in the first phase (integrative 

module), weak between 

modules 

X X 

(starts 

early) 

Decomposed X Strong within modules X 
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trong couplings within them and resulting sets of collaborative out-

uts. The defining feature of this type of architecture is the presence

f some degree of connectedness between parallel modules, integrative

odule(s) of different intensity, with their own output(s). The knowl-

dge base is strongly integrated in the modules and loosely coupled be-

ween the modules. The workflow couplings are sequential in modules

nd loose between modules. The weakly coupled sub-type is composed of

ndependent sequential modules where a limited number of partners col-

aborate, combining complementary knowledge bases within each mod-

le, and at least one finality per module. The grid sub-type includes inte-

rative module(s) that interact with other modules regularly at various

tages: they are intended to bring actors together at regular intervals to

ork together throughout the project. The waterfall sub-type includes

ne important integrative activity which starts at the beginning of the

roject, then the output of this module is used in a “waterfall ” of paral-

el modules. For the purposes of triangulation, the strength of the inte-

rative module was not only estimated during the interviews, but also

easured quantitatively, calculating reported person-month inputs of

ll partners in the integrative modules comparing to the overall volume

f person-months in the project: it was 3.5% in PEGAGUS (weakly cou-

led), approx. 10% in ORION (grid), and approx. 20% in HERCULES

waterfall). This quantitative data thus confirmed the qualitative feed-

ack that was collected during the interviews. 

The decomposed architecture follows a completely modular pattern:

imilarly to the weakly coupled architecture, the project is decomposed

nto parallel modules, or sub-projects, often running throughout the

roject, but there is very little connectedness between modules. Table 4

ummarizes the main characteristics of the six sub-types of the project

rchitecture. 

The typology of architectures is conceptually presented in Fig. 3 .

hen the project is driven by a well defined main technological out-

ut, then it is similar to product development projects, and the project

rchitecture is workflow-integrated. When the outputs are ambiguously

efined and numerous, there are several options to structure the project

ut a nearly decomposable architecture is advantageous, with different

trengths of the integrative module(s). In the studied projects, nearly

ecomposable type of architecture was chosen when several industrial

ctors wished to develop innovative solutions for their specific needs,

r when several scientific actors wished to develop, compare and vali-
298 
ate different approaches to similar fundamental problems. In the for-

er case, the relatively strong integrative module provided opportu-

ities to develop the concept and implement it in the modules, allow-

ng for regular feedback loop. In the latter case, the weak integrative

odule provided opportunities for scientific interactions, linking the

odules. 

.2. Implications of the types of architectures 

During the second phase, we performed a deeper analysis of the ef-

ects of the architecture on project resilience, project management re-

uirements and planned collaboration and knowledge integration. The

ndings show that most partners planned collaborations at the proposal

tage, both by planning couplings with known actors, to continue his-

oric collaborations, and by putting forward couplings with new collab-

rators: 

“I prefer to follow something like a 70/30 strategy, okay so taking 70%

partners you have worked with already or whom you know reasonably

well to be relatively sure, and you add 30% you want. Otherwise it gets

too boring… If you continue for too long you need a bit of new ideas and

you have a new topic and it is better to look for the right people for the

topic ” (ID5_ORION_res). “To meet new partners, this is another motiva-

tion, okay… to meet new partners with new ideas…” (ID34_ORION_res)

The project architecture is crucial for the realization of collabora-

ions: 

“The design is everything, the design provides the framework, what

you don’t have in the design does usually not happen a lot. It

pushes, it defines where to work together on what to work together ”

(ID36_HERCULES_compar_res). 

The projects that were studied during the second phase are high-

ighted in boldface in Appendix 1 . A summary of the implications of the

ifferent types and sub-types of architectures is presented in Table 5 ,

hen the following sections explain the table. 



S. Klessova, C. Thomas and S. Engell International Journal of Project Management 38 (2020) 291–306 

Fig. 3. Types and sub-types of architectures of the projects included in the study. Key to symbols used: 1: set of project partners (organizations); 2: component 

(group of collaborating partners), 3, 4: dependencies, 5: integrative module, 6: main project output. Links at lower level and intermediary project outputs have been 

removed for illustration clarity. 

Table 5 

Implications of the types of project architectures on knowledge integration, collaboration, project resilience and project management. 

Type of 

architecture 

Variety of 

potential 

knowledge 

integration 

Collaboration quality / 

difficulties in terms of 

collaboration and knowledge 

integration 

Project 

resilience 

Project management cost 

Scientific/technical 

skills of project 

manager required? 

Coordination of 

activities; delivery of 

project outputs 

Knowledge 

integration 

Workflow-integrated 

Sequential Low Easy within components, 

difficult between not 

connected components with 

different partners 

Low High Low No 

Converging Low to 

medium 

Same as above, but 

additionally difficult 

integration 

Low High Low, then high 

at the last 

stage 

Preferably 

Nearly decomposable 

Weakly 

coupled 

Low to 

medium 

Easy within the modules, 

more difficult at the weak 

couplings across modules 

High Low Low to 

medium 

Preferably 

Grid High Easy within modules, difficult 

otherwise 

High Low Medium to 

high 

Yes 

Waterfall Medium Easy within modules, the first 

integrative phase is 

demanding 

High Low High Yes 

Decomposed Low Easy within modules, no 

collaboration between 

modules 

High Low Low No 
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.2.1. Workflow-integrated architecture: Knowledge-disintegration but a 

ollaborative final output, requiring high managerial effort and strong 

anagerial skills 

The workflow-integrated architecture (GEMINI, sequential, and SCOR-

IUS, converging) disintegrate knowledge: the partners contribute what

hey know best, this results mainly in isolated work at the organizational

evel with occasional synchronization. Some partners may contribute

nly to very specific tasks, often also limited in time, such as testing

f a software. The architecture facilitates collaboration within the com-

onents and between tightly interconnected components. The partners

eepen their technical /scientific skills in their domain of specializa-

ion; individual work of partners may be used by them after the project

nd, separately from the main project output. The variety of knowledge

ntegration opportunities is low. 

“We firstly discussed about the specification document, this deliverable

was done together. And then all partners worked on their side, just to

develop things ” (ID12_SCORPIUS_cons) 

b  

299 
The architecture enforces collaboration of the whole team in terms

f finality, in the sense that contributions of different partners are re-

uired to produce the main output, which is the result of the joint work.

hen an output of one group of partners is taken as an input by another

artner, then there is strong workflow coupling, but there is no or lit-

le knowledge flow coupling. The resilience of the project is low: delay

r failure in one of the major sequential components result in a major

roject shock. 

“At the proposal stage, you are concerned about your own workpackage,

you are pressed, well you do not pay a lot of attention to another work

package. Then the project started, the deliverable of the first step was

there, but the responsible for the next step looked at it and said ‘okay this

is fine but how am I supposed to start my work?’. Then we realized some-

thing is missing, there was the gap, the output of the first workpackage did

not become the input of the second workpackage ” (ID1_GEMINI_coord). 

The converging sub-type is even more risky: there is a high proba-

ility that all deficiencies in the previous stages of the project will ul-
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the partners. ” (ID7_ORION_compar_ind). 
imately harm at the final integrative stage. Thus, workflow-integrated

rojects require a high managerial effort with very competent monitor-

ng of the work to ensure its timing and quality and, above all, to ensure

hat it matches with the needs of the subsequent stages. Such projects are

uitable for coordination by consultants with strong managerial skills,

ut require a skilled and recognized technical development leader, usu-

lly the one who is behind the project idea. This type of architecture

equires particular management attention during the proposal prepara-

ion: in case of failure of one partner with important tasks, as happened

n one of the studied projects, another partner will have to assume the

orkload, otherwise the project would fail. The architecture is adapted

or less complex projects when there is one main project output; it is

imilar to product development projects and the study found this type

f architecture only in the projects which aims at the development of

pecific technology, such as new software platform. 

Cutting just one essential coupling in a workflow-integrated project

resents a major risk for the implementation of the project and puts

trong pressure on the project management: continuation of collabora-

ion is required even at high cost for management and for partners. Thus,

orkflow-integrated projects are not resilient from the point of view of

orkflow, but they are resilient in terms of collaboration. 

.2.2. Nearly decomposable architecture: Several modules with variety of 

ollaborative outputs; the intensity of integrative module sets requirements 

or strong scientific/technical competences of the project manager 

In the initial sample of 11 projects, the nearly decomposable struc-

ure was found in 6 projects. The modules in all nearly decomposable

rchitectures in the projects studied during the second phase (PEGASUS

weakly coupled, ORION – grid, and HERCULES – waterfall) involve

mall groups of partners with complementary knowledge. 

The weakly coupled architecture is beneficial to those participants

ho understand the topics dealt with in other modules without being

nvolved in them, i.e. those with more experience and broad founda-

ions: 

“They did a lot of really hard research which I never understood in their

presentations… this sounds good but whatever they are doing, I had no

idea (smiles)…” (ID8_PEGASUS_ind). “The gluing part there were the

universities. Companies always talked with universities. They were not

linked between each others in general (ID23_PEGASUS_res). 

The grid sub-type, thanks to planned elements of joint work, provides

egular opportunities for exchange and knowledge integration, these el-

ments help to get cross-fertilization between the modules, and act as a

lue: their loss would drive the project towards full decomposition into

ndependent modules. 

The integrative activity in waterfall sub-type of architecture starts at

he beginning of the project and deals with a “challenge ”, e.g. a devel-

pment of a new concept with planned contributions of all or most part-

ers. It helps to deal with ambiguity and requires frequent interactions,

specially at the beginning. New knowledge is then further deepened

hroughout the project thanks to the feedback from specialized mod-

les, where partners work on e.g. new technologies and applications,

nd the integrative activity leads to a project output that has a “life on

ts own ” after the project end. Thus, the waterfall architecture offers a

ariety of knowledge integration opportunities and especially favors the

evelopment of joint understanding between partners. 

“There was from the very beginning a common theme and a common idea

that we wanted to pursue. That helped a lot to draw the different ideas to-

gether. Some things have to brew for a while, and then all of a sudden the

ideas are there and you can implement the ideas ” (ID6_HERCULES_ind).

“There was a bigger block of work where an unknown problem had to be

solved, a problem where a solution was not known had to be solved by

the consortium as a whole. It was a core part of the design. We had to

develop this thing, and create a joint understanding. That was an aspect

which I have not seen too often in projects, that virtually all partners had
300 
to get involved in the creation of something, and this is the creation of

concepts and ideas brainstorming about them…And it went through the

project from day one to day final ” (ID36_HERCULES_compar_res) 

Comparing with the waterfall, the weakly coupled and grid archi-

ecture did not require knowledge integration at the project level at the

eginning, as the concepts used in the projects were known and clear to

he actors. 

The resilience of weakly coupled and grid sub-types of architecture

s relatively high from the point of view of the overall project viability:

utting of one module still allows the project to achieve the larger part

f its objectives. But collaboration is much less resilient. For example,

ompetition between actors working in one module suddenly appeared

uring the course of the ORION project: planned collaboration broke

nd the planned module disappeared. 

The setup of the project was one reason why it was strongly suggested

that we should step out. … And (a partner) becoming a competitor, that

was something that… I really had no influence on . (ID33_ORION_ind) 

However, although the break in collaboration was regretful, it did

ot have major influence on the overall project outputs: the module in

uestion was one of many project modules. 

The waterfall architecture is more vulnerable at the initial stage than

ther nearly decomposable architectures, because of the strong links be-

ween the initial integrative module and the “waterfall ” of further mod-

les: in the studied project, the initial integrative module did not com-

rise tasks with a high technical risk. Some deficiencies of contributions

o the integrative module (e.g. some non-contributing partners) did not

revent the module to continue. 

In all studied nearly decomposable projects, the integrative module

rovided planned knowledge integration opportunities (of different in-

ensity) for different project partners, and strengthened the collabora-

ion in the project in several ways: it brought partners closer together

hat otherwise would only work in small groups, it widened the horizon

f the partners by forcing them to unify concepts and ideas of an overar-

hing nature systematically, and, because of joint work requirement, it

pushed’ for integration of knowledge coming from various backgrounds

nd applications. 

“Most deliverables were not produced just by one partner, but by a group

of partners, even if one partner coordinated the deliverable. We con-

tributed to the deliverable, criticized them, gave them ideas, and the other

way around, we have got very good input from other academic partners. ”

(ID23_PERSEUS_res). 

“It (integrative activity) forces partners to really do something together,

not just sit and listen. With the meetings as such, there is a certain random-

ness and arbitrariness of these interactions. When there are tasks when

partners have to work together, the exchanges are much more deeper,

richer… If there is a task that you have to do, it is easier to mobilize

people. ”(ID43_ORION_res). 

Collaboration and management in weakly coupled projects are easy,

s the modules mostly run throughout the project and they have their

wn leader. The grid and especially the waterfall sub-types require

igher managerial efforts and strong scientific or technical competence

f the project manager, to keep the project on track. This role is more

dequate for an academic or industrial partner who is an expert in the

roject topic, with strong leadership skills. Significant efforts from the

artners are required too to “keep alive ” the integrative module. 

“Work between partners and across components, this requires quite a

bit of effort and coordination, so that it doesn’t fall apart. That effort

sometimes may be underestimated, managerial efforts but also efforts of
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.2.3. Decomposed architecture: Knowledge-integration within modules but 

orkflow-disintegration between the modules; easy project management but 

ittle added value from the large inter-organizational setting 

The decomposed architecture significantly limits the collaboration

cross modules, but it provides a setting for strong collaboration of small

roups within specialized modules: 

“We did not have scientific partners who could exchange over the

boundaries of the modules because the modules were very specialized ”

(ID15_PERSEUS_res). “The topics of the projects were too far apart,

people do not have much in common ” (ID28_PERSEUS_ind). “It was

work on our own, nobody understood what we are doing and nobody

was interested in it. It was just for interest of us and our partner ”

(ID43_PERSEUS_res) 

When one partner organization, usually a research organization, pro-

ides input to several parallel modules, it may seem that this will help to

ake the project more integrated. However, this is not always true: the

tudy found several examples when a research lab employs several staff,

ach of them working in different modules of the project with different

artners on independent topics and with little interaction. 

The decomposed architecture is highly resilient at the project level:

n case of disruption, only one module will be affected, the other mod-

les continue as planned. However, the modules by themselves are not

esilient: the collaboration partners, usually from academia and industry

ith complementary knowledge, are interdependent during the whole

roject, and the success of the module critically depends on collabora-

ion quality and on sufficient inputs of all partners involved. The leaders

f the disintegrated modules manage the work in their modules. If the

anager is a consultant not experienced in the technical domain of the

roject, then a decomposed project is the easiest type of project to man-

ge. 

“It’s a very convenient way to run projects because then each industrial

partner, each end-user, each technology developer can do what they want

to do and that’s basically it. ” (ID4_PEGASUS_res). 

The added value of the large inter-organizational setting is low in

rojects with decomposed architecture: 

“If I was a reviewer for proposal, a proposal like this, I would always

reject. Because that’s not the idea of an EU project…. If you organize the

project directly in modules, it is obviously not designed for collaboration ”

(ID7_ORION_compar_ind). 

Perhaps for this reason, the study uncovered that the fact that the

roject work is done in largely disconnected modules is often hidden

n the proposals, by the introduction of “horizontal ” workpackages in

hich “slices ” of the modules are formally integrated under a common

mbrella. The projects look integrated on paper and there were inten-

ions to integrate knowledge, but the integration did not happen. 

. Discussion 

The study has collected and analyzed rare and rich field data to con-

ribute to project studies ( Geraldi & Söderlund, 2018 ) and to bridge

etween the management and innovation literature ( Berggren, 2019 ;

avies et al., 2018 ; Sydow & Braun, 2018 ), as discussed next. 

First, the research provided evidence that the interplay between

ctivity coordination and knowledge integration has a structuring ef-

ect and defines the architecture of inter-organizational R&D projects

ith multiple actors: both knowledge and activity flow shall be struc-

ured ( Rauniar et al., 2019 ), both shape patterns of interactions in

he project and decrease uncertainties ( Raab et al., 2009 ; Söderlund

 Sydow, 2019 ), and both actors (with their activities) and struc-

ures shall be considered in a duality in order to better understand

nter-organizational R&D projects, none shall be put first ( Sydow

 Braun, 2018 ). For the first time, different architectures of inter-

rganizational R&D projects were identified and light was shed on
301 
he setting of inter-organizational R&D projects with multiple actors

 vom Brocke & Lippe, 2015 ), using a network lens ( Steen et al.,

018 ). Research explaining the differences between inter-organizational

rojects is still at its early stage ( Ahola, 2018 ); the study has proposed a

ypology of project architectures, consisting of three main types and six

ub-types. The identified architectures do not depend on the number of

artners or the domain of the project. 

Second, the study shows that although the optimum architecture

epends on the intended innovations and the interests of the partners

 Ahuja, 2000 ), for projects with specific characteristics there may be

ptimum structure. Two elements especially play a role: the charac-

eristics of the final outputs, in terms of their number and the degree

f their ambiguity, and the degree of ambiguity of the problem ad-

ressed in the project. If there is one main finality, it is well defined

nd the ambiguity is low, then the workflow-integrated architecture is

uitable. If the ambiguity of the outputs is high and the outputs are di-

erse within an overarching setting, potentially driven by the interests

f groups of partners, then the modular architecture (nearly decompos-

ble or decomposed) is suitable, and there are more options to struc-

ure the project. If there is high degree of ambiguity at the beginning

f the project and joint work is required initially ( Calamel et al., 2012 )

o reduce it, then the waterfall architecture is the most adequate one.

f the ambiguity is low at the beginning of the project, then direct divi-

ion into distinct modules (e.g. weakly coupled or grid architectures) is

ossible, with different degree of connectedness, depending on the re-

uired level of knowledge integration between modules and knowledge

haring constraints ( Enberg, 2012 ). If there is no need for shared knowl-

dge between the modules, e.g. if the outputs of the projects fall under a

ommon theme but are not related, then the decomposed architecture is

uitable. In the sample of 11 projects analyzed in this paper, the nearly

ecomposable structure is represented strongly, and most projects are

odular: this is not accidental but reflects the needs and the constraints

f inter-organizational R&D projects with multiple actors from industry

nd academia. Extant literature argues that if the uniqueness of projects

s low , many elements of the project architectures can be used from

ne project to another ( Ahola, 2018 ). This study went a step further

o show that even when the uniqueness of projects is high , there are typ-

cal project architectures which can be used from one project to another.

hus, the study provides heuristics to structure inter-organizational R&D

rojects. 

Brusoni and Prencipe (2013) have shown that different levels of com-

lexity, uncertainty, and ambiguity of knowledge call for different types

f couplings within an inter-organizational structure and that the cou-

lings may evolve over time. The present study extends the findings in

he complex, ambiguous and uncertain context of the projects with rigid

tructures, where interconnections of knowledge and activities may be

artially independent ( Tell, 2011 ): it has been shown that the project

rchitecture can enable the evolution of couplings and it can help to

ope with the low structural flexibility. 

Third, the study provided insights into the implications of the project

rchitectures. Some of them favor collaboration within the project

hrough integration of workflow, others favor collaboration through

ntegration of knowledge; the waterfall structure help in creating a

ommon base of understanding at the very beginning. The workflow-

ntegrated projects, where partners work for the same finality, pro-

ides considerably less opportunities for collaboration than other types

f architectures, while decomposed projects consist of largely isolated

lusters of knowledge and activities, and the value of the large inter-

rganizational setting for collaboration is low. Historic experience helps

o facilitate collaboration ( Engwall, 2003 ) but may conflict with the

&D nature of the projects, which calls for opening them towards new

ctors to look for new ideas and approaches, as the study shows. Differ-

nt types of architecture put different requirements in terms of the role

nd cost of project management, and the need for scientific or technical

kills of the project manager. As previous studies have shown in other

ontexts ( Michelfelder & Kratzer, 2013 ; Yayavaram & Ahuja, 2008 ), the
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2 Authors’ calculation based on the data provided by the European Commis- 
early-decomposable architecture is beneficial for the innovation per-

ormance of inter-organizational settings. However, this architecture is

emanding in terms of management efforts and requires not only man-

gement skills, but also specific scientific or technical skills, depending

n the strength of the integrative modules. It is difficult to maintain

he coupling via the integrative module and to make knowledge inte-

ration happen ( Brusoni & Prencipe, 2013 ; Tiwana, 2008 ), but if the

ntegrative module is maintained, it adds a lot of value to the project,

s the study shows. The research has also contributed to a better under-

tanding of how inter-organizational structures should be designed for

esilience ( Linnenluecke, 2017 ). Disturbances in workflow-integrated

roject presents a major risk and this puts strong pressure on the project

anagement to find adequate solutions and practices ( Kapsali, 2011 ). 

The research presented here has certain inherent limitations. The

mpirical evidence is limited to multi-actor inter-organizational R&D

rojects funded by the European Union Research and Innovation Frame-

ork Programmes, which have specificities such as a large number of

rganizations working together and a rather inflexible structure. It does

ot include projects of smaller size funded by the national programs.

he study covers a certain selection of themes and projects; thus, it is

ossible that there are additional types of interplay between workflow

nd knowledge flow, leading to other types of project architectures that

ave not been found in this study. The paper focused on the project

rchitecture and does not discuss the types of knowledge that is gener-

ted in the projects or the knowledge integration processes that operate

ithin the projects. The collaboration quality also depends on the his-

oric experience of the partners, the project context and the dynamics

f the participating organizations ( Engwall, 2003 ). However, these fac-

ors play a limited role in the definition of the project architecture and

herefore were not included in the analysis. 

. Conclusion 

.1. Contributions 

The study aims at developing new perspectives on inter-

rganizational R&D projects with multiple actors by means of an em-

irical qualitative analysis of selected projects from the latest European

esearch and Innovation Framework Programmes. Making use of and

ridging the research streams of project management and innovation

tudies, the study focuses on the interplay between activity coordina-

ion and knowledge integration. It suggests a typology of architectures

nd discusses the implications of each type of architecture on the exe-

ution of the projects. The findings show that the workflow-integrated

rchitecture disintegrates the knowledge base, provides a lower collab-

ration potential and may require high management efforts, while a

orkflow-decomposed architecture allows easy project management but

rovides little added value from the inter-organizational setting. Nearly

ecomposable architectures offer the highest collaboration potential un-

er contingent conditions. 

The study provides contributions for theory and practice of project

anagement. On the theoretical level, it leads to a better comprehen-

ion of how activity coordination and knowledge integration simultane-

usly influence the project execution and set requirements for project

anagement. On the practical level, the study provides heuristics on

he choice of the architecture and helps to understand the implications

f the choice of the architecture. It provides guidance to the project
s

302 
anagers, as well as to the funding agencies, about how to adequately

tructure collaborative R&D projects with multiple partners. Overall, the

esults of the study enhance the understanding about complex inter-

rganizational R&D projects with multiple actors, which are networked

rojects : the network of organizational actors collaborates in the frame-

ork of a project with the goal to integrate knowledge and develop in-

ovations . 

.2. Future research directions 

The findings of the study point to several exciting and relevant ques-

ions for future research. To better understand inter-organizational R&D

rojects with many actors, it would be of interest to study in more detail

he processes that operate within the projects. Couplings can be studied

s a structure and as a process ( Brusoni & Prencipe, 2013 ), and future

esearch could also help to better understand the processes and mech-

nisms that influence knowledge integration in this empirical context.

lso the historic experience of the actors, the project context, the dy-

amics of the participating organizations ( Engwall, 2003 ), the coordi-

ation and cooperation processes as well as the governance mechanisms

 Johansson et al., 2011 ) shall be taken into account. 

The study found that some connections and knowledge integration

ere planned but did not happen, resulting in a reconfiguration of the

ouplings. Thus why and how dynamic reconfiguration happens in struc-

urally inflexible multi-actor projects, and what the consequences of this

re on new knowledge generation should be investigated. The project

ize regularly increases: for instance, it has more than doubled in the Eu-

opean Research and Innovation Programmes during the last 20 years,

rom 6.1 to 13.7 partners per R&D project on average. 2 Whether larger

nter-organizational settings, which are not easy to structure, are bene-

cial for knowledge generation and how the project management and

nowledge integration mechanisms should be adapted to this trend is

nother promising research direction, which also could be useful for the

esigners of the research programmes. 
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Appendix 1 

Overview of studied inter-organizational R&D projects (the projects in boldface were selected for the second phase). 

Name Objective N of main results 

EC 

Programme Thematic Project stage 

N° of 

partners 

Type / sub-type of 

architecture (de facto) 

1 PEGASUS New methods and 

software 

Several FP7 ICT Ended 12 Weakly coupled 

2 HERCULES New methods and 

software 

Several FP7 Production, ICT Ended 10 Waterfall 

3 PERSEUS New hardware, 

methods and 

software 

Several H2020 Production, ICT Ended 15 Decomposed 

4 ORION New methods and 

software 

Several H2020 Production, ICT Close to 

the end 

17 Grid 

5 SCORPIUS New software One H2020 ICT Ended 14 Workflow-integrated, 

converging 

6 GEMINI New software One H2020 ICT On-going 13 Workflow-integrated, 

sequential 

7 ANDROMEDA New hardware, 

methods and software 

Several H2020 Environment, ICT On-going 21 Waterfall 

8 LIBRA New software One FP7 ICT Ended 16 Workflow-integrated, 

converging 

9 CAPRICOR-NUS New matetials, 

methods and software 

Several H2020 Production On-going 12 Decomposed 

10 CYGNUS New software and 

hardware 

Several FP7 Energy Ended 12 Grid 

11 LEO New technologies, 

products and processes 

Several FP7 Production Ended 15 Waterfall 
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Appendix 2. Data structure: Overview. 
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