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ABSTRACT

Ruoslahti, Harri

Co-creation of knowledge for innovation in multi-stakeholder projects
Jyvéskyld: University of Jyvaskyld, 2019, 91 p.

(JYU Dissertations

ISSN 2489-9003; 138)

ISBN 978-951-39-7867-9

The European Union (EU) promotes innovation through its research funding
programmes that offer opportunities for the co-creation of knowledge involving
diverse groups of academics, businesses and public organisations in project con-
sortia. Although participants may have conflicting interests, during a project, the
focus is sharing insights and experiences. Accordingly, this thesis aims to gain an
understanding of knowledge co-creation for innovation in funded projects from
the viewpoint of multi-stakeholder communication, focusing particularly on
communication with and the participation of end-users. It does so by studying
the topic from four theoretical perspectives: the co-creation of knowledge, innovation
networks, knowledge development processes and the resilience of complex social networks.
These function as a framework for the six studies and seven published papers of
this thesis. The context of the studies delivering case data consists of eight EU-
funded projects aimed at research and innovation.

The findings show that common development goals serve as the basis for
partners to engage in sharing insights and experiences while developing
knowledge for innovation. The perspective of the co-creation of knowledge high-
lights the intensive interaction among the many diverse actors who engage in
building relationships and trust to enable joint work on a common problem. The
perspective of innovation networks highlights that comprehensive solutions may
require different roles from actors facilitated by structures and communication
expertise. The perspective of knowledge development processes points to evolving
input, throughput and output communication when engaging various stake-
holders, especially end-users, adapting participation strategies over time. The
perspective of resilience of complex social networks emphasises agile project com-
munication to address vulnerabilities through interdependencies.

Research and innovation projects bring about complex processes that call
for close attention to interactions among a diverse group of stakeholders and the
ways that end-user participation takes form in various project phases. This thesis
adds to the overall body of knowledge on co-creation in innovation networks and,
in particular, collaboration within EU-funded research and innovation project
consortia.

Keywords: co-creation of knowledge, innovation networks, multi-stakeholder
projects
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Euroopan Unioni (EU) edistdd innovaatioita tutkimusohjelmilla, jotka tarjoavat
projektikonsortioiden erilaisille toimijoille (tutkimuslaitoksille, yrityksille, julki-
sille organisaatioille) tilaisuuksia tiedon yhteiskehittdmiseen. Hankkeen aikana
painopisteend ovat ndkemysten ja kokemusten jakaminen, vaikka osallistujien
intressit voivatkin olla ristiriidassa. Tama vditoskirja pyrkii ymmartaméaan inno-
vaatioon tdhtddvan tiedon yhteiskehittamista rahoitetuissa projekteissa monitoi-
mijaisen viestinndn ndkokulmasta, painottaen erityisesti loppukayttédjaviestintaa
ja -osallistamista. Aihetta tarkastellaan neljan teoriasuuntauksen kautta: tiedon
yhteiskehittdminen, innovaatioverkostot, tiedon kehittimisen prosessit ja kompleksisten
sosiaalisten verkostojen resilienssi, jotka toimivat viitekehyksind véitoskirjan kuu-
delle tutkimukselle ja seitsemille julkaistulle paperille. Kontekstina ja tiedonldh-
teind toimivat kuusi EU:n rahoittamaa innovaatio- ja tutkimusprojektia.

Tulokset osoittavat, ettd yhteiset kehittdmistavoitteet toimivat perustana
osallistaa partnereita ndakemysten ja kokemusten vaihtoon, kun kehitetddn inno-
vaatioihin johtavaa tietoa. Tiedon yhteiskehittimisen ndkokulma korostaa mo-
nien erilaisten toimijoiden vilistd intensiivistd vuorovaikutusta heidén rakenta-
essaan keskindisid suhteita ja luottamusta mahdollistaen tydskentelyn yhteisen
ongelman ratkaisemiseksi. Innovaatioverkostojen nakokulma korostaa, ettd koko-
naisvaltaiset ratkaisut voivat vaatia toimijoilta eri rooleja, viestintdosaamista ja
fasilitointia. Tiedon kehittdmisen prosesseissa ndkyvét kehittyvit syote- (input), 14-
pisy6tto- (throughput) ja tuotosviestintd (output) kun monia toimijoita, erityi-
sesti loppukaéyttdjid osallistetaan ajan kuluessa eri osallistumisstrategioiden kayt-
toonottoon. Lahestymistapa kompleksisten sosiaalisten verkostojen resilienssi painot-
taa ketterdd projektiviestintdd riippuvuuksien ja haavoittuvuuksien kasittelyyn.

Tutkimus- ja innovaatioprojektit kasittavat kompleksisia prosesseja ja nama
vaativat tarkkaa huomiota erilaisten sidosryhmien véliseen vuorovaikutukseen
ja tapoihin osallistaa loppukayttdjid projektien eri vaiheissa. Ndin tdimd véitos-
kirja lisdd tietdmystd yhteiskehittdmisestd innovaatioverkostoissa ja erityisesti
yhteistyosta EU:n rahoittamien hankkeiden projektikonsortioissa.

Avainsanat: tiedon yhteiskehittdminen, innovaatioverkostot, monitoimijaiset
projektit
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PREFACE

The European Union (EU) promotes research and innovation with several fund-
ing programmes in its member states. Through my current work, I have had the
pleasure to be involved in various EU-funded projects concerning security man-
agement. Therefore, I experienced collaboration between consortium partners
that could sometimes be open and straightforward, but at other times, complex
and challenging. Consequently, this thesis stems from an interest to better under-
stand how multiple partners co-create knowledge for innovation.

Similarly, conducting this research has been a co-creative effort, as I could
not have accomplished this work without collaborating and sharing insights with
many people, for which I am grateful. To acknowledge all the support I received,
I want to thank several people and organisations.

To start, I want to commemorate the warm memory of my deceased ex-col-
league and friend Juha Knuuttila. He inspired me to move forward with my re-
search. I published my first papers with Juha, and on several occasions, he en-
couraged me to begin my doctoral studies and recommended the University of
Jyvéskyld, which turned out to be an excellent choice for me.

Throughout my studies and while writing this thesis, Professor Marita Vos
has given me positive support and guidance. Thank you! I also wish to express
my appreciation to my second supervisor, Professor Vilma Luoma-aho, and the
preliminary readers of this thesis for their constructive comments.

I would like to recognise my employer, Laurea University of Applied Sci-
ences, for providing me the opportunity to combine teaching with participation
in security management projects. I also wish to fully acknowledge the role of the
research projects mentioned in Table 4 later in this work for providing a context
for this thesis and the European Commission for funding these projects that drive
co-created European innovation.

Many scholars at conferences (BledCom, EUPRERA and KMIS) and peers at
Laurea and the University of Jyvaskyld have shared their insights and offered use-
ful comments to further my research work, and I warmly thank them for this. I also
thank my co-authors, Kirsi, Kristina, Ilkka and Jyri, for collaborating and exchang-
ing views to create results greater than the sum of individual parts. Because my
main topic has been co-creation, I find it appropriate to have shared the work ac-
tively with co-authors, and I hope to continue to co-create knowledge with them
in the future. Moreover, I would like to extend my gratitude to adjunct professor
Rauno Pirinen for giving me a chance to share my ideas at the National Defence
University, an opportunity that arrived at a good time to advance my research.

Finally, many, many thanks to my family! They patiently supported and
tolerated my writing on the home sofa, even during summer boat trips and other
travels.

Jyvaskyld, 1.10.2019
Harri Ruoslahti
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1 INTRODUCTION

The European Commission calls for innovation by funding schemes, such as
Horizon 2020 (Commission of the European Union, 2014b), which support col-
laborative knowledge development as an opportunity for innovation. The Euro-
pean Union (EU) aims to promote innovation throughout its member states by
involving diverse groups of actors, such as academia and public sector and busi-
ness organisations, which may have conflicting interests. Public organisations are
seeking new technologies and service innovations to perform their duties more
efficiently. Business organisations aim to market their products and develop
products and services to sell. Academia actors are searching for funding and new
knowledge to pass on to students and strengthen their institutions” innovation
track record. All can use and exploit the results that research and innovation pro-
jects produce.

This thesis seeks to gain an understanding of the process of knowledge co-
creation for innovation in funded projects from the viewpoint of multi-stake-
holder communication, focusing particularly on communication with and the
participation of end-users. A better understanding of the challenges involved
will add to the body of knowledge on co-creation in innovation networks and
ameliorate the functioning of future research and innovation projects. The author
became interested in this topic when participating in EU funded projects and dis-
cussing co-creation with stakeholders.

This research links to previous studies targeting communication by organ-
isations, but it does so by focusing on knowledge co-creation in research and in-
novation projects. “Understanding knowledge co-creation is of particular im-
portance in this age where innovation and creativity have become a source of
competitive advantage” (Bagayogo et al. 2014, p. 632). The involvement of end-
user organisations is emphasised by the European Commission (Commission of
the European Union, 2016). Mapping end-user processes and practices helps cre-
ate innovation value (Payne, Storbacka & Frow 2008). However, there is scarce
research to provide strategies enhancing co-creation involving multiple stake-
holders (Frow et al. 2015). Within research and innovation projects, multiple
stakeholders collaborate. “Multi-stakeholder networks are an organisational
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structure that allows collective action beyond national boundaries, since the par-
ticipation is voluntary, and objectives and actions are negotiated among partici-
pants” (Roloff 2008, p. 237).

Collaboration in projects requires communication among stakeholders.
More-over, active, ongoing end-user communication ensures that the work in
consortium projects fulfils end-user needs. It is important to collaborate with var-
ious types of end-users to gain a complete overview of their needs (Ruoslahti &
Knuuttila 2011). Products and services can best be co-created with end-users
(Miettinen & Koivisto 2009). Such co-production supports organisational innova-
tiveness, state Luoma-aho et al. (2012). Similarly, Tikanmdki, Tuohimaa and Ru-
oslahti (2012) note that networking is important in developing services and pro-
cesses.

1.1 A drive for knowledge and innovation

Knowledge is a form of value. Vargo, Maglio and Akaka (2008) argue that service
systems are highly interdependent and co-create value, because in service-to-ser-
vice exchange their survival depends on it. Ruoslahti et al. (2010), who write
about cooperation in technical development projects, note that developers need
to collaborate closely with end-users. However, Saarinen (2012) adds that the de-
sign of services cannot be completely user-based, because development processes
aim to include the goals, actions and problems of several actors whose prefer-
ences most likely differ.

When a need arises to access others’ resources, value-in-exchange also oc-
curs. Frow et al. (2015) find that managers predominantly look at co-creation to
generate ideas for new products and services. However, involving a broader
range of stakeholders and multiple forms of co-creation further enables the co-
creation of innovation.

The EU Commission 7th framework and Horizon 2020 funding schemes re-
quire that EU-funded projects include consortium partners from several member
states and varying types of organisations: end-users, industry and research. The
resulting connections can be seen to form multi-stakeholder networks. The broad
range of stakeholders involved can co-create innovation by using multiple forms
of working to support the co-creation process. Multi-stakeholder arenas call for
systematic approaches to stakeholder management to organise relationships be-
tween organisations and stakeholders (Luoma-aho & Vos 2010).

EU-funded projects promote inter-organisational collaboration with the
aim to promote knowledge for innovation, enhanced by a strong context for col-
laboration and renewal, such as within innovation ecosystems (Hautamdki 2010).
The EU deems it important for society that knowledge is co-created and utilised
for innovation. However, there are problems relating to collaboration and com-
munication in inter-organisational project consortia. Besides communication
with stakeholders that promotes innovation, there are challenges preventing the
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sharing of insights and experiences needed for knowledge co-creation. For exam-
ple, communication with end-users may be lacking, while it is imperative to lis-
ten to the various kinds of end-users to get a complete picture of their needs (Ru-
oslahti and Knuuttila (2011). Moreover, the current project environment is char-
acterised by fast developments, necessitating resilient project cooperation.

This study is based on the project work done on eight EU-funded projects
(presented in Table 4). These projects developed security-related knowledge, for
example, concepts for information acquisition for crisis recovery, increased flex-
ibility of passenger movement and information sharing between authorities.

This thesis focuses on the communication supporting knowledge co-crea-
tion in EU-funded projects among the project participants of the consortium and
other stakeholders. Moreover, it attempts to understand forms of adding depth
and regularity to communication with end-users. This may include activities
such as scenario building, forming expert panels, creating end-user communities
and disseminating project results. However, because it is still unclear how the
actual process of co-creation is supported by communication, the studies in this
thesis focus on the co-creation of knowledge for innovation in multi-stakeholder
arenas. The concept of communication in multi-stakeholder arenas (e.g. Luoma-
aho & Vos 2010) emphasises perspectives according to the interests of the actors
that have a stake in the project. This line of investigation is important to gain a
better understanding regarding the mechanisms of collaboration and communi-
cation in these inter-organisational consortium projects.

1.2 Aims of the research

The purpose of this thesis is:

to gain an understanding of knowledge co-creation for innovation in

funded projects from the viewpoint of multi-stakeholder communication,

focusing particularly on communication with and the participation of end-

users.
This thesis aims to achieve this by scrutinising how multi-actor communication
takes place, considering participant roles and project interaction throughout the
co-creation process. Project consortia consist of multiple actors that have a stake
in the research and innovation work, while stakeholders outside the consortium
are also involved, for example, in end-user panels and communities. Given that
the various stakeholders have different backgrounds and interests, it can be
challenging to engage them for project aims and facilitate the sharing of insights
and experiences.

The topic was narrowed down to guide the work by examining its key-
words, making it more concrete in every step: co-creation, of knowledge, for in-
novation, in multi-stakeholder arenas, focusing on participation of end-users,
through communication, in EU funded projects (see Figure 1).
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FIGURE1 Narrowing down the topic to guide the work

The focus is on project communication enhancing end-user participation and re
silience of collaboration in complex EU-funded projects aiming at innovation.
How can the characteristics and challenges of multi-actor (and in particular
end-user) project communication be understood, taking into account the com-
plexity and resilience of knowledge co-creation in such projects?

This is further detailed in several detailed research questions in the six studies
undertaken for this thesis, as will be explained in the research design (see Table
2 in section 3.1). Gaining insight into communication in multi-stakeholder con-
sortium projects can be relevant to future funded research and innovation pro-
jects and may, thus, benefit both science and society.

The structure of this thesis’s theoretical framework is based on four theo-
retical perspectives using insights from the existing literature on the co-creation
of knowledge, innovation networks, knowledge development processes and re-
silience of complex social networks (related insights will be explored in
Chapter 2.) These theoretical perspectives support the research design and pro-
vide angles to look at the findings (as further explained in Table 3 in section 3.1.)
For example, structure is taken from the communication process phases (input,
throughput and output, as further explained in section 2.3). A systems perspec-
tive applied to organisational communication allows to study interdependencies
important to co-creation of knowledge in complex projects (further explained in
section 2.3).

1.3 Components of this research

Myers (2008) writes that it may be difficult for a qualitative researcher to write
one’s results all in one paper. Thus, one solution is that qualitative researchers
write various papers and treat each one as part of the whole story clarifying a
topic. This thesis comprises six studies and seven related papers (see Table 1).
The research process proceeded iteratively. Each phase influenced the next,
as the work was elaborated on from phase to phase concerning the accumulated
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knowledge presented in individual articles and summarised for relevance to the
entire thesis, in this thesis’s shell. Summaries that explain each study constituent
the work of this thesis are provided below.

Study 1 is a structured literature review on the co-creation of knowledge for
innovation that serves as a starting point for this research work. It synthesises
how the co-creation of knowledge for innovation and the end-user participation
in the process have been investigated in the scholarly literature. Studies 2 to 6
focus on elements of co-creation in research and innovation projects, taking var-
ious EU-funded projects as a context for this research.

Study 2 scrutinises a co-operation network of higher education and end-
users. It assesses how end-users can be involved in the process of creating a co-
creation network for knowledge and information sharing, showing the need to
study this topic further.

The work continues with Study 3, which focuses on user requirements con-
cerning how end-users co-create shared information by using a complex collab-
oration system. It studies how end-user needs guide the setting of requirements
in the case of cyber-physical systems, a commonly used information system in
the maritime domain.

Study 4 is on the resilience of co-creation. It investigates resilience and how
to target and promote it in project collaboration networks and resilient collabo-
ration. This study examines the attributes of resilience in collaborative social net-
works.

Study 5 focuses on the complexity of co-creation in collaboration networks
by investigating project collaboration and authority interactions when collabo-
rating on common information sharing with a complex information system.
Hence, this research analyses how complexity affects innovation.

Study 6 investigates communication and dissemination of research results
in funded projects. The focus is on the output phase of project communication
and how external communication and dissemination can be arranged to effi-
ciently address the requirements of the funding instrument and benefit the pro-
ject.

Vos and Schoemaker (2004) offer a process model that differentiates three
phases of organisational communication: input, throughput and output (further
explained in section 2.3). In the context of a funded project, input communication
relates to the setting of requirements, for example, by involving end-users.
Throughput communication refers to the process of co-creating knowledge for in-
novation, facilitating intensive collaboration. For funded projects, output commu-
nication relates to external communication and dissemination activities, such as
creating user communities. Study 1 covers all three of these phases, while studies
2 and 3 focus on input communication. Studies 4 and 5 mainly address the
throughput phase, and Study 6, the output phase of communication in a project
context, as presented in Table 1.
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TABLE 1 The sequence of studies, their foci and the related papers
Study Focus Related paper
1 Co-creation of I: Ruoslahti, H. 2018. Co-creation of

Input, throughput
and output commu-
nication:

Co-creation of
knowledge for

knowledge for innova-
tion, roles of end-users
and modes and chal-
lenges of end-user par-
ticipation in innovation
projects

knowledge for innovation requires
multi-stakeholder public relations. In
Bowman S., Crookes A., Romenti S., Th-
len, &. (Eds). Public Relations and the
Power of Creativity, Advances in Public
Relations and Communication Manage-

Co-creating a

education for the co-cre-
ation of knowledge and

innovation ment, Volume 3, Emerald Publishing
Limited, 115-133.
Early version presented at EUPRERA
2017, London, October 12, 2017.
2 Involvement of end-us- II: Ruoslahti, H. & Hyttinen, K. 2017. A
Input ers in creating a collabo- | co-created network community for
communication: ration network of higher | knowledge and innovations - Promot-

ing safety and security in the Arctic. In
Proceedings of BledCom 2016, Engag-

Involving end-
users in setting

a complex common
cyber-physical infor-
mation sharing system

collaboration information sharing ing people in a disengaged world, 100-
network 106.
Early version presented at BledCom
2016, Bled, Slovenia, July 2, 2016.
3 End-user scenarios and III: Ruoslahti, H. & Tikanmaiki, 1. 2017.
Input end-user involvement in | End-users co-create shared information
communication: setting requirements for | for a more complete real-time maritime

picture. In Proceedings of the 9th Inter-
national Joint Conference on
Knowledge Discovery, Knowledge En-

collaboration in
multi-stakeholder

requirements (case maritime domain) | gineering and Knowledge Management,
3, Science and Technology Publications,
267-274.
Early version presented at KMIS 2017,
Funchal, Portugal, November 2, 2017.
4 Resilience of multi- IV: Ruoslahti, H., Rajamaiki, J. & Koski,
Throughput com- stakeholder collabora- E. 2018. Educational competences with
munication.: tion networks that co- regard to resilience of critical infrastruc-
create innovation ture. Journal of Information Warfare
Resilient 17.3: 1-16.

Early version presented at ECCWS

works, and time-to-inno-
vation

innovation 2018, Oslo, Norway, June 28, 2018.
networks

5 Complexity affecting in- | Va: Ruoslahti, H. 2019. Complexity in
Throughput com- novation in multi-stake- | project co-creation of knowledge for in-
munication: holder collaboration net- | novation. Submitted to a peer-reviewed

journal.
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Complexity and Two sub-studies on Vb: Ruoslahti, H. & Tikanmaiki, 1. 2019.
innovation in complexity and related | Complex Authority Network Interac-

multi-stakeholder | papers Va and Vb tions in the Common Information Shar-
networks ing Environment. In Proceedings of the

11th International Joint Conference on
Knowledge Discovery, Knowledge En-
gineering and Knowledge Management.
Edited by Jorge Bernardino, Ana Sal-
gado and Joaquim Filipe. SCITEPRESS
- Science and Technology Publications,

159-166.

6 Dissemination support- | VI: Henriksson, K., Ruoslahti, H. & Hyt-
Output communica- | ing the functioning of a | tinen, K. 2018. Opportunities for strate-
tion: project while addressing | gic public relations - Evaluation of in-
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project consortia Public Relations and the Power of Crea-

tivity, Advances in Public Relations and
Communication Management, Volume
3, Emerald Publishing Limited, 197-214.

Early version presented at EUPRERA
2017, London, October 14, 2017.

Two of these seven papers were published in peer-reviewed scientific journals
(recognised as Jufo 1), whereas two others were published as peer-reviewed book
chapters. Three were in peer-reviewed scientific conference proceedings (of
which two are recognised as Jufo 1).

In two papers, the writer of this thesis, Ruoslahti, was the sole author. Five
papers were co-authored. This researcher was the first author in four of these and
the second in one of them. As this thesis concerns co-creation, it seems fitting that
the main body of research in the included studies was conducted and reported
co-creatively. In the following, the responsibilities of each co-author of the papers
are listed and described.

Paper I: The writer of this work also authored this paper and designed the
study in contact with his supervisor, Vos. The author used the process of a struc-
tured literature review to collect and analyse the data. A data extraction table and
continuum were used to conduct the final analysis. This author compiled and
wrote the paper, and was the contact for correspondence with the editor and ad-
aptation after reviews.

Paper II: This researcher and Hyttinen co-authored this paper. The re-
searcher designed the study and collected and analysed the data. Hyttinen joined
in to conduct the final analysis. This researcher mainly compiled and wrote the
paper, while Hyttinen contributed parts of it. This author was the contact for cor-
respondence with the editor and adaptations after reviews.
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Paper III: This writer and Tikanmaéki co-authored this paper. This author
designed the study in cooperation with MARISA project manager Pirinen. This
author collected and analysed the data using a data extraction table specifically
designed for the study. Tikanm&ki commented on the final analysis. This author
mainly compiled and wrote the paper, while Tikanmdki contributed some parts.
This author was the contact for correspondence with the editor and adaptations
after reviews.

Paper IV: This writer, Rajaméki and Koski co-authored the paper. The re-
search was designed jointly. Rajaméki guided and analysed the data gathered by
the information technology master’s students, while this writer worked with the
security management master’s and bachelor’s students and the data they col-
lected. The analysis of the data collected by doctoral students was divided be-
tween both researchers. The paper was mostly written jointly by this researcher
and Rajamaéki; Koski contributed some parts. This writer was the contact for cor-
respondence with the editor; Rajamé&ki was the contact for adaptations after re-
views.

Paper Va: This researcher was the author of this paper, and he designed the
study, using the project case narratives of six EU-funded projects to collect data.
This researcher analysed the data, using a data extraction table designed for this
study. Moreover, this researcher compiled and wrote the paper and was the con-
tact for correspondence with the editor and adaptations after reviews.

Paper Vb: This writer and Tikanmaki co-authored this paper. In addition,
this writer designed the study in cooperation with Tikanmaéki. This writer col-
lected and analysed the data, and this writer and Tikanmaéki jointly compiled and
authored it. This writer also served as the contact for correspondence with the
editor and adaptations after reviews.

Paper VI: This writer, Henriksson and Hyttinen co-authored this paper.
This writer and Henriksson designed the study in close contact with GAP, IECEU
and ABC4EU project managers, one of who was Hyttinen. This writer and Hen-
riksson also collected and analysed the data. Henriksson and this writer jointly
compiled and wrote most of the paper, and Hyttinen contributed some parts.
This writer was the contact for correspondence with the editor and adaptations
after reviews.

1.4 The structure of this thesis

The framework of this thesis is structured into five parts. Chapter 2 outlines the
theoretical approaches on which the research of this thesis is based. Chapter 3
reveals the research’s design, including six studies and their research questions,
data collection and analysis, methods and ethics. The findings of the six studies
are discussed in detail in Chapter 4. Chapter 5 evaluates research findings from
the perspective of the four theoretical approaches and proposes a model showing
the understanding gained from the complexity of multi-actor cooperation for in-
novation. Finally, Chapter 6 presents the conclusions, assessing this research as
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a whole, presenting the main contribution of this thesis to both academics and
project practitioners, and providing recommendations for future research. Figure
2 depicts an overview of this thesis’s structure.

4 N
— Co-creation of knowledge

— Innovation networks

— Process approach of knowledge development
— Resilience of complex social networks

> — Research design <
— Data collection

— Analysis

— Research ethics

> <

THEORY

METHOD

— Study 1 — Study 4
FINDINGS — Study 2 — Study 5
— Study 3 — Study 6

> <

— Evaluating the findings

DISCUSSION — Proposed model on the complexity of multi-actor cooperation for
innovation
> g
1
— Main results
CONCLUSIONS — Evaluation of research
— Contribution of research this research
g \/ J

FIGURE 2 Overview of the thesis

This thesis’s framework synthesises its studies, focusing on the central topic of
knowledge co-creation for innovation in multi-stakeholder projects from the
viewpoint of multi-stakeholder communication. The related seven original re-
search papers are included in this thesis as appendices.



2 THEORETICAL FRAMEWORK

This chapter presents an overview of the relevant literature to synthesise what is
already known about the topic, exploring various perspectives and related in-
sights derived from the literature that act as a frame of reference for the empirical
studies presented in this thesis: the co-creation of knowledge, innovation net-
works, knowledge development processes and the resilience of complex social
networks. The co-creation of knowledge relates to the collaboration of various
actors, discussed as joining resources in multi-actor communication, based on
engagement, trust and learning. Innovation networks refers to the interconnect-
edness of the networks involved, discussed as network roles, innovation and in-
terdependence. The process approach of knowledge development invites one to
examine developments over time, discussed as a life cycle, communication
phases and boundary spanning. The resilience of complex social networks con-
cerns disturbances that may occur, discussed as complexity, vulnerabilities and
agile communication.

In this chapter, first, the theoretical framework is discussed. Based on this
theory-driven framework, the research approach is outlined in the last section of
this chapter.

2.1 Co-creation of knowledge

The approach of co-creation of knowledge relates to the collaboration of multiple
actors, which is relevant here because funded projects often require large project
consortia. Knowledge development is currently being approached from the per-
spective of co-creation, whereby collaboration requires communication among
various actors involved (e.g. Bhalla 2014, Galvagno & Dalli 2014, Pirinen 2015).
Co-creation involves communication and interaction (Gustafsson, Kristensson &
Witell 2012), and knowledge can be conceptualised as a form of value. Vargo,
Maglio and Akaka (2008) argue that service systems co-create value because, to
survive, they depend on each other’s resources in service-for-service exchange
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and resource integration. These result in the need to access resources from others
and drive value-in-exchange. As Pirinen states, “knowledge itself is an increas-
ingly important source to competitive advantage” (Pirinen 2015, p. 315).

Spaces for co-creation can be physical, digital or both (Bhalla 2014), as com-
munication is suggested to take place in what Vos, Schoemaker and Luoma-aho
(2014) call issue arenas, where actors meet in a physical place or join in a digital
space to discuss issues relevant to them. To explain multi-stakeholder communi-
cation in funded projects this thesis expands on the use of a model offered by Vos,
Schoemaker and Luoma-aho (2014) concerning communication for organisations.
The model stresses dynamic interactions among multiple actors with diverse in-
terests in issue arenas, focusing on issue-related aspects such as content charac-
teristics, actor roles in the debate, features of the places of interaction and com-
munication strategies during the course of the debate. This attention for multi-
actor interplay contrasts with the customary emphasis on bilateral relations in
the fields of organisational and marketing communication. Luoma-aho and Vos
(2010) highlight that the participants involved in the debate and the issues they
have a stake in change over time. Thus, “The concept of the issue arena has been
suggested to lead to a more dynamic stakeholder model” (Vos 2017 p. 17). There-
fore, project partners (according to Luoma-aho and Vos: organisations) must
monitor what constitutes suitable media for interaction to communicate with
people in these volatile times (Vos 2017). Moreover, the term arena suggests a
competitive space where, next to problem solving, influencing strategies may be
used, as the actors may have common agendas and interests beside their own
(Saarinen 2012, Vos 2018). The acknowledgement and acceptance of competition
and interest conflicts is very different from the former aim to increase goodwill
mentioned in older communication literature.

Co-creation may enhance innovation and unlock sources of competitive ad-
vantage. Processes of resource integration can offer new resources to all the actors
actively participating, whereas innovative ideas become formed when interac-
tions between multiple stakeholders create cumulative knowledge (Frow et al.
2015). This is accomplished by central persons whom Taatila et al. (2006) call in-
novators. Bagayogo et al. (2014) point out that collaboration and group dynamics
occur when co-creating knowledge. Thus, understanding the communication
among those involved in knowledge co-creation is important today, as co-crea-
tion for innovation and creativity provides competitive advantages. Bhalla (2014,
p- 19) notes that leading organisations enhance the creativity of their stakeholders
“by establishing projects and systems for marrying their collaborators’ interests
with corporate knowledge and resources”, as they have developed processes that
enhance value co-creation.

According to DeFillippi and Roser (2014), co-creation of knowledge for in-
novation requires deep engagement of the actors involved. Johnston (2018) de-
fines engagement as “a dynamic multidimensional relational concept featuring
psychological and behavioural attributes of connection, interaction, participation,
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and involvement, designed to achieve or elicit an outcome at individual, organi-
sation, or social levels” (p. 53). Engagement evolves over time (O’Brien & McKay,
2018) through interaction and exchange (Johnston & Taylor 2018).

Especially engagement of end-users, and communication supporting this
engagement, is currently aimed it in funded projects. Mapping end-user pro-
cesses and practices provides insights in end-user engagement and, thereby,
strengthen the co-creation of value (Payne, Storbacka & Frow 2008). One of the
ways used to clarify end-user experiences and learn from them, is collecting sto-
ries and examples. Weick (2002) argues that paying attention to forgotten and
avoided facts through stories and examples is a way to “discipline imaginations
around the topic of organisational learning” (p. 7). However, duly paying atten-
tion may be a particular challenge considering the competitiveness of issue are-
nas (Vos 2018). Network actors must, based on their respective goals, both com-
pete for attention for their perspectives and simultaneously choose how to inter-
act within the arena - as must their audiences.

The co-creation of knowledge is an activity (Cook & Brown 1999) during
which stakeholders constantly learn from their interactions. This must be learned,
as collaborative relationships become constantly negotiated and re-negotiated
and rules and structures developed (Engestrom 2004). Cook and Brown (1999)
also envision action as integral to knowledge acquisition. Engestrom (2004) ex-
plains that learning is no small matter, as it involves “major transformations, up-
heavals, innovations, implementations and movements” (p. 16) that form “heter-
ogeneous patchworks and textures of small and large, unnoticeable and spectac-
ular actions, objectifications, trajectories and trails” (p. 16).

Engestrom and Kerosuo (2007) consider the notion of “objective” crucial for
any collaborative activity, as it “embodies the meaning, the motive and the pur-
pose of a collective activity system” (p. 337). Engestrom (2004) notes that multiple
collaborating producers work in networks, both within and between involved
stakeholders, to produce learning from their interactions. This requires flexibility,
in which authority is not fixed to any individual actor. Engestréom (2004) calls this
co-configuration.

Learning requires trust (Pirinen 2015). When various actors together co-cre-
ating knowledge, this assumes sharing of insights and experiences. This func-
tions when the exchange is reciprocal, there is a common objective, and all actors
more or less gain from it. “When developing trust, a process of cooperation needs
to be developed, not just the sharing of information. Cooperation should be based
on common objectives and emphasise the benefits of cooperation” (Tikanmaéki &
Ruoslahti 2017, p. 398). Thus, as Pirinen (2015) states, “new types of action, inte-
gration, trust and collaboration are required for the stimulation of creative inno-
vation in services, technology, economy and society” (p. 316).

The work of Pirinen (2015) provides one of few studies focused on funded
projects, finding that trust-based interactions are crucial in knowledge co-crea-
tion processes. Other important elements are confidence and participation by
work and social communities, common information sharing environments, col-
lective responsibility, and facilitation of the collective research and development.
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Therefore, Pirinen (2015) concludes that “building of useful knowledge and in-
novation processes has become increasingly complex, multidisciplinary, trust-
based, co-created, path-depended, and globalized” (p. 323).

Research and development projects funded by the European Commission
“represent a unique form of a knowledge community” (Norvanto 2017, p. 78),
where integrating research, work life and higher education can support the life-
long learning aim of the European Union (Hyttinen, Ruoslahti & Jokela 2017).
This thesis targets EU-funded projects which aim at knowledge creation for in-
novation to benefit the consortium, its individual stakeholders and others in the
European Union. Thus, their work can be investigated through the lens of co-
creation in multi-actor interaction, as in the above-cited scholarly literature. Sim-
ilarly, the consortia can be perceived as innovation networks, a perspective taken
in other scholarly sources, as will be discussed in the next section on innovation
networks.

2.2 Innovation networks

The approach of innovation networks refers to the interconnectedness of the net-
works involved, which here relates to the project participants and other actors
involved. Collaboration between multiple actors in innovation networks demon-
strates different types of input and roles. According to Roloff (2008, p. 238), in
multi-stakeholder networks, various actors participate “to find a common ap-
proach to an issue that affects them all”. The author considers these networks
issue-driven, bringing together various stakeholders, influencing or being influ-
enced by “the approach to the issue addressed by the network” (2008, p. 328).
Within the value chain, organisations (according to Roloff: companies) may share
goals but perform disparate roles, and it may be difficult to balance common
goals with the aims of individual network contributors (Roloff 2008).

Engestrom and Kerosuo (2007) state that the notion of network underscores
the importance of collaborative constellations, such as alliances and partnerships
between organisations, as an important way to achieve inter-organisational
learning, in which trust is central for exchanging information resources and col-
laborative problem solving across organisational boundaries. Network theory ex-
plains the roles and power relationships that occur in a network, the network
being described as “a set of interconnected nodes” (Castells 2000). Rowley (1997)
conceptualises the organisational environment as a combination of social actors
with complex interrelationships among stakeholders because, according to Vos
(2018, p. 4), stakeholders may have “conflicting stakes and interests”. Networks
strive to maintain relative stability (Vos et al. 2014). However, actors’ actions or
changes to external circumstances may cause imbalances (Vos 2017). The inter-
connectivity of system elements leads to complex actions concerning the individ-
uals and organisations involved that, in turn, affect other related individuals and
organisations (Mitleton-Kelly 2003).
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Bhalla (2014, p.19) defines innovation as new ideas, refined prior ideas or
new products and services. Burdon, Mooney and Al-Kilidar (2015) emphasise the
importance of re-tuning business models towards innovation, while Dandonoli
(2013) perceives ideas and their implementation as a way to achieve advance-
ment in processes or technologies. The co-creation of value requires resource in-
tegration that is realised in complex interactions among the network actors
(Pinho et al. 2014).

With today’s increasing reliance on network collaboration technology, the
nature of many modern networks is approaching cyber-physical systems, which
have social, cognitive, information and physical characteristics (Linkov et al.
2013). Systems increasingly involve both people and technologies, so they are
both social and technical simultaneously. Amir and Kant (2018) call these soci-
otechnical systems, as they have “complex interactions between people, organi-
sations, institutions, and technologies” (p. 9). People and technologies in soci-
otechnical systems are social constructs themselves, as they are hybrid entities
that comprehend the “complexity of meanings, contextual activity, and situated
decision making” (p. 10). Accordingly, one should also consider sociotechnical
interactions when investigating interactions in social networks. Mitleton-Kelly
(2003) stresses that sociotechnical systems are networked and interdependent.
Similarly, consortia and processes of value creation, including innovation, are
characterised by being networked and interdependent.

Multi-stakeholder networks involve partnerships; most of these networks
can be seen as tri-partite, involving business, civil society and state actors, often
from many nations, all participating in the network process to deal with an issue
deemed important to all, even coming from different parts of society (Roloff 2008).
The European Union, for example, expects that end-users from different member
states be involved in all large-scale projects (Commission of the European Union
2011, p. 43).

Taatila et al. (2006) note that one important role of social networks lies in
verification processes, in which an idea receives feedback and becomes further
developed. Dealing with other stakeholders in the multi-stakeholder network on
a common problem will urge these actors to non-hierarchical interactions (Roloff
2008). Thus, innovation networks promote organisational learning (Kallio & Lap-
palainen 2015), in which open and honest communication between participants
helps develop the level of trust needed for this process (Roloff 2008).

EU-funded research and innovation projects can be “recognised as im-
portant vehicles for cross-sectoral and multidisciplinary collaboration and
knowledge exchange” (Norvanto 2017, p. 71). The network approach highlights
various aspects relevant for collaboration and communication in EU-funded pro-
jects. To function, the consortia need interaction to build strong connections that
enable the sharing of experiences and collective learning among all actors in the
network. The next section of this work investigates yet another approach.
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2.3 Knowledge development processes

The process approach of knowledge development invites one to examine devel-
opments over time, which in this context brings the project duration to mind. The
co-creation of knowledge to develop innovations requires growing insights over
time. This is seen as a process requiring competences from actors (organisations,
according to Taatila et al. 2016), focusing on the social aspects of the innovation
process to develop innovation. These social aspects include structural compe-
tence attributes, such as organisational culture, communication processes and
shared knowledge, all of which are needed in the process to create innovation
(Taatila et al. 2006).

Moreover, Pichyangkul, Nuttavuthisit and Israsena (2012) note that a rigor-
ous process is needed to deliver radical innovations. The authors state that multi-
stakeholder partnerships require resources in “continuous investment in project
management, processes, and people” (p. 158). Over time, multi-stakeholder net-
works go through a process life cycle, including (1) initiation, (2) acquaintance,
(3) first agreement, (4) second agreement, (4) implementation, (5) consolidation
and (6) institutionalisation or extinction (Roloff 2008). During this phased process,
creative problem solving requires management (Buijs, Smulders & Van der Meer
2009), and cooperation requires time for relationships to develop (Schertzer,
Schertzer & Dwyer 2013), as “co-creation has to be organised, managed and fa-
cilitated” (Bhalla 2014, p. 22).

Taatila et al. (2006) state that the innovation process develops over time in
four phases: (1) the situation before the actual innovation, (2) idea development
and (3) implementation, and (4) the situation afterward, when the innovation no
longer is an innovation, but has become a normal part of the functioning of an
organisation. More simply, the process can be described as turning inputs
through transformation into outputs (Katz & Kahn 1978). Inputs are resources,
while outputs of knowledge creation processes can be ideas for products, for ex-
ample (Mitchell & Boyle 2010). Throughput concerns value co-creation interac-
tions among the different actors of a network which require active support and
enabling (Pinho et al. 2014). Rantapuska and Thanainen (2008, p. 236) propose
that projects can benefit from “a set of tasks to be done in each phase by inter-
preting their nature as learning intensive activities of change, instead of pre-spec-
ified process tasks”.

Vos and Schoemaker (2004) examine organisational communication
through a process approach lens when distinguishing how communication con-
tributes to all three phases of value creation (1) input, (2) throughput and (3) out-
put in an organisational context, in which the phases relate to a process cycle of
interrelated activities rather than the formation of simple linear steps. Thinking
in linear steps would give an incorrect picture of an often more chaotic reality.
However, the type of activities related to input communication, are different than
those of throughput or output communication, and making this distinction in
types of activities helps understanding the process of value creation, ever though
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they may not follow in a well-organised chronological order and often rather ex-
ist in parallel. This thesis applies the process approach to project communication
contributing to all phases of knowledge development by project consortia. As
follows, dissemination as part of output communication, is not restricted to the
last project phase but happens throughout the project duration whenever results
are discussed with, for example, end users. Similarly, gaining input of end-users
on requirements is usually done at the beginning of the project life cycle, but can
also re-occur later in time for new points of attention that occur later in the
knowledge co-creation process.

Burdon, Mooney and Al-Kilidar (2015) emphasise that innovation processes,
for example in the service sector, need joint strategic engagement and intensive
collaboration. The resource integration that is needed for this process requires
intensive communication between the multiple stakeholders involved (Pinho et
al. 2014). For this purpose, Draheim and Pirinen (2011) promote social software
as a tool to support the intensive interaction needed in knowledge development.

Crossan, Lane and White (1999) argue that organisations operate in open
systems. A systems approach conceptualises organisations or, in this case, pro-
jects as systems that have interrelated parts and that are open to influences from
outside the system (Grunig, Grunig & Ehling 1992). They interact with each other
and the environment, whereas communication, being an interface function,
spans the boundaries between system parts, sub-systems and the environment
(Vos 2017). In funded projects communication helps span the boundaries be-
tween the different organisations involved in the joint process of knowledge de-
velopment. Senge et al. (2008) add that organisational learning involves recog-
nising the larger systems that an organisation is part of and a process of building
trusting relationships to create commitment among the stakeholders. In this way,
organisational learning, over time, enables innovation and the gaining of sustain-
able competitive advantages.

Projects are a way to gather teams of diverse expertise to realise a common
objective, preferably in a cheap and fast way (Canonico et al. 2013). They demon-
strate the need to actively manage communication in all phases of knowledge
development. Understanding the process of knowledge development by consor-
tia can help clarify communication needs throughout the project lifecycle. As pro-
jects are complex and need resilient collaboration, the next section discusses the
resilience of complex social networks.

2.4 Resilience of complex social networks

The resilience of complex social networks concerns disturbances that may affect
networks and is relevant for the resilience of the innovation networks formed by
funded projects. The organisational environments of today are changing. They
have become complex and filled with interrelated risks (Linkov et al. 2013, Mitle-
ton-Kelly 2003, Vos 2017). Like organisational environments consisting of diverse
interdependent actors, organisations themselves can be understood as complex
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social systems (Mitleton-Kelly 2003). The term complexity relates to “the deeply
connected and interdependent nature of some systems” (Poutanen, Siira, & Aula,
2016, p. 6). Mitleton-Kelly (2003) identifies several elements of complexity,
among which are the level of connectivity and interdependence, processes of self-
organisation, the related history, previous decisions influencing later ones etc.
(Mitleton-Kelly 2003). “Nowadays, there is a tight coupling of systems and pro-
cesses, and there are many interdependencies between these systems and pro-
cesses” (Vos 2017, p. 23). Complex systems are open and evolving and coevolving
with other systems and their environments, and generating change in them
(Poutanen, Siira, & Aula, 2016).

With increasingly complex interactions between people, technologies and
processes, many systems can be considered cyber-physical (Linkov et al. 2013,
Rajamiki & Ruoslahti 2018) or socio-technical (Amir & Kant 2018). Such interde-
pendencies come with vulnerabilities. Therefore, many organisations aim to in-
crease their resilience. Vos (2017, p. 23) states that the concept of resilience is
about “coping with change and managing the unexpected” when functioning in
turbulent environments. Organisational resilience is a framework that creates
tools and conditions that help reduce risks, understand issues and mitigate crises.
“Resilience requires cooperation and adaptive capacities” (Vos 2017, p. 20),
which can be used to create tools or conditions to help organisations co-evolve
with their constantly changing environments (Mitleton-Kelly 2003).

Understanding an integral system’s view of an organisation in its environ-
ment emphasises relationships and interdependencies (Grunig, Grunig & Ehling
1992). This enables the recognition of complexities and increasing resilience on
various interrelated levels, and it shows the importance of resilience across
boundaries. Societal resilience is formed by different sectors in society together
(Vos 2017), including both the risks and opportunities of cross-sector collabora-
tion. Risks are formed by vulnerabilities spreading within a system because of
interdependencies, while opportunities to enhance resilience are created in joint
knowledge development. A systems approach may assess various levels, such as
innovation processes within an organisation, as well as wider innovation eco-
systems in which assorted types of actors build a facilitating context for innova-
tion (Hautaméki 2010, Oksanen & Hautamaki 2014).

Stanciugelu et al. (2013) emphasise sharing information on threats and vul-
nerabilities, as this can “help identify trends, better understand the risk faced,
and determine what preventive measures should be implemented” (p. 194). In
volatile organisational environments, innovation may be required to deal with
unforeseen disruptive changes. For such purposes, Pichyangkul, Nuttavuthisit
and Israsena (2012) propose an approach built on open innovation, where “out-
siders are invited to co-create innovations”, which requires attention for the com-
munication with them. Thus, innovation is considered a solution to enhance or-
ganisational resilience, but the collaboration itself should also function in a resil-
ient way. Agility is needed in developing knowledge to be able to flexibly adapt
the process to changing contexts. This also means agile communication, listening
well and picking up trends. Existing knowledge can be used to create new
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knowledge, whereas gaps and complexity in communicating existing knowledge
can be reduced by exchanging knowledge among network actors (do Nascimento
Souto 2013). The process of knowledge creation needs to consider flexibility,
building resilience into its network and guiding its multiple actors individually
to do the same.

The vulnerability of many socio-technical systems that combine human and
technical aspects has increased. Understanding the mutual entanglement of hu-
man organisations and material structures helps develop practices to anticipate
possible future incidents and gain the feedback needed for learning (Amir & Kant
2018). Linkov et al. (2014) emphasise the importance of communication with
stakeholders for resilience. Risk cannot be excluded, only reduced and dealt with,
utilising communication and considering that communication in the turbulent
times of today is “co-constructed by multiple stakeholders characterised by dif-
ferent interests and various interdependencies” (Vos 2017, p. 13).

Windahl (2015) notes that complexity increased following “the extent of
business and technological interdependencies between firms” (p. 388). These in-
terdependencies result in complex evolving systems, where “learning and the
generation and sharing of knowledge need to be facilitated” (Mitleton-Kelly 2003,
p- 42). This includes bringing up resilience early to embed it into system design
and management while enhancing communication. For example, learning how
other network members view a common problem helps them understand inter-
dependencies (Linkov et al. 2014).

Promoting resilience requires “awareness, leadership, resource allocation,
and planning” (O’Rourke 2007, p. 26). Based on their system resilience model,
Linkov et al. (2014) clarify that risks occur when threat, vulnerability and conse-
quences for critical functionalities coincide. Thus, during planning phases, when
preparing for possible disruptions, related organisations interact to jointly iden-
tify these elements in their risk assessments (Savage 2002).

Pirinen (2017) perceives the need for shared responsibility and situational
intelligence to improve resilience. Moreover, resilient networks can be promoted
through awareness and communication (O’Rourke 2007), while education needs
to include all types of stakeholders, including industry, industry associations and
policymakers. Savage (2002) stresses preparation, whereby organisations require
a process, including the related communication, to keep recovery plans updated.
This highlights “care for the robustness of their business processes” (Draheim &
Pirinen 2011). Therefore, the plans to prepare for the next possible disturbance
should constantly be kept updated, based on testing them and on exchanging
what can be learned from actual experience. There is also a need for the broad
acceptance of resilience concepts by maintaining a transparent dialogue on resil-
ience management (Linkov et al. 2014), continued engagement, knowledge of po-
tential risks, energetic leadership, thorough planning and a long-term commit-
ment to allocate needed resources (O’'Rourke 2007).

Furthermore, collaboration itself also should function in a resilient way.
Moreover, agility is needed in developing the project communication to be able
to flexibly adapt to changing contexts. This way of thinking fits projects, as they
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are temporary and allow adaptations (Canonico et al. 2013) if supported by a
flexible attitude and developed partnering skills. “Co-creation clearly requires
alignment of vision and supporting processes, and the development of advanced
inter-organisational collaboration skills” (Burdon, Mooney & Al-Kilidar 2015, p.
296).

Project consortia can be seen through the lens of resilient complex social
systems to understand how they seek to reduce risks, stay in touch with their
surroundings and mitigate crises on the level of social network collaboration and
how they adapt the process of joint knowledge creation in a changing environ-
ment.

The next section of this work discusses how the four theoretical approaches
described in this chapter have influenced the overall research approach of this
thesis. In the next chapter’s section 3.1, this will lead to a description of the re-
search design.

2.5 Research approach

In the previous sections, divergent perspectives on knowledge development
have been clarified. In this thesis, these represent four approaches that are con-
sidered to complement each other (see Figure 3):

- Co-creation of knowledge by multiple actors

- Innovation networks

-  Knowledge development processes

- Resilience of complex social networks.

The four approaches mentioned have guided and acted as a framework for the
research work in the individual studies presented in this thesis. The framework
was constructed based on earlier literature to provide a common basis and focus
for the research questions and the analysis of the findings of the studies. The con-
text of these studies are EU-funded projects that aim to develop knowledge for
innovation, benefitting more than just the directly involved stakeholders.

The project consortia use co-created knowledge to further innovation. The
project partners interact with each other and their environment in complex ways.
They are also open to outside influences during this collaboration. The consortia,
thus, need resilient collaboration and organisational resilience to reduce risks and
mitigate crises.
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FIGURE 3 The research approach departs from four perspectives

The four approaches can be briefly outlined as follows.

The approach of knowledge co-creation highlights multi-actor interactions
and invites the investigation of how the interactions of multiple actors (as
discussed by, for example, Bhalla) with diverse backgrounds and interests
occur in a project.

The network approach of multi-stakeholder interaction (as discussed by,
say, Roloff) suggests examining the roles and interrelations of the actors in-
volved in the network. Project partners contribute in different ways and are
strongly interconnected to share insights and experiences.

The process approach of knowledge development (as discussed by, for ex-
ample, Taatila et al.) brings development over time into focus and invites a
look at the requirements for the process of co-creation in various project
phases and the development of knowledge throughout the duration of a
project.

The resilience approach (as discussed by Linkov et al., among others) adds
a focus on change and turbulence when investigating complex network col-
laboration, noting the flexibility with which project participants work and
how diverse current views are included. It also points to the evolving wider
context of the project and other actors than those directly involved as project
participants.

In this thesis, the four approaches complement each other. The varied foci help
balance the research and evaluate its outcomes. The research problem is the lack
of understanding of the co-creation of knowledge for innovation in multi-stake-
holder projects and, in particular, communication with and the participation of
end-users in funded projects. End-users have particular interests and are given
different roles in funded projects. The European Commission considers their con-
tributions crucial for the functioning and results of research and innovation pro-
jects and for taking up project results, not only by end-users, but also policymak-
ers, industry and the academic community (Commission of the European Union
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2014a). Thus, consortia are encouraged to promote their project and its results to
multiple audiences and even engage them in a two-way exchange of views (Com-
mission of the European Union 2016).

How the above four approaches relate to each individual study of this thesis
is presented in Table 3 in the next chapter. The pattern shows that all approaches
are addressed in more studies and that the approach of innovation networks oc-
curs most often. This is not surprising, considering that network roles are central
to investigating end-user participation.

The overall approach of this thesis also takes its structure from communi-
cation process phases (Vos & Schoemaker 2004). Thus, Table 1 describes how the
individual studies link to the three project phases of input, throughput and out-
put. One study gives an overview. Two studies focus on input communication,
two on throughput communication and one on output communication.

A current systems perspective is taken which does not conflict with any of
the four approaches and emphasises interdependencies important to innovation.
In the resilience literature, a systems approach is common (e.g. Linkov et al. 2013
and 2014). Systems are perceived as complex, networked (e.g. Mitleton-Kelly
2003) and dynamic (e.g. Ahrweiler & Keane 2013). They may be combined with
actor networks (e.g. Piperca & Floricel 2012, Steins & Edwards 1999). A systems
approach has also been applied to organisational communication (e.g. Grunig,
Grunig & Ehling 1994). Furthermore, according to Boje, Gephart and Thatchen-
kery (1995), organisation can be considered “a concept of social actors that is pro-
duced in contextually embedded social discourse and used to interpret the social
world” (p. 2).

Although a systems perspective is taken here, it is acknowledged that there
are also critical views on systems theory following Montuori and Purser (1995)
who note that postmodernists seem to have a distaste for systems theory. As a
solution, the authors identify a shift towards complex thinking, recognising that
“system and environment can be said to exist in a dialogic, interretroactive rela-
tionship” (Montuori & Purser 1995, p. 182). This type of thinking offers scenario
building and participative design as ways to promote “a systemic, collaborative,
and creative set of discourse/practices” (p. 182). Hassard (1996) remarks that
postmodern theory on organisational power suggests that people become em-
powered through the actions of others and that “power is a matter of social in-
terdependence” (p. 58).

Of the four approaches guiding the studies of this thesis, the first two
mostly inspire a social constructivist stance of trying to understand project com-
munication, while it is also acknowledged that the latter two approaches and the
related literature also bring functionalist elements discussing opportunities to
strengthen the knowledge creation process. Together, the approaches provide a
lens through which one can study collaborative interactions that aim at the co-
creation of knowledge for innovation in multi-stakeholder projects. This chapter
clarified the research approach leading to the methods and data described in
Chapter 3.



3 METHODS AND DATA

The focus of this thesis is the co-creation of knowledge for innovation in funded

projects from the viewpoint of multi-stakeholder communication, focusing par-

ticularly on communication with and the participation of end-users. The empiri-

cal work consists of six interrelated studies (as was presented in Table 1). This

chapter describes the methods used to gather and make sense of the data in the

studies to support the objectives of this thesis. To begin, the research design is

clarified. This includes the research questions, approaches and context of each

study. The various studies conducted for this thesis use case examples of EU-

funded innovation projects, as will be further addressed in the next section. Sub-

sequently, data collection, analysis, methods and research ethics are addressed.
The main research attributes of the studies in this thesis can briefly be out-

lined as follows (briefly, following Dubé and Paré 2003, and to be further ex-

plained below):

- Research target: Understanding co-creation for innovation in multi-stake-
holder projects.

- Importance of this research work: It contributes to research on co-creation
in innovation networks.

- Research questions: The research is structured in several individual studies
with their own research questions (which follow in Table 2).

- Methodological focus: The research design, strategy and methods and strat-
egies of inquiry are of a qualitative nature.

- Analysis form: Mainly qualitative analyses using data extraction tables.

- Unit of analysis: Instances of co-creation or participator experiences.

- Context: Funded research and innovation projects, as presented in Table 4.

3.1 Research design

The research comprises six studies that each have their own focus and were re-
ported in seven papers targeting the co-creation of knowledge for innovation in
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funded projects. Study 5 is split in two parts and reported in two related papers.
Table 2 gives an overview of the main research questions.

Not all the content of the corresponding papers is included in the reporting
in this thesis’s framework, as the focus is on those research questions (RQs) that
contribute to the aim depicted in this thesis’s shell. Some RQs were rephrased to
better connect to the central aim of this thesis. The table also mentions the context
of the study, referring to the kind of data utilised. Here, project abbreviations are
used that will be further explained in Table 4.

TABLE 2 The main research questions of the studies
Study Main research questions Context
1 RQ 1: How has the co-creation of knowledge for in- Literature on
Co-creation of | novation been investigated in the scholarly litera- co-creation
knowledge for | ture?
innovation RQ 2: What end-user roles are discussed in the litera-
ture?
RQ 3: What characteristics and challenges of end-user
participation are mentioned in the literature?
2 RQ 1: What diversity of actors was engaged in the co- | UARCTIC,
Co-creatinga | creation network for knowledge and information Thematic Net-
collaboration | sharing in the case project on safety and security in work of Safety
network the Arctic? and Security
3 RQ 1: What are the views on involving end-users in | MARISA
Involving end- | setting requirements for a complex maritime collabo- | EUCISE2020
users in set- ration system in the case projects? CoopP
ting require- RQ 2: How are scenarios used to identify end-user AIRBEAM
ments needs in innovation projects?
4 RQ 1: What are the views on resilience in a collabora- | MARISA
Resilient tion network of the case project on complex inte- EUCISE2020
collaboration | grated cyber-physical systems?
in multi-stake- | RQ 2: According to the project partners, how can the
holder innova- | resilience of collaboration networks be strengthened?
tion networks
5 RQ 1: How does complexity affect the co-creation of | MARISA
Complexity knowledge in innovation projects, according to pro- | EUCISE2020
and innova- ject participants? (Study 5a) IECEU
tion in multi- RQ 2: How is the time needed to achieve innovation | ABC4EU
stakeholder affected by the level of complexity of collaboration GAP
networks networks, according to project participants? (Study AIRBEAM
5b)
6 RQ 1: How are external communication and dissemi- | GAP
Dissemination | nation conducted in case projects? ABC4EU
by multi- RQ 2: How do the external communication and dis- | IECEU
stakeholder semination of the case projects support the function-
project consor- | ing of these projects, while addressing the require-
tia ments of the funding instrument?
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Together, the six studies of this thesis contribute to understanding the co-creation
of knowledge for innovation in multi-stakeholder projects. Table 3 (below) shows
how the four theoretical approaches described in the previous chapter influence
each study and how their results are reported. These four theoretical approaches
are considered complementary. Each approach appears in more than one paper,
and each study is influenced by more than one approach. Thus, not all of the
studies are based on all four approaches, but they vary in focus. The approach of
Innovation networks was guiding factor in five individual studies (Study 1, 2, 4,
5, and 6), while the other approaches were each most visible in four studies: Co-
creation of knowledge in 1, 2, 3, and 5, Knowledge development processes in 1,
3,4, 5, and 6, and Resilience of complex social networks in 3, 4, 5, and 6.

TABLE 3 The main theoretical research approaches influencing the studies
. . Knowledge Resilience of
Co-creation of | Innovation .
Approach: development complex social
knowledge networks
processes networks
Study 1:

Co-creation of
knowledge for
innovation

Study 2:
Co-creating a
collaboration
network

Study 3:
Involving
end-users in set-
ting
requirements

Study 4:
Resilient
collaboration in
multi-stake-
holder innova-
tion networks

Study 5:
Complexity and
innovation in
multi-
stakeholder net-
works

Study 6:
Dissemination
by multi-
stakeholder pro-
ject consortia
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Table 3 illustrates how each of the six studies relate to the four theoretical ap-
proaches. Study 1, Co-creation of knowledge for innovation, investigates the
scholarly literature and draws on three approaches. The co-creation of
knowledge approach is demonstrated through its focus on multi-actor projects.
The network approach of innovation has the most articles in the sample networks
creating innovation value. The process approach is visible whereby the study ex-
amines end-user roles in the project process.

Study 2, Co-creating a collaboration network for innovation, relies on a
multi-actor approach in analysing co-creation and addressing a common prob-
lem that fits the diverse aims of each project partner. The network approach of
innovation is revealed in the study when building a network for co-created inno-
vation.

Study 3, Involving end-users in setting requirements, utilises two of the ap-
proaches. The focus on the engagement of many diverse actors relates to the co-
creation of knowledge approach. Here, the process approach of knowledge de-
velopment is used to understand the requirement phase of the process.

Study 4, Resilient collaboration in multi-stakeholder innovation networks,
is the focus of the resilience approach of complex social networks. The study also
is based on the network approach of innovation in focusing on collaborative net-
works and on the process approach of knowledge development in investigating
resilience as a process with the phases of prepare for, absorb, recover from and
adapt in case of disruptions.

Study 5, Complexity and innovation in multi-stakeholder networks, reso-
nates with the co-creation of knowledge approach in evaluating multi-actor in-
teraction. The study also appraises the complexity of networks, thus relating to
the network approach of innovation.

The case projects (CoopP, EUCISE 2020 and MARISA) examined in studies
3 and 5 use risk and threat scenarios that call for continuous evaluation and revi-
sion as maritime activities evolve and end-user requirements change. In that
sense, these case projects also relate to the approach of resilient, complex net-
works.

Study 6, Dissemination by multi-stakeholder projects, is partly based on the
network approach of innovation, as it provides a broad picture of innovation net-
works. As it also judges evaluation as a process, it connects to the process ap-
proach of knowledge development. The resilience approach of complex social
networks can be witnessed where it discusses learning and adaption for resili-
ence.

This research is an individual’s doctoral thesis. Hence, no other research
groups are directly involved. However, the research made use of project docu-
ments and involved project participants whereas, in turn, the content of papers
(III, Vb and VI, for instance) contributed to these projects. The participants were
from end-user, industry or research and development organisations. The eight
main projects are listed in Table 4, below.
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TABLE 4

Contexts of the studies of this thesis

Project
abbreviation

Main aim of the project
and webpage

Opportunity for
this research

ABC4EU

Automated Border Control Gates for Europe aims to make bor-
der control more flexible by enhancing workflows and har-
monising automation functionalities.

www.abc4deu.com

Studies 5 and 6

AIRBEAM

AIRBorne information for Emergency situation Awareness and
Monitoring developed a toolbox for the management of cri-
ses over wide areas, benefitting from an optimised set of
aerial (unmanned) platforms, including satellites.

https:/ /cordis.europa.eu/project/rcn/101536/factsheet/en

Studies 3 and 5

CoopP

Cooperation Project aims to support information sharing and
cross-sectoral and cross-border operational cooperation be-
tween public authorities that execute defined maritime
functionalities in European sea basins.

http://coopp.eu/

Study 3

EUCISE2020

EUropean test bed for the maritime Common Information Shar-
ing Environment in the 2020 perspective aims to achieve pre-
operational information sharing between European mari-
time authorities.

http:/ /www.eucise2020.eu/

Studies 3, 4 and 5

GAP

GAming for Peace has as its objective a gaming environment
for conflict prevention and peace building in which person-
nel can experience role-playing scenarios to increase their
understanding, creativity and ability to communicate and
collaborate with the people and organisations in the net-
work.

https:/ / gap-project.eu/

Studies 5 and 6

IECEU

Improving the Effectiveness of Capabilities in EU Conflict Pre-
vention attempts to enhance conflict prevention capabilities,
analysing best practices and lessons learned to augment ci-
vilian conflict prevention and peace-building capabilities.
www.ieceu-project.com

Studies 5 and 6

MARISA

MARitime Integrated Surveillance Awareness, improving mari-
time surveillance knowledge & capabilities through the MARISA
toolkit, aims for collaboration between European agencies to
improve situational awareness at sea with an ecosystem of
users and providers for the integration of a wide range of
data and sensors in the maritime domain.

http:/ /www.marisaproject.eu

Studies 3, 4 and 5

UARCTIC
Safety and
Security Net-
work

Thematic Network on Arctic Safety and Security within the Uni-
versity of the Arctic aims at preventing incidents that threaten
humans, the environment, values or communities in the Arc-
tic by addressing the risks of operating in the Arctic and
ways to cooperate across borders and the optimal use of pre-
paredness resources.

https:/ /www.uarctic.org/ organization/thematic-net-
works/arctic-safety-and-security /

Study 2
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The projects mentioned in Table 4, with the exception of UARCTIC, have been
EU-funded, partly under the funding programme Horizon 2020 (as coordination
and support action or innovation action projects) and partly within the previous
funding programme FP7 (as a collaborative project, large-scale integration pro-
ject, combined collaborative project or coordination and support action).

3.2 Data collection

This research combines qualitative data collection methods in its six studies.
Qualitative data can, for instance, be collected by observing interactions, con-
ducting interviews or scrutinising materials (Denzin & Lincoln 1994). The way
data are collected relates to the chosen strategy of inquiry (Denzin & Lincoln 1994,
Myers 2013). The choice to use qualitative methods was based on the possibility
of collecting rich data (Denzin & Lincoln 1994). The projects that form the context
of this research had produced interesting written materials, project events pro-
vided data collection opportunities, and other input came from project stake-
holder representatives. The number of projects selected was eight. The use of
broader quantitative data could have provided a stronger basis to generalise the
results. However, in the context of this explorative thesis and its individual stud-
ies, the qualitative methods were seen to be adequate in finding the answers to
the research questions. The main focus was to remain methodologically interpre-
tivist, as Green (1994) states, “with the human inquirer as the primary gatherer
and interpreter of meaning” (p. 536).

For Study 1, the strategy of inquiry was a structured literature review. In-
strumental case study research (following, for example, Stake 1994, Yin 2003) was
chosen for studies 2, 3, 4, 5 and 6. An instrumental case study attempts to “pro-
vide insight into an issue of refinement of theory” (Stake 1994, p. 237). The issue
for this research is the co-creation of knowledge for innovation in multi-stake-
holder projects. The context of this research consists of research and innovation
projects funded by the EU (see Table 4, above). The main bases of the methods
used in the individual studies are case research strategy (Benbasat, Goldstein &
Mead 1987, Yin 2003) and qualitative data analysis (Miles & Huberman 1994).

The data for the case studies have been collected by active participation and
expert interviews with subjects (studies 2 and 6) and by reading their texts to
understand them (studies 2 and 5). The qualitative content analysis of project re-
ports has been used to identify how collaboration is present in them (studies 3, 4,
5 & 6).

Denzin and Lincoln (1994) argue that a researcher works to gain “some con-
ceptual understanding of the processes being studied” (p. 356). Indeed, observa-
tion can become participation. Some elements of co-configuration are present in
studies 2 and 6 because the researcher not only observed but also actively partic-
ipated by directing workshops, thus facilitating end-user community discussions
in these projects.

An overview of the data collection methods is given in Table 5, below.
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TABLE 5 Data collection of each study
Study 1 Study 2 Study 3 Study 4 Study 5 Study 6
Participation 5a
Interviews 5a
Materials 5b

As recommended by Yin (2003), multiple sources of evidence were used to study
the cases, utilising qualitative triangulation.

The structured literature review in Study 1 assesses a sample of 33 scientific
articles. Study 2 draws on 16 encounters between multiple stakeholders on dif-
ferent levels of collaboration networks concerning Arctic safety and security.
Sub-study 5a draws on project participants” views on complexity. Studies 3 and
5b are based on a total of 94 use cases and scenarios produced during four EU-
funded innovation projects, of which five have been selected to serve as the basis
for the MARISA project. Study 4 uses multiple cases produced by students of
higher education in identifying attributes for resilience in social networks for crit-
ical infrastructure. Study 6 examines data on external communication and dis-
semination collected from three EU-funded projects.

The data collection techniques used for each study are further explained in
section 3.4. The following section describes the forms of analysis, utilised in the
studies, that this thesis builds on.

3.3 Data analysis

Table 6 shows that, for a thorough analysis of the data gathered, data extraction
tables (DET) were used, as well as a data extraction on continuum (DEC).

TABLE 6 Data analysis methods for each study
Study 1 Study 2 Study 3 Study 4 Study 5 Study 6
]?ata extrac- Content l?ata Extrac- Content Pata Extrac- Evaluation
tion table analvsis tion Table analvsis tion Table matri
(DET) y (DET) y (DET) for 5a X
Data extrac- ) Data Extrac-

. . Risk assess- ]

tion conti- ment matrix tion Table
nuum (DEC) (DET) for 5b

Studies 1, 3 and 5 used data extraction tables (DET) that were individually de-
signed for each of these studies. In Study 1, a data extraction continuum (DEC)
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also was created to determine how the 33 sample articles relate to each other con-
sidering how complexity, type of co-creation collaboration and stakeholder in-
volvement were discussed (see Figure 4 in section 3.4). The analysis of Study 2
and partly Study 4 was based on content analysis, in which the researcher “anal-
yses the narrative, temporal, and dramatic structures of a text, forsaking the rigor
of counting, for a close, interpretive reading of the subject matter at hand” (Den-
zin & Lincoln 1994, p. 358). Study 4 also used a risk identification framework
(from the Risk Management Association of Finland), a risk assessment matrix
and a participatory workshop process to identify the attributes relevant for resil-
ience in social networks. Study 5 used DETs to identify the views on complexity
and how this may affect innovation in the collaboration network of the case net-
work. In Study 5a, the elements of Mitleton-Kelly (2003) are used to structure the
analysis. In Study 5b, narratives on how complexity influenced project work are
analysed by focusing on time-to-innovation. The method of analysis for Study 6
was placing units of analysis in an evaluation matrix of 25 indicators developed
to serve as a framework for this study.

The units of analysis were instances of co-creation and participator views
or experiences for all individual studies. Study 1 investigates how the co-creation
of knowledge for innovation has been investigated in the scholarly literature by
extracting both instances of co-creation and participator experiences in the DET.
Its columns are based on the research questions. Study 2, which examines the
diversity of actors involved in the process of creating a co-creation network,
mainly focuses on participator views and experiences. Studies 3 and 5 also
mainly draw on participator experiences, using co-created scenarios to gain data.
In studies 3 and 5, instances of co-creation were placed in a DET. In Study 3, this
happened in the form of objects and phenomena categorising findings under the
framework of European Coast Guard functions, and in Study 5, this occurred
through the lens of complexity and innovation in multi-stakeholder networks.
Study 4 identifies instances of co-creation and participator experiences to identify
resilient collaboration in multi-stakeholder innovation networks of infrastructure
critical to society. Study 5 identifies participator experiences and instances of co-
creation from scenarios that are based on co-creative end-user participation and
complex authority interactions. This study examines views on complexity and
how it may affect innovation in a collaboration network. The context is innova-
tion projects and a complex maritime collaboration system that is being devel-
oped through the case projects that are under study. In Study 6, both instances of
co-creation and participator experiences are evaluated regarding external com-
munication and dissemination activities and materials.

The analysis methods used in each study are explained in further detail be-
low in section 3.4.
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3.4 Overview of methods used in the studies

Table 7 describes the main data collection and analysis methods employed in the
six studies of this thesis.

TABLE 7 Overview of methods used in the studies
Study Methods
Study 1: Data collection by reading materials:
Co-creation of — Structured literature review including a search of data-
knowledge for innova- bases of peer-reviewed literature published in the past
tion 10 years. Key words were limited to the abstract.

— Decisions to include articles were based on inclusion
criteria which ensured that irrelevant articles were
omitted from the sample.

— 52 articles were found, of which 33 met the inclusion
criteria and, thus, were included in the sample.

Analysis, by placing the units of analysis in a data extraction
table (DET) and a data extraction continuum (DEC):

— Sample articles were analysed with relevant content
summarised in a DET, where the rows were based on
the articles and the columns on the research questions.

— Sample articles were also placed on a continuum in re-
lation to each other (by complexity, type of co-creation
collaboration and stakeholder involvement).

— The DEC created for this study serves as a visualisa-
tion of four categories of co-creation (example pro-

vided in the paper).

Study 2: Data collection by participation in and the analysis of work-

Co-creating a collabo- | shop materials:

ration network — Participatory observation focusing on the third phase
of the expansive learning cycle, modelling a new solu-
tion (Engestrom 2007).

— Data were drawn from 16 encounters between multi-
ple stakeholders on four levels of collaboration net-
works concerning Arctic safety and security.

— The data were collected from researcher notes and col-
laboration workshop minutes and memos.

Analysis by qualitative content analysis:
— The analysis was accomplished by reading the materi-
als and highlighting relevant views that model new so-

lutions.
Study 3: Data collection by reading materials:
Involving end-users in — Data were collected from use case and scenario narra-
setting requirements tives, and scenario analytics that were primarily devel-

oped in projects CoopP, EUCISE 2020, or MARISA.
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Analysis by placing units of analysis in a DET:

— The collected data were subjected to a structured desk-
top analysis in which identified objects and pheno-
mena formed columns in the DET, which was specifi-
cally developed as the analysis tool for this study.

— The 10 European Coast Guard functions framework
was used in the DEC as the basis to classify results.

Study 4:

Resilient collaboration
in multi-stakeholder in-
novation networks

Data collection by participation and reading materials:

—  This study utilises sample data from case studies on
the resilience of cyber-physical systems.

— Case study materials were produced by 53 IT and 22
security management master’s students, one bachelor’s
student and five doctoral students.

— To collect data on attributes that can improve the resi-
lience of collaboration networks, the Risk Management
Association of Finland risk identification framework
was used.

Further analysis by a content analysis and risk assessment ma-
trix:

— The researchers performed cross-case analyses of 16 in-
dividual studies on reliance, five risk identification
and assessment matrixes, and other material.

— To collect and identify the attributes improving the re-
silience of collaboration networks, the units of analysis
were placed in a risk assessment matrix, followed by a
participatory workshop process.

Study 5:

Complexity and inno-
vation in multi-stake-
holder networks

Study 5 consists of sub-
studies 5a and 5b

Data collection by narratives and detailed use case descrip-
tions:

— Data collected from a total of nine narratives of partici-
pant views on how complexity and time-to-innovation
affect innovation projects (5a).

— Data collected from detailed use case descriptions for
five MARISA use cases (5b).

Analysis by placing units of analysis in a DET and a table
identifying differences and similarities:

— The collected data were subjected to a structured desk-
top analysis, whereby the elements of complexity by
Mitleton-Kelly (2003) were identified as columns in the
DET. It was specifically developed as the analysis tool
for this study, marking citations that clearly illustrated
what elements of complexity meant in the context of
innovation projects, using the marked citations to sum-
marise findings per element (5a).

— MARISA use cases were analysed by a DET that com-
pared their respective elements to identify differences
and similarities, focusing on time-to-innovation (5b).

Study 6:

Data collection by participation and reading materials:
— Dissemination and communication plans of three in-
ternational projects: ABC4EU, IECEU and GAP.
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Dissemination by — External communication and dissemination activity re-
multi-stakeholder pro- ports by project partners in case project GAP.
ject consortia — External communication and dissemination activity

evaluations by the projects IECEU and ABC4EU.
— Co-creation is considered based on the pedagogical
model Learning by Developing (Raij, 2011).

Analysis by placing the units of analysis in an evaluation ma-
trix of 25 indicators, developed by this study:

— The evaluation model of Vos and Schoemaker (2004),
combining elements of balanced scorecard and quality
management, was applied to evaluate external project
communication and dissemination.

— The measurement processes follow the quality cycle by
Juholin (2010).

— The study adopted the dimensions of communication
quality (following Palttala & Vos, 2012).

— Quality dimensions were applied to five communica-
tion domains, based on the project grant agreement,
which provided a matrix of 25 indicators to serve as a
framework.

— The framework was tested against the analysis of the
dissemination and communication plans of three EU-
funded innovation projects: ABC4EU, IECEU and
GAP.

As Table 7 demonstrates, the research and data collection methods of this thesis
vary depending on the research questions of each study. Below, these are dis-
cussed study by study.

For Study 1, a structured literature review was used. A literature search was
conducted by using the databases ProQuest Central and EBSCOhost to identify
peer-reviewed literature from the last 10 years, where the key words appeared in
the abstract. The Boolean search paired the following key words: innovation* OR
knowledge AND project OR end-user*. This search rendered 52 articles. The ab-
stracts of these articles were read thoroughly and matched against inclusion cri-
teria to ensure they were really scientific papers about the topic. This limited the
final sample to 33 articles that were then read and analysed in detail. The sample
articles of Study 1 were analysed with a DET, in which relevant article content
was summarised in the rows, and research questions, in the columns. Figure 4
depicts an example portion of a DET that was utilised.
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FIGURE 4 Example part of a data extraction table that was utilised

Further analysis was accomplished by placing the sample articles on a continuum
in relation to each other based on the type of collaboration discussed. The DEC
was created as a visualisation to understand how the sample articles related to
one another. (A sample part of the DEC is given in paper I.)

Study 2 is based on Engestrém’s (2007) expansive learning cycle, which in-
cludes several steps: questioning existing practices, analysis of existing practices,
modelling a new solution, exploring the new solution, adopting the new solution,
evaluating the process and solidifying and expanding new practices. This also
considers the Nonaka and Takeuchi (1995) Knowledge Creation model to sup-
port innovations. The aim was to help understand a complex co-creation network
collaboration to promote safety and security in the Arctic. The research activities
of Study 2 focused on the third phase of this expansive learning process, analys-
ing the modelling of a new solution. The data were collected from documents,
minutes, notes and memos, as well as by observing meetings, discussions, events
and collaboration workshops held between potential co-creation network part-
ners (under the Chatham House Rule) between 2010 and 2015. The data were
analysed by reading the collected materials and highlighting views pointing at
new solutions to promote safety and security in the Arctic. In this way, the results
of the study were based on an analysis of collaboration discussions and the re-
lated documents.

Study 3 assesses scenarios as input communication by identifying objects
and phenomena that users of modern common-use maritime information sys-
tems need for a more complete real-time maritime picture. The study draws data
from case and scenario narratives and scenario analytics primarily from three
EU-funded projects, being CoopP, EUCISE2020 and MARISA. The collected data
were subjected to a structured desktop analysis using a DET, where objects and
phenomena, which formed the columns of the DET, were classified under 10 Eu-
ropean Coast Guard functions, which formed the rows of the DET. Study 3 also
lists the main category of risk for each Coast Guard function in the DET. In addi-
tion, the DET differentiated between observations, which are produced by out-
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side agents, and actions, as the assets and resources that authorities use to re-
spond to objects and phenomena that are produced by outside agents. Another
class, general common to all, was added for issues that were found to appear in
all categories. This study also served project MARISA to better understand what
level of information (objects, phenomena, observations, actions, main risks) end-
users need for a shared and more complete maritime picture.

Study 4 uses sample data from case studies on the resilience of cyber-phys-
ical systems collected from materials produced by 53 IT and 22 security manage-
ment master’s students, one bachelor’s student and five doctoral students. For
these students, the main motive was to advance their learning. They were guided
by the researchers, who subsequently performed a cross-case analysis. The IT-
related data for Study 4 were gained from 16 authentic research and development
projects conducted in three Finnish universities. The security management-re-
lated data were collected using a risk identification and assessment matrix (from
the Risk Management Association of Finland). Attributes to improve the resili-
ence of collaboration networks were identified and prioritised based on a further
cross-analysis by the researchers of the risk identification and assessment ma-
trixes that had been produced by the student groups.

Study 5 is divided into sub-studies 5a and 5b. Sub-study 5a collects data
from a total of eight written narratives and one interview of innovation project
experts’ views on how complexity had been visible and in their view had affected
their innovation projects. The primary project context is six innovation projects
in which the author had also participated. The analysis was conducted by placing
the units of analysis in a DET, where the columns represented 10 elements of
complexity. The DET is specifically developed as the analysis tool for this study.
Sub-study 5b collects and analyses use cases from one case project and scenarios
from another case project to understand the time needed to achieve innovation
regarding the level of complexity of collaboration networks in these case projects.
The use cases were analysed by comparing their respective elements in use case
descriptions and placing them in a DET that was re-structured based on similar-
ity and difference, with a focus on time-to-innovation.

Study 6 draws on various frameworks, including elements of the model of
co-creation, a pedagogical model called ‘Learning by Developing” (Raij 2014), the
communication balanced scorecard (Vos & Schoemaker 2004), the quality cycle
(Juholin 2010) and dimensions for communication domains (Palttala & Vos 2012).
These frameworks are adapted to the domain of externally funded projects to
offer an evaluation framework to examine project communication and dissemi-
nation of the project context and its results. The framework combines quality di-
mensions and communication dimensions, which provide a matrix with indica-
tors.

In overview, Table 8 provides the data collection and analysis methods of
each study.
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TABLE 8 Data collection and analysis methods of each study
Study 1 Study 2 Study 3 Study 4 Study 5 Study 6
Literature | Input Input Throughput Throughput Output
overview | end users end users | resilience complexity dissemination
. Participation, C
Materials: .. . artlc%pa’uon Participation, e .
Participation, | Materials: | materials: . . Participation,
Data ex- . . interviews, .
. interviews: Data Content . materials:
traction ta- q . materials: ]
Content extraction | analysis & Evaluation
ble & con- . . Data extrac- .
. analysis table risk assess- . matrix
tinuum . tion tables
ment matrix

Study 1 was a literature review that provided insights for all communication
phases, for this review articles were collected and analysed using a data extrac-
tion table. Study 2 and 3 aimed at providing insights on input of end users, based
on interviews, resp. collected materials; here the methods were complementary.
Study 4 and 5 scrutinised the throughput phase, with a different focus being re-
silience vs. complexity, and using various data collected to capture these multi-
faceted phenomena. Finally, Study 6 investigated output communication and,
particularly, dissemination, using various data collected and analysed in an eval-
uation matrix. As different projects provided the context for the studies, the ways
to collect the data also had to suit the projects involved. The related research eth-
ics are explained in the next section.

3.5 Research ethics

Care was taken to protect the anonymity of all participants. The subjects of the
studies typically either worked as high-level experts in security authorities or in
related industries. The proceedings and workshops in which material was col-
lected were held under the Chatham House Rule (Royal Institute of International
Affairs 2015): “When a meeting, or part thereof, is held under the Chatham House
Rule, participants are free to use the information received, but neither the identity
nor the affiliation of the speaker(s), nor that of any other participant, may be re-
vealed.” Therefore, when reporting results, this researcher mentioned the names
of consortium organisations and discussed issues related to these, but he did not
point out individual participants or their organisations regarding the issues ad-
dressed.

The structured literature review in Study 1 and the scenarios in studies 3
and 5 are based on public data sources that were free to be used as research data.
Study 2 included participatory observation and analyses of discussion notes from
16 encounters, which were all conducted under the Chatham House Rule. This
was made clear to the respondents at the beginning of each encounter. Study 4
used data collected by students of higher education and, therefore, their consent
was asked to use the data in further research. Studies 5 and 6 contain data col-
lected during workshops as part of activities in the case projects. The participants
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were informed previously that the data collected would be used for research pur-
poses, as one aim of EU-funded projects is to publish academic papers based on
the work and results of these projects. This was explicitly agreed on and recorded
in the project consortium’s agreements. All data were stored on a computer sys-
tem at Laurea University of Applied Sciences. The databases were protected by
password and accessible only by the researcher. Now that the methods and data
used have been described, the findings will be presented in the next chapter.



4 FINDINGS

This thesis consists of six studies, which contribute in different ways to under-
standing the co-creation of knowledge for innovation in funded projects from the
viewpoint of multi-stakeholder communication, particularly, honing in on com-
munication with and the participation of end-users. This section describes the
main findings that answer the research questions presented earlier in section 3.1,
Table 2. As explained before, not all the content of the papers is included in the
reporting in the thesis’s framework, as here, the aim is contributing to the central
objective of this thesis.

4.1 Study1

Study 1 utilises a structured literature review to provide an overview of scholarly
insights on the topic that serves as a basis for the other studies included in this
thesis.

The related paper is “Co-creation of knowledge for innovation requires
multi-stakeholder public relations”. For this paper, the publisher required the use
of the term public relations, while in the reporting of this thesis, the term com-
munication is used with a focus on project communication. Most of the content
of this paper is relevant to the overarching structure, as the research questions
reported in the paper all centre on the co-creation of knowledge for innovation.
Table 9 gives a brief overview of the main findings per each research question.
Next, the findings will be further explained.
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TABLE 9 Overview of the main findings of Study 1 per research question

Study 1: Co-creation of knowledge for innovation

RQ 1: How has the co-creation of knowledge for innovation been investigated in the
scholarly literature?
— There are relatively few articles (52 after the search, from which 33 were included
in the final sample) that match the search and sample criteria.
— Most articles investigate the topic from a business angle.
— Most of the literature found examines collaboration networks and learning as
constructed through interaction.
— The main perspectives presented in the literature are open innovation, living
labs, new service development, the project context and the process context.
— In the body of literature, four categories of co-creation networks were identified.

RQ 2: What end-user roles are discussed in the literature?
— The four categories of co-creation networks that were discussed relate to the
types of stakeholders involved.
— Scholars emphasised that end-user participation needs to be strategically struc-
tured and facilitated.
— The roles fulfilled by stakeholders are contemplated as fluid and open to change.
— Innetworks, value is created through stakeholder participation.

RQ3: What characteristics and challenges of end-user participation are mentioned in the
literature?

— Co-creative development is a complex and interactive organisational learning
process.

— Co-creation is a process over time by which longer relationships are considered
to enhance more interaction and trust building and, thus, more innovative out-
comes.

— Change and development need new thinking from the actors involved to under-
stand multiple perspectives, different values and possibly conflicting individual
aims.

— One challenge noted is to have appropriate open innovation and cooperation
tools to support the network.

— Based on the findings, there seems to be related elements in the process of value
co-creation in networks.

A total of 52 articles were found to match the search criteria, and the final sample
was further narrowed down for relevance to include 33 articles. Many of these
reported from a business viewpoint.

The perspectives presented in the literature are, for example, open innova-
tion, living labs, new service development, the project context and the process
context. In the literature, various kinds of co-creation networks are discussed.
According to the study, these can be grouped into the following four categories.

—  Co-creation benefitting a single company:
Twelve articles discussed projects that only benefit one company. These
articles examine service, next to marketing and consumer development for
the benefit of that one particular organisation, often with a limited number
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of stakeholders, without aiming at a wider societal impact. Because this
thesis focuses on projects in which partners share resources for a collabo-
rative goal, these articles were not analysed further and were just used for
background information.

—  Co-creation benefitting business-to-business value chain networks:
Six articles dealt with innovation networks that include multiple stake-
holders who are part of the same value chain. The discussed projects are
often initiated and led by a focal company seeking business opportunities.

—  Co-creation benefitting public entities:
Eleven articles discuss innovation networks that have multiple stakehold-
ers, but the projects discussed often mainly function for one focal public
lead entity, such as a municipality.

—  Co-creation benefitting innovation network stakeholders:
Four articles were found to deal with innovation networks, in which a pro-
ject is used by a diverse group of stakeholders that aim at a common de-
velopment goal.

The terms used in the sample articles varied. This research uses the term network
when there are communication and input exchange between more than two ac-
tors and the term project when a there is decision to share resources for a collab-
orative aim. Thus, the innovation projects that form the context of the research
include planned tasks and given periods of duration, while other co-creation net-
works may not.

Moreover, the results indicate that co-creation initiatives may evolve and
move between the above categories, depending on the nature and outcomes of
the collaboration process. The literature envisions co-creative development in an
innovation network as a complex (inter-)organisational learning process requir-
ing intensive interaction. Thus, change and development benefit from new think-
ing, such as understanding multiple perspectives, values and individual aims.
This study also showed that, in the literature, end-user participation is consid-
ered an activity which needs to be strategically structured by the organisation
driving the innovation project. Both collaboration and learning in the innovation
networks are construed as constructed in interaction, while exchanging insights
and experiences. Scholars depict the roles of stakeholders as fluid and constantly
changing. End-users may participate in various ways, including also being active
in research.

Co-creation is further conceptualised as an evolving process. When rela-
tionships mature for a longer time, this enables more interaction and building of
trust which, in turn, supports more innovative outcomes. A challenge that was
noted is having appropriate open innovation and cooperation tools to facilitate
the exchange of insights and experiences.
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FIGURE 5 Related elements of co-creation networks

As Figure 5 demonstrates (further explained in paper I), the instigating element
for networks aiming at innovation through the co-creation of knowledge is the
mutual need for collaboration. When the need for collaboration is in place, the
multiple stakeholders in the network are more likely to engage in open interac-
tion and trust building. Partners need to collaborate to define a common problem
and guide their efforts. Open innovation environments facilitate user-driven in-
novation based on this common objective. Cooperation platforms facilitate active
stakeholder participation fostering knowledge sharing and co-creative innova-
tion. Active stakeholder participation, thus, stems from common goals that
promise benefits for all actors, driving the co-creation of knowledge, innovation
and change. Therefore, the sample literature revealed that the co-creation of
knowledge for innovation begins with an awareness of the need for collaboration
by various stakeholders and an acknowledgement of a common problem.

Moreover, there are challenges to manage in an innovation network, as the
stakeholders need to be actively engaged throughout the project, and this re-
quires an investment in resources on three levels: project management, common
processes and people. Furthermore, the co-creation process takes place over a
period of time, and stakeholder roles are constantly changing during the collab-
oration period.

42 Study?2

Study 2 investigates the involvement of actors in creating a co-creation network
for knowledge and information sharing. This study shows the need to delve
deeper into the participation of end-users and other actors in collaboration net-
works, aiming for the co-creation of knowledge and innovation.
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The paper included in this study, “A co-created network community for
knowledge and innovations - Promoting safety and security in the Arctic”, is
written more as a position paper than a research paper, although it is precise in
its description of the complex collaboration involved. Its argumentation is based
on data collected in meetings, discussions and workshops, where the need was
discussed to create an active network of academic collaboration to fill the existing
void in co-creating innovations to benefit the safety and security of the Arctic
domain. Here, the attention is placed on the research question, clarifying the di-
versity of the collaboration involved and, in this way, contributing to the thesis’s
framework.

TABLE 10 Overview of the main findings of Study 2 per research question

Study 2: Co-creating a collaboration network

RQ 1: What diversity of actors was engaged in the co-creation network for knowledge
and information sharing in the case project on safety and security in the Arctic?

— In the case project, a large group of diverse actors was engaged, which resulted
in the demonstrated need for more elaborate structures of coordination.

— During the project, four types of collaboration networks (policymakers, research
and development institutions, authorities and practitioners operating in the Arc-
tic) were engaged in complex mutual collaboration.

— The demonstrated complexity is revealed in the need for more communication
and new forms of cooperation for cross-sectoral and cross-regional research and
development (in this case, concerning situational awareness, risk pictures and ca-
pacity pooling).

— Results demonstrate that end-user participation is hampered if there is a lack of
cross-sectoral communication.

In the case project on safety and security in the Arctic, a group consisting of many
diverse actors was engaged in modelling new solutions for Arctic collaboration.
This illustrated a lack of and need for more elaborate coordination structures.
Thus, a proposal was made for a co-created network community aiming at
knowledge and innovations for Arctic safety and security. The case project in-
volved 16 encounters with representatives of multiple organisations with very
diverse backgrounds. In fact, all of these organisations comprised various layers
of collaboration networks engaged in complex collaboration to promote safety
and security in the Arctic:

—  Arctic Policy for Safety and Security

—  Research and Development for Safety and Security in the Arctic

—  Cooperation between Authorities for Safety and Security in the Arctic

—  Safety and Security Preparedness of those operating in the Arctic.

Thus, the project engaged four levels of collaboration networks. On the first level,
policymaker guidelines and representatives of the Arctic Council and Interna-
tional Maritime Organisation were consulted. On the second level, research and
development community representatives were engaged. On the third level, end-
user authorities were included in the co-creation process to contribute to a safer,
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more secure Arctic domain. Finally, on the fourth level, practitioners operating
in the Arctic also were engaged.

Representatives from all these levels of collaboration networks were en-
gaged in complex mutual collaboration to develop insights on sustainable eco-
nomic growth and best practices for increased situational awareness to support
decision making for the benefit of the Arctic. These stakeholder organisations
were asked to co-creatively model new solutions for a co-created network com-
munity for knowledge and innovations, while probing their interest in its practi-
cal development and their active participation in it.

On the highest political level, the Arctic nations agree on policies and prac-
tices, based on which actors on the level of the research and development com-
munity can innovate solutions. Simultaneously, on the authority level, actors can
design and model cooperation for information sharing and joint activities. Finally,
on the practitioner level, each operator present in the Arctic region should be
prepared to help themselves, as assistance is always far away.

The existing coordination structures, such as the Arctic Council, networks
of researchers and the Coast Guard cooperation network on Arctic research and
development actions were not considered sufficiently comprehensive. The pro-
ject attempted to model a new solution for creating wider knowledge exchange
through an Arctic co-creation network community comprising all sectors in-
volved in working towards a safe and secure Arctic domain. This cross-sectoral
network would complement the existing forms of cooperation between coast
guards and other authorities in the Arctic maritime domain. The network would
include educational institutes with programmes on coast guard activities and re-
lated safety, security or maritime issues. Also included would be a multidiscipli-
nary platform for information exchange by indivi-dual students and researchers
interested in the security and safety of transport or human and economic activity
in the Arctic environment. This could enhance long-term information and
knowledge sharing, unlike the many currently existing scattered and unlinked
programmes and systems.

The results demonstrate a need for cross-sectoral and cross-regional com-
munication to support new forms of cooperation for increased situational aware-
ness, more accurate risk pictures and more efficient resource pooling. End-user
collaboration in these areas, aimed at preparing for disaster mitigation, actually
can be greatly hampered by a lack of cross-sectoral and cross-regional communi-
cation.

This study’s results provide insight into the challenges of projects that in-
clude several participants from various sectors and the complexity of the related
innovation network to solve the heightened need for communication between
many stakeholders on four levels of collaboration, all wanting to make the Arctic
safer and more secure.
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4.3 Study 3

Study 3 targets end-user scenarios and the involvement of end-users in setting
the requirements for a complex common cyber-physical information-sharing sys-
tem. In this case, it is a common information-sharing system in the maritime do-
main. The study relates to the input phase of project communication, in particular,
communication to clarify the project’s requirements. The study draws data from
case and scenario narratives from four EU-funded projects: PERSEUS, CoopP,
EUCISE2020 and MARISA.

The published paper, “End-users co-create shared information for a more
complete real-time maritime picture”, examines a case of a cooperation platform
and its facilitation, namely, the European Common Information Sharing Envi-
ronment (CISE). Here, the focus is those research questions that contribute to the
thesis’s shell. For each research question Table 11 provides an overview of the
findings that are relevant to this thesis.

TABLE 11 Overview of the main findings of Study 3 per research question

Study 3: Involving end-users in setting requirements

RQ 1: What are the views on involving end-users in setting requirements for a complex
maritime collaboration system in the case projects?

— The four interconnected project consortia (PERSEUS, CoopP, EUCISE 2020 and
MARISA) considered end-user involvement indispensable for setting require-
ments. They actively involved their end-user community stakeholders in the co-
creation of the maritime collaboration system CISE.

— A total of 94 scenarios have been developed with end-users to identify require-
ments. Five of these have been selected for closer study.

— End-user requirements can be categorised based on the type of end-user activity;
in this study, five categories are based on the EU Coast Guard Functions frame-
work.

— End-user involvement through complex collaboration has the potential to reach a
deeper form of co-creation, enabling the network of collaboration actors to yield
more value and faster innovation.

RQ 2: How are scenarios used to identify end-user needs in innovation projects?

— Requirements for the maritime collaboration system CISE are derived from sce-
narios that present practical use cases of information sharing between maritime
surveillance and response authorities.

— A total of 94 scenarios have been developed with end-users to set requirements
for the CISE collaboration system.

— Scenarios were used to identify and confirm end-user requirements related to the
needs of end-users for a more accurate maritime picture, risk assessment, asset
and operations planning and the sharing of resources.

— Risk and threat scenarios should be constantly evaluated and updated with end-
users, because end-user requirements change.
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Study 3 finds that a continuum of four interconnected project consortia - PER-
SEUS, CoopP, EUCISE 2020 and MARISA - deemed end-user involvement nec-
essary for setting requirements. They actively involved end-user organisations to
clarifty end-user needs for a Common Information Sharing Environment (CISE),
an elaborate Europe-wide collaboration system for sharing maritime information.
To identify such requirements and validate the work of the then-still ongoing two
projects, EUCISE 2020 and MARISA, a total of 94 scenarios of use cases have been
developed, and an end-user community was established. Study 3 demonstrates
that the end-user requirements can be categorised based on the type of end-user
activities. For example, in this study, the EU Coast Guard Functions framework
was combined into five categories of similar end-user requirements for maritime
information sharing.

This researcher also wanted to find how scenarios can be used to confirm
end-user requirements in funded projects. The results depict how the require-
ments for the data fusion of the maritime collaboration system CISE were derived
from the 94 scenarios, which were developed in collaboration with end-users.
The data for Study 3 were collected from these scenarios. This study uses the data
collected from these scenarios of practical use cases to identify and confirm the
end-user requirements for the objects and phenomena that end-users need for a
more accurate maritime picture, including risk assessment, asset and operations
planning and the sharing of resources.

Moreover, Study 3 demonstrates that risk and threat scenarios must be con-
stantly evaluated and revised, as activities in the maritime domain evolve and,
consequently, end-user requirements change. This evaluation and revision pro-
cess is, according to the results, best done in close co-creative collaboration with
end-users. When collaboration becomes more complex, it has the potential to
reach a deeper form of co-creation, enabling the network of collaboration actors
to yield more value and innovation. Faster and widely shared information, in this
case, can be seen as a driver of value and innovation. Identifying these very prac-
tical user needs can serve as the basis for the further technical development of
CISE. The findings of Study 3 can serve the continuing work in EUCISE 2020 and
MARISA on an EU-wide scale and, similarly, projects such as FINCISE on a na-
tional level.

Furthermore, the results indicate that using case and scenario narratives
helped understand how the case project could promote the sharing of common
information for a more accurate maritime picture. The results also showed how
opportunities can be identified by mapping end-user processes and practices
through co-creative encounters that allow the project and its end-users to create
value through interactions. The scenarios in this study serve to bridge technical
and human aspects of information sharing, and this depicts how co-creative col-
laboration end-user needs can be transferred to end-user requirements for inno-
vation projects, ensuring that the innovation project targets end-user needs.
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4.4 Study 4

Study 4 scrutinises the resilience of network collaboration, examining cases of the
resilience of systems that operate as critical infrastructure for society, such as the
Common Information Sharing Environment developed by MARISA, EUCISE
2020 and CoopP. It discusses the social level of communication and the organisa-
tional structures of these infrastructure systems.

The published paper “Educational competences with regard to resilience of
critical infrastructure” offers a model for understanding the resilience of systems
that operate as critical infrastructure to society and discusses the inclusion of re-
lated aspects of resilience in higher education programmes. Here, the attention is
on those research questions that contribute to the thesis’s framework.

TABLE 12 Overview of the main findings of Study 4 per research question

Study 4: Resilient collaboration in multi-stakeholder innovation networks

RQ 1: What are the views on resilience in a collaboration network of the case project on
complex integrated cyber-physical systems?

— The preparation phase is emphasised, as it creates a basis for the ability to absorb
incidents and recover from them; the adaption phase provides feedback, making
the process cyclical.

— Collaborative crisis management can enable an organisation to sustain and re-
sume operations, whereas increased collaboration is considered to provide faster
detection, assessment, planning and response to increase system resilience.

— Active leadership and facilitation enable the greater resiliency of social networks.

— A clear situational picture enables the consideration of changes in the environ-
ment, whereas shared real-time information exchange adds to overall resilience.

—  Exercises were found useful to activate users to share information and stay ac-
tive.

RQ 2: According to the project partners, how can the resilience of collaboration networks
be strengthened?
The following matters were mentioned:
— A clear, co-created purpose for the network.
— Actors’ agreed roles.
— A common culture and ways of working.
— Clear leadership and facilitation of network collaboration and co-creation.
—  Trust building between stakeholders to enhance open communication.
— A system to mitigate the effects of absenteeism and changes in stakeholder repre-
sentatives.
— Flexibility based on a common operational culture within a network.
— Employment of crisis event management (such as prepare for, absorb, recover
from and adapt to disruptions to become more resilient).
— Sharing best practices and prior experiences.




56

The results of Study 4 indicate that a social network can use the preparation
phase to create plans and make other preparations in case of possible disruptive
incidents or crises. These activities serve as a basis for the network to be able to
absorb the effects of a disruption and retain an adequate level of critical function-
alities and activities. Preparations also enhance the network’s ability to, as
quickly as possible, recover and return to a normal level of collaboration and op-
eration. Finally, the adaptation phase provides feedback that can be used to in-
crease the level of collaborative functions in the network and to lay a basis for a
new preparation phase, resulting in an improved plan in case of another incident.
The process, hence, becomes cyclical, each time enhancing resilience for another
possible disturbance.

This study also reveals that collaborative crisis management enables a net-
work to sustain and resume its operations, as increased collaboration can provide
faster detection, assessment, planning and response, all of which increases sys-
tem resilience. Moreover, active leadership and the facilitation of the collabora-
tive efforts of the social network were seen to enable increased network resilience.
A clear situational picture enables the consideration of environmental changes,
whereas real-time information exchange helps speed up relevant decision-mak-
ing processes and adds to overall resilience. Exercises were found to be a useful
tool to prepare for possible future events. The results indicate that exercises raise
awareness and activate stakeholders to share information and be active within
the network.

The results indicate that the resilience of social networks is based on a clear
purpose and common aims. Working plans and shared insights gained in the
planning phase guide the network in co-creating common ways to work. Resili-
ence is also added by the network stakeholders in having clear roles and respon-
sibilities, which becomes especially important when disruptions occur. Clear
roles support a rapid response, if flexibility is also maintained. A common oper-
ational culture is considered to support flexibility when facing changing situa-
tions and disruptive events.

The results demonstrate that resilience can be better understood concerning
the crisis event management phases, such as prepare, absorb, recover, adapt and
learn, and self-modify (National Academy of Sciences 2012; Singapore-ETH Cen-
tre, 2015). For more depth, these phases can be combined with the domains of
cyber-physical systems (CPS) (Alberts 2002). Best practices and prior experiences
by critical infrastructure sectors can be used to design and maintain resilient CPS.
The study shows that most CPS are considered complex and interconnected.
Many industries critical to society, such as finance, energy, communications,
transportation and food supply, are becoming increasingly CPS in nature.

The study reveals that open communication between the multiple innova-
tion network stakeholders and the interconnections of other networks is consid-
ered to enhance resilience. This, for example, enables the building and maintain-
ing of the shared situational awareness needed for an effective response to dis-
turbances. During the project, partners rely on each other to reach innovation
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outcomes. Accordingly, the participants emphasised that stakeholder represent-
atives need a back-up system to cover for the absence of any individual repre-
sentative. During the preparation phase, the project as a system creates the basis
for aresilient process, that is, the ability to mitigate disruptions. In the adaptation
phase, the system collects feedback and learns from its experience to further en-
hance its performance and resilience. Thus, a new preparation phase (forming a
new cycle) begins.

Based on the results of this study, it seems that increasing collaboration be-
tween network stakeholders affects the depth and quality of planning, while the
readiness to absorb disturbances may shorten the time to recover and increase
the willingness of the network stakeholders to adapt and learn together.

45 Study5

Study 5 of this thesis attempts to make sense of innovation project collaboration
through 10 elements of complexity (Mitleton-Kelly 2003). This study was re-
ported in two papers. Paper Va, “Complexity in project co-creation of knowledge
for innovation”, offers an understanding of how project participants view com-
plexity and the co-creation of knowledge in innovation projects. In addition, pa-
per Vb, “Complex authority network interactions in the common information
sharing environment”, also analyses complexity, but it focuses on how a project’s
level of complexity affects the time needed to achieve innovation. Here, the in-
terest is in those research questions that contribute to the thesis’s framework.

TABLE 13 Overview of the main findings of Study 5 per research question

Study 5: Complexity and innovation in multi-stakeholder networks

RQ 1: How does complexity affect the co-creation of knowledge in innovation projects,
according to project participants?

— All elements of complexity mentioned by Mitleton-Kelly (2003) are considered to
affect the co-creation of knowledge in innovation projects and are to some extent
present when innovation projects co-create knowledge. The following three ele-
ments were emphasised most.

— Connectivity and interdependence:

Project participants need close collaboration and joint activities to deliver the de-
sired project output and create innovation value.

—  Self-organisation:

Self-organisation processes are deemed important, and expert project partners
are mostly intrinsically motivated for project work.

—  Co-evolution:

It is considered important that project partners build trust and find ways of col-
laborating to deliver the desired results.
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RQ 2: How is the time needed to achieve innovation affected by the level of complexity
of collaboration networks, according to project participants?

— The time can be shortened from when the consortium partners come together to
when the innovations resulting from the project are put to wider use.

— Attaining innovations can be sped up by having clear aims, roles and tasks for all
consortium members and enabling parallel work.

The participants mentioned various ways in which complexity affects knowledge
co-creation. The following is arranged according to the elements of complexity
by Mitleton-Kelly 2003. Connectivity & interdependence concerns interrelations
among the project participants. The participants stress that, to create innovation
value, project participants need close collaboration in joint activities to deliver
the desired project output, as planned in work packages and tasks. The results
regarding self-organisation highlight processes of spontaneous order and that pro-
ject partners as experts mostly are intrinsically motivated for the project work
and, thus, bring expected as well as sometimes unexpected results. Historicity re-
lates to the project consortium’s partners and other stakeholders having different
histories; each individual involved brings her/his own professional and educa-
tional background to the project interaction which, according to the participants,
influences project consortia in many ways.

Exploration-of-the-space-of-possibilities refers to the flexibility of working and
the space to explore and find solutions. The participants note that a project’s abil-
ity to explore the space of possibilities increases productivity, which in all project
consortia depends on the people, their attitudes and their approaches to the pro-
ject work. Path dependence concerns prior decisions influencing later new oppor-
tunities. This is very visible in innovation projects, where new niches and oppor-
tunities are best achieved, according to a participant not just in one project but
rather “via a continuum of innovation projects.” The results indicate that how
project partners work affects a project’s ability to create paths for new opportu-
nities.

Feedback helps identify changes needed in how a project is conducted. The
participants perceive feedback as positive, even crucial. Far-from-equilibrium re-
fers to projects needing major adaptations in fast-changing environments and sit-
uations. The participants note that, despite carefully planned project proposals
that set specific goals and activities for EU-funded innovation projects, they are
not in a state of equilibrium, as the diverse partners act in parallel and influence
each other during the project. The project coordinator also affects how consor-
tium partners perform.

Co-evolution is considered important and is seen as partners finding ways of
working together, building relationships and trust to generate project results. The
results emphasise that it is important for project partners to find ways to collab-
orate to deliver the innovations promised in the project proposal. According to
participants, emergence refers to the new results in innovation projects emerging
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from the workflow among active consortium partners, including ideas and inno-
vative ways of working together. End-user experiences and using the potential
of the extended networks of all consortium partners are seen as especially im-
portant to achieving project results. Innovation necessitates the active sharing of
information between partners and being open to input both from within and
from outside the project consortium.

The creation of new order becomes visible when an impact beyond the project
is created. The participants note that the projects have resulted in new project
continuums, networks, associations and businesses created based on project out-
comes.

Creation of new order
New knowledge and innovation put to use

Emergence
Project collaboration creates new knowledge and innovation

Co-evolution
Project partners react together to and manage change

Far-from-equilibrium

Project, partners, and environment in constant change
Feedback

Project partners look for feedback on project progress

Path dependence Co-create

Project partners decisions influence the project and its results

Exploration-of-the-space-of-possibilities

s ) ) Change together
Partners look for opportunities to achieve project success

Historicity
Partners individual and collective pasts influence the project Influence each other

Self-organisation
Project partners select the best ways to work together

- - Work together
Connectivity & interdependence

Project partners have a will and need to work together

< e e e B

¥

Time-to-innovation
The time from project partners coming together to the knowledge and innovation created being put to use

FIGURE 6 The elements of complexity (Mitleton-Kelly 2003) applied to funded projects

Based on the results of the study, Figure 6 depicts the elements of complexity
(Mitleton-Kelly 2003) applied to funded projects and arranged according to time-
to-innovation. Thus, the first collaboration will offer an opportunity to influence
one another, promote change together and, finally, co-create new knowledge and
innovation. The figure infers that there is an order in which a project could ap-
proach these elements, taking all elements into account to shorten the time
needed to reach innovation.

For Study 5b, narratives were analysed focusing on time-to-innovation. The
paper further illustrates what complexity means for projects. In the case, the use
of case and scenario narratives supported the engagement of end-users in the co-
creation process. These descriptions are a way to gain information from situa-
tions that end-users encounter. The MARISA user community provides an exam-
ple of a shared forum for enhancing cross-sector, cross-border and cross-author-
ity exchanges of information, even resources. The community also functions as
an issue arena where practical, legal and ethical issues are discussed and actors
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co-creatively define and refine relevant use cases. The results show that
knowledge is developed collaboratively, requiring close interaction between the
actors, which may even include resource integration and the usage of common
capacities to reach common goals faster.

In the case of funded projects, time-to-innovation can be understood as the
time from when the consortium partners come together to when the innovations
resulting from the project are put to wider use. The idea behind the projects is
that time-to-innovation can be shortened when multiple stakeholders work to-
gether to generate new knowledge for innovation and create new project ideas to
pursue. The results highlight that time-to-innovation can be positively affected
by complexity involving the engagement of diverse partners, whereas the time
needed for innovation can be shortened considerably by having clear aims, roles
and tasks for all consortium members and by enabling parallel work.

4.6 Study 6

Study 6 examines the output phase of projects, focusing on communication and
dissemination in multi-stakeholder research projects. Three cases of EU-funded
projects are studied, exploring the external communication and dissemination of
project objectives, results and activities in ABC4EU, IECEU and GAP. The study
targets the planning and evaluation of external communication.

The paper “Opportunities for Strategic Public Relations - Evaluation of In-
ternational Research and Innovation Project Dissemination” addresses external
communication and dissemination according to the requirements of the funding
instrument. The publisher preferred the term public relations, while in this thesis,
attention is placed on project communication. Here, the focus is on those research
questions that contribute to the thesis’s shell.

TABLE 14 Overview of the main findings of Study 6 per research question

Study 6: Dissemination by multi-stakeholder projects

RQ 1: How are external communication and dissemination conducted in case projects?

— There is co-creative collaboration between communication practitioners, re-
searchers and developers that supports the reaching of dissemination objectives.

—  External communication and dissemination take place through activities and the
materials made.

— Activities aim at project visibility and the application of its results.

— The case projects attempt to create user networks that grow over time. These net-
works are urged to remain active after the project has ended.

— Traditional means in case projects include press releases, newsletters, publica-
tions, workshops and conferences.

— Feedback and learning from evaluations supported reaching dissemination ob-
jectives.
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— An evaluation framework for external communication and dissemination activi-
ties was adopted.

— Results indicate that the practitioners involved were mainly security managers,
with a noticeable lack of communication practitioners.

RQ 2: How do the external communication and dissemination of the case projects sup-
port the functioning of these projects, while addressing the requirements of the funding
instrument?

— External communication and dissemination support the project with comprehen-
sive visibility among key stakeholders (end-users, policymakers, academics and
the wider public).

— Awareness of communication value and the availability of tools (such as a me-
dia-action matrix) help activate all project partners to engage in external commu-
nication and dissemination activities.

— Media evaluation indicators set early in the project can provide a tool for self-as-
sessment and increased accountability.

— The active use of technology can promote interactive methods.

Notably, there was a lack of coordinating facilitators to support project members to
jointly communicate with other partners and other stakeholders outside the project.

The results of Study 6 show that collaboration between communication practi-
tioners, researchers and developers supports reaching the objectives set for ex-
ternal communication and dissemination. This relates to both the activities and
materials that, with the activities, aim at increasing the visibility of the project
and, more importantly, use of its results. Some traditional means that the case
projects have used to reach their audiences include press releases, newsletters,
publications, workshops and conferences. As a more current activity, all three
case projects attempted to create user networks (called communities). The aim
was to let these communities grow over time. Thus, they were urged to remain
active even after the projects had ended.

Media evaluation indicators were set early in the project and provided a
useful tool, not only for the project consortium, but also for its individual mem-
bers to self-assess their communication activities and, by doing so, be accountable.
The project GAP, for example, applied a framework to evaluate its external com-
munication and dissemination activities. This supported reaching the dissemina-
tion objectives set by the project and, thus, promised to the European Commis-
sion.

Study 6 shows that external communication and dissemination can support
the project with comprehensive visibility among key stakeholders, such as end-
users, policymakers and academics, and similarly among publics. The results in-
dicate that outlining the value of communication and creating tools, such as a
media-action matrix that provides an overview of activities, helps activate project
partners and stakeholders to engage in external communication and in the dis-
semination of project results by interactive methods and the active use of collab-
orative technology.

Based on the study’s results, the planning and coordination of dissemina-
tion activities is challenging. The process benefits from actively using an evalua-
tion framework. This study compiled a framework that combined elements of the
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communication balanced scorecard by Vos and Schoemaker (2004), the quality
cycle by Juholin (2010) and dimensions for communication domains by Palttala
and Vos (2012).

Furthermore, the participants revealed that the practitioners involved in all
three of these case projects were mainly security managers and that there is room
to include more expertise provided by communication practitioners. For external
communication and dissemination, the case projects used their respective project
structures to involve the networks and expertise of all participants in producing
content for press releases, newsletters, publications and social media feeds. Ac-
cording to the results of this study, coordinating facilitators in every partner or-
ganisation could further motivate and support the project members in communi-
cating with other partners and actors outside the project. New knowledge on
how to implement such ideas can be generated together, co-creatively combining
the different skills and knowledge of individuals. The study suggests a process
through which facilitators monitor the external communication and dissemina-
tion activities of their organisation and ensure that periodic reporting is timely,
according to dissemination plans and guidelines. The facilitator team that they
form together can then co-create further innovative ways to interact with and
motivate communities of end-users to engage in project activities and gain feed-
back for the project.

All of the six studies contribute to the overall research problem, looking at
multi-actor communication and end-user participation in complex innovation
project contexts from the four theoretical perspectives that were discussed in sec-
tion 2. Study 1 served as a basis, whereas Studies 2 to 6 provided empirical data
concerning input, throughput, or output communication of funded projects.
Where two studies addressed input communication, the first looked at multi-ac-
tor communication (primarily illustrating the large number of network partici-
pants), while the second focused on end-user participation, strongly contributing
to the research. Where two studies addressed throughput communication, the
tirst centred on resilience and the second on complexity, using a different project
context. In the case of one study consisting of two sub studies (5a and 5b), the
second added the aspect of time-to-innovation, also bringing a context of differ-
ent projects. Some overlap in the studies was beneficial for the coherence of the
thesis. The papers often had a wider content, as they also served different projects
and other co-authors. Here, those elements of the papers have been utilised that
served the central research problem and research questions as outlined in this
thesis.



5 DISCUSSION

In this chapter, the findings of studies are discussed relating to one another. Sec-
tion 5.1 evaluates the findings in light of the theoretical approaches described
earlier in Chapter 2. Based on the findings of the six studies of this thesis, section
5.2 proposes a model for further understanding co-creation for innovation.

5.1 Evaluating results with viewpoints of theoretical approaches

This section first evaluates the results of the six studies of this thesis as they per-
tain to understanding knowledge co-creation for innovation in funded projects
from the viewpoint of multi-stakeholder communication, focusing particularly
on communication with and the participation of end-users.

The results show that the co-creation of knowledge forms the basis for in-
novation in multi-stakeholder projects. The investigated projects function as in-
novation networks co-creating knowledge in development processes. Simultane-
ously, they strive for resilience of the complex social networks.

The research utilised four complementary theoretical approaches, as de-
scribed in section 2.5: the co-creation of knowledge, innovation networks,
knowledge development processes and the resilience of complex social networks.
Each of the six individual studies was conducted to gain understanding concern-
ing the overall research problem, departing from its own research questions. The
findings are now brought together by looking at project communication through
the four theoretical approaches, that serve as lenses for the evaluation.

The theoretical approach of the co-creation of knowledge invited the investi-
gation of interactions among multiple stakeholders that may have different in-
terests. In studies 1, 2, 3 and 5, it was noted how the projects involved purposely
aimed at co-creating knowledge. This included open communication and collab-
oration between various project partners and, to some extent, even more net-
works to which they belonged. This line of study is important, because
knowledge, innovation and creativity are noted in the literature as a source of
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competitive advantage (e.g. Bagayogo et al. 2014, Pirinen 2015). Collaboration
and learning were constructed through interaction. Thus, the diverse actors in-
volved became engaged in modelling the new solutions needed to achieve the
development called for in all of the case projects studied. This is noted in the
literature by, for example, Gustafsson, Kristensson and Witell (2012), who write
that co-creation involves communication and interaction.

Study 1 discussed how the mutual need for collaboration sparked the co-
creation of knowledge. Collaboration engages multiple networks’ stakeholders
in open interaction and trust building. Partners collaborate to define the common
problem that guides their efforts. Most sample articles of Study 1 investigated the
topic from a business perspective. Based on insights gained from the sample lit-
erature, new knowledge and learning in collaboration networks are constructed
in interaction, and this principle can be extended to innovation projects.

Studies 1, 2 and 3 identified communication that actively involved end-us-
ers in setting requirements for issues such as achieving common awareness. For
example, the case of Study 2 aimed at understanding how increased collaboration
was intended to make the Arctic safer and more secure, whereas Study 3 high-
lighted how end-user scenarios were used to identify requirements. It suggested
a categorisation of scenarios according to the type of end-user activity to classify
the practical activities that end-users perform for engagement in the maritime
domain (using the European Union Coast Guard Functions framework). End-us-
ers had an important contribution to the project collaboration and needed to be
tirmly included in project communication.

Studies 2 and 3 illustrated that real-time, faster information exchange ena-
bles the development of shared knowledge. This, in turn, opens the potential to
reach deeper forms of knowledge co-creation for innovation. In Study 3, exercises
were shown to provide a way to raise awareness and activate network stakehold-
ers to engage in communication. This was similar to notions in the literature (e.g.
Taatila et al. 2006) highlighting the importance of individuals serving as innova-
tors.

The case projects in Study 3 indicated that end-user scenarios are useful in
identifying end-user requirements for information-sharing processes that, in this
case, helped build a more accurate maritime picture for the many European
stakeholders involved both in cross-sector and cross-border interaction. In the
case projects, end-user participation is shown as an activity benefitting from a
strategic approach and structure. Similarly, the literature (e.g. Payne, Storbacka
& Frow 2008, Miettinen & Koivisto 2009) suggests collaborating with end-users
by mapping their processes and practices to find new ways to co-create value.

Together, the studies demonstrate that using innovation and collaboration
tools for project communication with active process facilitation and stakeholder
motivation helps achieve common goals faster. However, this can be challenging
due to conflicting stakeholder interests. For user-driven innovation in open inno-
vation environments, it is key to actively engage all stakeholders. The literature
also notes that stakeholders learn from interactions with one another when co-
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creating knowledge, which is a considered a learned activity that requires mutual
trust (e.g. Engestrom 2004, Cook & Brown 1999, Tikanmiki & Ruoslahti 2017).

The theoretical approach of innovation networks invited the study of the roles
and interrelations of project actors. The results of studies 1, 2, 4, 5 and 6 of this
thesis point at the strong interconnections between the actors in the project net-
work. The collaboration between the actors involved in the various categories of
co-creation networks can offer new thinking, leading to development and change.
There are, however, multiple perspectives, even conflicting individual aims. Sim-
ultaneously, actors’ roles are changing during the project. These studies show
that many diverse actors are engaged in modelling new solutions and in co-cre-
ating value and innovations.

In the literature, related insights were discussed. Roloff (2008), for example,
comments that a multi-stakeholder network can be considered an organisational
structure of voluntary participation in which participants negotiate objectives
and actions. Furthermore, Engestrom and Kerosuo (2007) note that alliances and
partnerships between organisations are important for exchanging information
and networked inter-organisational learning. Study 1 shows that innovation net-
works take form through the active participation of multiple actors with roles
constructed through interaction.

Networks serve to activate a wider knowledge exchange. In Study 2, this
speaks to the need for more elaborate Arctic network structures for coordination.
In the case project, this resulted in proposing a broad network community for
knowledge and innovation, including active participation from different stake-
holder networks of practitioners, authorities, academics and policymakers to col-
laborate on issues improving safety and security in the Arctic. Study 2 finds that
existing Arctic coordination structures are scattered and unlinked, whereas new
forms of interlinked Arctic cooperation systems and programmes help tackle this
problem.

Mapping user processes and practices can be helpful in finding new ways
to support threat assessment, asset planning and resource sharing. These can
then be transferred to end-user requirements for further innovation goals and
projects. This is similar to discussions in the literature (e.g. Bhalla 2014) on estab-
lishing ways to unify actor interests and harness creativity. Study 1 identified the
need for facilitation by collaborative technology such as open innovation plat-
forms, which help foster knowledge sharing and co-creative innovation.

Studies 1, 2, 3 and 5 demonstrate that value co-creation results from com-
plex network interactions and resource integration between value network actors,
as also noted in the literature (e.g. Pinho et al. 2014). Formal process frameworks,
such as open innovation, living labs and new service design, can be useful to
arrange end-user input and engage actors to actively participate in the through-
put and output communication that is part of project activities.

Study 4 shows how innovation networks can benefit from a clear, shared
innovation purpose for the network. This helps identify and agree on roles for
the actors, views on network leadership and the facilitation of network collabo-
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ration. The results indicate that engagement originates from acknowledged ben-
efits for the project partners involved. This drives development and change
within the innovation network.

The approach of knowledge development processes invited the investigation of
developments over time in the various project phases. Studies 1, 3, 4 and 6 of this
thesis revealed that development processes in a cross-sectoral network with a
great many participants (e.g. EUCISE2020 and MARISA) need a clear structure
to coordinate the exchange of insights and experiences on which the knowledge
development for innovation is built. Multi-stakeholder projects can be consid-
ered knowledge development processes supported by input, throughput and
output communication. Communication helps engage stakeholders and
strengthen relationships, both of which is needed in collaboration processes. This
was also discussed in the literature. For example, DeFillippi and Roser (2014)
write that co-creation that includes the deep engagement of actors in innovation
is a phased process.

Innovation projects especially benefit from collaboration with relevant end-
users in all project phases when setting and validating user requirements (input
communication), ensuring faster information exchange (throughput communica-
tion) and arranging efficient dissemination (output communication). In the pro-
jects investigated, co-creative collaboration with end-user communities was con-
sidered indispensable to identify user requirements and to validate the resulting
innovation work to fulfil them. Increasing collaboration throughout the project
duration and beyond is considered the goal of user community processes in all
case projects studied. This entails continuously encouraging stakeholder involve-
ment in the project, including arranging external communication targeted at var-
ious audiences, such as end-users, academia, industry and even the general pub-
lic.

In Study 3, the case projects investigated assess input communication
through five scenarios selected by project MARISA from 94 scenarios produced
by case project CoopP. These were studied against the EUCGF framework. Tak-
ing the effort of identifying practical user needs served as the basis for the devel-
opment of the case projects.

The throughput phase is most visible in all six studies, a notion in line with
the literature (e.g. Bhalla 2014, Buijs, Smulders & van der Meer 2009, Pichyangkul,
Nuttavuthisit & Israsena 2012, Schertzer, Schertzer & Dwyer 2013), noting the
need for processes with investments in time, project management and people to
deliver innovations. Organisational learning evolves as a complex process and
includes collaborative functions and formal plans that are improved throughout
projects” duration.

Study 6 demonstrates how evaluation and revision processes provide feed-
back to reshape the innovation process, potentially making collaboration more
complex but also offering faster results. Monitoring activities can provide feed-
back to determine how investments in resources (e.g. for project management
and common processes) are yielding a return according to the requirements and
expectations of the funding instrument. Arranging feedback can be considered
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output communication brought back to the process to serve as input for the fu-
ture, quite like in the literature where, for example, Vos and Schoemaker (2004)
write that communication process phases form interrelated activities.

Moreover, the results of Study 6 indicate that reaching objectives for exter-
nal communication requires that, preferably, all partners participate in engaging
stakeholders and, for example, produce relevant dissemination materials. The
development of interactive methods, media evaluation indicators set at an early
stage and tools like media action matrixes were shown to be useful in activating
stakeholders to support the media values of case projects.

Furthermore, Study 6 depicts how actively engaging in output communica-
tion can increase the visibility of a project and its results. The study finds a lack
of including communication practitioners of the project partners when engaging
stakeholders in producing press releases, newsletters, publications, social media
feeds etc.

The approach of resilience of social networks invited the study of complex col-
laboration, noting flexibility in a turbulent context, as was explored in studies 4
and 6. For this, Study 4 noted that crisis management is ideally a collaborative
effort in which network stakeholders face a disruption together. Subsequently,
they adapt and learn from their experiences together. This relates to working to-
ward a more resilient innovation process. A clear situational picture notices
changes that occur in the environment and helps form decision-making processes
that add resilience. The project having a very clear purpose and clear stakeholder
roles and responsibilities becomes very important when disruptions occur.

The results of studies 4 and 6 reveal that organisational environments are
complex, changing and characterised by interrelated risks. Similar matters are
discussed in the literature by authors such as Linkov et al. (2013), Mitleton-Kelly
(2003) and Vos (2017). Study 4 reveals that, in the context of case projects, for
example, exercises prepare for possible events. This study also confirms the im-
portance of (re-)defining common aims for project partners throughout the pro-
ject. These partners are all looking at the network to deliver some form of value
or benefit to their organisations in a changing environment. This is a reason for
them to participate in network activities and what motivates them to take active
roles in shaping the network and its outcomes.

The attributes identified in Study 4 for resilience in network collaboration
reveal that a good starting point is the co-creation of a clear purpose and common
aims for the network. Network resilience is also affected by the level of organisa-
tion; that is, stakeholders and individuals acting as stakeholder representatives
know their respective roles within the network. This is especially important if a
disturbance or crisis occurs and timely decisions and responses are needed. Lead-
ership and the facilitation of collaboration promote resilience, as do common
ways of working. Open communication and information sharing help create a
common culture and build trust among network stakeholders. Trust among
stakeholders enhances flexibility when facing disturbances and promotes the
sharing of experiences.
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There are noted benefits of involving expertise from all stakeholders and,
when possible, including those from multiple stakeholders’ respective networks.
When possible or needed, it is also beneficial to involve expertise from outside
the network. The literature on a system’s view of organisation emphasises such
relationships and interdependencies (e.g. Grunig, Grunig & Ehling 1992, Linkov
et al. 2013) and, thus, may help recognise the importance of resilience in sub-
systems and across system boundaries. The aim is to enable resilient knowledge
development and innovation in these complex network settings. These findings
seem to be in line with literature. Hautamaki (2010) and Pichyangkul, Nutta-
vuthisit and Israsena (2012) note that innovation ecosystems may need to deal
with unforeseen disruptive changes, requiring agility when developing
knowledge in a resilient way. This includes both organisational resilience and the
resilience of collaboration and knowledge exchange between the network’s ac-
tors (do Nascimento Souto 2013). The findings suggest that prior experiences can
be collected and used to co-creatively design and maintain network resilience.
The preparation for possibly disruptive events or crises affects a network’s ability
to absorb and recover from the effects of these events by retaining and re-estab-
lishing a level of critical functionalities. Thus, these crisis management cycles
help better understand resilience and prepare for events that may test it, a notion
also seen in the literature (e.g. Linkov et al. 2013).

Multi-stakeholder projects can be investigated from the context of complex
social networks that strive to achieve common goals and gain resilience in a tur-
bulent environment. Active stakeholder participation throughout the duration of
a project can be a major asset - and difficult to achieve. Study 5 depicts that co-
creative methods (such as project events, intensive workshops and digital plat-
forms) are considered to enhance system resilience and provide an effective re-
sponse to disturbances. Studies 4 and 6 show that project collaboration can go
beyond the project horizon, as projects focus on the promotion of the common
goals of the partners and others involved and that case projects, in making their
work and results known, make active efforts to grow their user communities and
maintain them even after case projects have terminated.

In summary, the following table (Table 15) lists insights on funded projects
from the perspective of theoretical approaches, all gained based on the findings
of all six studies that form the empirical work of this doctoral thesis.
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TABLE 15 Overview of main findings per theoretical approach

Co-creation of knowledge:

—  Co-creation occurs through intensive interaction between multiple project part-
ners, resembling arena discourse where agendas are negotiated and insights
shared.

— According to the partners, this requires actively enhancing relationships and
building trust, whereas diverse backgrounds and interests should be acknowl-
edged.

— The partners emphasise that project interaction needs to be geared toward a col-
laboratively defined common problem.

Innovation networks:

— Alarge number of diverse participants is beneficial to gain comprehensive input
for faster innovation.

— Knowledge exchange is easily hampered by a lack of structures and expertise to
arrange project communication.

— The necessity of facilitating information exchange for development is often un-
derestimated.

Knowledge development processes:

—  Multi-stakeholder projects can be seen as knowledge development processes,
showing input, throughput and output communication.

— Projects need attention for varying participation strategies during project phases.

— End-user input is important in all project phases but takes other forms over time.

Resilience of complex social networks:

— Projects and project communication need agility to face changing circumstances.

— Vulnerabilities are acknowledged when addressing interdependencies and risks
in complex projects.

— Project partners expect to discuss possible disruptions and changes that may af-
fect their future functioning.

Many insights gained are in line with the earlier literature. However, now, they
have been brought together and focus on funded projects. Moreover, the evolv-
ing partner roles and versatile contributions of end-users are emphasised. It is
challenging to engage multiple stakeholders throughout projects, and it requires
attention to communication in all project phases. Increased complexity with the
broader participation of stakeholder groups can help to reach innovations faster.
The innovation development process be-nefits from structures and facilitation by,
for example, digital platforms for information exchange and virtual labs. As pro-
jects function in a changing context where disturbances occur, this requires at-
tention to network resilience.
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5.2 Proposed model for complex multi-actor cooperation for inno-
vation

The findings of all six studies of this thesis highlight the need for collaboration
and the role of communication when co-creating knowledge. Co-creation net-
works that engage in open communication and trust building foster knowledge
sharing and co-creative innovation, for which common development goals
serve as the basis. An overview of the insights gained can be seen below in Fig-
ure 7, compiled based on the literature consulted and the studies conducted for
this thesis.

— Intensive interaction between — Duiversity for
project partners comprehensive input
— Relationships and trust — Structures and
Co-creation of Innovation communication expertise
. knowled, networks . : )
— Collaboratively defined owlecge — Facilitation of information
problem exchange

Co-creation of knowledge
for innovation in multi-
stakeholder projects

— Input, throughput, — Agility of
and output Knowledge Resilience of project communication
communication development complex social

. C processes networks

— Varying participation \l J Acknowledged
strategies interdependencies

— Multifaceted end user input — Discussion of potential

disruptions

FIGURE 7 Model depicting the insights gained on the co-creation of knowledge for inno-
vation in multi-stakeholder projects

The insights discussed in section 5.1 and summarised in Figure 7 above provide
a framework for understanding the co-creation of knowledge for innovation in
multi-stakeholder projects. From the perspective of the co-creation of knowledge,
intensive interaction among many diverse actors is emphasised, enhancing rela-
tionships and trust to collaboratively define a common problem that will moti-
vate all project partners to work towards it. Innovation networks, as a viewpoint,
highlights the diversity needed to come to comprehensive solutions, structures
and expertise for communication, as well as the robust facilitation of information
exchange. The perspective of knowledge development processes highlights the im-
portance of input, throughput and output communication, supporting end-user
input with an eye for evolving objectives and changing participation strategies.
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The resilience of complex social networks, as a perspective, acknowledges the need
for agile project communication, taking vulnerabilities through interdependen-
cies into account and addressing potential disruptions.

Innovation projects are structures of collaboration in which multiple view-
points provide new thinking through disparate stakeholder roles and are geared
toward a collaboratively defined common problem. This is a complex process
identifying opportunities in various phases and end-user requirements through
end-user participation, which necessitates strategy, structure and facilitation to
promote the open sharing of information. Resilience thinking is being agile with
a clear purpose and preparation to absorb and recover from changes and disrup-
tions for a clear situational picture, on which decision making and future orien-
tation can be based.

Input communication in a project context includes, for example, scenarios.
They are one form of communicating end-user needs at the beginning of a project.
In the projects AIRBEAM (AIRBEAM 2009) and MARISA (Pirinen 2017), scenar-
ios functioned as a tool to communicate end-user situations demonstrating and
visualising specific end-user needs.

Throughput communication in a project setting is demonstrated in the nor-
mal collaborative work of network stakeholders and the use of expert panels as
a form of communication between project consortia and end-users. For example,
throughout AIRBEAM, expert panels, called Wise Guys Panels, were periodic
forums that included discussions on current topics. Panel participants believed
the panels were fruitful, drawing on their collective knowledge. These panels
dealt with issues relevant to diverse phases of the project by validating the prem-
ises of its main practical demonstrations.

Examples of output communication are forms of project dissemination in
the projects ABC4EU, IECEU and MARISA (Study 6) to communicate the aims,
progress, results and value of the project to end-users’ organisations and wider
audiences. One aim of ABC4EU (ABC4EU 2011) has been to closely include end-
user opinions throughout the project lifetime and beyond, as well as to spread
project knowledge among them. For this, the project dissemination plan included
developing an active end-user community. However, security authorities were
hesitant to participate in an end-user community, making it rather difficult to
extend, focus and manage.

In addition, the resilience of complex social networks deserves more atten-
tion. This topic seems to be underrepresented in the scholarly literature. Study 4
tinds that the education related to resilient critical infrastructure needs to be both
multi-disciplinary and multi-sector. Insights from disciplines such as communi-
cation, engineering, resilience management and future scenarios underscore, es-
pecially in the field of critical infrastructure, the necessity of a focus on resilience
and continuous operations. The study argues that learning to understand frame-
works of collaboration and modes of co-creation helps future leaders build more
resilient businesses, benefitting societal resilience. When stakeholders learn to-
gether, their speed and ability to adapt increase. Hence, the creation of innova-
tions is facilitated more rapidly.
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Study 4 notes that many modern industry and security-related networks
are increasingly cyber-physical in nature. Through the lens of the system ap-
proach, they can be treated as cyber-physical systems. One finding, thus, is that
resilience thinking can benefit from understanding the four domains of resilient
cyber-physical systems, which are the physical components and environment,
the information that is stored and used, the cognitive ways people use this infor-
mation and the social settings and organisation to which these people belong.

Active, open interaction and collaboration between critical infrastructure
stakeholders may result in deeper planning, enhancing the ability of a system
(and even a system consisting of multiple sub systems) to absorb and recover.
Therefore, to address resilience, higher education programmes may enhance the
competencies of future leaders concerning multi-stakeholder communication
and the interoperability between organisations. This can contribute to a shift
from securing the data and knowledge of just one organisation to collaborating
while sharing information and resources between the multiple stakeholders in-
volved.

The case projects of Study 6 demonstrate a lack of facilitation to support the
project coordinator responsible for project reporting, according to the funding
instrument. The experiences in the three case projects of Study 6 support the no-
tion “that it is important that partners agree to jointly cooperate on external com-
munication and dissemination activities, and to understand how vital these ac-
tivities are for the success of the project” (Henriksson, Ruoslahti & Hyttinen 2018,
p- 211).

A resilience process is shown to be cyclical in that feedback from events
serves as input for future planning and actions to absorb and recover from dis-
ruptions. The preparation phase provides plans to better cope with disruptions
during the absorption and recovery phases, whereas the adaption phase provides
the feedback and learning from experiences to be used during a subsequent prep-
aration phase. At its best, the resilience process is also a co-creation process. Thus,
it benefits from having active leadership and facilitation of the collaboration ef-
forts that help co-create joint working plans, guidelines and standards, including
clarity concerning stakeholder roles and a system to back up absentee stake-
holder representatives. Study 6 reveals that many stakeholders tend to remain
passive in the dissemination phase, which challenges the coordination of com-
munication activities in this phase. The process benefits from having built-in
evaluation and feedback facilitation to motivate and support stakeholders in re-
maining active throughout the project.

In summary, the model in Figure 7 provides a framework to understand the
co-creation of knowledge for innovation in multi-stakeholder projects from a
communication perspective. It illustrates that multiple actors join in an innova-
tion project, together forming a network to create new knowledge through an
evolving process, with an eye for changing circumstances. Thus, it highlights as-
pects characterising the process of knowledge development for innovation. By
enhancing the understanding of the complexities faced by funded projects, it also
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indicates areas with potential problems or opportunities for communication to
strengthen collaboration.

By understanding the meaning of end-user input, it is recognised that end-
user roles change over time, which mandates increased attention throughout the
project. Similarly, by understanding the intensity of the collaboration needed be-
tween multiple actors, or even networks of actors, with various kinds of input, it
becomes clear that there needs to be an eye for potential conflicts as well as op-
portunities, and strong facilitation of the sharing of insights and experiences to
reach deep levels of co-creation. To have an impact beyond the project partici-
pants, addressing the social context of a project requires co-creative efforts that
also go beyond its boundaries, not just after but during the project’s duration.
This research work hopes to have provided a better understanding of the chal-
lenges involved and their interrelatedness. The topic could not be captured by
one approach alone, but a combination of four approaches was chosen to better
understand the complexities of projects aiming at knowledge development for
innovation. A systems perspective proved worthwhile, investigating a project as
a system consisting of several other systems linked to participant organisations
within a changing social context. Altogether, this showed, for example, that in-
novation projects form complex social networks that also placed the resilience of
knowledge development on the research agenda. Besides this, investigating de-
velopment processes over time also pointed at the evolving roles of network part-
ners who need to bring different kinds of input and, consequently, come to the
table with a range of backgrounds and interests. This adds project dynamics
needing attention from a communication perspective, as stakeholders may see
stakes as their own, which calls for relationship and trust building when sharing
insights and experiences to co-create knowledge for innovation.



6 CONCLUSIONS

In this chapter, the findings of the six individual studies that are included in this
thesis are drawn together to present the main results. Furthermore, the research
is evaluated, and the contribution made by this research is discussed.

6.1 Main results

This research sought to gain an understanding of the co-creation of knowledge
for innovation in funded projects from the viewpoint of multi-stakeholder com-
munication, focusing particularly on communication with and the participation
of end-users. It clarified participant roles and communication in research projects
and how the participants perceived the co-creation in the case projects. Multi-
stakeholder projects arrange collaborative processes in networked settings to de-
velop knowledge and build resilience into their innovation work. The results
showed that communication supports the co-creation of innovation in externally
tunded projects in various ways.

The findings of the six studies of this thesis highlight input, throughput and
output communication in the process of co-creating knowledge in funded pro-
jects. Forms of input communication in the investigated projects include use
cases and scenarios, which are used to communicate end-user needs during the
early phases of the project. The scenarios show end-user situations that make
specific end-user needs explicit. Throughput communication in a project context
concerns the collaborative work among project partners, with outside stakehold-
ers and among project partners and end-users. Output communication includes
project dissemination by communicating about the aims, work and results of the
project to both end-users and wider audiences. An end-user community can be
actively utilised as a platform for input, throughput and output communication,
depending on the needs and phase of the project.

Co-creation networks that engage in open communication need to foster
trust among the partners involved to enable knowledge sharing and co-creative



75

innovation. Common development goals and collaborative functions can result
in an improved organisational learning process. The studies of this thesis reveal
that the co-creation of knowledge in innovation projects includes diverse stake-
holders from disparate fields and countries. The participants have their own in-
dividual goals that explain how actively or passively they participate in discuss-
ing matters in the issue arena formed by the project and work toward common
project goals. Thus, bringing together individual goals in common project goals
and managing various expectations are an important task for the project coordi-
nator, work package coordinators and task leaders. Projects are considered to
benefit from strategic insights and prior experiences to enhance the resilience of
the project network.

An insight gained by Study 1 is that co-creation has the potential to mature
and deepen over time. Understanding that differences in levels of involvement
among network stakeholders may affect the time it takes to reach innovation and
can help project organisations structure collaborative efforts to match the level of
co-creation for which they are striving. The four categories of co-creation projects
found in Study 1 illustrated that the complexity of projects varies, and this can be
used to find the level of structure that suits the achievement of an innovation goal
of a particular project.

End-users help clarify the precise needs and problems sought for innova-
tive solutions. Engaging end-users in collaboration requires communication so
they feel that they contribute and directly benefit from partaking in collaboration,
as their participation takes time and resources. Moreover, when security author-
ities are the concerned end-users, they must be able to retain their impartiality in
the marketplace. This explains why it may be easier for authority end-users to
participate in broad EU-funded research, innovation consortia or other project
networks that involve various types of partners, multiple agencies, several com-
panies (even competing ones), academia and multiple end-users in cross-border
collaboration over one-on-one collaboration with an individual company.

It must be remembered, however, that various types of actors have various
interests concerning co-creation. Companies are constantly seeking new oppor-
tunities in the marketplace, trying to build and strengthen their customer base,
an objective that new innovative solutions for security management practitioners
can help achieve. Academic institutions are, on the one hand, searching for
knowledge and, on the other hand, need funding from participating in these pro-
jects.

Theoretically, a better understanding of the mechanisms behind co-creation
helps focus future research. This research also contributes by introducing a
model characterising the co-creation of knowledge for innovation in multi-stake-
holder projects that shows the evolving process of co-creation as it relates to four
categories of co-creation for innovation (as shown in Figure 7). This provides a
framework to further analyse incidents of collaboration by identifying various
phenomena as they appear in the process. Moreover, co-creative collaboration
can be demonstrated in different layers of complexity. Understanding this may
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help analyse networks of innovation and understand the rapidity, type or level
of innovation of which a project network is capable.

Co-creation takes time and is a delicate process dependent on the trust
among stakeholders needed for exchange of knowledge and experiences. Thus,
project actors seek ways to ensure that the co-creation process continues and is
resilient. Any major disruption in continuity may set back the willingness to con-
tinue the collaboration. It would be unfortunate if projects would fail or be dis-
continued because they lost key stakeholders. The time and effort put into the
unfinished project then becomes a wasted effort for the stakeholders and the fun-
ders. Promoting resilient collaboration was considered a valuable asset in the
case of disruptive events.

Collaboration networks can promote the co-creation of knowledge and in-
novation (as discussed in Study 2). Especially the networked collaboration be-
tween various innovation project networks seems to provide opportunities for
fast and deep innovation potential. End-user involvement is key, as it provides
the basis for identifying needs and possibilities (as discussed in Study 3). In the
context of a funded project, input communication relates to the setting of require-
ments, for example, by involving end-users. Throughput communication refers
to the process of co-creating knowledge for innovation, hence, facilitating inten-
sive collaboration. For funded projects, output communication relates to external
communication and dissemination activities, such as creating user communities.

Active end-user involvement begins in the input phase to identify require-
ments that pave the right path for the project. Ideally, end-users continue to be
involved in validating preliminary and final project outcomes to ensure their
adoptability. A main reason for external funding is that project results become
adopted by the widest range of end-users possible. Therefore, project dissemina-
tion involves all project partners and engages a wide range of end-users.

Collaboration between networks of knowledge and innovation is complex
and can be investigated both horizontally and vertically. Perceiving the issue hor-
izontally includes collaboration between similar networks. The EU, for example,
often funds topics that are close to one another, calling for collaboration rather
than competition between ongoing projects. Vertical collaboration happens be-
tween networks that operate on different levels. As discussed in Study 2, the op-
erative level includes, for example, networks of actors operating in the field who
collaborate with authority networks (such as the Arctic Coast Guard Forum), ac-
ademic networks (such as the University of the Arctic, a thematic network for
security and safety in the Arctic) and networks of political guidance (such as the
Arctic Council).

Any network collaboration may face disruptive events that must be dealt
with to provide continuity of co-creation processes. As discussed in Study 4, re-
silience thinking begins with risk assessment and planning how to respond to
events which may threaten the operations of the network. This thinking should
encompass both the network and its individual stakeholders. The studies of this
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thesis show that new knowledge concerning how to implement output commu-
nication also can be co-created, combining skills from all stakeholders to further
motivate user community participants.

6.2 Evaluation of the research

A limitation to this research is that the case samples used in the individual studies
are limited. Even though small samples are acceptable in qualitative studies, it
would have benefitted this research to have had a larger number of case samples
for analysis. Altogether, this thesis used data from various funded projects.

Qualitative research can be perceived as trustworthy when it is deemed
credible, transferable, confirmable and dependable. Credibility refers to the eval-
uation of the truthfulness of the research results; transferability means that these
research results are also valid in other contexts; confirmability conveys that the
results are based on the research data collected, and dependability means that
the research and its results are repeatable by other researchers (Tuomi 2002). To
ensure credibility, the truthfulness of research results has been evaluated both by
the researcher and the peer-review processes of the published papers. This re-
search does not claim the transferability of research results to contexts other than
funded projects. However, its results can be deemed transferrable to funded pro-
jects other than just the ones which have served as cases in this study that aim at
innovation. The projects investigated were part of the security field. This raised
attention to resilience, not just as a project focus but also concerning the resilience
of the co-creation process itself. An eye for this matter also benefits projects in
other fields. Care has been taken to achieve confirmability by basing all reported
results on the research data collected and to attain dependability by describing
the research process in detail so other researchers can repeat its results. Thus, care
has been be taken to gather evidence that provides both validity and reliability,
which has been improved by describing the research design and how each indi-
vidual study of this research was conducted.

Research ethics, as it relates to the studies of this thesis, were discussed in
section 3.5. Ethics has been an increasingly important issue in EU-funded projects.
The European Commission has set tighter requirements for the ethical treatment
of subjects and related materials. Research processes must be ethical, and the in-
novations that are created must be perceived to treat people ethically and respect
their rights to privacy.

This research was guided by the ethical principles of the European Union
Horizon 2020 Programme (Commission of the European Union 2016) and the
Guidelines of the Finnish Advisory Board on Research Integrity (Finnish Advi-
sory Board on Research Integrity 2012), which both highlight the importance of
research ethics. Ethical issues such as privacy, data protection, informed consent
and data protection safeguard the privacy of research subjects.
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Ethical practices were followed, and the related research process (data col-
lection and analysis, presentation of research results) was conducted meticu-
lously. Care has been taken to appropriately archive and access data throughout
the research. All data were handled with systematic care for privacy and data
protection. Paperwork and digital materials were stored for a limited time in the
Laurea University of Applied Sciences premises and its password-protected dig-
ital environment. The anonymity of participants in this research was ensured in
all reports. All subjects consented to the data being used for research purposes,
and all interactions took place under the Chatham House rule, where the content
of the interactions is usable, but the sources or their respective organisations are
not tied to any specific content. The research methods were evaluated in the
course of the peer-review process of the related publications. The author took
care to appropriately cite the previous work of researchers to acknowledge their
prior achievements.

6.3 Contribution of this research

This research provides insight into the co-creation of knowledge for innovation
in funded projects from the viewpoint of multi-stakeholder communication,
which is relevant to future EU-funded research projects benefitting science and
society. The findings of this study contribute to both theory and practice. There
is little previous research that focuses on multi-actor communication in projects.
Most previous research on communication by organisations addresses relations
with customers or other stakeholders.

As a contribution to theory, the model highlights those aspects that charac-
terise knowledge co-creation in projects, making it easier to understand the com-
plexity of funded projects that aim to effect innovation. It shows how insights
from the literature can be applied in the context of funded projects, illustrating
their complex nature (as shown in Study 1). In turn, such insights add to the body
of knowledge on co-creation processes and innovation networks, be they in a
project context. It shows how, by combining approaches, a deep understanding
of complexities is gained in this context, recognising the difficulties of the diver-
sity of the often multiple partners involved, with how the project process evolves
over time, changing network roles and resilience aspects of research and innova-
tion projects. The insights gained and future research this invites will be further
explained below.

This researcher clearly perceives the need for close attention to the intensive
multi-stakeholder collaboration needed for innovation, and this is visible in all six of
its studies. Just this finding alone motivates organisations to aim at deeper- and
longer-lasting collaborative activities and include new stakeholders (industry,
authority, academic, even individual persons) who join in and bring their contri-
butions to the creation of collective knowledge (in line with e.g. Bhalla 2014, Gal-
vagno & Dalli 2014). Such collaboration is fostered by relationships and trust
building, as was also noted by Pirinen (2015). Assessing project interaction as a
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multi-stakeholder arena helps keep an eye out for the backgrounds and interests
of the project stakeholders involved who need to negotiate agendas to focus on
common goals to yield innovation value (now detailed for projects, but in line
with e.g. Luoma-aho & Vos 2010, Vos, Schoemaker & Luoma-aho 2014).

In funded projects, the partners form an innovation network or even interlink
innovation networks. Involving more actors is often expected to slow down the
development process, but this thesis found that complex problems call for di-
verse input and may even yield innovation faster (which was investigated based
on organisational literature such as Roloff 2008, Engestrom & Kerosuo 2007).
More study is recommended on how the elements of complexity can deepen co-
creation to provide faster innovation (as suggested based on Study 5).

Accordingly, many projects call for the collaboration of public- and private-
sector actors. While the main focus for public authorities lies in the fulfilment of
their tasks as defined in legislation, most private actors seek profit by providing
products and services to customers in the marketplace. In this thesis, the positive
example of MARISA has been investigated, but future research could more spe-
cifically investigate highly complex projects that show collaboration among dif-
ferent networks of actors and how this affects the co-creation process (e.g. based
on Mitleton-Kelly 2003, Poutanen et al. 2016).

Through a process approach, this thesis pointed at the phases that character-
ise the development of knowledge for innovation, emphasising end-user partici-
pation not just to clarify requirements as a starting point, but also to provide a
stimulus for the actual development process and validate results. The research
supports the notions discussed by the process approach literature that, to achieve
creative problem solving, there is the need for rigorous processes, project man-
agement and skilled people, with joint strategic engagement and intensive com-
munication within the network of stakeholders (e.g. Taatila et al. 2016, Pich-
yangkul, Nuttavuthisit & Israsena 2012). For example, Study 3 discussed how
end-user requirements can be categorised according to the type of end-user ac-
tivity, using a framework to classify the practical activities performed by end-
users in the maritime domain. It became evident that user requirements are best
set in collaboration with the actual end-users. Over time, the roles and input pro-
vided by the end-users will vary, and the network of engaged end-users may be
extended and continue beyond the project horizon. Various forms to include end-
users were utilised in the investigated project, from advice panels to research
roles, interactive workshops and platforms, as well as broad end-user communi-
ties. Future research could look at a higher number of projects in various fields
to investigate which forms contribute most.

Further research is needed to better understand the aspects of the resilience
of complex social networks. Much research has scrutinised the resilience of phys-
ical and information (software and data) domains, mainly by systems scientists
(e.g. Amir & Kant 2018, Linkov et al. 2013). Social and communication scientists
(e.g. Vos 2017) can fill this gap by elaborating on resilient collaboration and agile
communication, bearing in mind the complexity of co-creation of knowledge for
innovation (as addressed in Study 5). This thesis discussed safety and security
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systems that are increasingly cyber-physical in nature and, thus, require increas-
ingly complex collaboration spanning various networks (as investigated in stud-
ies 3 and 5). Further study is needed to better understand cyber-physical net-
worked collaboration in the future.

This thesis scrutinised how the investigated projects deal with challenges
related to project participation, for example, ways to include end-users and facil-
itate the exchange of insights and experiences throughout the project (as inspired
by e.g. Engestrom & Kerosuo 2007, Hautamédki 2010). The main practical impli-
cation of the research is that an awareness of such aspects facilitates participation
in co-creation. To the people and organisations involved in the collaboration it
can be emphasised, that the various aspects of the work they do greatly matter to
how their innovation network functions.

For project management, the importance for communication cannot be un-
derestimated. Project collaboration can be strongly enhanced if communication
is well taken care of, but it can also be much hindered if the role of communica-
tion in projects is not understood. This relates equally to input communication
referring to the collaborative setting of requirements, throughput communica-
tion concerning the core process of co-creation by multiple actors involved, as
well as output communication including dissemination, for example, through
user communities.

As another practical note, innovation is best shared. For this reason, the Eu-
ropean Commission emphasises the dissemination and exploitation of EU-
funded projects” results (Commission of the European Union 2016). Thus, it is
recommended to rigorously evaluate dissemination activities, including the com-
munication of the project with its various stakeholders (as addressed in Study 6).
Increasingly, the attention to dissemination at the end of a project turns to involv-
ing a broad group of stakeholders outside the project partners, as well as in ear-
lier stages of the project. This research underlines the awareness that the involve-
ment of many diverse stakeholders is needed to solve complex problems that
need innovations. Consequently, this leads to the inclusion of more stakeholders
as partners in the project, creating large innovation networks in which commu-
nication needs evermore attention. Meanwhile, the involvement of other stake-
holders outside the group of partners is sought, also in early phases of the project,
again requiring communication to support the process of collaboration.

Communication with partners and other stakeholders was addressed by the
participants of the conducted studies by stressing the facilitation of the exchange
of insights and experiences, the engagement of those involved and the building
of relationships and trust as a pre-condition for the sharing of information and
experiences. Such communication aspects were often mentioned as either im-
portant or challenging. This thesis suggested involving communication experts
of the project partners, not just at the dissemination stage, but throughout the
whole project duration.

This research brings more understanding of the process of knowledge co-
creation as it takes place in complex funded projects, and it advances the need
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for attention for communication supporting the collaboration by the multiple ac-
tors that together form an innovation network. The work may benefit researchers
engaged in related topics, as well as those who plan and implement co-creation
collaboration networks for innovation. Knowing the results of this thesis can help
understand the co-creation of knowledge by innovation networks and recognise
the need for these networks to collaborate.

The main contribution of this thesis is that it adds to the overall body of
knowledge on the co-creation of knowledge for innovation and the functioning
of funded projects. The EU aims to promote innovation through collaborative
research and innovation projects. This thesis brings more understanding to the
theory behind complex project collaboration and the practical challenges and fa-
cilitation of such collaboration in funded projects that aim at the co-creation of
knowledge for innovation.
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FINNISH SUMMARY

Tamd vditoskirjatutkimus kasittelee yhteiskehittdmistd Euroopan Unionin ra-
hoittamissa innovaatiohankkeissa. EU:n komissio pyrkii aktiivisesti edistimaan
eurooppalaisia innovaatioita ja harmonisointia rahoittamalla monialaisia ja mo-
nikansallisia hankkeita.

Tutkimuksen tarkoituksena on lisdtd ymmarrystd yhteiskehittdmisestd ja
sen innovaatioprosesseista. Ymmadrrys monitoimijaisten innovaatioverkostojen
tiedon tuottamiseen liittyvan viestinndn tdrkeimmistd mahdollistajista ja haas-
teista edistdd sekd viestinndn teoriaa, ettd tulevien yhteiskehittdmishankkeiden
yhteistyoverkostojen toimintaa. Syntyvit innovaatiot hyodyttavat yhteiskuntaa.
Tdamad tutkimus linkittyy aiempaan tutkimukseen, joka pyrkii ymmartamaan or-
ganisaatioiden vilistd viestintdd laajentamalla ndkokulmaa innovaatioprojektei-
hin. Viitoskirjan tutkimuskysymys on: Miten voimme ymmartdd uuden tiedon
luomiseen tdhtdadvan yhteiskehittdmisen ilmioitd (mahdollistajia ja haasteita) mo-
nitoimijaisissa hankkeissa? Tutkimus tarkastelee osallistujien rooleja ja viestintda
tutkimus- ja kehittdmisprojekteissa pyrkimalld tapaustutkimuksen keinoin ym-
martamaan, miten osallistujat hahmottavat vuorovaikutusta projekteissa ja mi-
ten monitoimijaviestintd vaikuttaa innovaatioiden yhteiskehittamiseen ulkoisesti
rahoitetuissa hankkeissa.

Teoriataustana on neljd viitekehysta: 1) tiedon yhteiskehittdminen, 2) inno-
vaatioverkostot, 3) tiedon kehittdmisen prosessit ja 4) kompleksisten sosiaalisten
verkostojen resilienssi. Nykyisin uuden tiedon kehittamistd ldhestytddn paljolti
yhteiskehittdmisen perspektiivistd. Yhteiskehittdmisen katsotaan vaativan vies-
tintdd ja vuorovaikutusta eri toimijoiden kesken, jotka osallistuvat verkostoihin
loytddkseen yhteisid ldhestymistapoja heitd kaikkia koskeviin kysymyksiin.
Naille verkostotoimijoille voidaan tunnistaa eri rooleja. Yhteiskehittdminen voi-
daan ndhdd aikaa ja resursseja vaativana prosessina, jossa toimijoiden erilaiset
osaamiset korostuvat. Verkostojen kompleksiset ympadristot ovat jatkuvassa
muutoksessa ja sisdltdvit riskejd, joiden vaikutuksia voidaan viahentdd lisaamalla
resilienssia.

Viitoskirja sisédltdd kuusi osatutkimusta sekd niihin liittyvit tieteelliset jul-
kaisut ja tdmé&n kokoavan osan, jossa kootaan synteesid tutkimustulosten ja teo-
riakirjallisuudessa esitettyjen neljan viitekehyksen nakemysten vilille. Tutkimus
perustuu laadulliseen tutkimusotteeseen. Osatutkimukset perustuvat aineistoi-
hin, jotka on keritty yhteensd seitsemdstd EU:n rahoittamasta innovaatiohank-
keesta sekd yhdestd innovaatioverkoston perustamisesta. Keruumenetelmind on
kaytetty havainnointia, haastatteluita ja aineistojen luentaa.

Osatutkimus 1 pyrkii strukturoidun kirjallisuuskatsauksen keinoin ymmar-
tamddn uuden tiedon ja innovaatioiden yhteiskehittamistd, loppukayttdjien roo-
leja ja osallistumisen muotoja ja haasteita innovaatioprojekteissa. Avoin tiedon
yhteiskehittamiseen tdhtddva viestintd yhteistoimintaverkostoissa on haasteel-
lista. Yhteisten prosessien koordinointi ja partnereiden aktivointi osallistumaan
vaativat resursseja. Yhteiskehittaminen vaatii aikaa ja osallistujien roolit ovat jat-
kuvassa muutoksessa.
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Osatutkimus 2 keskittyy loppukdyttdjien osallistamiseen tiedonvaihtoa,
uutta tietoa ja innovaatioita edistdvan yhteiskehittdmisverkoston luomiseen. Tu-
lokset osoittavat, ettd kompleksiselle uutta tietoa tuottavalle monialaiselle ja yli-
kansalliselle tutkimusyhteistyolle on tarvetta. Tarkempi tilannekuva, riskiana-
lyysit sekd kapasiteettiyhteisty© voivat kdrsid monialaisen viestinndn puutteesta.

Osatutkimus 3 tutkii loppukéyttdjdskenaarioita keinoina sekd osallistaa
loppukayttdjien ettd muodostaa kdyttdjavaatimuksia kompleksisessa kyber-fyy-
sisen tiedonvaihtojdrjestelman kehittdamiseksi. Tulosten perusteella skenaarioi-
den avulla toteutettu yhteiskehittdminen antaa toimijoille mahdollisuuden luoda
arvoa vuorovaikutuksella. Tutkimus osoittaa esimerkkitapauksen kautta, miten
skenaarioita voidaan kayttdd kdyttdjatarpeiden tunnistamiseen innovaatiopro-
jekteissa.

Osatutkimus 4 keskittyy innovaatioita yhteiskehittdvien monitoimijaisten
yhteistyoverkostojen resilienssiin. Tulokset osoittavat, ettd yhteiskehittamisella
voidaan parantaa suunnitelmallisuutta, jolla voidaan vaikuttaa valmiuteen koh-
data mahdollisia keskeytyksid ja toipua niistd sekd lisdtd verkoston jasenten ha-
lukkuutta adaptoitua ja oppia yhdessa.

Osatutkimus 5 tutkii kompleksisuuden elementtien vaikutusta innovaatioi-
hin yhteiskehittdvissda monitoimijaisissa yhteistyoverkostoissa. Tulokset viittaa-
vat siihen, ettd lisddmalld verkoston toimintaan kompleksisuutta voidaan inno-
vaatioiden yhteiskehittimiseen tarvittavaa aikaa lyhentada.

Osatutkimus 6 pyrkii ymmartamé&dn, miten disseminaatio tukee hankkeen
toimintaa ja rahoitusinstrumenttien vaatimuksia. Tapausprojektit kayttivit pro-
jektirakenteita ulkoisen viestinndn toteuttamiseen. Tutkimuksen tulosten perus-
teella koordinoiva fasilitaattori jokaisessa verkoston organisaatiossa voisi moti-
voida ja tukea jasenid aktiivisempaan viestinnan toteutukseen.

Kun nditd kuutta osatutkimusta tarkastellaan neljdn teoreettisen viiteke-
hyksen kautta, voidaan todeta, ettd tiedon yhteiskehittiminen on intensiivistd
vuorovaikutusta eri projektipartnereiden kesken. Tamé vaatii suhteiden aktii-
vista vaalimista ja luottamuksen rakentamista. Projektiviestintdd voidaan tarkas-
tella aiheiden areenana, ndkokulmasta jossa osallistujilla voi olla omia agendoja,
joiden puolelle he hakevat liittolaisia. Innovaatioverkostojen ndkokulmasta
puuttuvat projektiviestinndn rakenteet haittaavat tiedon vaihtoa ja siten tiedon-
vaihtoa edistdavien rakenteiden ja toimien merkittdavyyttd helposti aliarvioidaan.
Projektit hyotyvét sen eri vaiheissa osallistavista strategioista.

Prosessindkokulmasta suuri mééra erilaisia osallistujia voi hyodyttdd laaja-
alaisen ndkemyksen muodostumista innovaatioiden pohjaksi. Partnereiden seka
taustojen ettd intressien erilaisuus on hyva huomioida. Partnerit korostavat yh-
dessd tunnistetun yhteisen ongelman ohjaavan vuorovaikutusta. Resilienssin na-
kokulmasta tarkasteltuna projektit ovat joustavia kohtaamaan muutoksia. Haa-
voittuvuuksia tunnistetaan kompleksisten projektien keskindisten riippuvuuk-
sien niitd uhkaavien riskien kautta. Projektikumppanit odottavat keskustelua
mahdollisista keskeytyksistd ja projektin yhteistoimintaan kohdistuvista uhista.

Tamaén véitoskirjan tulokset korostavat vuorovaikutuksen tarkeytta projek-
teissa tapahtuvan uuden tiedon yhteiskehittelyn pohjana. Tama tutkimus tarjoaa
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ndkemyksid monitoimijaisissa innovaatioita tavoittelevissa projektikonsortioissa
tapahtuvaan viestintddn, mikd on tdrkedd yhteiskuntaa ja tiedettd palveleville
EU-rahoitetuille projekteille. Jatkotutkimusta ehdotetaan tunnistamaan menes-
tyksekkddn yhteiskehittdmisen elementtejd ja niiden vaikutuksia innovaatioille
sekd ymmartdm&dan paremmin sosiaalisten verkostojen resilienssin muodostu-
mista. Tamdn tutkimuksen pddanti on, ettd se lisdd osaltaan sekd teoreettista etta
kdytannon tietdmystd yhdestda EU:n panostusalueista, yhteiskehittelystd inno-
vaatioprojekteissa.
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Co-creation of Knowledge for Innovation requires Multi-
Stakeholder Public Relations.

Harri Ruoslahti, Laurea University of Applied Sciences

Abstract

Co-creation of knowledge offers significant opportunities for innovation. This
chapter seeks to gain understanding of the process of co-creation of knowledge for
innovation and Public Relations in multi-stakeholder projects by exploring current
insights in academic literature. The research questions look at how co-creation of
knowledge for innovation has been investigated in the scholarly literature; the roles of
end-users; and the modes and challenges of end user participation and in
collaboration relating to communication.

The method of this chapter is a structured literature review, following a series of
rigorous steps: a search of databases, analysis of 33 articles found, summarizing
relevant content using a data extraction table and a data extraction continuum as
analysis tools to show the range of projects discussed in the literature to create a
comprehensive overview.

The findings indicate that multi-stakeholder networks can be structured for
different aims. In the articles found different types of projects were investigated. Four
categories of projects were found: (1) Co-creation projects benefiting one company;
(2) Co-creation projects benefiting business-to-business value chain networks; (3)
Co-creation projects benefiting public entities; and (4) Co-creation projects benefiting
innovation network stakeholders.

Complexity is highest for multiple-stakeholder co-creation projects benefiting
innovation network stakeholders, where the roles between stakeholders are fluid and
changing constantly. Solving common issues motivates the stakeholders to
collaborate and build trust. Open innovation environments may facilitate
communication and interaction.

Co-creation of knowledge requires intensive collaboration. Knowing the main
challenges to address this, will help the functioning of co-creation collaboration
networks and their Public Relations.

Key Words: co-creation, innovation, knowledge, project, end-user, public relations

1. Introduction

Increasingly, creation of knowledge for innovation requires collaboration between
research and business partners. Traditionally participation of end users, which in this
chapter are considered authority partners and stakeholders of EU funded projects, has
been initiated to validate research results. Now, the roles of end user organizations
have become broader. For example, listening to different types of end user
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representatives can clarify the range of end user opinions and needs (Ruoslahti and
Knuuttila, 2011).

This chapter looks at relevant literature with a focus on co-creative
communication and Public Relations between end users and research project partners.
There are many innovation ecosystems, on different levels, the European Union,
Member State, and Municipality that stimulate innovation through collaboration. A
recent comprehensive literature overview of publications on co-creation research
Galvagno and Dalli (2014) identify three streams of co-creation research: Service
science; Marketing and consumer research; and Innovation and technology
management. This research focuses on the latter of the research streams: innovation
and technology management.

Co-creation is a collaborative activity involving objectives, arenas, collaborators,
tools and processes, and contracts (Bhalla, 2014), and it can include three layers: co-
creation of futures; policies; and the involvement of agents (Accordino, 2013).
Innovation is based on new knowledge, and drives growth and success (Dandonoli,
2013; Burdon et al., 2015).

Within the literature on projects for co-creation of innovation and technology
management, this chapter identifies end user roles, communication enablers, and
challenges, related to end user participation. The aim is to clarify current insights in
academic literature on co-creation of knowledge in research projects from the
perspective of inter-organizational communication and multi-stakeholder
collaboration. It seeks to answer the following research questions:

RQ1: How has co-creation of knowledge for innovation been investigated in the
scholarly literature?
This clarifies the main topics discussed, methods used, and trends over time.
RQ2: What roles of end-users are discussed in the literature?
This relates to the aims of participation for different kinds of end users.
RQ3: What modes and challenges of end user participation are mentioned in the
literature?
This concerns different forms of collaboration and related communication
problems.

2. Method

The structured literature review (Jesson, Lacey, & Matheson, 2011) followed a series
of steps. This section continues first describing the Search, followed by the Criteria of
selection, and analysis with a Data Extraction Table and a Data Extraction
Continuum, before moving to Results.

2.1 Search

A search was conducted in May, and repeated in November 2017, by using the
databases ProQuest Central, and EBSCOhost. It included peer-reviewed literature of
the past 10 years. To ensure relevance to the article in question, key words of the
search covered abstracts, titles and keywords.
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For example, the key word co-creation alone rendered over 5.000 search hits.
Therefore, Boolean search was conducted, pairing the key word with innovation* OR
knowledge AND project OR end-user* which limited the number of hits to 52 articles
that met the search criteria.

The included article references were stored and organized with the online
literature review tool RefWorks. In the next phase the abstracts of the found articles
were read against the selection criteria.

2.2 Selection Criteria

Decisions to include an article, identified in the key word search, in to the sample of
this chapter was based on inclusion criteria of articles. Using the selection criteria
(see Table 1) ensured that non-relevant articles were not part of the sample. The
initial 52 articles were narrowed down to a sample of 33 articles that met the
inclusion criteria.

Key Word Search in ProQuest Central & EBSCO Initial result Sample at.’ter.
selection criteria

co-creation
AND (innovation* OR knowledge) 52 33
AND (project OR end-user)

Selection Criteria; articles include all four elements below:

—  Co-creation of innovation knowledge (knowledge is to create new innovations and innovative
product or service applications)

Multi-stakeholder involvement (public, private, research organizations share tasks)

Participation of end users

Project(s) (finite end and funding)
Table 1: Key Word Search and Selection Criteria

2.3 Data Extraction Table

The articles that met the inclusion criteria were further analysed. For this purpose, a
Data Extraction Table (DET) was formed; rows were based on the articles, and
relevant content was summarized, using columns based on the research questions.

— Co-creation of innovation: used to identify what topics the authors have
discussed on co-creation of innovation (RQ1).

— Research Methods: used to identify what methods were used in the studies that
were included in this literature review (RQ1).

— End-user roles: used to identify what the authors discussed on end-user roles and
aims of their participation (RQ2).

— Modes and challenges of end-user participation: used to identify what modes
and challenges of end-user participation the authors have identified and
discussed (RQ3).

— Title, Author(s), and Source (as in reference list)

— Publication year: used to easily order articles by publication year to identify
trends.
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The sample articles were downloaded and fully read. Elaborating notes and additions
were made to the DET. Table 2 (above) summarizes how using the DET narrowed the
final sample to 33 articles from an initial result of 52 articles. These 33 articles were
then included in the thorough investigation, during which the DET was continuously
used as a tool of analysis.

To analyse this further, the sample articles were placed on a continuum in
relation to each other. Criteria for the placement were the complexity and type of co-
creation collaboration discussed. These were examined by looking at stakeholder
involvement. Levels and complexity of end-user roles, and levels of power balance
between consortium partners were looked at. To visualise this analysis, a Data
Extraction Continuum (DEC) was created for this study (Figure 1, below).

Customer projects / one-company One-company driven innovation network Public service / Multi-stakeholder networks |Innovation projects with multiple
stakeholders

Fosstenlokken | I Tokman & Beitelspacher Kallio & Lappalainen Pinho et al

Sjadin & Kristensson ‘ Dawe & Sankar Reiter et al

Gustafsson et al Kazadi et al Chang et al

Bhalla ‘Eurdcm etal Reed et al

Constatinides et al Edvardsson Franz Accordino

DeFillippi & Roser Halonen et al Powell Pino et al

I Guillart Katzy et al Diaz-Diaz & Perez-Gonzales

Mele Schertzer et al Harmokivi-Saloranta & Parjanen Doyle

I Quero & Ventura Dandonoli

Wwindahl

Livari

Pichyangkul et al

Table 2: The Data Extraction Continuum (DEC)

Analysis with the DEC, showed a classification into four types of articles. Headings
for these four types of articles emerged from the data. Based on these findings,
besides adding additional notes and remarks to the DET, its rows were re-structured,
based on these four classes of innovation projects from the DEC. These four types of
innovation collaborations are described below in the findings section of this study.

3. Findings

This section is structured based on the research questions RQ1, RQ2, and RQ3.
Subsection (3.1) Co-creation of knowledge for innovation in the scholarly literature
describes four classes of articles that were are identified in the DEC analysis; and
subsections (3.2) Roles of end-users; aims of participation; and (3.3) Modes and
challenges of end user participation; and (3.4) Table of Main Topics Discussed in the
Literature elaborate further findings from the DEC and DET analysis.

3.1 Co-creation of knowledge for innovation in the scholarly literature

Pinho et al. (2014) note that, what they call many-to-many perspectives, where
interaction between customer networks and supplier networks are studied from a
multi-actor viewpoint, are little discussed in literature. The relatively small number of
articles found by this study, supports this view.
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The 33 articles that meet the selection criteria range from the year 2010 to 2016. The
articles range from a focus on less complex innovations, e.g. from one company
involving their customers to innovate a product or service for themselves, to much
more complex innovation projects where multiple stakeholders co-created innovation
in a more equal power structure with a common goal.

Analysis with the DEC, showed this classification, based on the types of project
focus that the article in question discussed:

1) Co-creation projects benefiting one company
Twelve (n = 12) articles discuss co-creation projects benefiting one
company (the first group). These articles were omitted from this study,
because these articles look at service, and marketing and consumer
development for the benefit of that one company or organization. They
were deemed less relevant for this study, and are not listed individually
or included in the reference list.

2) Co-creation projects benefiting business-to-business value chain networks
Seven (n = 7) articles deal with innovation projects that include multiple
stakeholders, which are part of the same value chain. These projects are
typically initiated and led by a single actor looking for better business.

3) Co-creation projects benefiting public entities
Eleven (n = 11) articles discuss projects that have multiple-stakeholders,
but mainly work for one lead entity, such as a public municipality, or
other.

4) Co-creation projects benefiting innovation network
Three (n = 4) articles deal with knowledge and innovation projects
where multiple stakeholders share common benefits and goals of
development.

Further results of this study are structured according to three of these four categories
of innovation projects. Twelve articles dealing with Co-creation projects benefiting
one company were only used as background information for this study. The following
results section looks at what literature sees as important for co-creation in each of
these innovation project categories.

Complexity increases, beginning from Co-creation projects benefiting one company
(group 1), and moving on to the most complex type of Co-creation projects benefiting
innovation network (group 4). These seem to have potential for the most rapid
innovation, as the multiple actors may openly expand on the knowledge provided by
other innovation project stakeholders.

3.1.1 Co-creation projects benefiting an innovation network
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Three (n = 3) articles, ranging from 2010 to 2014, were classified as ‘Co-creation
projects benefiting an innovation network’:

Pinho, Beirdo, Patricio, & Fisk Complex value networks with many actors

(2014)

Accordino (2013) IT-tool to engage stakeholders in the co-creation of the
futures

Doyle (2010) Mixed teams involved in improving universities' regional
engagement

Table 3: Articles on Co-creation projects benefiting an innovation network

These articles deal with knowledge and innovation projects where multiple
stakeholders share common benefits and goals of development. The networks that
they discuss are complex value networks. They raise the importance of common
frameworks, platforms, and services to co-create value, which are noted in all three
articles. Also, the importance of stakeholder participation comes forth from these four
articles, as an element needed to drive the co-creation of knowledge and innovation.

Complex value networks with many actors to design and manage services benefit
from a common framework to select methods and guide the processes. Pinho et al.,
(2014) use grounded theory to understand value co-creation from multiple
perspectives of multiple actors, noting that “grounded theory allows deriving further
general, abstract theory that is grounded in data” (p. 474).

Accordino (2013) promotes, on behalf of the European Union, an IT-tool that
combines the informal nature of social networks with a methodological approach of
foresights to engage stakeholders in the co-creation of the futures that they all want.
Doyle (2010) reports on a large international project, where mixed teams of
academics and regional administrators are involved in improving universities'
regional engagement.

A common note for these four articles is that change and development require
new thinking from businesses and universities, alike. Common tools, approaches, and
frameworks make it easier to guide the multiple perspectives of multiple actors to
understand co-creation of knowledge and value in the same way.

3.1.2 Co-creation projects benefiting public entities

Eleven (n = 11) articles, ranging from 2010 to 2016, were classified as ‘Co-creation
projects benefiting public entities’. These articles discuss projects that have multiple-
stakeholders, but mainly working for one lead entity, such as a public municipality, or
other:

Dawe & Sankar (2016) Project success factors leading to effective value co-
creation

Diaz-Diaz & Perez-Gonzales (2016) | Social media as a value co-creation and participation tool

Franz (2015) Possibilities and limitations of Living Lab in social urban
research.

Kallio & Lappalainen (2015) Collaborative service development as organizational
learning

Reiter, Gronier, & Valoggia (2014) Involve citizens, authorities, industry and non-
governmental organizations
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Reed, Stringer, Fazey, Evely, & Principles for effective practice of knowledge exchange

Kruijsen, J. (2014)

Chang, Chih, Chew, & Pisarski Projects conceptualized as a value creation process for

(2013) stakeholders

Dandonoli (2013) Open innovation as a way to structure collaborations

Powell (2012) Best practice projects; partners have powerful and
collective co-creation

Halonen, Kallio, & Saari (2010) Multiple points of view for research and innovation
projects

Harmokivi-Saloranta & Parjanen Users take active part in development and innovation

(2010)

Table 4: Articles on Co-creation projects benefiting public entities

Several of these articles also note the importance of having the right tools and
framework to drive forth co-creation. As new elements, active facilitation and key
success factors, are noted as a basis for effective value creation. The key success
factors should be tied to common aims, promising stakeholder benefits, so that they
come across as the basis for active stakeholder involvement.

Collaborative service development is an organizational learning process for an
innovation network. Kallio & Lappalainen, (2015) divide it into five phases: (1) The
need for change — evaluating earlier practice; (2) Planning and ideating by scenario
building; (3) Experimenting by prototyping; (4) Implementation — applying in daily
practice; and (5) Generalizing — evaluating the lessons learned. Driving innovation
can greatly benefit from future-oriented and interdisciplinary approaches that
combine behavioural, social, and design sciences with technological knowledge.
Research and innovation projects should be seen from multiple points of view:
management, customers and research collaborators (Halonen ef al., 2010).

Open innovation, is a paradigm that offers a way to structure collaborations
between entities and people; to combine internal and external ideas and paths to
market to achieve advances in processes or technologies (Dandonoli, 2013). Dawe &
Sankar (2016) look at key success factors in a service-learning project leading to
effective value co-creation for both students and a community; value was co-created
through partnership between a university and a municipality.

Powell (2012) examines best practice projects. Partners co-produce real world
solutions, pass innovative skills to others for “powerful and collective co-creation” (p.
396), Powell calls this a “virtuous knowledge sharing cycle” (p. 402). Projects should
be conceptualized as a value creation process for disparate stakeholders, where
stakeholder values are identified at the project commencement stage and captured at
the end, as is argued by Chang et al. (2013). They criticize traditional project
management in focusing too much on efficient delivery of outputs (on time and on
budget). Diaz-Diaz and Perez-Gonzales (2016) look at social media as a value co-
creation and participation tool. New technologies allow citizens take a more active
role in public management and consumers to interact with organizations, to co-
creating value.

A way how citizens can be involved in local governance is establishing both
physical and intellectual spaces for collaboration between stakeholders. Using a
Living Lab approach to involve citizens, authorities, industry and non-governmental
organizations (Reiter et al., 2014). Franz (2015) examines possibilities and limitations
of Living Lab in social urban research, and note that: methods of social living labs
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must be interactive and engaging; participants should be a representative sample, not
just the active ones; Living labs are an applicable method for interactive approaches

of social and urban research that results in long-term involvement; local stakeholders
provide early stage support, are a translating institution and, are valuable actors, and

shift research strategy towards long-term engagement.

Harmokivi-Saloranta and Parjanen (2010, p. 75) write: “In the Living Lab
development projects, the users take active part in development and innovation. The
user not only supplies information to the developers but also is part of the
development team”.

Innovation networks need common aims. Aims that promise benefits for all
concerned. An active co-creation process requires cooperation tools and
environments, easily accessible by all, to foster the development of long-term
relationships and sharing knowledge. The cooperation processes need facilitation and
monitoring. This monitoring process is facilitated by key success factors. Co-creative
cooperation should be an on-going cyclical endeavour.

In summary, the literature notes that to create common aims, it is first important
to understand the multiple points of view, different values and individual aims that
the multiple stakeholders in the innovation network may have. Identified key success
factors can aid in both the selection of cooperation tools, and in guiding the
facilitation toward structured collaborations. Co-creation may be achieved by finding
best practices.

3.1.3 Co-creation projects benefiting business-to-business value chain networks

Seven (n = 7) articles, ranging from 2011 to 2016, were classified as one-company
driven innovation co-creation networks. These articles deal with innovation projects
with multiple stakeholders that are initiated and lead by a single actor looking for
better business:

Kazadi, K., Lievens, A. & Mahr Stakeholder co-creation capabilities in generating valuable
(2016) knowledge

Burdon, Mooney, & Al-Kilidar Identify requisites needed in building high value co-
(2015) creation alliances

Edvardsson, Meiren, Schéfer, & Strategy for interacting with the customer

Witell (2013)

Katzy, Turgut, Holzmann, & Sailer Strategy of exchange across stakeholder boundaries
(2013)

Schertzer, Schertzer, & Dwyer High-performance relationships over

(2013)

Pino, M., Plichart, M., Kerherve, H., | Multi-stakeholder partnerships for the co-production of
Bouilly, C. & Rigaud (2012) innovations

Tokman & Beitelspacher, (2011) Supply chains as value co-creation networks

Table 5: Articles on Co-creation projects benefiting business-to-business value chain networks

These articles focus on needs based aims, facilitation and practical cooperation tools
and methods. Facilitation is ideally guided by facilitation strategy. Focus should be
put on the competences of project managers, who are the active facilitators of the co-
creation process. Burdon et. al. (2015) have analysed engineering services
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partnerships, and summarize nicely the need to identify and understand “requisites
needed in building high value co-creation alliances — especially where innovation is
the strategic goal.” (, p. 285).

Co-creation of service offerings and value proposals for end-users derive from an
exchange of knowledge and use of operant resources among the network members
(Tokman & Beitelspacher, 2011). In their perspective they combine service-dominant
(S-D), which views supply chains as value co-creation networks, with supply chain
management (SCM), which creates competitively compelling value propositions, for
the transformation of end-user experiences to perceptions of superior value-in-use.
Edvardsson ef al. (2013) argue for a service development strategy, including a
formalized, stage-gate model based, development process, and a strategy for
interacting with the customer during the different stages of the development process.
They use a sample of service development projects to test a conceptual model for key
strategic factors in new service development (NSD), which they see as a formalised
development process, with integrated development teams and customer co-creation.

Strategies of exchange across stakeholder boundaries can increase returns from
innovation (Katzy et al., 2013). They offer open innovation as an example of a
strategy for innovation intermediaries, who as process coordinators benefit from three
strategic innovation capabilities: (1) Innovation process management capability; (2)
Matchmaking capability; and (3) Valuation and portfolio management capability.
Pino et al. (2012) discuss a Living Lab (LL) approach encouraging multi-stakeholder
partnerships for the co-production of innovations in the fields of innovation and
entrepreneurship. The approach is a way to go “beyond traditional user-centered
design practices” (p. 150).

High-performance relationships take time to develop, and supplier firms need to
recognize that “the needs of newly acquired and longer-term customers differ, and to
accommodate these differences” (Schertzer et al., 2013, p 610). Longitudinal
customer data was used to classify customers based on relationship tenure, which
showed that inter-firm business-to-business cooperation for the co-creation of value
requires time for these inter-firm relationships to develop.

The literature on this type of projects emphasized an active need for
collaboration. Based on these articles, relationships need time to develop and co-
creation requires a strategy for it to have an innovative outcome. A working and long
lasting co-creative relationship requires active management, which the internal
structures of the organization must also support. A structured development process
calls for active and open exchange of knowledge. First key strategic factors, and
strategies for interaction and exchange of innovation, are identified, then the process
coordinators. They serve as the intermediaries for innovation, as they coordinate the
exchange use of operative resources and exchange of knowledge, over the time that
the inter-stakeholder relationships require to develop into open value co-creation.

3.2 Roles of end-users; aims of participation
According to Dandonoli (2013, p. 1), “open innovation collaborations can be

designed to foster true co-creation among partners in rich and poor settings, thereby
breaking down hierarchies and creating greater impact and value for each partner”.
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Including both customers and employees in development projects will improve
the performance of the development of new services (Edvardsson ef al., 2013); as
activities, requirements, information, and value co-created among actors are all highly
interconnected (Pinho et al., 2014). Three types of interdependencies between actors
in value co-creation are identified: (1) dynamic role interdependency, where actors’
roles may change between provider to consumer; (2) temporal interdependency,
where interactions occur sequentially through time; and (3) self-interdependency,
where value creation depends on the own actions of the actors. This notion of roles
shifting through time and depending on the actions of the actors is important and
interesting. These dynamic roles can be facilitated, but not controlled.

Collaborative service development, as an organizational learning process in an
innovation network, involves a “complex and interactive learning process requiring
both creative problem solving and systematic, conceptual co-construction” (Kallio &
Lappalainen, 2015, p. 154). This calls for open interaction and mutual trust building
among the actors in the network; and a common object of development to, during the
entire complex shared networked learning process, phase by phase, guide the
construction of shared tools, knowledge, social structures, and practices.

Broader and better engagement in knowledge sharing and co-creation for
universities that develop socially inclusive projects with their surrounding business
and community partners is suggested by Doyle (2010), so that universities become
drivers of creative change. For engagement in knowledge sharing Halonen ef al.
(2010) offer a workshop process, combining foresight and organizational learning
methods, for cross-discipline co-creation in a service research network. They explain
(p. 128) that “this method worked as a concrete way for managing future-oriented
networking across organizational borders as a basis for continuous learning and
innovation.”

Information is, according to Pinho et al. (2014, p. 489), a key resource underling
value co-creating factors: “companies can enhance their offering by facilitating value
co-creation through resource integration among other actors in the value network”.
Open innovation environments integrate user driven innovation (Reiter et al., 2014),
build trust and establish a common goal to co-create new products, services, and
societal infrastructures. Thus, Reiter et al. (2014) propose to add a human-centred
design approach, to take into account people’s interactions in a Living Lab IT-system;
this combined approach makes both citizens and the IT system real actors in
governance. Stakeholders should actively be engaged by project management
throughout the project life (Chang, et al., 2013). Along these lines Harmonkivi-
Saloranta, & Paajanen (2010, p. 75) state that the, “Living Lab is a system for
building a future in which real-life user-driven development and innovation will be a
normal co-creation technique for new products, services and societal infrastructure”.
This is critical not only in identifying and solving problems but also in managing
expectations. Joint teams build a sense of community and shared purpose, as
partnering relationships progress may include phases, such as (1) traditional service
outsourcing, (2) trusted collaboration partnering, and (3) strategic joint engagement
(Burdon et al., 2015).

According to Edvardsson, ef al. (2013, p. 35), “co-creation stands out as the key
to succeed with NSD, while the formalisation of the development process is of least
concern for managers”. New service development (NSD) is defined as a process to

10



in Sarah Bowman, Adrian Crookes, Stefania Romenti, Qyvind Thlen (ed.) Public
Relations and the Power of Creativity (Advances in Public Relations and
Communication Management, Volume 3, Emerald Publishing Limited, pp.115 - 133

develop new services together with practitioners, and with frameworks. Project
management should focus on individual competencies within the development team
and on their interaction with customers throughout the development process. Katzy et
al. (2013, p. 296) note that: “The systemic setting for innovation, much like all
markets, only runs with the necessary intermediaries in place that make interactions
and matching of partners possible.” Partnering with other organizations to progress
innovative ideas is important for organisations that seek better commercial success
and higher competitive advantage (Burdon et al., 2015).

Most business-to-business customer-partners look for radical and
transformational innovation opportunities, thus co-creation is a collective experience
(Burdon et al., 2015). Longer relationships render more innovative outcomes in co-
creation, as customers are classified into three tenure related groups: (1) transactional;
(2) emergent; and (3) mature relationships (Schertzer et al., 2013). The service
development strategy and activities in a new service development process should take
into account that services are activities and interactions, which are carried out by not
only by service providers, but also by customers, and other network actors
(Edvardsson, et al., 2013).

In the literature it is underlined, that there are strong interdependencies between
stakeholders. True co-creation is a complex and interactive learning process, with
trust as a key component and information as a key resource. Thus, joint teams,
including customers and employees, with open innovation environments integrate
stakeholder participation and build the necessary trust and engagement in knowledge
sharing. It is noted that it is important to partner, to progress innovative ideas, engage
in knowledge sharing and co-creation, where information is a key resource. Open
innovation collaborations are a complex and interactive learning process, where
actors are interconnected, and systemic conceptual co-construction and strategical
approach are needed, as well as are tools for interactions and time to increase
innovative outcomes.

3.3 Modes and challenges of end user participation

Both the innovation network, and its learning process are constructed simultaneously
by interaction. It is essential to take into account the objectives of all parties to find a
common object to co-construct (Kallio & Lappalainen, 2015). To develop cost-
effective highly interactive learning, partners must collaborate to (1) define a problem
that is worth their combined efforts, (2) develop dialogues with strategic partners, (3)
improve knowledge sharing, and (4) develop collaborative processes. Searching for
opportunities for mutual benefit of the partners unlocks the talents of the diverse
groups working together in co-creation (Powell, 2012).

There is a lack of awareness of the advantages of open innovation. Many projects
are isolated and based primarily on either research objectives, or on business goals
(Pino et al., 2012). Doyle (2012) raises similar issues related to universities’
engagement with their regions. It is complex and pervasive cooperation, and
occasioned by other policies or agendas, mostly promoting economic, social
inclusion, or community development. There is a need to facilitate the development
of mutual understanding, calling for a common language and mutual expectations.
Additionally, Pinho ef al. (2014) note, that potential conflicts between stakeholders

11
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should be considered, and communication and reconciliatory strategies be anticipated
on.

Multi-stakeholder partnerships demand a continuous investment in project
management, processes, and people. Careful stakeholder mapping can help identify
all stakeholders concerned and enable having a holistic view of the entire innovation
process (Pinho et al., 2014). Kallio and Lappalainen (2015) make the observation that
collaboratively developed and co-created structures or processes cannot be controlled
by a one single party.

Innovation is “not easy, either to foster or to achieve” says Dandonoli (2013, p.
1). Moreover, navigating the partnering dynamic can be harder than expected, as it is
“potentially hindered by misunderstandings and differing expectations between
enterprises” (Burdon et al., 2015, p. 285). Thus, maintaining any virtual community
requires adequate resources for active follow up (Diaz-Diaz & Perez-Gonzales,
2016). This explains that many large organizations struggle to re-tune their business
model towards innovation, even though they are aware it can lead to corporate
success (Burdon et al., 2015).

Management practices should move towards enabling and supporting radical,
collective learning (Kallio & Lappalainen, 2015), as multi-stakeholder partnerships
are resource demanding and require continuous investment in project management,
processes, and people (Pino, et al. 2012). Customer co-creation can use very different
methods and practices to involve customers, and to actively gain information and
knowledge about the customer (Edvardsson et al., 2013). Diaz-Diaz and Perez-
Gonzales (2016) find that the usability of co-creation technology is important, and
Doyle (2010) identifies the need for awareness to clarify meanings between partners.

A strategy helps align “a service development strategy has to do with the internal
strategic alignment of resources, capabilities and organisational units, including value
capture in a service system that enables and facilitates customers in their context-
specific, value-creation situations and efforts” (Edvardsson, et al., 2013, p 38).

End-user participation was seen as an activity which should be strategically
structured by the organization driving the innovation project. Networks and learning
become constructed through interaction, where open innovation, facilitation, and
cooperation tools can bring advantages. We should enable collective learning. Co-
creation of knowledge, value, and innovation are constructed only through
interaction. So it is, first of all, important to partner and have a strategy for
cooperative interactions. The objectives of all parties involved should be taken into
account, as active resources from all are needed, and clear management practices are
to facilitate mutual understanding between the various innovation network partners.

3.4 Table of Main Topics Discussed in the Literature

The table below summarizes the main topics discussed in the articles related to co-
creation.

Co-creation projects Co-creation projects Co-creation projects

benefiting innovation
network

benefiting public entities

benefiting business-to-
business value chain
networks

Need for collaboration:

Need for collaboration:

Need for collaboration:

12
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— Value is co-created in the
network when actors
integrate resources through
their actions and
interactions with each
other (Pinho et. al., 2014)

—  Value co-creating factors
(Pinho et. al., 2014):
quality of information, and
facilitation of different
actor’s activities

— Broader and better
engagement in knowledge
sharing and co-creation
(with surrounding business
and community partners)
(Doyle, 2010)

It takes time:

— Value is co-created in a
flow over time; actors
constantly change their
roles (Pinho et. al., 2014).

—  Engage stakeholders (in
the co-creation of the
futures that they all want)
(Accordino, 2013)

—  Develop of mutual
understanding (through a
common language and
mutual expectations)
(Doyle, 2010)

Challenges:

—  Multi-stakeholder
partnerships are resource
demanding and require
continuous investment in
project management,
processes, and people
(Pino et. al. 2012)

— Lack of awareness of the
advantages of open
innovation among
organizations (Pino et. al.
2012)

— A need for awareness to
clarify meanings between
partners (Doyle, 2010)

— Activities, requirements,
information, and value co-
created among actors are
all highly interconnected
(Pinho et. al., 2014).

—  The benefit an actor gets
today is dependent on
what he or she and others

—  Open interaction and
mutual trust building
among the actors in the
network (Kallio &
Lappalainen, 2015)

- Value was co-created
through partnership (Dawe
& Sankar, 2016)

- Partners “worked
extremely closely together
to co-produce ‘real world’
solutions (Powell, 2012)

A common problem needed:

— Active engagement of
stakeholders throughout
the project life to identify
and solve problems,
manage stakeholder
expectations, and co-create
value (Chang et. al., 2013)

- Partners have to
collaborate to define a
problem that is wort their
combined effort (Powell,
2012)

— Innovation, networks, and
the learning processes
result from interaction and
become constructed
simultaneously (Kallio &
Lappalainen, 2015)

Innovation Environments:

—  Collaboration between
stakeholders in physical
and intellectual spaces
(Reiter et. al., 2014)

—  Open innovation
environments integrate
user driven innovation,
build trust and establish a
common goal to co-create
(Reiter et. al., 2014)

- New technologies allow
citizens take a more active
role ..., to co-creating
value (Diaz-Diaz & Perez-
Gonzales, 2016)

Challenges:

— Innovation is not easy,
either to foster or to
achieve (Dandonoli, 2013)

—  Co-created structures or
processes can no longer be
controlled by any single

- Joint teams build a sense
of community and shared
purpose (Burdon et al.,
2015)

- Focus on: individual
competencies in
development team, and
interaction with customers
(Edvardsson et. al., 2013)

— Open innovation as a
strategy of exchange
across firm boundaries can
benefit from innovation
intermediaries (Katzy et.
al., 2013)

—  Inter-firm relationships
and cooperation for the co-
creation of value require
time to develop (Schertzer
et. al.,2013)

Challenges:

- Misunderstandings and
differing expectations
(Burdon et al., 2015)

— Businesses struggle to re-
tune their business model
towards innovation
(Burdon et al., 2015)

- Contrary to management
belief: a service
development strategy is
needed to improve new
service development
performance (Edvardsson
et. al.,2013)

- Firms need to recognize ,
and to accommodate to the
differing needs of newly
acquired and longer-term
customers (Schertzer et.
al.,2013)
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have done before (Pinho party (Kallio &

et. al.,2014). Lappalainen, 2015)

—  Usability of co-creation
technology is very
important (Diaz-Diaz &
Perez-Gonzales, 2016)

— Maintaining virtual
communities require
resources for follow up
(Diaz-Diaz & Perez-
Gonzales, 2016)

Table 6: Main focus concerning co-creation in innovation networks
4. Discussion, Conclusions, and Further Study

Roles between stakeholders are found to be fluid and in constant change. One
common point in the co-creation literature examined is that end users participate
actively — also in research.

The findings (see Figure 1) show that co-creation of knowledge for innovation
and active multi-stakeholder participation of end users calls for: (1) collaboration; and
(2) a common problem. The results also show that to ensure open communication
toward co-creation of knowledge, there are the three main challenges to manage in an
innovation network: (3) stakeholders need to be actively engaged of throughout the
project, and this; (4) takes time; and (5) effort.

Need for collaboration
Open interaction and mutual trust
building among the actors in the
network (are needed in complex

and interactive learning processes)
(Eallio & Lappalainen, 2015)

¥

It takes time A common problem
Value is co-created in a needed
flow over time; actors Partners have to collaborate to
constantly change their define a problem that is wort their
roles (Pinho, et. al., 2014). combined effort (Powell, 2012)

Challenges Innovation Environments
Multi-stakeholder partnerships are Open innovation environments integrate user driven
resource demanding and require innovation, build trust and establish a common goal
continuous investment in project to co-create new products, services, and societal
management, processes, and people infrastructures (Reiter et. al , 2014)

(Pino, et. al. 2012)

Figure 1: Elements of co-creation of knowledge for innovation identified from the sample literature.
Innovation environments and collaboration technology are widely discussed ways to

tackle these challenges. Active and open collaboration is the key to successful co-
creation. Collaboration is jointly constructed and lead. Any one organization cannot
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be in charge alone, but all must feel that they will benefit from the process and its
outcomes.

A common goal or benefit guides the innovation process. Finding a common
problem may already be a co-creation process in its self. Innovation ecosystems may
publicly (by the European Union, Member States, or Municipalities) stimulate
innovation, and reward collaboration. Work that could otherwise be left undone may
get done by the scale of different actors.

The literature studied suggests that there be a cyclical connection between value
co-creation networks (see Figure 2); the cooperation platforms, tools, and active
facilitation needed to foster co-creative innovation and knowledge sharing; active
stakeholder participation stemming from common aims, which promise benefits for
all; and an active drive for co-creation of knowledge, innovation, and change. Besides
being cyclical, this connection can move both forward and backward. These cyclical
connections, the cooperation efforts between project stakeholders, can either evolve
and move forward to the next, higher level of the four categories of innovation
projects with multiple stakeholders, identified in this study, or recede backward to the
previous, lower level category: (1) Co-creation projects benefiting one company; (2)
Co-creation projects benefiting business-to-business value chain networks; (3) Co-
creation projects benefiting public entities; (4) Co-creation projects benefiting
innovation network.

Value
network,
aiming at co-
creation

Change to higher Co-create Cooperation
or lower category oo knowledge platforms and
of innovation and tools, and

project b innovation facilitation

Active
stakeholder
participation,
through
common aims

Figure 2: The cyclical connections in co-creation projects.

A limitation of this study is the somewhat limited number of 33 chosen articles from
a comprehensive total of over 5.000 search hits for key word co-creation. On the
other hand this gives the study specific focus, needed to identify the most relevant
articles.
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More study is recommended to further deepen the study on modes of
collaboration and related Public Relations.

Further study is planned to look at scenario building and the use of expert panels
as forms of input and throughput communication in innovation projects. This may
involve the study of end user scenarios and end user involvement in setting
requirements for network performance.

Another interesting question for further research stemming from this study is, if
more complex value networks can lead to faster and deeper co-creating innovation.
This may be the involvement of end users in creating collaboration network cases for
the co-creation of knowledge and information sharing to look at how attributes of
complexity affect innovation in these cases of collaboration networks,

Further interesting topics are resilience in collaboration networks, and how
Public Relations, external communication and dissemination by a project, matches
requirements set by funding instruments.
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Abstract

The cooperation between Arctic states — Russia, the United States, Canada, Denmark, Iceland,
Norway, Sweden, and Finland —has been particularly peaceful while geopolitical tensions have risen
elsewhere (Pezard et al., 2017). Discussions on prospecting Arctic natural resources (Haftendorn,
2016., p. 133) have raised new challenges also to knowledge and information management.
Therefore, this paper argues that there is a need to develop a co-creation network among higher
education and key end users, for knowledge and information sharing and promoting innovation,
which will contribute on safety and security in the Arctic domain. The research question for this
paper is: How can end users be involved in the process of creating a co-creation network for
knowledge and information sharing to contribute on innovations to Arctic safety and security?
The method focuses mostly on the third phase of the Engestrom’s (2007) expansive
learning process, modeling a new solution. This is a participatory work in progress. Beyond the
desk review, the notes from co-creation network partner communication and meeting discussions
have been and are gathered under the Chatham House rule (Chatham House, 2016) to ensure
anonymity of all people participating in the process. Creating a new long-term co-operation
program of higher education and end users, a co-creation network will attempt to engage a still
disengaged field by affecting change to currently scattered and unlinked programs and systems,
and build alignment of best practices. This co-creation network needs to be multi-disciplinary
and multi-institutional to bring disparate security and safety management and other researchers
and experts together with both one another, and with end-users. Online platforms can facilitate

the information and knowledge sharing, as well as enable the co-creation of innovations among
the network community. This paper provides a suggestion of the process for co-creation and
knowledge exchange between the network members.

The enhanced Arctic research and study community aims to contribute to a safer, more secure
and cleaner domain. Developing insights on sustainable economic growth, international processes
and best practices, may lead to increased situational awareness as well as supports decision-
making — for the benefit of the Arctic.

Key Words: Co-creation of knowledge, Innovation, Co-creation Network, Knowledge, Arctic
Security

Introduction

The Arctic is the northern circumpolar region and its ice covered ocean (Heikkila & Laukkanen, 2013).
Economic and human activity is increasing there, partly because the climate of the Arctic is warming.
The Arctic Ocean is projected to become nearly ice-free during the summer times within the next 30
to 40 years. Thus, global climate change is opening new Arctic possibilities, such as driling for natural
resources and new sea routes that cut distances between the Pacific and Atlantic oceans. But, these
also present new challenges. “Regardless of the risks involved, these Arctic routes and possibilities
are a hot topic and shipping in the Arctic will most likely increase in the future” (Salokannel, Knuuttila
& Ruoslahti, 2015: p. 2).

The Northeast Passage between Europe and Asia is 30 — 40 % shorter than the route through the Suez
Canal (Guy & Lasserre, 2016). There is still little traffic on the Northeast Passage, but it is constantly
increasing. There is a growing need to cooperate and share information that benefits the security and
safety of living, transport, and economic use in the Arctic environment (Ruoslahti & Knuuttila, 2016).
“The regulations concerning the safety of shipping, Arctic navigation services, and the readiness
to prevent various accidents and to act in accident situations are badly inadequate... Surveillance
arrangements in the Arctic sea area and cooperation between the authorities can be seen as an area
of development ..." (Finland’s strategy for the Arctic region, 2010, p. 28).

Also beyond the national strategies the necessitated additional multilateral strategies have been
argued to ensure stable and harmonized priorities (Haftendorn, 2016. p. 134). European Maritime
development, for example, seeks to respond to challenges facing the entire European maritime domain
in an integrated and cross-sectorial way (European Coast Guard Functions Forum, 2014), which
can serve as a working example also for the Arctic regions. The agreement of the Arctic Council on
Cooperation in Aeronautical and Maritime Search and Rescue in the Arctic (Arctic Council, 2011) and
the International Maritime Organization’s (IMO) Guidelines for Ships Operating in Polar Waters (IMO,
2010) are important indicators of development towards proactive safety and security and coordinated
coast guard functions related activities in the Arctic domain.
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End users in this context are the affected communities living in the region, key political decision
makers, private sector companies, shipping and driling industries, with a presence on the Arctic seas;
as well as the coast guard functions, who oversee security and safety in the region. Denmark, Norway,
Russia, United States, and Canada have Arctic coastline. Also Sweden and Finland have Baltic Sea
coast-line that becomes ice covered during winter months.

The focus of this paper is to investigate the process of involving public and private institutions, and,
in particular of end users, in creating an enhanced Arctic research and study community. A network
for knowledge and innovation contributing to Arctic safety and security that will involve the actors in
active communication. A network of co-creation to promote safety and security on the Arctic domain
(later: co-creation network) can add communication and new forms of cooperation through cross-
sectorial and regional research and development in issues such as: common awareness, risk pictures,
preparation against disaster, joint capacity building, resource pooling and innovations. Built network
cooperation will benefit and add value to all sectors working towards a safer and more secure Arctic
maritime domain.

This research question for this paper is: How can end users be involved in the process of creating
a co-creation network for knowledge and information sharing to contribute on innovations to Arctic
safety and security?

2. Literature review
2.1 A Safety and Security Gap in the Arctic

For a long time, the Arctic has been seen as an exceptional space, “an apolitical space of regional
governance, functional co-operation, and peaceful co-existence” (Kapyla & Mikkola, 2015, p. 5).

The last decade has seen the Arctic re-emerge as a political component, due to the exceptionally
rapid warming and reduction in the Arctic sea ice cover, which is especially noticeable during the summer
months. The Arctic is opening up “and substantial natural resource bases as well as new maritime routes
in the area were becoming more easily exploitable” (Kapyla & Mikkola, 2015, p. 6).

The Arctic includes the Northern fringes of Europe, Asia, and North-America. Besides
the increasing economic and human activity in the Arctic regions, about 4 milion people live there
permanently. Research shows that the climate of the Arctic is warming (Heikkila & Laukkanen, 2013).
Between 2005 and 2010 was the warmest period ever measured in the Arctic and the extent of Arctic
sea ice has never been recorded as low as it was in 2012 (European Commission, 2012).

The rate of the warming of the Arctic, and the decrease of the ice-cover have been surprisingly
rapid. There is a great deal of pressure and increased strategic, political, and economic interest to the
area. A future, where the Arctic Ocean could, much like the Baltic Sea around Finland today, freeze in
winter and melt in summer is easily imaginable (Heikkila & Laukkanen, 2013; Gascard, 2014).

Russia, for example is building an Arctic gateway of its sea route, the Northeast Passage. Its traffic

is increasing and is expected to continue increasing (Zalyvsky & Eduardovna, 2015; Guy & Lassarde,
2016). Vessels are aided by nearly two dozen Russian icebreakers and protected by a string of 10
up-to-date search-and-rescue centres along the route. Continued increase in the near future on this
Arctic gateway that the Russians are building between European and Asian ports is predicted. “...to
reduce risks, Russia imposed a mandatory piloting scheme along the northern sea route (NSR)” (Guy
& Lasserre, 2016; Gascarde, 2014).

Over 200 transit traffic vessels have passed through the Northeast Passage on Russia’s
Northern Sea Route between 2010 and 2014, with 71 in 2013 alone (Guy & Lasserre, 2016). Besides
transit traffic, there are additional traffic, within the Arctic that load or unload cargo to and from the
region, and transport of supplies to local communities or industry.

“For the first time ever, an ice class 1A bulk carrier “Nordic Orion” 225 m long from the Nordic
Bulk Carriers A/S Danish company, is using the North West Passage in September 2013 as a transit
trade lane when transporting 75000 tons of coal from Vancouver, Canada to the port of Pori in Finland”
(Gascard, 2014, p. 13).

As activity in the Artic is increasing, the discussion on the safe use of Arctic resources is a
very contemporary topic. This paper argues that there is a need to develop a co-creation network
to increase knowledge and innovation, and to promote and ensure safety and security in the Arctic
domain.

Fees paid by shippers, help cover costs of improvements to the sea route. This busier
maritime transportation corridors are also starting to stimulate inland development; a railroad is planned
to connect Russia’s mineral-rich interior to its Arctic coast and liquid natural gas facilities on the coast
are scheduled (Heininen, et. al., 2014; Lipponen, 2015).

The US Geological Survey (2011) estimates that the Arctic holds 30 % of undiscovered oil
and 30% of undiscovered gas supplies, offshore and in depths of under 500 meters. This creates an
increasing presence and development possesses specific safety and security challenges for maritime
safety and security and Coast Guard functions (Guy & Lasserre, 2016; Salokannel, Knuuttila & Ruoslahti,
2015): Increasing economic activity and Arctic sea traffic may cause safety and environmental impacts.
Arctic tourism, involving cruise ships in particular is increasing; and yet there are very limited monitoring
and surveillance capabilities (Gascard, 2014).

Possible rescue operations will be extremely difficult in case of accidents and emergencies,
as the northern coast of Russia, Alaska, and Canada are largely uninhabited and have few harbours.
Possible oil discharges could inflict large areas while there is no real oil destruction response capacity
available. Due to the lack of a regulatory framework, uncontrolled fishing may occur. There is a lack
of international navigation aids and of common Risk analysis in Cost Guard Functions (Salokannel,
Knuuttila & Ruoslahti, 2015; Ruoslahti & Knuuttila, 2016).

2.2 Knowledge and Innovations

Knowledge is an important source to competitive advantage and “a key to the success of modern
organizations and creative higher education” (Pirinen, 2015, p. 1). The capability to create organizational
knowledge is a key to innovate. The dynamic interactions among all level roles lead to creation of new
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knowledge instead of individuals. Knowledge creation leads to continuous innovation and finally to
competitive advantage. (Nonaka, I. & Takeuchi, H. 1995. p.6).

Co-created knowledge, knowledge from sharing experiences and knowledge with reflection, is a
process of participation in work and social communities. These networks use common information
sharing environments and build trust and confidence in one another through interactions between
them. A collective responsibility to facilitate a collective R&D progress results in investigations; inventions
and innovations (Pirinen, 2015). Co-creation feeds from common objectives and it can occur in both
physical and digital arenas. (Bhalla, 2014), where the collaborators can share tools and collaborative
processes. There should also be a structure of formal contracts between the collaborators. Valkokari
et. al. (2012, p. 27), note that: “... a strategic approach to knowledge management is a key element of
success within networked innovation, both in the theory and in the practices...”.

The issue arenas model for organizational communication (Vos, Schoemaker, & Luoma-aho, 2014;
Luoma-aho & Vos, 2010) explains multi-stakeholder communication, while Galvagno & Dalli (2014)
note that co-creation is useful in promoting innovation, as is a strategic approach to knowledge
management. A strategic approach is a key element of success in networked innovation, according
to Valkokari, et. al. (2012).

Online platforms provide secured online possibilites for needed common information sharing
environments, co-creative knowledge creation, and for sharing information and finally research results
(Bhalla, 2014; Saarinen, 2012; Hosie, et. al., 2003). The computers made the delivery of education
possible and the material were able to deliver both print and electronical media (Moore, 1990). The
critical components of successful integration of technology innovations within education and training
settings and influences the adoption rate of such technologies are transparency in user interface
design and Human Computer Interaction (HCI) (Charalambos, 2004.). Shared information are needed
in externally funded projects and innovation networks; participation in which is an important channel
of knowledge transfer (Pirinen, 2015; Di Cagno, et. al., 2014); and where combining management of
projects, networking, and learning is challenging (Ruoslahti, et. al., 2011).

3. Methodology

To build a basis for the creation of the co-creation network this study uses Engestrdm’s (2007)
expansive learning process together with the understanding of Nonaka & Takeuchi (1995) Knowledge
Creation model to support innovations. The expansive learning process consists of the following
phases: (1) Questioning existing practices, (2) Analysis of existing practices, (8) Modeling a new
solution, (4) Exploring the new solution, (5) Adopting the new solution, (6) Evaluating the process, and
(7) Solidifying and expanding new practices.

This paper focuses on the third phase of the expansive learning cycle, modeling a new solution.
The method is participatory and a work in progress. Conclusions from co-creation network partner
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communication (meetings, discussions, workshops, events) are gathered under the Chatham House
rule (Chatham House, 2016) to ensure anonymity of all people participating in the study. The data
is collected from public sources, and from work completed 2011 — 2016. The data consists of the
conclusions from discussions with policy maker representatives, and from the Laurea UAS internal
documentation (documentation of European CISE (Common Information Sharing Environment
roadmap and CISE Education Network). It also includes the notes from a cooperation workshop with
World Maritime University in August 2014 and European Maritime Day 2015, and from Center for
Island, Maritime, and Extreme Security — CIMES meetings 2011 - 2014. The data includes also the
work conducted in ShipArc 2015.

4. Results

The results of this paper focus on the possible actors needed to a co-creation network in Arctic
domain with its main aim. As this is still a work in progress, this paper is limited to the current situation
and knowledge.

5.1 Coordination Structures on the Arctic Research and Development Actions

5.1.1 The Arctic Council

The Arctic Council is the most important international forum for cooperation in the region. The Artic
Council is formally established in Ottawa Declaration of 1996 as high level intergovernmental forum
which aims to provide a means for promoting cooperation, coordination and interaction among the
Artic States (Arctic Council, 1996). The particular issues concentrate on sustainable development
and environmental protection in the Artic. Canada, United States, Russia, Denmark (Greenland and
the Faroe Islands), Iceland, Norway, Sweden, and Finland are member states of the Arctic Council
together with permanent participants of six councils representing indigenous peoples of the Arctic.
The Arctic Council promotes various forms of collaboration in the Arctic Region (Arctic Council, 1996).

The Arctic Council has a very broad scope, but the Agreement on Cooperation in Aeronautical and
Maritime Search and Rescue (Arctic Council, 2011) demonstrates that safety and security in the Arctic
domain are an important part of it. The co-creation network will be able to raise topics to the attention
of the Arctic Council decision making and, thus increase awareness of safety and security related
issues and solutions, and cooperation among its member states. The decision making may benefit
from the work of co-created network community.

4.2 Networks of Researchers and University of the Arctic

An important form of collaboration are scientific research networks on Arctic issues; notable networks
of Arctic research and education are the International Arctic Science Committee (IASC), providing
guidelines for international science policy and research cooperation on the Arctic; the Association of
Polar Early Career Scientists (APECS), promoting cooperation between students and researchers in
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the early phase of their careers; and University of the Arctic, a network of close to 140 institutions from
Arctic countries, enhancing research and student exchange, training between participating universities
(University of the Arctic, 2013).

“The University of the Arctic (UArctic) is a cooperative network of universities, colleges, and other
organizations committed to higher education and research in the North. Our members share resources,
facilities, and expertise to build post-secondary education programs that are relevant and accessible
to northern students” (University of the Arctic, 2013). To promote focus the UArctic has thematic
networks. An alternative is, that the co-creation network be structured into a thematic network under
the University of the Arctic.

5.3 Safety and Security on the Maritime Domain and Coast Guard Functions in Europe
European Maritime Policy seeks to respond to challenges facing the European maritime domain in
an integrated and cross sectorial manner. Issues, named Coast Guard Functional activities, have
been defined by the European Coast Guard Functions Forum (ECGFF) (European Coast Guard
Functions Forum, 2014): The European coast guard functions are maritime safety and vessel traffic
management; fisheries control; maritime border control, surveillance, security, customs activities,
and law enforcement; also maritime environmental protection and response; accident and disaster
response; and search and rescue at sea; plus other related activities (Figure 1).

The Maritime Domain

Figure-1: The Constructive Manner of the Terms of Reference (TORs) of Coast Guard Functions
(European Coast Guard Functions Forum, 2014)

The European Union and its Member States are working towards a future of integrated non-military
maritime surveillance and deeper Coast guard functions related coordination. This development will
improve coordination and the wider implementation of platforms, such as EUROSUR (Frontex, 2015)
and CISE — Common Information Sharing Environment, for example (European Commission, 2015).

Present national Coast Guard education systems mainly serve operational targets and are regulated by
professional and organizational purposes; thus post-graduate, and post-doctoral, levels of education

are not included.

A Co-creation Network could promote more unified requirements to educational institutions in the field
(coast guard and other actors on the maritime domain). National authorities use, their own educational
resources, and also those of other public and relevant private actors. To fully exploit the potential of an
integrated maritime policy, the Coast Guard Functions approach could be extended to the academic
and educational sectors (WMU Workshop, 2014).

Coast Guard Cooperation Networks

Coast Guard Cooperation Networks include: the Baltic Sea Region Border Control Cooperation
(BSRBCC), the Northern Atlantic Coast Guard Forum (NACGF), the Black Sea Littoral States
Border/Coast Guard Cooperation Forum (BSCF), the Mediterranean Coast Guard Services Forum
(MEDFORUM), and the North Pacific Coast Guard Forum (NPCGF). They all have a regional maritime
focus in maritime safety and security, environmental protection, combat of cross-border crime, and
enhancement of information exchange (PERSEUS, FP-7 Project, 2013).

These networks represent the different authorities in charge of Coast Guard functions in each country.
Thus each of these member organizations will also have educational and research structures and
institutions such as mentioned above. The relevant coast guard cooperation networks for the arctic are
the Atlantic, Baltic, and Pacific Coast Guard Forums (Figure 2), which cover the entire Arctic domain.

Baltic Sea
Coast Guard
Forum

(North) Atlantic

(North) Pacific
Coast Guard
Forum

Coast Guard
Forum

Figure-2: Relevant Northern coast guard cooperation networks for the co-creation network on the
Arctic Domain

Today national Coast Guard educational institutions form bodies of knowledge through their interaction
with practitioners on the field. Professional best practices are transferred from generation to generation
both inside and outside of existing formal curricula. A coordinated, genuinely open and coast guard
functions focused post graduate study environment for authority officers is now missing. For example,
active coast guard personnel are not always as free, to address and discuss professional problems
and lacking solutions in an open academic manner, as retired officers are (Third European Maritime
Domain Security Planning Meeting, 2013).

5.5 The Added Value of an Arctic Co-creation Network Community

The Arctic co-created network community would benefit and add value to all sectors aiming towards
a safer and more secure Arctic domain. As stated earlier current coast guard education systems lack
post-graduate, and post-doctoral, levels of education, as well as matching levels of basic and applied
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research and study. The co-creation network aims to be a multi-disciplinary cooperation body, bringing
now disparate researchers and institutions together with other security and safety management, and
coast guard functions oriented researchers and institutions. Thus, the co-creation network would have
a clearly broader focus than existing coast guard institutions; but also a much more defined scope and
focus than the University of the Arctic (Second European Maritime Domain Security Planning Meeting,
2012).

The purpose of this co-created arctic network community could add communication and new forms of
cooperation through cross sectorial and regional research and development in issues such as common
awareness, risk pictures, preparation against disaster, joint capacity building, resource pooling. All
these developments will require open study and common mechanisms, such as the co-creation
network would provide. One purpose is to complement existing coast guard forms of cooperation,
one of the main ones being the European Coast Guard Academies Network Project initiative (Third
ECGFF Secretariat Meeting, 2013).

The co-created arctic network community can broaden the focus of today’s defined training oriented
National Coast Guard Institution educational programs; while bringing focus to very broadly defined
academic basic research and study networks, such as the University of the Arctic. Most added value
will come from a cooperation and study platform for individual students and researchers interested
in a multi-disciplinary approach toward security and safety of transport, and human and economic
activity in the Arctic environment. The co-creation network will enhance information exchange and
participation possibilities in EU and Government Agency funded research and development projects.

5.6 Participation and involvement

The co-created Arctic Network Community key participants will be institutes that either educate coast
guard personnel or participate in research and development in topics, which are (loosely) under coast
guard activities and processes topics as discussed above. Many educational and research institutions
will not be official coast guard authority institutions, but have related programs to safety and security,
maritime domain, and coast guard development and education issues. Potential institutions are those
which focus on IMO based maritime safety aspects, security management focused institutions, relevant
technological institutions, environmental research institutions, and those of customs authorities, etc.
(WMU Workshop, 2014).

The co-creation network can help create long term involvements such as information and knowledge
sharing which affect change into the current status quo of scattered and unlinked programs and
systems. It can demonstrate new knowledge on how a cooperation should work in the future (e.g. in
SAR) — not only technically, but also as a process to change the current mind-sets to cooperate more
and share information to benefit the security and safety of living, transport, and economic use in the
Arctic environment.

One working group of Arctic network community may focus on building the networks around research
and studies that aim to lead to safer, more secure and cleaner seas, through sustainable economic
growth. Better information and knowledge sharing will lead to better situational awareness and sound
to decision-making — for the benefit of the Arctic seafarer. If the route of R&D related learning can
be extended and generalized, higher education institutions will face new opportunities from their
networked expertise (Pirinen, 2015): “... higher education institutions can increase their contribution to
the innovation system; higher education institutions can keep co-creation and innovation processes
alive at the regional, national and global levels;...”

Arctic network community development should also lead toward Artic security related online education.
Education programs, which provide learning possibilities that are not tied to time or place. An as
flexible of an approach as possible will empower students “to choose their own learning curriculum
according their own interest. That is the benefit having so many universities and institutes on board”
(Heinonen, 2016).

Artic safety and security education can be facilitated as online basis among and between network
members. The platform can provide secured online possibilities for sharing the information and
research results and related to the issued topics as well as facilitate the online learning. To integrate
the social dimension into the pedagogy of online learning environments, Felix (2005) has proposed the
synthesis of the cognitive constructivist and social constructivist approaches. This online learning will
follow constructivist understanding and the constructivism can be manifested in online settings; e.g.
as defined above (Hosie, Clifton, & Joe, 2003).

In a role of an individual expert (researcher, student, other expert), the expert will have the wide
selection offering the various participating institutions sharing research results, created knowledge
and information and finally study curriculum based on individual and professional preferences
to result in a PhD or a multi-disciplinary Master’s or Doctorate of Business Administration.
Authority officials will have a broader venue of advancing their knowledge and education
(Third European Maritime Domain Security Planning Meeting, 2013; Grondahl, et. al., 2014).

The research of co-creation range between the smallest collaborative innovation in new product
development processes to a wider theory of co-creation research stream (Galvagno & Dalli, 2014),
and a co-creation network can be active throughout this spectrum. A co-creation network will need
common objectives to work towards, it will exist and operate in both digital and physical arenas,
share cooperation tools and collaborative processes, and we shouldn’t forget contracts between the
collaborators (Bhalla, 2014).
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Conclusions

Creating a new long-term co-operation among Arctic experts, a co-creation network community can
engage a still disengaged field by affecting change to currently scattered and unlinked programs and
systems, and build alignment of best practices. New knowledge and more effective future cooperation,
technically and as a process, may bring about a change of current mind-sets and provide further
innovations to meet with the set objectives. This research aims to provide insights on ways to involve
end users in the co-creation process. This could help other collaborative problem solving processes
that need input of end users.

This co-created Arctic network community needs to be multi-disciplinary and multi-institutional, bringing
disparate security and safety management and communication researchers together with both one
another, and with end-users. An online platform will serve learning online and sharing research results
and co-creation information between the network members and experts.

The co-creation network aims to broaden the focus of today’s defined training oriented national coast
guard institution educational programs, and create broadly defined academic basic research networks
and larger community bringing all end users to the same network. This should provide an opportunity
to experience a multi-disciplinary approach toward security and safety of activities in the Arctic. The
enhanced Arctic research and study society aims to contribute to a safer, more secure and cleaner
domain, and develop insights on sustainable economic growth, international processes and best
practices, leading to increased situational awareness and decision making — for the benefit of the
Arctic.

Also, the education programs in this context can provide learning possibilities that are not tied to time
or place. A flexible approach may enable students across the network to choose a learning curriculum
based on content and interest. This paper suggests that the co-created Arctic network community
should also award higher levels of post post-graduate and post-doctoral education. The network
can be a UArctic thematic network, having a much more defined scope and focus on coast guard
functions, security, and safety on the Arctic maritime domain than the University of the Arctic itself;
while also having a clearly broader higher education focus than any coast guard institution or their
cooperation networks.

Further work will focus on the process of co-creation and knowledge exchange between the network
members to identify ideal modes of cooperation.
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European Union Member States are working towards an integrated maritime surveillance and deeper
information sharing and implementation of Common Information Sharing Environment. Value networks
aiming at co-creation, need active facilitation, and relevant platforms for open cooperation. This study
analysed scenario analytics, and narrative documents from projects CoopP, CISE, and MARISA by using a
Data Extraction Table to classify both objects and phenomenon relevant to European maritime information
sharing systems. The object and phenomenon rows are grouped under a European Coast Guard Functions,
CGFs framework, to better understand their occurrence and interdependencies. This paper finds that objects
and phenomena need to be continuously evaluated against evolving risk and treat scenarios and end-user
needs. Shared maritime information systems need to include tools for continuous self-revaluation. Added
complexity may greatly reduce the time to value creation and innovation, which in this context is the ability
to create greater common knowledge, learning, and value. Thus, faster and more widely shared information
on objects and phenomena result in an accurate Recognized Maritime Picture, which supports threat
assessment, asset and operations planning, and sharing of resources for added safety and security on the

European maritime domain.

1 INTRODUCTION

“The overall objective of the Cooperation Project is
to support further cross-border and cross-sectoral
operational cooperation between public authorities
(including EU Agencies) in the execution of the
defined maritime functionalities, with a focus on
information sharing across sea-basins. The project is
one step towards the Common Information Sharing
Environment, or CISE” (HELCOM, 2017).

The European Union with its Member States work
towards an integrated non-military maritime
surveillance and deeper coordination in information
sharing. This development is demonstrated in putting
wide European resources in the development and
implementation of wider cooperation processes and
platforms and a Common Information Sharing
Environment — CISE (PERSEUS, 2017;
EUCISE2020, 2017; European Commission, 2015).
EUCISE2020 aims to achieve pre-operational
information sharing between maritime authorities in
different European States (EUCISE2020, 2017); the

Ruoslahti H. and TikanmAdki I.
End-users Co-create Shared Information for a More Complete Real-time Maritime Picture.
DOI: 10.5220/0006559702670274

Cooperation Project, CoopP, is an integral part of this
development; as is project MARISA, which seeks to
strengthen the information exchange needed to
optimize the surveillance of the EU maritime area and
borders (Laurea, 2017). Together these EU-wide
projects show that European authorities on the
maritime domain can and need to cooperate.

The main contribution of this paper is that it raises
the issue that technical systems, such as CISE, require
shared, frameworks of content, on which human
processes of operation can be based on. This practical
case study aims to serve its part in filling some of this
research gap. This study contributes, as a relevant part
of project MARISA, by, in a rigorous way,
identifying what objects and phenomena information
systems and platforms used to share data between
authorities on the maritime domain should contain.

Theoretically this paper draws from co-creation
theory and the collaboration framework by Ruoslahti,
(2017). Active stakeholder participation can be
achieved through defining common aims, and the
foundation of cooperation is openly shared
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information. This will require both open cooperative
and co-creative processes, and tools, such as
information systems to share the needed data. Any
value network that aims at co-creation, needs not only
active facilitation, but also relevant platforms and
tools for open cooperation (Figure 1) (Ruoslahti,
2017, p. 15). This paper sees that CISE is a
cooperation platform for open cooperation between
and active participation by authorities as in figure 1.

Value
network,
aiming at co-

creation

Change to higher

or lower category (/’I

of innovation R
project

Co-create Cooperation

knowledge platforms and
and tools, and

innovation facilitation

Active
stakeholder
participation,
through
common aims

Figure 1: Cyclical connections in co-creation projects
(Ruoslahti, 2017, p. 15).

This cycle of co-creation is completed when
knowledge and innovation becomes co-created.
Depending on the outcome and evolution of the co-
creative cooperation, the network may continue on
the level of a similar co-creation cycle, regress, or
evolve to a more complex level of cooperation.

Based on defined use cases the EUCISE2020
based CoopP project identified and classified, in its
WP3 (Scaroni, 2014), seven main groups of risk: (1)
[llegal, unreported and unregulated fishing; (2) Illegal
oil discharges or Environmental destruction and
degradation; (3) Counterfeit goods; (4) Irregular
immigration; (5) Trafficking in human beings; (6)
Trafficking of drugs; and (7) Piracy. This paper
combines this classification with that of a framework
of European Coast Guard Functions, CGFs, as its
basis of analysis to answer the research question of
this study:

RQ: What objects and phenomenon should
modern common use maritime information systems
produce for its users to gain a more complete real-
time maritime picture?

The structure of this paper is (2) Authorities on the
Maritime Domain, (3) Method, (4) Results, (5)
Discussion and Conclusions.

2 AUTHORITIES ON THE
MARITIME DOMAIN

“Situational awareness is one of the starting points
for feeling safe and secure. Maritime surveillance is
the cornerstone of situational awareness at sea. It is
also written in integrated Maritime Policy in EU
which aims among other objectives to ensure the safe
and secure use of European maritime areca and
protection of European Sea Borders” (de Arruda
Camara, et. al., 2012, p. 5).

European Maritime Policy has adopted an
integrated and cross sectorial approach to respond to
the various challenges that the authorities serving the
European maritime domain face. These authorities,
which are responsible for safety and security at sea
are many, and member states are organized very
differently in their ways of organizing the responsible
authorities covering the various tasks needed on the
maritime domain.

Frontex, which recently became the European
Border and Coast Guard Agency, facilitates
cooperation between national law enforcement,
customs and other authorities operating in the
maritime domain. (Frontex, 2017). Joint multi-
purpose operations, may include personnel, vessels
and aircraft from different authorities from various
Member States.

To ensure continuous improvement in safety and
security on the maritime domain, the European Union
has classified the activities promoting safety and
security on European waters as European Coast
Guard Functions, CGFs, which aid coordinate the
work of the different authorities. The European Coast
Guard Functions Forum, ECGFF (2014) categorized
ten CGFs (Ruoslahti & Hyttinen, 2017), and the
results of this study are structured be these CGFs.

On the European level there are four more major
Coast Guard Cooperation Networks as frameworks
for sharing best practices and relevant information
between coast guard authorities. They all have a
similar regional maritime focus in maritime safety
and security, environmental protection, combat of
cross-border crime, and enhancement of information
exchange (de Arruda Camara, et. al., 2012; Ruoslahti,
2013).

The Baltic Sea Region Border Control
Cooperation, BSRBCC, for example, is “a flexible
regional tool for daily inter-agency interaction in the
field of environmental protection and to combat
cross-border crime in the Baltic Sea region, with a
maritime focus. Cooperation Partners are Police,
Border Guards, Coast Guards and Customs
Authorities.” (BSRBCC, 2013).



There are also other frameworks that bring
together the dispersed authorities on other European
maritime fields, and they all exchange information
directly within each other. Multinational military
maritime surveillance cooperation began between
Sweden and Finland as the Sea Surveillance Co-
Operation Finland Sweden cooperation, and has
broadened to include eight Baltic Sea countries as Sea
Surveillance Cooperation Baltic Sea. “Today
Maritime Situational Awareness is continuously
shared between the participating parties benefitting at
the same time maritime safety, maritime rescue,
maritime assistance, VTS, maritime environmental
protection, maritime security and law enforcement in
the Baltic Sea region” (SUCBAS, 2013). Other
cooperation networks on the Baltic maritime domain
include the European Maritime Safety Agency,
EMSA (EMSA, 2013); the Baltic Sea Task Force on
Organised Crime (CBSS, 2017), and the Helsinki
Commission — HELCOM (HELCOM, 2017). These
examples of various frameworks show the
complexity of cooperation regarding safety and
security on the maritime domain — across Europe.

2.1 Authorities and Co-creation

Ruoslahti and Knuuttila (2011) note that listening to
different types of end user representatives is
important to successfully communicate the total
range of end user opinions and needs. Networks of
co-creation “can demonstrate new knowledge on how
a cooperation should work in the future (e.g. in SAR)
— not only technically, but also as a process to change
the current mind-sets to cooperate more and share
information to benefit the security and safety...”
(Ruoslahti & Hyttinen, 2017, p. 104).

Safety and security on the maritime domain
begins from the vessel level. Empowering a ship’s
crew is important in creating a self-regulating culture,
as managing safety on board is “leadership and
management of the people living and working in the
ship. The execution of safety measures lies within the
seafarers and their masters working at sea”
(Salokannel, et. al., 2015, p. 12). Managing crisis on
board prevents harm and damage, and the goals in

managing communication in crisis are: (1)
empowerment, (2) understanding, and (3)
cooperation.

Ruoslahti and Knuuttila (2016) apply the concept
of issue arenas (Luoma-aho and Vos, 2010) to the
interaction between stakeholders in cooperation
networks. Through the life-cycle of a project, the
number of stakeholders — end users, industry, NGOs,
authorities, and academia — that participate in the

communication should grow, as the project
progresses. (Henriksson, Ruoslahti, & Hyttinen,
2017, p. 11).

Ruoslahti (2017) notes that as networks become
structured based on different aims. Complexity is
greatest in multiple-stakeholder co-creation projects
that benefit innovation network stakeholders, where
roles between stakeholders are in fluid and constant
change, and open innovation environments — such as
a CISE —facilitates communication and interaction.

2.2 Applying a Business Point of View
on Co-creation on Authority
Networks

From a business point of view, mapping end-user
processes and practices can identify opportunities for
encounters to support the co-creation of value (Payne,
Storbacka & Frow, 2008). Co-creation allows
companies, communities, and customers to create
value through interaction (Dawe & Sankar 2016).
Multi-stakeholder networks, as an organizational
structure, allow collective actions over national
boundaries, participation is voluntary and both
objectives and actions can be negotiated among
participants (Roloff, 2008). Value networks that aim
at  co-creation require  active  stakeholder
participation, and this is best achieved through
common aims. Innovation networks need these to
promise benefits for every concerned stakeholder
(Ruoslahti, 2017).

Saarinen (2012) points out that developing
services cannot be totally user-based, but that a design
process includes several actors’ problems, goals, and
actions, which may differ in preference. Co-
production with customers supports organizational
innovativeness (Luoma-aho, et.al., 2012), knowledge
is value, and stakeholder services and systems depend
on the resources of others to survive, and to co-create
this value (Pirinen, 2015; Ruoslahti, et. al, 2011).
True co-creation is an interactive and complex
learning process, where information as a key resource
and trust a key component (Ruoslahti, 2017).

2.3 Co-creation of Knowledge through
a Common Information Sharing
Environment

Change and development require new thinking from
organizations, and end-user participation is an
activity, strategically structured by the organization
coordinating the innovation project. Networks and
learning within them only become constructed by
interaction. Tools that promote information sharing,



cooperation, and open innovation can bring
advantages (Ruoslahti, 2017), and networking is very
important in developing services (Tikanmaéki,
Tuohimaa, & Ruoslahti, 2012), as well as for smooth
cooperation in technical development projects, where
it is important that developers and potential end users
work closely together (Ruoslahti, et. al., 2010).

Project MARISA is working towards the common
use of existing and future on-line platforms to serve
as a cooperation tool for European-wide maritime
authorities. The project “seeks to address the need to
strengthen the information exchange to optimize the
surveillance of the EU maritime area and its maritime
borders” (Laurea, 2017).

Active co-creation processes require tools and
environments for cooperation to foster knowledge
sharing and long-term relationships (Ruoslahti, 2017),
as truly co-creative cooperation is cyclical and on-
going. To achieve innovative outcomes, co-creation
requires a strategy, and relationships require time and
active management to develop, supported by the
internal structures of all stakeholder organizations
(Figure 1). Identifying key success factors helps
facilitate and monitor these cooperation processes. In
creating common aims, it is important “to understand
the multiple points of view, different values and
individual aims that the multiple stakeholders in the
innovation network may have” (Ruoslahti, 2017, p. 7).

3 METHOD

The aim of this study is to identify the objects and
phenomenon that modern common use maritime
information systems should produce for a more
complete real-time maritime picture. Users of the
system can make better informed decisions when they
have a comprehensive picture of what objects and
phenomenon are out there, how they might evolve in
time, and what effects these developments may have.
This paper identifies relevant objects and phenomena
needed in common information sharing. A European
wide CISE, will support this desired development,
which this paper is in part promoting.

This study draws from use case and scenario
narratives, and scenario analytics gathered and
developed in projects CoopP, CISE, and MARISA.
The data collected, was submitted to a structured
desktop analysis, where objects and phenomena were
first identified, then placed as rows on a Data
Extraction Table, DET, which was developed in
Excel as an analysis tool for this study. The objects
and phenomena were further classified under one of
the ten CGFs that this paper uses as part of its analysis

framework (ECGFF, 2014; Ruoslahti & Hyttinen,
2017): (1) Maritime safety and vessel traffic
management; (2) Fisheries control; (3) Maritime
border control; (4) Maritime surveillance; (5)
Maritime security; (6) Maritime customs activities;
(7) Prevention of trafficking and smuggling; (8)
Maritime environmental response; (9) Accident and
disaster response; and (10) Search and rescue at sea.

The DET is structured so that each individual
object or phenomenon is classified under a CGF
(rows), and as an object or phenomenon (columns).
Also the main category of risk (Scaroni, 2014) were
listed under each CGF on the title row in red.
Columns in the DET are Category of Coast Guard
Function, Object, and Phenomenon. Also the DET
makes a difference between Observations and
Actions. Under Observations are listed all objects and
phenomena that are produced by outside agents, and
under Actions all objects and phenomena that pertain
to the assets and resources that the authorities have to
respond to the objects and phenomena produced by
these outside agents.

Issues that were clearly common to all categories
of CGFs appeared, and to avoid repeating them under
each category, one additional class General common
to all was added. The issues that are shared by all
CGF classifications were listed here. Besides serving
this study the DET is intended to serve as an
individual tool in project MARISA to better
understand what objects and phenomena level
information end-users need shared for a more
complete real-time maritime picture.

In the results section of this paper is structured by
grouping the ten CGFs under five subtitles: 4.1
Maritime Safety and Vessel Traffic Management; and
Maritime Surveillance; 4.2 Accident and Disaster
Response; and Search and Rescue at Sea; 4.3
Maritime Border Control; Maritime Customs
Activities and Prevention of Trafficking and
Smuggling; 4.4 Maritime Security; and 4.5 Maritime
Environmental Response; and Fisheries Control.

4 RESULTS

There are six issues identified that are common to all
categories and functions of EU-CGF. (1) Anomaly
detection, classification and threat assessment;
(2) Prediction of the operational maritime picture;
(3) Threat assessment; (4) Intervention plans;
(5) Address underlying problem that stimulated the
threat; and (6) Mission Planning and Decision
Support. All these six topics generate needs to



identify objects and phenomenon on the maritime
domain.

Anomaly  detection, classification, threat
assessment, and alert operators is key. To gain a
Common Operational Picture from different
contributors will aid to classify the threats, evaluate
their seriousness, and predict possible impacts. All
this information are needed to protect potential
victims of any potential incident. Accurate real-time
information will help support rapid decision making,
planning operations, and operations asset planning for
the most accurate and rapid response possible.

4.1 Maritime Safety and
Vessel Traffic Management; and
Maritime Surveillance

Maritime accidents are the main risks in maritime
safety and vessel traffic management (Scaroni, 2014).
Objects that are needed to know are vessel, its type,
characteristics, identification, and preferably its port
history, travel plan, crew and when applicable
passenger list, and cargo manifest. Thus accuracy and
validation of the automated vessel identification
system AIS-signals is also very important.

Maritime safety and vessel traffic management
are concerned with a wide variety of issues ranging
from commercial shipping to leisure boats, and from
vessel safety inspections, through personnel
qualification issues, to active traffic control and
VTS-monitoring. Thus the objects and phenomenon
that it is interested in are concerned with information
related vessels, their seaworthiness, manning, and
movements. Predicting maritime traffic evolution is
important. It calls for predictions of vessel
trajectories, understanding of the evolution of events
and circumstances over a potential areas of interest,
potential threats, aided by density and risk maps that
picture maritime activities over areas of interest,
heavily used traffic routes and points of cross traffic,
potentially risky routes, and deeper understanding of
seasonal trends.

Anomaly detection, classification and threat
assessment should include observing change of
speed, direction, or vessel interactions, and possible
vessels approaching the coast suspiciously far from
ports or unauthorized access to areas of interest,
prohibited anchoring.

Also metrological information, such as clouds,
winds, waves, and storms, and oceanographic
information such as currents and topography are of
interest. Sea metrological conditions information and
evolution predictions aid in the assessment of
abnormal weather conditions and support route and

asset planning and when needed in Search and
Rescue, SAR operations.

4.2 Accident and Disaster Response;
and Search and Rescue at Sea

When maritime accidents occur, the main alerts are
SOS / Mayday calls, or wvessels or aircraft
disappearing from maritime surveillance and traffic
control radar screens. The operational IT-systems
should be capable of aiding to identify which vessels
are concerned, and where. Also, where are potential
places of refuge and what accident response
capabilities are at disposal, and how quickly. The
main focus is in the prevention of accidents and their
impacts. Knowing what operational assets and search
and rescue teams are available guide rational decision
making.

If vessels and people are lost at sea, must the
SAR operations begin swiftly after receiving an SOS
or Mayday call, and with enough resources. The last
known location, intended port or travel route, persons
on board (at least number of), and if possible their
nationalities and names are needed information. Also
if persons are in vessel, lifeboat, or in water
(overboard)? In case of accident response, to make
the right decisions on the spot, an on-scene
coordinator (OSC) will need information that is as
accurate and real-time as possible.

4.3 Maritime Border Control;
Maritime Customs Activities and
Prevention of Trafficking and
Smuggling

The main risks for maritime border control are
irregular immigration and trafficking in human
beings (Scaroni, 2014). Objects that need to be
recognized are vessels and persons of interest, both
EU residents and non-residents, their travel
documents, and biometric information. Suspect travel
patterns, detections of illegal border-crossing
between BCPs, illegal or clandestine entries between
BCPs, as well as persons using false identities or
fraudulent documents are of high interest. Abnormal
behaviour recognition, facilitator information,
applications for asylum, refusals of entry, illegal stay,
and return decisions issued should be included in the
system for easy information sharing.

Victims and suspected traffickers of forced sexual
exploitation, forced labour exploitation are important
information in preventing trafficking. Knowing the
common countries of origin and countries of
destination of detected victims are also needed.



The main focus for maritime customs activities
and prevention of trafficking and smuggling is in
detecting and preventing the smuggling of goods and
the export and import of counterfeit goods, narcotics,
alcohol, tobacco, firearms, explosives, and stolen
property (e.g. vehicles), as well as people. Following
estimated worldwide production sites and main
logistics sea routes to Europe, worldwide hot-spots of
users, consumption patterns per drug category, and
the modus operandi of traffickers aid in planning
effective measures against trafficking. Some of the
main tasks, to fight against the main risks counterfeit
goods and trafficking of drugs, are sharing of
intelligence information, ship inspections, and
detected contraband modus operandi. Drugs, alcohol,
cigarettes, and other goods, where customs or tax are
unpaid are of interest.

Knowledge of available assets for interception and
capacities of prevention are needed for effective
response. The main risks, trafficking of firearms and
explosives, and smuggling and counterfeit goods is
closely tied to maritime customs activities, and
trafficking of human beings to maritime border control.

4.4 Maritime Security

The main identified risks for maritime security are
piracy and terrorist threats (Scaroni, 2014). The focus
is in understanding phenomena, such as vessels
transiting the area concerned and goods transported
through these hot-spots of piracy (such as the Gulf of
Aden), suspicious activity, pirate attacks, fishing
vessels seized, possible seafarers and fishermen
abducted, taken hostage, or killed by pirates.

Understanding one’s assets is key in preventing
and countering risks for maritime security.
Knowledge of which military and other authority
vessels are operating in the area concerned, which are
protected, and which are not, also what re-routing
possibilities are there and what could be achieved
with increased speed.

Also information on ransoms and recovery,
protection and counter (military) operations, counter-
piracy organizations, and both security equipment and
guards are needed to coordinate counter-piracy
measures. All in all, detection of anomalies, firearms,
possible bomb building, or vessel highjack, be it piracy
or terrorism, may alert operators to successfully
enforce criminal law on the maritime domain.

4.5 Maritime Environmental Response;
and Fisheries Control

Some main risks are illegal oil discharges, formerly

known as environmental destruction and degradation
(Scaroni, 2014). The main task for authorities is to
detect and prevent waste at sea. The main object to
identify is pollution (of any kind). Oil unfortunately
is still deliberately dumped into the sea in quantities.
Detecting oil and chemical spills, illegal or accidental
bilge, grey, and black water discharges and seepages
are in the focus. Also ships' emissions are monitored.
Polluters should be identified.

Oil transport routes by sea, the volumes
transported, and potential risk areas help prioritize
how to place assets. Aircraft observation, capacities
of prevention, drift calculations, estimated volume of
possible oil discharges (m?), and assets of pollution
response guide the planning of resources and possible
operations.

For fisheries control the main risks (Scaroni,
2014) are illegal, unreported and unregulated fishing.
The large problem are the commercial fishing groups
that overfish and do not comply with EU fishing
regulations and quota. The main problem is with third
country vessels, so checking fishing vessels is an
important deterrent against wrongdoings. Risk and
blacklisted vessels are important to identify.
Important objects to identify are vessel identification
and position, amount and type of catch, as well as the
fishing equipment used.

The phenomenon that fisheries control authorities
need are knowledge of fishery resources and fish
populations, applicable quotas, allowed fishing areas
and detection of illegal fishing activity. Information
on equipment allowed or disallowed, and licenses and
permits needed by vessel or captain can also guide
fisheries control authorities in their work — to control
fishing, be it commercial or leisure fishing.

5 DISCUSSION AND
CONCLUSIONS

The work that EU-wide projects such as PERSEUS,
CoopP, EUCISE2020, and MARISA, or FINCISE on
a national level, have begun, should be continued and
elaborated. These projects have shown that it is
important to share information cross-sector (a)
nationally between different authorities; and cross-
border (b) between responsible authorities from
different EU member states; (c) and with cooperative
third countries.

The objects and phenomena, relevant to CISE,
need to be continuously evaluated and redefined. This
should be done together with end-users and against
changing risk and treat scenarios and evolving end-



user needs, and national and EU-wide strategies, and
also taking into account the assets, which cooperative
third country nations may bring. Shared maritime
information systems should inherently include both
tools and processes for continuous re-evaluation of
both the objects and phenomena, which it should be
able to provide its users.

The cooperation between these different
authorities has the potential to evolve into a deeper
and more encompassing mode of co-creation, where
the added complexity may greatly reduce the time to
value creation and innovation. In this context the
ability to create greater common knowledge,
learning, and value can be seen as innovation. The
value in this innovation to EU and national authorities
are the in faster recognition, assessment, planning,
and reaction capabilities, which lead to a safer, more
secure European maritime domain.

Seemingly adding complexity to the common
information sharing systems and processes is the way
to substantially faster innovation: detection,
assessment, planning, and response. In becoming more
complex, mere cooperation has the potential of
reaching deeper forms of co-creation. This enables the
network to yield more value and innovation. In this
case the innovation potential is in the faster and widely
shared information. It demonstrates as confirmed
objects and phenomena resulting in an accurate
Recognized Maritime Picture.This in turn supports
threat assessment, asset and operations planning, and
sharing of resources. This is innovation and value.

The work in project MARISA, as also this paper,
is just the beginning. Identifying these practical user
needs can serve as a basis for further technical
development of CISE, and these results directly serve
further work in projects MARISA and FINCISE.

The framework of objects and phenomena identi-
fied in the DET analysis of this study is seemingly
complex, but only by this adding of complexity can we
shorten the time to innovation and value. Further
research should amend and validate the results of this
study, and continue to identify new objects and
phenomena, while evaluating and redefining the
existing ones. This research facilitates the study aiming
to create the technical elements of CISE and bridge
between the technical and human aspects of
information sharing, and co-creative collaboration.
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Abstract: Current critical infrastructures can be considered Cyber Physical Systems (CPS),
which seamlessly integrate human, physical, and computational elements. Data for this case
study is collected from 16 R&D projects from three Finnish universities. Results indicate that
Sfuture CPS competences are multidisciplinary, and include many industrial sectors, academic
disciplines, and theories. In this paper, the writers argue that such multi-stakeholder
collaboration is needed to control complex integrated Cyber Physical Systems of critical
infrastructure, and that CPS education should cover all CPS domains (physical,
informational, cognitive, and social) and event-management cycles (plan/prepare,
absorb, recover, and adapt), and should focus on cooperation and information-sharing
between the different stakeholders involved.

Keywords: Education, Competences, Resilience, Cyber Physical Systems, Case Study,
Learning by Research and Development

Introduction

Universities should teach what they research, and vice versa. The research and educational field
of critical infrastructures, including the Internet of Things and other Cyber Physical Systems
(CPS), as well as new innovations concerning smart cities, are multidisciplinary; and
resilience is needed in the multi-stakeholder collaboration networks that constitute the social
elements of the field. Existing empirical research is characterised by a considerable degree of
fragmentation among different research programs and different geographic regions in Europe.
For example, the topic of resilient smart cities, related to critical infrastructure,
offers tremendous potential for innovation and development of new technologies and services.
At the same time, the increasing ‘smartness’ of urban environments introduces both
threats and opportunities, which are related to societal security, safety, and resilience. Thus,
the authors regard this topic to be of high societal importance and worthy of further
development and stronger focus in higher education. Additionally, the topic of resilient Cyber
Physical Systems, also related to critical infrastructure, can still be said to be in its infancy.
Both topics require the development of new concepts, approaches, and multidisciplinary
collaboration between research groups and stakeholders who, at present, rarely collaborate
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with each other. This lack of collaboration underlines the need to establish multidisciplinary
networks to pave the way for future research efforts on resilient CPS, as well as an educational
approach, including new and improved programs with tools that support learning the
corresponding technological and business skills in higher education.

In this case study, the main research question looks at resilience in the social domains of
networks, RQ 1: What attributes are considered to improve the resilience of collaboration
networks? The auxiliary research question is related to future educational competences with
regard to resilience in CPS; RQ 2: What are the views on competences needed with regard to
resilient Cyber Physical Systems?

The data for the case study is collected from authentic research and development projects, and
the paper is structured as follows. After the introduction, the literature review deals with
resilient CPS. The following section covers the major methodologies applied in the study
modules as well as the applied research data. Section four presents CPS-related research and
development projects carried out by higher education students. Section five states cross-case
conclusions about the work made by students and discusses results. Also, section five proposes
a framework and an overall picture of the future educational competences with regard to
CPS. Section six discussesconclusions.

Literature Review

Cyber Physical Systems (CPS), subsets of sociotechnical systems, demonstrate seamless
integration between computational, human, and physical elements (Broy & Geisberger 2011).
Interconnections between social and technical subsystems that encompass a variety of linear
and non-linear relationships are referred to as ‘sociotechnical’ (Singapore-ETH Centre 2015).
CPS are transforming the ways in which people live and interact with things in the physical
world, and the rate of this transformation is faster than ever. The technological impacts of CPS
and their resilience are evident in many fields, including healthcare (Rajaméki & Pirinen
2017), disaster management (Dahlberg et al. 2015), engineering resilience (Park et al.
2013), and platforms of authority collaboration (Ruoslahti & Tikanmdki2017).

According to Murakami (2012), cyber-physical social systems include inputs and outputs
between cyber, physical, and social worlds; thus, computational elements interact with technical
and ecological elements for the benefit and by the design of society and organisational and human
elements, as well as by the use of cyber networks and the Internet.

Many critical infrastructures in society, such as transportation, communications, finance,
energy, food and water supply, and cyber communication, typically lack resilience. They may
easily lose essential functionality when hit by adverse events (Linkov et al. 2014). The
National Research Council (2012) and the Singapore-ETH Centre (2015) identify event-
management cycles, which a system needs to maintain to be resilient in the case of disruptive
events such as a malfunction or attack. First, the system needs to prepare to keep its services
available; second, when a disruption occurs, the system needs to isolate and maintain its
most critical assets, functions, and services while repelling the disruption; third, it needs to
restore the availability of all services; and finally, it must learn from what happened and
modify its operations to become more resilient against future events (National Research
Council 2012). The Singapore-ETH Centre (2015) event-management cycles begin with the
shock point and are labelled 1) absorb, 2) recover, 3) adapt & learn, and 4) self-modify, as
shown in Figure 1, below.
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Figure 1: Resilience as response behaviour of a self-organising system to endogenous or exogenous shocks
(adapted from Singapore-ETH Centre 2015 and National Research Council 2012)

Figure 1, above, shows the two examples of event-management cycles (Singapore-ETH Centre
2015; National Research Council 2012) in relation to time and system performance and also
includes four curves demonstrating differences in effects to system performance after a shock
of disruption. The behaviour of a system may be adaptive, robust, ductile, or collapsing in
nature. Both event-management examples have four stages. The main difference is that
Singapore-ETH Centre (2015) event-management cycles begin at the disruptive shock, while
the National Research Council (2012) begins its cycle earlier with planning. Thus, in Figure 1,
a prepare phase has been added prior to the absorb phase. Self-organising systems can use such
event-management cycles to better structure their plans andresponse strategies.

The Network-Centric Warfare (NCW) doctrine (Alberts 2002) identifies four domains 1)
physical, 2) informational, 3) cognitive, and 4) social, all of which create shared situational
awareness and act as a basis for decentralised decision-making. Systems possess both physical
resources and information; and the cognitive decisions by the system or its stakeholders are
based on not only the information and the physical, but also on the social level of
communication and on organisational structures.

Management  strategies for networks of critical infrastructure (for instance,
telecommunications, electricity, or transportation) may also rely on the functionality of other
interrelated networks. These networks could be considered part of an overall system of
constituting systems. Thus, resilience can be enhanced by studying and improving the
interconnectivity of these relevant networks (Linkov ef al. 2014). Enhancing the surrounding
social networks is also an important component of societal resilience (O’Rourke 2007).
According to Amir and Kant (2018), sociotechnical systems are intentional hybrids of people
and technologies that involve complex interactions between people, organisations, and
technologies. The complexity of such hybrid systems complicates their resilience.
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Vos (2017) sees that risks in collaboration in and among networks can be reduced, not avoided.
Thus, organisational resilience provides tools and conditions to both understand and to reduce
risks, as well as to mitigate crises. As resilience requires cooperation by and between social
networks, communication becomes co-constructed by its multiple stakeholders, although they
most likely have different interests and various interdependencies (Vos 2017). According to
Gustafsson, Kristensson, and Witell (2012) co-creation requires interaction among various
actors who need knowledge-creation processes to build resilience into their networks and to
guide connected stakeholder networks to do the same. Pirinen (2017b) adds that situational
intelligence is needed to build resilience, and that the roles, engagement, and responsibility of
the actors, as well as their mutual interactions and impacts, become key factors in network
collaboration.

Continuity of operations becomes enhanced when different actors, such as authorities, have
interoperability along with the capability to supplement and, when needed, to fill in for each
other (Tikanmidki & Ruoslahti 2017; Ruoslahti & Hyttinen 2016). Co-creation results from
complex interactions that may bring about resource integration among the many actors in
the network (Pinho et al. 2014), while non-hierarchical interaction helps solve a common
problem with other stakeholders (Roloff 2008). Network operations benefit from a common

aim (Ruoslahti 2018), but network actors also need to be aware of their different interests (Vos
2018).

Methodology and Research Data

In this study, the research is guided by information from each of the following sources: ‘The
case research strategy in studies of information systems’ (Benbasat, Goldstein & Mead 1987);
‘Building theories from case study research’ (Eisenhardt 1989); ‘Case studies and theory
development in the social sciences’ (George & Bennett 2005); ‘Qualitative data analysis’ (Miles
& Huberman 1994); ‘Real world research’ (Robson 2001); and ‘Case study research design and
methods’ (Yin 2009).

Figure 2, below, presents an overview of the research methodology applied in this paper. The
research data is collected from authentic research and development projects (n=16), which
were conducted at three Finnish universities.

This paper
A
r ™
Feedback from
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study case report
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Developing of “ y
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and lecture
materials Bachelor (n = 1}, master (n = 75), and - Feedback questionnaire
PhD level {n = 5} students in prajects answers from students

Figure 2: Research methodology applied within this paper (modified from Yin 2009)
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Students contributed a large part of the practical research work, and the sample data of this
study is collected mainly from materials produced by the students, as seen in Figure 2, above.
The cross-case analysis for this research included the independent studies of IT (n=53) and
security management (n=22) master’s students, one bachelor’s thesis (n=1), and
individual studies by five (n=5) PhD-level students. The focus has been for the students to
advance their learning according to the learning requirements of the classes and assignments.
The lecturers have, thus, developed courses, assignments, and respective lecture
materials with these requirements in mind. The students have, in the spirit of learning by
R&D, completed, alone or in teams, separate studies in resilient CPS within seven fields (see
Table 1, below), and have written corresponding case reports. These have been the main
source of data for the cross-case analysis, which has been guided by the research questions of
this paper.

Critical infrastructure Reference
1. Energysupply:
- Regional electricity generation company (Pdyhonen et al. 2018)
- Finnish electricity grid system
- Smartgrid
2. Communication and information-sharing
environments:
- Finnishtelecommunications system
- TUVE - State security communications network
- CISE - Information-sharing systems on the See section CISE - Resilience in a
Maritime Domain Cyber Physical System on the
maritime domain, below;
(Ruoslahti & Tikanmiki 2017)
- KRIVAT - Information-sharing network between  [See section KRIVAT -
critical-infrastructure companies Information-sharing
network between critical-
infrastructure companies,
below; (Koski 2015)

3. Airtransportation:
- Smartairport
- Airplane
- Aviation cybersecurity
- Air-traffic control
4. Roadtransportation:
- Smartcars
- Teslapilot
5. Finance:
- Verifone sales connector (Rajamiki 2018)
6. Foodsupply:
- Finnish food-supply system as aCPS See section Finnish food-supply
system as a resilient CPS,
below

7. Living:
- Smarthomes

Table 1: Relevant fields of critical-infrastructure industry

IT students looked at protection of critical infrastructure through 16 related project examples,
which were all on resilience of Cyber Physical Systems functions vital to society. These 16
R&D projects cover seven types of Cyber Physical Systems as shown above in Table 1, above,
which also refers to later sections of this paper as well as to sources that discuss an earlier-
published study. The students in the security-management master’s program are enrolled in a part-
time curriculum, and most of them are also employed as security-management professionals.
They performed risk- assessment matrices for social networks, where attributes were identified
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and prioritised. These are discussed in further detail in the section entitled Attributes to
improve the resilience of collaboration networks’ and Table 2, below.

Descriptions and Lessons Learned from the R&D Projects

This section describes four examples of the student-performed studies and is based on the cross-
case analysis of these student R&D projects. It also describes the major findings of this study,
with special emphases on what attributes are considered to improve the resilience of
collaboration networks and on lessons learned from the perspective of what competences are
needed to provide meaningful education about resilient Cyber Physical Systems.

CISE—Resilience in a Cyber Physical System on the maritime domain

While the preparation phase creates a basis for the ability to absorb and to recover from a
disruptive incident, the adaptation phase creates a feedback loop to enhance futurepreparation
phases. In this way, the process becomes cyclical. This principle is also seen in literature on
business continuity planning (Savage 2002; Woodman 2007). Ruoslahti and Tikanmaki (2017)
raise the issue that technical systems, such as the Common Information Sharing Environment
(CISE) initiative by the European Union, need structured and shared frameworks of contenton
which to base their human processes of operation. In this example, the physical level is formed
by the information and communications system components; the information level by objects
and phenomena, which are shared; the cognitive level by the common principles according to
which these are shared; and the social level by the organisational structures of the CISE network
and its participating authorities, as well as the shared communication among them.

CISE can, thus, serve as a platform of active participation and open collaboration between
authorities (Ruoslahti & Tikanméki 2017). Active stakeholder participation requires common
aims. An important foundation for open cooperation is openly shared information, which in turn
requires collaborative co-creative processes and information-sharing. Thus, value networks
which aim at co-creation need stakeholder participation, which in turn needs active
facilitation, including tools and platforms to foster open collaboration and information-
sharing (Ruoslahti 2018).

There are many frameworks of collaboration that bring together various dispersed
authorities on the different European maritime fields. They need to exchange information
directly within their own networks and with each other. Maritime situational awareness is
constantly shared between these participating parties. This benefits maritime safety,
rescue, assistance, environmental protection, security, and law enforcement, while
providing resilience in shared actions.

Work has been done by several EU-wide (PERSEUS, CoopP, EUCISE2020, and MARISA)
and national projects (such as FINCISE) on information-sharing in the maritime domain.
These projects show the importance of sharing information both cross-sector and -
nationally between different authorities; cross-border between authorities from different
EU member states and also with cooperative third-country authorities. Alerting
operators to anomaly detection, classification, and threat assessment 1is key to
classifying the threats, evaluating their seriousness, predicting possible impacts,
and gaining a Common Operational Picture between all these different contributors
(Ruoslahti & Tikanméki 2017; Tikanméki & Ruoslahti2017).

Allowing complexity in network collaboration to increase by adding such elements to what is
now only network collaboration creates potential for reaching deeper forms of co-creation

(Ruoslahti & Tikanmiki 2017), which may provide faster innovation. In the case of CISE, this
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means that substantially faster detection, assessment, planning, and response are reached for
increased system resilience on all four levels: physical, informational, cognitive, and social. It
can be argued that increased collaboration will affect the depth of planning, the abilities to
absorb and recover, as well as the abilities to adapt or learn together.

KRIVAT—Information-sharing network between critical-infrastructure

companies

The KRIVAT service of the State Security Networks Group Finland is an example of an
information-sharing and cooperation framework, which is specifically designed for the
management of disturbances and continuity of critical-infrastructure operations. It, thus, exists
to specifically enhance the preparedness of critical infrastructure. KRIVAT is a framework for
action, and its main purpose is to supplement the existing preparedness and disturbance-
management activities of critical-infrastructure operators during major disturbances. It responds
to a recognised need for clearer communications structures and better situational awareness
between organisations for disturbance management (Koski 2015).

Once any one threat meets vulnerability and has the capability to cause a consequence, it may
be considered a risk (Linkov et al. 2014). Crisis management enables an organisation to sustain
and resume operations, thus minimising financial losses to stakeholders and enabling learning
about how to better manage future incidents (Pearson & Clair 1998). The KRIVAT concept
involves organisations from various sectors who, when encountering disturbances or crises, take
needed actions together. Thus, critical-infrastructure operators and their support organisations
have a shared system for real-time information exchange between these organisations when
incidents occur.

KRIVAT works to reduce damage caused by major disturbances, first, by aiding in the planning
and preparation for disturbances and, second, by speeding up recovery processes when these
disturbances do occur. KRIVAT also brings enhanced coordination of resources between
organisations, increases information-sharing, and provides better situational awareness. Shared
situational awareness, interoperability, open communication, and shared crisis management add
to preparedness and, thus, to the overall resilience of participating critical-infrastructure
operators.

Under normal conditions, critical-infrastructure organisations may compete with one another in
the marketplace. Therefore, it is not natural for them to exchange operational information.
However, Finland is one of a few countries in which critical-infrastructure companies are, in
case of disruptions, required to cooperate with one another; and facilitating open
information-sharing is key to the KRIVAT community. Thus, all KRIVAT member
organisations sign an agreement of mutual aid. This agreement has rules for both information
exchange among the organisations and for the treatment of information. To make information
exchange as clear as possible, a traffic light protocol is used to classify non-public
information. This is to identify optimal levels of interoperability between organisations,
because unclear communication responsibilities are known to cause problems.

Successful crisis-management efforts enable an organisation to first sustain and then resume its
operations, to minimise losses, and to adapt to manage future incidents (Linkov et al. 2013).
Effective response to disturbances and collaboration during those disturbances depend heavily
on shared situational awareness. Exercises were found to be useful in activating users to share,
train, and keep active. KRIVAT and its systems remain mostly unused between periods of
disturbances. Thus, training exercises help users remember KRIVAT as their preferred option
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to respond to a live crisis. When time is of the essence, falling back on possibly old routines
may not be as efficient as a timely and innovative response.

Finnish food-supply system as a resilient CPS

The food-supply chain ranges from agriculture and other primary production, through
refining, to distributing foods; and it is one of the most important basic functions of society,
as it secures food for all its citizens. Its aim is to ensure that the entire population can, in all
conditions, get sufficient nourishment. The national agricultural production is the central
foundation of the food supply. Attempts to increase crop farming are made, for instance, by
increasing production of high-energy crops such as corn, while refocusing domestic
animal production, such as pig, poultry, and fur farming, which use food suitable for
humans, such as corn, potatoes, and fish.

Legislation and national regulations instruct general principles for preparedness; and
alterations to normal operations and irregular actions are based on government decisions,
which in turn are based on objectives for the security of supply. These decisions ensure
that adequate food supplies are being secured under all circumstances, since maintaining an
adequate food supply is a vital function of society.

During unusual conditions, the production equipment capacity of standard times
is  supplemented by different reserve supplies of foods and by available production
equipment. There are also intervention warehouses, which are controlled by the European
Union.

The food-supply chain is vulnerable and dependent on other critical infrastructures, such
as energy, transportation, finance, and communications. To nourish the population during
unusual conditions, the entire food supply must be examined to prepare the logistic
chains that are needed during disturbances. Two main objectives are, first, to secure
adequate agricultural production and, second, to make sure that the food industry has
sufficient capacity to refine this raw production to food products that are usable in both
consumer and industrial kitchens. Functional distribution systems for food from industry,
through trade, and up to the consumer must be examined and the operations of retail and
group eating food distribution networks secured.

Information systems direct the physical devices on which food production is based. These
can be challenging to keep operational in all conditions, especially with the growing
amount of advanced technology involved. One example is how the tractor manufacturing
company John Deere attempted to channel all maintenance of the farm machines they
manufactured to their official dealer for after-market maintenance and service by closing the
software that controlled their machines. This, however, was counteracted by hacking tools
being developed for farmers, which enabled them to access the software and perform
independent on-site maintenance to their farm machines (Koebler 2017). These events show
how conflicting interests of actors may increase dependencies and, thus, conflict with network
resilience.

The food-safety system in Finland, for example, is systematically prepared against
different threats, and is considered to be at a high level internationally. Both the safety of
foods and the informing of consumers are regulated and supervised by national authorities
and by the actors responsible for the production. Some challenges in the future will be
climate change and risks brought by population developments. Possible shortcomings may
be, among other things, the loss of clean drinking water and any intentional endangering of
food safety.
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Attributes to improve the resilience of collaboration networks
Security-management master’s students performed risk-assessment workshops from mainlyan
authority’s perspective. They first produced a list of attributes toward greater resilience of
multi-stakeholder collaboration networks; these attributes were then prioritised and placed in
risk matrices. The main attributes are summarised in Table 2,below.

As seen in Table 2, clear attributes that a network can address to gain resilience on its social
domain were identified. A clear purpose is the starting point at which to agree upon roles and
create common ways of working. Leadership and facilitation are needed; these also are roles
that the network stakeholders must agree upon. Developing a back-up system for
representatives is important for both having an open flow of communication and building trust
among the stakeholders.

Attributes of resilience in collaboration networks

Clear co-created purpose and common aims for the network

Agreed organisation and roles within the network

Common culture and common ways of working among network stakeholders

Leadership within the network

Facilitation of collaboration and co-creation in the network

System to back-up (or exchange) network stakeholder representatives

Trust-building among the stakeholders of the network

Open communication and information-sharing between all network stakeholders

Table 2: Attributes that can improve resilience in collaboration networks

Resilience in a social network is based upon the network’s having a clear purpose and common
aims. The preparation phase is dependent upon strategy work resulting in common aims and
common ways of working. Stakeholders should work toward plans, guidelines, and standards,
and they should agree upon clear roles and responsibilities; they should also identify and align
individual and common user requirements. Ifthe need to absorb the effects of possible negative
incidents arise, the level of acceptance of roles and responsibilities for each stakeholder comes
intoplay.

Also, a common operational culture can ensure needed flexibility to successfully face changing
situations. Recovery toward jointly-set and jointly-accepted targets are needed to act as steps
toward full normalisation of services and operations. The adapt phase should include an open
analysis of performed actions, as well as the usefulness of planned guidelines and actions.
Knowledge of and a situational picture of the operating environment are needed to make
educated decisions.

Furthermore, a resilient social network has leadership, and it benefits from process facilitation.
The planning phase should be based on a thorough risk-management process, which includes
the opinions of each stakeholder. After an incident, crisis management becomes crucial. A clear
situational picture enables consideration of possible further changes in the environment.
Leadership should focus on the most important element needed to recover from the incident and
should prioritise network activities. Follow up and reporting aid in collecting the needed data
to learn from the experiences of both one’s own organisation, as well as other network
organisations. Network leadership and coordination must be neither too vague nor too
controlling.
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Security of information exchange (cyber and physical) is also needed. Aspects of this are
documentation and stand-in procedures in case a representative is absent or in case other
personnel issues arise. A clear system to mitigate the effects of possible absenteeism and
changes in stakeholder representatives should be in place. Timely and effective communication
and information exchange help build trust between stakeholders. There must be trust between
stakeholder representatives and organisations.

Moreover, participants indicated that large changes in the operational environment, such as rapid
technical developments, difficulties in scheduling, and unexpected costs, may challenge network
resilience and cooperation processes. Open communication during the preparation phase relates
to managing pre-crisis communication (Vos, Schoemaker & Luoma-aho 2014); after an incident
has occurred, the interaction turns into crisis communication (Palttala & Vos 2012). During the
recovery phase, the focus shifts back to communication on issues’ management.

Cross-Case Analysis and Discussion

This section discusses implications of the results of this study for resilience in the social
domains of networks, identifies how to improve resilience in collaboration networks, and offers
views on competences needed with regard to resilient Cyber Physical Systems and the strong
connection between research and higher education. The section is structured in three sub-
sections: Resilience in CPS — environment and industrial sectors, Knowledge base and
academic disciplines, and Pedagogy and future educational competences.

Resilience in CPS — environment and industrial sectors

Event-management cycles (plan or prepare, absorb, recover, adapt and learn, and self-modify)
should be considered in relation to CPS, which are composed of cyber, technical, social, and
ecological systems. Known best practices of CPS and earlier experiences from critical-
infrastructure sectors are utilised in the design and maintenance of resilient CPS. According to
the research, most CPS are complex and interconnected. Thus, the characteristics and
experiences from many different industry sectors should be considered simultaneously.

Complexity within networks may be greatest in multi-stakeholder co-creation, where
stakeholder roles need to be fluid because they are constantly changing. Co-creation networks
aiming at value, knowledge, and innovation require active stakeholder participation, which is
best achieved through common aims that promise benefits for every concerned stakeholder.
Open collaboration benefits the aims of each innovation network stakeholder. Innovation
projects and open innovation environments, such as CISE and KRIVAT, are examples of CPS
frameworks that actively facilitate interaction between network stakeholders. CPS in critical
infrastructure and vital functions, and related education, should take into account the fluidity of
stakeholder roles and the need for common goals in designing facilitation activities (Ruoslahti

2018).

One example is that, so far, there are no scientific methods available that could precisely predict
major weather phenomena (such as the long-term evolution and spatial distribution of tropical
cyclones, atmospheric blockages, or extra-tropical storm surges), nor are the impacts on
society’s infrastructure in any way quantified (Linkov ef al. 2014). Because of these
unknowns, building resilience becomes the optimal course of action for large Cyber Physical
Systems that manage society’s critical infrastructure and vital functions.
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Knowledge base and academic disciplines

The theoretical perspectives of critical-infrastructure-related CPS are based on sociotechnical
systems' theory. The concept of sociotechnical resilience employs an interdisciplinary
perspective derived from the fields of science and technology studies, human factors, safety
science, organisational studies, and systems engineering (Amir & Kant 2018). Resilience
domains (physical, informational, cognitive, and social), as well as all event-management
cycles (plan or prepare, absorb, recover, adapt and learn, and self- modify) can be used to make
sense of resilience on the four domains (physical, informational, cognitive, social) of CPS in
technology-focused social-ecologicalsystems.

The theoretical background of the cyber domain of CPS can be derived from the science of
design for software-intensive systems (Hevner & Chatterjee 2010), including software
design theories (building artefacts, evaluating artefacts, artefact behaviours, artefact
qualities, representations, utility theories), dynamic system theories (control theories,
emergent behaviours, emergent qualities, adaptive design theories, real-time systems),
socio-economic theories (human cognitive abilities, social and group behaviours, human-
computer interaction, economic theories, market forces), and domain theories (laws, rules
and constraints of the application domain), as well as a multi-actor communication
approach (engagement of many very diverse actors, who may have very diverse aims),
and co-creation of knowledge and innovation (see Figure 3, below).

In order to integrate learning into Research and Development, three roles were identified: 1)
the responsible teacher, who integrates learning development objectives with research and
development activities; 2) the teacher preparing lecture materials, who integrates teaching
with research and development activities; and 3) the student, who integrates learning with
research and development activities.

Pedagogy and future educational competences

CPS covers nearly all industrial sectors and academic disciplines. Thus, the history and focus
of the discipline in question, together with the best practices of relevant industrial sectors,
should be taken into account when designing new curricula and educational needs with
regard to CPS in critical infrastructure. Learning together increases the speed and ability to
adapt, and it may even facilitate the creation of innovations. Increased interaction and
collaboration between the stakeholders of critical infrastructure can result in deeper, more
encompassing planning. This, in turn, can enhance a system’s and a system of system’s ability
to absorb and to recover. Thus, learning to understand collaboration frameworks and modes of
co-creation, such as the co-creation cycle (Ruoslahti 2018), helps leaders of tomorrow add
resilience to their businesses and to society in general.

The research results indicate that future competences with regard to CPS are multidisciplinary.
Many industrial sectors and theories from multiple academic disciplines can be
included in academic research, applied development, and education. The Design Science
Research (DSR) framework (Hevner & Chatterjee 2010) can be applied to
designing new curricula and educational needs with regard to CPS. Figure 3, below,
summarises the research findings of this paper. It demonstrates how the DSR
framework was applied to map future CPS-related educational needs. These were
demonstrated in the research projects of this casestudy.
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Environment

Learning by Research and Development

Industry standards

Research:

Knowledge Base

Science for:

Authentic research and development
projects (n=16) that studied resilience
of cyber-physical systems. Main part of

research by students from three

and practices for:
Engineering disciplines
Resilience management

Academic

Sectors of

Complex large integrated

systems of Cyber Physical critical infra- Beaeh i s eias. disciplines: * Domains
Systems structure: . *iCycles
* Control through Teaching * Risks
collabaration * Energy supply & Research Futures scenarios
* Communication Knowledge Higher * Multi-disciplinary
Resiliencamanagemiant for] and information transfer aducation research and ... wide range of disciplines
Cyber-Physical Systems sharing education available for research
+ 1O 31000 (for environments design
* Air transportation * New innovations Research methods
s libise * Road Rel to Acad * Smart cities * Quantitati
* Riskassessment SEL e ok Rigor o E uarj a. ve
and impact e porATon Sabica Qualitative
* Business * Finance infrastructure Development methods
continuity plan * Food supply * CPS * CPS Design
* Aiming at Living environment . loT * Service Design
preparedness, Education: Co-creation methods
continuity, and - PhD Dissertations (n=5)
conformity - Masters class students (n=53)
- Bachelor Thesis (n=1)

Figure 3: Future educational competencies applied from case studies on Cyber Physical Systems

Future educational competencies, as shown in Figure 3, show that knowledge of
communication theory and practical skills and modes of promoting interoperability between
organisations should be a focus in the higher-education programs that aim to address resilience.
In addition, understanding how to build and maintain shared situational awareness is also
important to include. It is needed both to respond to disturbances and to collaborate more
effectively. Open and clear information exchange between the network of organisations
responsible for critical infrastructure with CPS is key in handling crises and in recovering from
disturbances.

Models such as Learning by R&D (Pirinen 2011; Pirinen 2017a) or Learning by Developing
(Raij 2014; Hyttinen, Ruoslahti & Jokela 2017) can be adopted to integrate learning and R&D
related to critical infrastructure and Cyber Physical Systems. The structure of the model
Learning by R&D, for example, is easy to adapt and to renew when change or turbulence occurs.
It can be further developed from within a network to produce interactions, adaptions, resilience,
and innovations.

Conclusions

To design CPS education, relevant industrial sectors and academic disciplines can be selected
and focused on so that they complement each other (see Figure 3, above). In any case, CPS
education needs to cover all resilience domains (physical, informational, cognitive, and social)
as well as all event-management cycles (plan or prepare, absorb, recover, adapt and learn, and
self-modify).

Academic knowledge bases are a place to begin when designing research or education related
to resilience of critical infrastructure. Many academic disciplines can be applied. Some
important disciplines are engineering, resilience management, and future scenarios. The field
of critical infrastructure is one that needs to focus especially on resilience and continuity of
operations. Disruptions in operations affect many and, in some cases, the entire society. Thus,
securing the operations of critical-infrastructure operators—be they public or private—may be
crucial for the functioning of society.
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Some industrial fields that are critical to society are energy supply, communication and
information-sharing environments, air transportation, road transportation, finance, food supply,
and living environment. All these fields of industry are increasingly CPS in nature. The fields
of critical infrastructure use resilience-practices and business-continuity-planning (such as ISO
31000:2018) standards that guide their planning and preparedness. Risk assessment, business
impact analysis, and business continuity planning are commonly used by these industries.

Teaching and research need a tie between knowledge base and R&D needs. Knowledge base
provides the theory and methods on which to ground applied R&D activities. These activities
serve to provide a context for practical learning. Including stakeholders from the environment
using co-creative methods provides genuine user input and relevance to work.

Compliance with the requirements set by the different sectors of critical-infrastructure
industry provide a baseline for resilience of CPS, and the related systems of systems. The
focus of security actions has traditionally been to control one’s own system (improving its
protection, staying inside a circle of protection) because safety and security thinking has been
based on the supposition that risks and ‘bad touch’ can be prevented. However, no one alone is
able to fully control complex, large, integrated Cyber Physical Systems. To do so,
coordination and cooperation are needed, and these approaches need to be taught in higher
education.

The focus of CPS education needs a shift from controlling and securing one’s own data to
collaboration and information-sharing between the different stakeholders. This way, more
resilient, complex systems of systems can be promoted. Existing safety and risk-
management knowledge bases may be complemented by developing frameworks and
models that enable network-wide resilience management to maintain and to improve critical
functionalities.
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Complexity in Project Co-creation of Knowledge for Innovation

Abstract

The European Union (EU) promotes collaboration across functions and borders in its funded
innovation projects, which are seen as complex collaboration to co-create knowledge. This requires
the engagement of multiple stakeholders throughout the duration of the project. To probe
complexity in EU-funded innovation projects the research question is: How does complexity affect
the co-creation of knowledge in innovation projects, according to project participants? The data for
this study was collected from project experts in the form of short narratives, using a questionnaire
based on the elements of complexity of Mitleton-Kelly (2003). The results indicate that complexity
characterises the co-creation of knowledge in innovation projects in various ways. Most emphasis
was put on the elements Self-organisation, Connectivity and interdependence, Co-evolution, and
Creation of new order. Thus, although this study demonstrates that the elements of complexity can
be used to gain insight into innovation projects, the results show that not all elements of complexity
are equally important in this context and that they appear in a certain order. Moreover,
understanding the complexity of collaboration for innovation in relation to the input-throughput-
output model of organisational communication is a contribution to theory that may help future

projects achieve faster innovation.

Keywords: Co-creation, Innovation projects, Complexity, Time-to-innovation

JEL Codes: H8, L0, M0, O3

Introduction

The European Union (EU) promotes collaboration across functions and borders, and involving



multiple authorities, academics, practitioners, and industry. The aim is to enhance innovation and
thus, increase the competitive advantage of Europe (European Commission, 2016). For example,
the Horizon 2020 program calls for European research and development initiatives that are

expected to strengthen European collaboration for innovation (European Commission, 2019).

These EU-funded innovation projects can be seen as complex forms of cooperation aimed at the co-
creation of knowledge, a process in which multiple stakeholders with diverse backgrounds
participate (Ruoslahti, 2018). Aaltonen and Saunders (2005) note that complexity can be used as a
framework of sense making. Systems emerge through interaction between its agents, the people,
processes, technology, governance, etc. (Aaltonen & Sanders, 2005), however these emergent
systems cannot be led by just one agent. This principle can be applied to innovation projects, which
operate through collaboration “facilitating reciprocal learning and co-evolution between the
partners” (Mitleton-Kelly, 2005, p. 38). In projects, various partners try to make sense of
challenges, including diverse input to co-create innovations. Diverse input can facilitate knowledge

creation and innovation in complex problem-solving (Valkokari, Paasi & Rantala, 2012).

EU-funded innovation projects often involve a high number of participants with very different
backgrounds from industry, universities, governments, and civil society. They have, therefore, been
characterized as complex. This may lead to a bureaucratic burden, but complexity can also be seen
as a positive characteristic. Bassett-Jones (2005) for example, concludes that, diversity can enhance
creativity and innovation, although when managed poorly, it can also be “a cause of
misunderstanding, suspicion and conflict” (p. 169). Creativity, the source of new ideas and creative
processes, “is a complex and diffuse construct”, write Alves, Marques, Saur and Marques (2007, p.
28), and continue to note that “multidisciplinary and multisectoral networks can play important
roles in members’ competitiveness” (p. 32), as diverse input helps facilitate innovation and complex

problem-solving. Based on experiences of several EU-funded projects, this study aims to further



clarify how complexity affects the functioning of innovation projects and, in particular, time to

innovation.

Innovation Projects

This section looks at innovation networks, complex co-creation, innovation projects, and

organisational communication in the context of EU-funded innovation.

Multi-stakeholder projects

EU-funded innovation projects are multi-stakeholder projects. Franco and Pinho (2019) note that
innovation needs research that creates technological advancements and new and improved products.
These projects are required to include multiple actors representing e.g. end-user, industry, and
academic organisations in their consortia (European Commission, 2019). When organisations come
together, “there should be emphasis on post-merger relationships, and the development of an
emergent culture to support the new organisational form” (Mitleton-Kelly, 2005, p. 39). Although
her study focuses on mergers and acquisitions, the principle could be useful to apply also to forming
project consortia. Thus, the innovation network stakeholders need to put enough emphasis on
discussing what expectations they have for their relationships and the emergent culture during the
innovation project. Projects may come with internal crises and, therefore, form a turbulent
environment for several years in time, and “as many crises combine different kinds of threats,
cooperation with other actors is needed for their mitigation” (Vos, 2017). Networks of relationships
are sustained through communication, feedback, and inter-dependence. “When they meet a
constraint they are able to explore the space of possibilities and find a different way of doing things,

i.e. they are creative and innovative” (Mitleton-Kelly, 2005, p. 45).



Stakeholder management offers some systematic approaches to organise the relationship between
organisations and the stakeholders involved (Roloff, 2008). Innovation projects can also be studied
as systems; and systems cannot be understood by analysing their parts separately, write Aaltonen
and Sanders (2005), their global features should be seen as a whole. Understanding knowledge co-
creation is important, as innovation and creativity are sources of competitive advantage (Bagayogo
et al., 2014). Organisations explore alternative ways of working toward their tasks (Mitleton-Kelly,
2005), and can identify opportunities for encounters that support the co-creation of value in
business by mapping end-user processes and practices (Payne, Storbacka & Frow, 2008).
Consequently, managing creative knowledge capital is about “providing the conditions and
circumstances for creativity and innovativeness” (Wilenius, 2008, p. 66). To create new
knowledge Nonaka and Takeuchi (1995) advocate dynamic interactions between

stakeholders.

Multi-stakeholder networks are organisational structures, which allow collective innovation over
organisational and national boundaries. Objectives and actions in multi-stakeholder networks
become negotiated by the participants, as their participation is voluntary (Roloff, 2008).
Collaboration for co-creation of knowledge and innovation calls for a common problem, and
ideally, also end-users are engaged to participate actively (Ruoslahti, 2018). The roles of the
stakeholders may change over time. For example, end-users are often active in the beginning when
project requirements are set, and they may also be involved in the development and testing of
solutions. Managers predominantly see co-creation as a way to generate ideas for new products and
services (Frow et al., 2015). Organisations (e.g. projects) that aim at innovation benefit from

networked environments that encourage and facilitate exploration of the space of possibilities



(Mitleton-Kelly, 2005, p. 50). To ensure open communication enabling co-creation of knowledge,
an innovation network needs to manage engaging its stakeholders throughout the project, and be

aware that this takes both time and effort.

Complexity of Funded Projects

Innovation projects are networks that aim at co-creative collaboration. They need facilitation and
cooperation tools. When network stakeholders agree on common aims which also permit each
stakeholder to reach individual goals, they are already co-creating. These common aims promote
active stakeholder participation. This helps co-create knowledge and innovation. In turn, and

collaboration is strengthened by bonds of trust within the value network (Ruoslahti, 2018).

Open innovation is based on voluntary collaboration and is, thus, self-organising (Leminen,
Westerlund & Nystrom, 2012). EU-funded project consortia include collaboration between
different types of partners: businesses, public authorities, universities, and end-users (Valkokari et
al., 2012). While co-creation results from complex interactions between the various network actors,
and even resource integration (Pinho et al., 2014), communication becomes co-constructed by
multiple stakeholders, who have different interests and often many interdependencies (Vos, 2017).
As knowledge co-creation is a main source of innovation and creativity in organisations (Bagayogo
et al., 2014), co-creation to develop innovation can be promoted by organisational cultures that
favour innovativeness and participation of end-users (Santos-Vijande & Gonzalez- Mieres, 2013).
Responding to and influencing emerging events allows an organisation to influence its future
(Aaltonen & Sanders, 2005), while Pirinen (2015) notes that knowledge is important for the
competitive advantage of modern organisations. Knowledge strengthens the collective expertise

needed in today’s competitive global economy.



Criteria for innovation projects by the European Commission (2012) include the involvement if user
communities, evidence of reduced time or costs to meet innovation purposes, and intensity of
technology and information exchanges. Understanding the different ways of working and the
motivation of the different partners is needed to understand collaboration between multiple actors in
innovation networks (Valkokari et al., 2012). According to Mitleton-Kelly (2005) distributed
leadership means that every participant feels responsibility to explore possibilities and take
initiatives that fit the overall strategic direction. According to Aaltonen & Sanders (2005), in the
currently fast changing environments organisations must understand their history and make sense of
both future developments and how to influence these. Organisations make use of knowledge to
anticipate future needs (Wilenius, 2008) and, similarly, innovation projects could act in a future-

oriented way.

According Poutanen, Siira and Aula (2016) communication theories and complexity theory have
common roots. Communication can be considered a central means to coordinate organisational
activities, to achieve organisational goals, and support a process of organizing. Innovation projects
as human systems are self-organising entities. This begins already at the project idea and proposal
phases. People exchange ideas, ways of working and relating. Projects, as human systems, can co-
evolve and co-create something that could possibly not have be predicted at the outset (Mitleton-

Kelly, 2005).

Poutanen et al. (2016) find that many of the complexity-based studies that they examined,
emphasize communication as information exchange that supports knowledge creation by networks
of actors. Co-creative social interaction and knowledge sharing raise the need for new competencies
for those experts and professionals sharing competences in networks (Pirinen, 2015). End-users
should be active participants in value co-creation when designing products or services (Allen,

Bailetti & Tanev, 2009). The processes to build knowledge and innovation are “increasingly



complex, multidisciplinary, trust-based, co-created, path-depended, and globalized” (Pirinen, 2015,
p. 323). Co-creation of knowledge calls for group dynamics in collaboration. Understanding this is
“of particular importance in this age where innovation and creativity have become a source of
competitive advantage” (Bagayogo et al., 2014, p. 632). This also relates to having a clear purpose,
roles and common ways of working in the project. Building trust among the stakeholders, with
leadership, facilitation, and a back-up system for representatives enhance an open flow of

communication (Ruoslahti & Rajaméki, 2018).

Project organisations need to be resilient for continuity also in case of disturbances (Ruoslahti &
Rajamaki, 2018). Similar to a resilient organisation, the project organisation needs the ability “to
accommodate several heterogeneous cultures, provided that there is overall coherence that
provides unity of purpose and/or values” (Mitleton-Kelly, 2005, p. 47). Polyphony and diversity in
organisations are highlighted in the complexity perspective. Continuous balancing of opposing
tendencies and preservation of diversity require skills, write Poutanen et al. (2016). Mitleton-Kelly
(2005) brings up the notion of co-evolutionary integration to explain that where organisations
cooperate the new organisation inherits characteristics from each constituting entity. In innovation
projects multiple stakeholders together try to make sense of challenges in business and society,
sharing experiences to bring about innovations. These projects can be seen as complex evolving
systems, a concept used by Mitleton-Kelly (2003) to describe organisations characterized by
various elements of complexity including, for example, the level of interconnectedness of the parts
of the system. Altogether, she mentions ten elements of complexity, discussed also by Aaltonen

(2005).

In this paper, the elements of complexity by Mitleton-Kelly (2003) are used to make sense of the
complexity of innovation projects, where partners come together (Connectivity and

interdependence), to agree on roles, goals, and ways of working (Self-organisation). All project



partners bring their individual and common histories into the collaboration (Historicity), and
together they explore possibilities to reach innovative results and create new knowledge
(Exploration-of-the-Space-of-Possibilities). The project consortium makes decisions on which path
to take, presented in the project proposal and further plans (Path dependence). Interaction is used to
re-focus the project plans (Feedback), as the project will encounter changes, both, in its
environment and among the partners (Far-from-equilibrium). The project partners continue working
together and influencing each other (Co-evolution) and, consequently, new innovations can emerge
from the workflow among the consortium partners (Emergence), while the knowledge gained is
disseminated and new collaborative structures are created (Creation of new order). In this study the

focus is on innovation projects with EU-funding.

Projects Create Knowledge for Innovation

Research and development collaborations ultimately aim at creating knowledge (Matt, Robin &
Wolff, 2012). “Innovation is as an idea, practice, behaviour, or artefact that is perceived as being
new by the adopting unit” (Eservel, 2014, 806). It is a competitive advantage (Bagayogo et al,
2014) that is increasingly important for researchers and practitioners (Eservel, 2014), as the EU
calls for Europe-wide innovation by its current Horizon 2020 funding programme (European
Commission, 2019). New opportunities for change are constantly emerging (Aaltonen & Sanders,
2005) for organisations and projects alike. “In turbulent, surprising, continuously evolving
marketplace environments only flexible, agile, and relentlessly dynamic organisations will thrive”
(Lengnick-Hall et al., 2011, p. 243), as risks in network collaboration cannot be avoided, only
reduced. (Vos, 2017), while knowledge creation processes can be significantly impacted by

disseminating knowledge through collaboration (Abubakar et al., 2019).

EU-funded projects are co-creation networks formed by research and development consortia, and



knowledge management in networked innovation calls for a strategic approach (Valkokari et al.,
2012). However, “EU-funded projects are likely to involve a higher bureaucratic burden than
spontaneous collaborations” (Matt et al., 2012, p. 900). Organisational innovativeness is supported
by co-creation with customers (Luoma-aho et al., 2012), and, when developing services and
processes networking is considered especially important (Tikanméki, Tuohimaa & Ruoslahti,
2012), as in co-creation “designers and users engage in mutual enabling roles” (Kummitha, 2019, p.
108). Similarly, in EU-projects the role of end-users is emphasised. Thus, ensuring that the
consortium project fulfils end-user needs calls for active on-going end-user communication, co-

creating products and services with end-users (Miettinen & Koivisto, 2009).

Major problems occur when organisations are put together, ignoring the diversity of people and
cultures, for example, by a lack of communication with stakeholders, unclear roles and,
responsibilities (Mitleton-Kelly, 2005). As diversity is also, according to Bassett-Jones (2005), “a
recognizable source of creativity and innovation that can provide a basis for competitive
advantage”, such issues need to be taken into account when creating innovation projects. To
increase the impact of the project commitment and active participation, already in the early stage of
the project implementation, by partners and end-users are key (Henriksson, Ruoslahti & Hyttinen,
2018). EU-funded innovation projects bring together organisations and professionals who usually
do not work together. In this way, they are according to Norvanto (2017, p. 78) a unique form of a
knowledge community enabling the participants “to enter completely new domains while expanding
their social networks and learning new practices”. Pirinen (2015) says that shared expertise is

created, taking the form of a “body of knowledge in action” (p. 327).

Co-creating innovation requires dialogue for active learning processes in which the actors mutually
affect each other (Santos-Vijande et al., 2013). Collaboration in EU-funded innovation projects may

add to the competencies of organisations (Matt et al., 2012). Ruoslahti and Tikanméki (2017) note a



connection between the elements of complexity (Mitleton-Kelly, 2003) and the time that it takes to
achieve co-created innovation: “Added complexity may greatly reduce the time to value creation
and innovation” (p. 267). This may be a crucial success factor in funded innovation projects, as they

have pre-determined periods in, which to achieve their results.

Vos and Schoemaker (2004) offer a process model that divides organisational communication into
three phases: input, throughput and output. In the context of innovation projects, Input
communication, for example, helps involve end-users to set requirements, Throughput
communication facilitates close collaboration and knowledge co-creation for innovation, whereas
Output communication includes disseminating project results to external stakeholders and user
communities. Vos and Schoemaker (2004) note that communication contributes to value creation in
an organisational context in ways, where these phases are not linear steps but rather cyclically
interrelated activities in often chaotic environments. Distinguishing between these three types of
communication phases can help understand collaboration within innovation projects Most EU-
funded projects can be understood as co-creation projects benefiting innovation networks, and as

such are relatively complex and can be more or less diverse (Ruoslahti, 2018).

Method

Based on experiences of several EU-funded projects, this study aims to further clarify what
complexity means for innovation in EU-funded projects. Consequently, the research question of this
study is: How does complexity affect the co-creation of knowledge in innovation projects,

according to project participants?

The research focused on recent EU-funded innovation projects in the security area. The six projects that
served as the context of this study are:

1. Airborne Information for Emergency Situation Awareness, AIRBEAM, 2012 — 2015



2. Automated Border Control Gates for Europe, ABC4EU, 2014 — 2018

3. European Test Bed for the Maritime Common Information Sharing, EUCISE2020, 2014 — 2019
4. Improving the Effectiveness of Capabilities in EU Conflict Prevention, IECEU, 2015 — 2018

5. Gaming for Achieving Peace, GAP, 2016 — 2019

6. Maritime Integrated Surveillance Awareness, MARISA, 2017 — 2019.

The data for this study was collected by expert consultation, as such a qualitative approach can
provide richness and depth (Poutanen et al., 2016). Nine experts were selected, who all agreed to
participate in this study. All had extensive project experience, including being work package and
task coordinator in one or more of the EU-funded projects that provided the context for this study
and are listed in Table 1. All project consortia consisted of various partners. The project experts
were approached with direct requests to participate as respondents in this study. Eight respondents
agreed to write short narratives while one of the experts preferred to be interviewed instead. In the

latter case the researcher reported the answers in a similar way.

Informed consent was collected from each participant to meet with the principles of research ethics.
To ensure the anonymity of the respondents, their comments are presented in a way that they cannot
be attributed to or be interconnected for a particular respondent, not to reveal their identity and
affiliation. The respondents were provided with a questionnaire consisting of 11 open questions. For
each question they were asked to write a short narrative on their views related to the EU-funded
innovation project they were part of. The questions were based on the ten elements of complexity

by Mitleton-Kelly (2003).

The data was collected during the spring of 2019. The narratives were nicely on point, per question
up to 230 words in length, and provided the insight to address the research questions. A first reading
of the material showed that satisfaction level was reached. Next, the material was read again to

arrange for analysis it in a Data Extraction Table (DET). This was an Excel sheet, where the rows



were formed by the respondents and the columns addressed the elements of complexity as explained
in section 2.2. The units of analysis were phenomena of cooperation that were identified from the
narratives data. The analysis focused on identifying those phenomena that occurred more often in
the data, marking citations that clearly illustrated what the elements of complexity meant in the

context of innovation projects.

Results

The structure of this Results section follows the elements of complexity (Mitleton- Kelly, 2003;
Aaltonen, 2005), including Connectivity and interdependence, Self-organisation, Historicity,
Exploration-of-the-space-of-possibilities, Path dependence, Feedback, Far-from-equilibrium, Co-
evolution, Emergence, and Creation of new order. For each element, a short description is given
based on the author’s explanation but in this case applied to innovation projects, after which the

findings are presented.

Connectivity & interdependence

One of the elements of complexity concerns interrelations, in this case, among the project
participants. The respondents stress that in order to create innovation value, project participants
need to collaborate closely in the project to deliver output through joint activities for the planned
work packages and tasks. Thus, partners share and combine their different areas of expertise when

solving real case problems.

Project participants stimulate each other toward broader views. When working in parallel, partners
depend on each other and their work is affected if they have to wait for results by others. The
respondents, however, also note that some innovation project partners may compete within these
projects. This may serve to blur the overall innovation goal, and even prevent the consortium

proceeding towards it. Thus, some respondents noted that reaching innovations becomes difficult if



the consortium includes companies that are direct competitors in the market, as they are unwilling

to openly share with one another.

The respondents strongly feel that partners in innovation projects are connected and interdependent.
One’s performance has a direct effect on the ability of others to perform their tasks, as project
output is compiled by combining the work of all consortium participants. Thus, the project

performance of one partner may positively, but also negatively, influence other partners.

Self-organisation

Self-organisation relates to spontaneous order. The results show that expert project partners are
often intrinsically motivated to conduct well in the project, and by doing so also bring expected —
and sometimes unexpected — results. “Well planned is almost done”, notes one respondent. A
project can gain high-level results, when the project proposal is well planned in advance. In
addition, partner motivation and expertise are important in gaining good results. Workshops,
seminars, and questionnaires are proven ways of working together to identify how to solve issues,
note the respondents. It shows self-organisation when partners come together to address issues at

hand.

The project consortium has freedom in organising project work packages, tasks, and activities.
When these are well described in the project proposal, the consortium has a better chance to deliver
what has been agreed, once the project becomes funded. Respondents note that the level of self-
organisation varies from project to project. One respondent commented that most projects have
been “really well organized”. However, also, some have been organised poorly, one comment, for
example notes that participant commitment may greatly differ: “Having worked in many
international projects, there is the tendency that some partners in consortia can follow the general
idea and plan quite well, then there are partners who need constant reminding of their duties, and

there are partners who ignore any kind of reminding”.



The results emphasise that project work cannot be left to a few active partners, but that active
collaboration is needed by all consortium partners to achieve optimal levels of self-organisation
within project consortia. The ability for self-organisation thus, differs from consortium to
consortium. It was noted that normally, a core group will develop the main idea and goals, and then
also drive the work for innovation. Furthermore, “the coordinator is in a very crucial position”, as

one respondent wrote, and the funder may have strict guidance.

Historicity

Complexity also relates to the different histories of the project consortium partners and other related
stakeholders involved. Moreover, each individual involved brings one’s own professional and
educational background to the project while interacting with others. The respondents, thus, point out
that these individual and organisational histories influence project consortia in many ways. On the
one hand, partners who share a positive history often work well together, which may then cause that
“some partners might feel left out”, as stated by a respondent. On the other hand, the fact that some
partners have a bad shared history can exert a negative influence on the project as a whole. A
related point of view brought up by a respondent was, that when partners do not know each other’s
histories, the lack of established reputations may lead to “unnecessary highlighting of what partners

have done in the past”.

Respondents note that it is beneficial to include partners who know each other and have common
experiences of earlier project work, but not to exclude partners who bring other beneficial
knowledge and experience to the project consortium. Cultural backgrounds also influence the way

in which partners work together, as this influences ways of working and communicating.



According to the respondents, motivated expert consortium partners help deliver the best results.
However, expertise usually is needed in many different fields and, thus, all project partners are
expected to bring in their specific expertise. Partnerships are then continued, in consequent projects,
with those who are seen to be the most motivated experts. As stated by a respondent: “A member

that has managed well in a previous project is a desired partner for new projects”.

Exploration-of-the-Space-of-Possibilities

The space of possibilities relates to flexibility of working and, thus, space to find different solutions.
A project’s ability to explore the space of possibilities depends, as one respondent notes, on “the
time available, meaning the extent of funding and people in the project”. The productivity and
success of any project consortium are based on its people, their attitudes, and on how they approach
the project work. One problem that was addressed by a respondent is, that after the proposal has
been submitted and accepted, there “is little possibility to change the content of work packages”.
Project proposals are often made years in advance and require a high level of detail. Work in
projects is expected to follow the planning upon which the decision to allocate funding was based.
Adaptations have to be communicated or even negotiated with the funder, which may hinder the

exploration of possibilities.

The respondents acknowledge that exploring possibilities must already be addressed during the
project preparation phase, so it depends heavily on project planning and how it is documented. One
responded notes, about addressing a specific issue: “if this is embedded to the project then the result
will be achieved at least in some level”. The funding instrument also affects the ability of a project
to explore the space of possibilities. However, it was noted that an innovative group can, also

during the project, think flexibly to find ways to arrange the content and events of the project.



Path dependence

Path dependence concerns new opportunities being influenced by prior decisions. This path
dependence is also visible in innovation projects. Filling niches that create new niches and
opportunities are best achieved “via continuum of innovation projects”, as one respondent said.
How project partners work and cooperate, their nationalities, and prior backgrounds impact the
project’s ability to identify opportunities. Results indicate that filling niches can create paths toward
new opportunities. One respondent noted that: “All of the projects I have been involved in over last
two years have created new opportunities — some of them are already implemented”, and another

that “new partnerships are always built in consortiums.”

According to the respondents, partners often perform at different levels, which is also demonstrated
in the relations between them. Some partners are active with their project tasks and their
responsibilities, duly reacting to communication from work package and task coordinators. On the
other hand, some partners perform slowly, only when reminded. Such partners who do not conform
to the general flow of work disrupt the common working spirit: “Then there are partners who really
annoy the rest of partners because they do not even pretend to be working”, according to a

respondent. The level of activity will affect future project opportunities.

Feedback

Feedback is a way to identify what changes should be made to how a project is conducted. In most
cases, feedback was looked at in a positive way, and considered even “crucial”, as one respondent
saw it, positive feedback “gives joy and builds trust”, while critique should be given “in a way that

is no too harsh”.

When there are more partners, feedback can however, become a difficult issue. Some comments

show that the role and effects of feedback can be twofold: “I have not experienced any ‘artificial’



need-to-be feedback in the recent projects” quoted one respondent, while another quote on the
effects of feedback states: “Actually the role is big but the effects have been zero”, and a third wrote

that: “Constructive feedback of end users help the development and innovation project”.

Results show that on-going analysis of project results are needed to engage expert partners and core
stakeholders. Feedback whom e.g. the Commission of the European Union, stakeholders,
coordinator, industry, and others is essential to an innovation project. However, project feedback
processes are often seen as being too slow. Therefore, projects need to focus enough on collecting
and responding to feedback, which is seen as a main way to engage partners and accomplish when

needed a re-focus in project tasks.

Far-from-equilibrium

In fast changing or extreme situations projects will need to make major adaptations. Even though
carefully planned project proposals set the goals and direction for EU-funded innovation projects,
they are often far from a state of equilibrium. As one of the respondents says: “Good projects follow
the outside world continuously”. Even daily politics can affect a project. For example, changes in
global politics can set back a lot of work, which happened in a regionally funded innovation project

with Russian partners who could not proceed their work in the project, when Russia was sanctioned.

The many partners that act in parallel influence each other during an innovation project. Moreover,
the project coordinator has a definite effect on how the consortium performs. If the project
coordinator is weak, it is difficult to find consensus which can be problematic, according to a
respondent, especially if the preparation phase involves too many partners to be effective. This
would require coordination intervention. Some respondents experienced that a small core team can
best plan the project proposal, making a project idea into a project proposal.

Co-evolution

Co-evolution of partners is seen in partners finding mutual ways of working together, having



positive relationships where they trust and appreciate each other to generate good results and new
ideas. It was noted that disseminating project results can be challenging, despite advances in social

media and other mediums of communication.

“When a project comes to an end, core members create a new project”, notes one respondent. Thus,
a project continuum that builds on the success and results of earlier projects become possible. These

partners co-evolve together, which promotes the emergence of new ideas and innovations.

The results indicate that projects identify new problems, find new important research questions, and
even evolve to form new projects or even businesses. As, discussed earlier, the time available, the
histories, attitudes and expertise of partners, and role of the coordinator are issues that can promote
success of failure. Thus, it is important that project partners find ways to build trust and

collaborative ways of working together toward the innovations promised in the project proposal.

Emergence

The respondents view that new results in innovation projects emergence from a good workflow
among active consortium partners. One project example was quoted, where they were able to create
an analysis to crosscheck project results with the existing operational capabilities and legislation.
Many that influence each other can at times cause confusion and at other times develop something

totally new.

When all consortium members have clear tasks, parallel work can considerably shorten the time
needed for innovation. However, it was also noted that a very high number of partners in the
consortium, may make it longer to reach innovations. Project consortia were perceived to undertake
project activities quite well. Common ways of working strengthen trust between the actors, noted

one respondent, and new persons bring new insights to projects.



End-user experiences are seen as especially important to project results, as is utilizing the extended
networks that consortium partners each have of their own. Innovation partly depends on how active
and how much partners want to share information, and how open they are to input from within and
outside the consortium. Means for this may be e.g. public events, webinars, social media campaigns,

communications and disseminations for large audiences.

In most projects, next to solving problems, one desired result is also to find new problems to further
solve. One respondent even notes that university partners could help companies also in other

innovation processes than the project.

Creation of new order

Innovation projects aim at creating impact useful outside the project and thus, need input from
outside the group of project partners involved. A consortium is influenced by the information that
flows into the project consortium from the external environment. Information that is related to the
ongoing project and its tasks is likely to influence project work, depending on the type of
information and how it is related. In addition, it is crucial who are the project people that first

receive the information and if they actively use it or pass it on.

Seminars, workshops, questionnaires, interviews, and conferences on project issues and its goals
are, according to the respondents, useful ways of creating new order innovation. Thus,
dissemination of project results aims to affect technologies and processes by taking project
recommendations into wider use. Therefore, new ways of disseminating project results, such as
during the project creating and expanding end user communities, and organising intensive and

digital workshops with them, have been utilized in the projects.

The respondents remind that many currently active pan-European networks and associations have



been created in the course of funded projects. In addition, new businesses have been created based
on project innovations. These examples demonstrate how EU-funded projects are intended to

provide not only results in the form of new knowledge but also new order innovations.

Diverse enough input is needed for out of the box thinking and to push boundaries. Linking
different sectors to solve very complex problems can help shorten the time needed to reach
solutions and shorten time-to-innovation, which refers to the time from when the consortium
partners come together to when the innovations resulting from the project are put to wider use. The
respondents suggest that multi-stakeholder innovation projects can shorten the time needed to reach
to innovations when multiple partners add insights, working closely together to generate new
knowledge. Working together, face-to-face, in intensive workshops helps generate innovations,
while working at a distance does not seem to provide the same results in the same time. One
respondent said that “partners who work together generate new knowledge in addition to finished

project tasks”. Partners may also come up with new project ideas to pursue.

The ability for projects to create new ways of organising, working and thinking, depends on the
organisations, groups and individuals involved. “If the people have the drive, the flow, and can get
other people into this flow, the results have been great concerning the new organising, working and
thinking”, comments one respondent. The partners involved explore new opportunities, for which the
respondents promote using co-creative methods, collaboration technologies, shared documents, and
feedback systems to ensure smooth collaboration towards solutions. Turbulent environments call for

such dissipative structures and commitment to faster create innovations and new order.

Discussion and Conclusions

The views of project participants demonstrate how complexity characterizes co-creation of



knowledge in innovation projects. The results show that all ten elements are visible but some more
than others. Respondents clearly elaborated on the practical issue of how project partners work
together, emphasising the element of Self-organisation as problems in this area directly affect
everyone working in the project. There is a clear awareness of strong interrelations and a need for
collaboration among project consortium partners, which concerns the elements of Connectivity and
interdependence and Co-evolution. Moreover, projects have limited periods. For a project to be
deemed successful, new knowledge and innovations must be reached fast. Similarly, new insights
need to be disseminated timely to new groups of users and shared with wider audiences involved.

Time-to-innovation is emphasised by the respondents, which relates to Creation of new order.

This study showed that the elements of complexity by Mitleton-Kelly (2003) can be used to gain
understanding of communication and collaboration in innovation projects, and that some elements
of complexity may be more important than others. How many and which elements of complexity
dominate may be different for the various types of innovation projects, and more research on this is
recommended. As there is yet little empirical evidence on organisational communication in the
literature on complexity (e.g. Poutanen et al., 2016), this study contributes some empirical evidence on

organisational communication to the literature on complexity.

The results demonstrate that complexity in innovation projects is often experienced as challenging.
The high level of Connectivity and interdependence characterizes the innovation projects, and this
may form a burden when some partners are not willing to share information, for example, because
of being competitors in the market. However, complexity can also be seen as a positive
characteristic, when considering Creation of new order, as time-to-innovation can be faster if
projects that aim at solving complex problems draw on multiple stakeholders that provide different
types of input. This supports the way in which the EU promotes diversity in the project consortia
that get funding for their project proposals, but also puts pressure on the consortia to select diverse

partners that yet work well together.



Moreover, the results indicate that these ten elements, in the context of projects, show a certain
order of appearance. Creation-of-new-order, for example, does not come first but rather appears
among the last of these elements, etc. Project partners first come together and in close collaboration
share their combined areas of expertise (Connectivity & interdependence) and are engaged in active
collaboration to address issues (Self-organisation). These expert partners each bring their
organisational and personal backgrounds, and experiences of good prior collaboration, into the
project (Historicity) to find different solutions and explore opportunities (Exploration-of-the-space-
of-possibilities), while co-creating a project plan or proposal. Choices made together (Path
dependence) and feedback (Feedback) influence what adaptions are made to the work and which
direction that project takes (Far-from-equilibrium), as well as how well the project partners work
together and how much they trust each other (Co-evolution) to provide project results, new
knowledge and innovation (Emergence) to create a meaningful impact that lasts even beyond the
project life-cycle (Creation-of-new-order). This flow of relationships between the ten elements of

complexity is visible below in Figure 1.
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Figure 1: Elements of complexity in relation to input, throughput and output communication in innovation projects

The above Figure 1 also shows how the flow of the elements of complexity, as mentioned by



Mitleton-Kelly (2003) but now shown in the context of innovation projects, can be related to the
earlier discussed input-throughput-output model of organisational communication (Vos &
Schoemaker, 2004). The project partners are seen to first interact through two cycles of input-
throughput communication, before focusing on throughput, and lastly moving towards output
communication. This helps understand how the cyclicality of the communication activities and the
order of the elements of complexity combine in the context of funded projects. This notion can
form a basis for further research to clarify the process, and as such, is the main theoretical

contribution of this study.

This approach can also provide a sort of guide map of facilitation (as suggested by e.g. Mitleton-
Kelly, 2005; Valkokari et al., 2012) for co-creation processes and, thus, serve as a useful
framework for innovation project practitioners (e.g. Norvanto, 2017; Pirinen, 2015) to focus on
during the different stages of the project life-cycle, helping future projects achieve faster
innovation. . Understanding the complexity of collaboration for innovation and the challenges
posed by this collaboration can help future projects to function better and gain added flexibility to
face the unexpected. The added knowledge may also benefit the EU when evaluating its funding

models.
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European authorities collaborate as a community toward a coherent approach of situational understanding and
open trust base information sharing. Innovation in multi-stakeholder collaboration networks involve complex
collaboration between user community members, providing cross-sector, cross-border and cross-authority
interaction and information sharing for collaborative situation awareness, and cooperation to increase safety
and security. This study analyses data consisting of elements of use cases, collected from EU funded
innovation projects. These were placed in a table based on similarity, difference and relevance to produce a
classification. The results of this study indicate that use cases and scenarios engage end-users to co-create
very practical descriptions providing input communication for innovation projects; also multi-actor projects
are complex networks thus, this study contributes to the network approach of innovation. The implications of
this study are that reaching faster innovation can be facilitated by leading and organising projects well,
providing appropriate feedback to ensure project plans and results stay connected with project goals, fostering
project continuums, and having e.g. higher education institutions bring problems as project ideas. The results,
innovations, and feedback from research and innovation projects can benefit the European society.

1 INTRODUCTION

European maritime authorities, as a community, have
collaborated aiming at a coherent approach of
situational awareness based on open trust base
information sharing. Project MARISA (Maritime
Integrated Surveillance Awareness, 2017-2019),
which develops clean data based solutions, data
refining tools and expanded data fusion
functionalities is one example of such collaboration
(MARISA, 2019). MARISA is based on prior
collective maritime development projects from 2009
t0 2019 (e.g. BLUEMASSMED, Perseus, CoopP, and
EUCISE 2020). The MARISA user community acts
as a forum that steers the project. Similar examples of
end user engagement have been used in earlier FP7
funded projects (e.g. AIRBEAM) to built user
communities and provide information sharing, and
involve them in cross sector, cross border and cross
authority exchange and co-creation. In MARISA,
these exchanges have proven to be valuable in
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Ruoslahti, H. and Tikanmaki, .
Complex Authority Network Interactions in the Common Information Sharing Environment.
DOI: 10.5220/0007946501590166

defining user requirements and identifying possible
legal and ethical barriers.

MARISA has selected five use cases that serve as
the basis for the project work (MARISA, 2018) to
define cooperation mechanisms, trust-based data sets,
and trust building mechanisms between the users of
the Common Information Sharing Environment
(MARISA, 2019). Earlier studies point towards
complexity of collaboration having an effect on
innovation in  multi-stakeholder collaboration
networks (Ruoslahti, 2018; Ruoslahti and Hyttinen;
Ruoslahti and Tikanméki, 2017). To further
understand this issue, the research questions for this
paper are:

RQ 1: How are use case narratives used to engage
end-users in complex innovation projects?

RQ 2: Is the time needed to achieve innovation
affected by the level of complexity of collaboration
networks in the case project?
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2 LITERATURE

2.1 European-wide Collaborative
Situational Picture

Interaction and information sharing between
authorities is important in building collaborative
situational awareness and promoting cooperation to
increase maritime safety and security. European
maritime cooperation aims at increasing situational
awareness, sharing best practices, improving
interoperability, removing overlapping activities, and
promoting cross-border and cross-sector cooperation
(Tikanméki and Ruoslahti, 2017).

Project MARISA, divides its users under seven
user community sectors. The EU also, in some other
instances, uses a classification of ten EU Coast Guard
Functions (ECGFF, 2014; Ruoslahti and Hyttinen,
2017). These mostly correspond to each other, and
Table 1 below makes a comparison of the two
classifications. One main difference is that the Coast
Guard Functions do not include defence, and they
make a finer division of Maritime safety into
Maritime safety and vessel traffic management,
Accident and disaster response, and Search and
rescue at sea. The Coast Guard Function Maritime
surveillance has not been included under any
MARISA sector, as it is elementary to each sector and
how Maritime surveillance relates to the MARISA
use cases and end-user sectors is discussed below in
the Methods and Results sections.

Table 1: MARISA user community sectors in relation to the
Coast Guard Functions of the European Union.

Seven user community sectors of Ten EU Coast Guard Functions
| Project MARISA (EUGCF)
Maritime surveillance
Maritime border control
Prevention of trafficking and smuggling
Customs Maritime customs activities
Prevention of trafficking and smuggling

Border control

Defence
| General Law Enforcement
| Marine Environment
Fisheries Control
Maritime Safety

Maritime security

Maritime environmental response
Fisheries control

Maritime safety and vessel traffic
management

Accident and disaster response
Search and rescue at sea

Project MARISA has an expansive approach, as
data from various authority sensors and sources, and
open access big data are used to build a situational
picture for maritime surveillance and response.
(MARISA, 2018).

The innovation action process of MARISA is co-
creative. Maritime integration and development
activities are structured as a relatively novel cross-
border socially constructed user community
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(MARISA, 2018). The different sectors (Coast Guard
Functions) have different user needs and, therefore,
require  different operational approaches and
respective  technical solutions. The European
authorities are beginning to understand that sharing
information cross-border and cross-sector is
important and a benefit to all stakeholders concerned
(Tikanmaéki and Ruoslahti, 2017).

2.2  End User Community

Maritime awareness and safety can be improved
through collaboration between partners. Inter-agency
collaboration can broaden the knowledge of the
multiple stakeholders on each other’s concepts,
measures, resources and plans (Tikanmiki, 2017).
Eicken et al. (2016) note that it is a challenge to
ensure that information is shared with all relevant
entities and agencies from the regional or local to
international level. According to the Ministry of
Foreign Affairs of Finland (2018) individuals,
organizations, businesses, and communities will most
likely take larger roles in negotiating future
international norms.

The Common Information Sharing Environment
(CISE) is based on trust between the authorities on
the maritime domain. This includes sharing
operational information and procedures, and
developing a culture and technology that enables also
sharing confidential information. MARISA’s user
community involvements, together with other
MARISA meetings aim to co-create value, such as a
revised methodology, key performance indicators,
readiness level metrics, a maturity matrix to assess
resilience, and privacy impact assessments, all
validated by the user community (Pirinen, 2017;
Ruoslahti and Tikanmaéki, 2017).

EU-wide projects such as PERSEUS, CoopP,
EUCISE2020, and MARISA have shown that there is
a need share information cross-sector and cross-
border. Collaboration is needed between different
national authorities; nationally, between the different
EU member states, as well as with cooperative (non-
EU) third countries (Ruoslahti and Tikanmaki, 2017).

Engestrom,Kerosuo and Kajamaa (2007) argue
that inter-organizational learning highlights networks
that have trust, exchange information and resources,
and solve problems collaboratively and across
organizational boundaries. Ruoslahti and Tikanmaiki
(2017) highlight that the objects and phenomena,
relevant to CISE, need to be continuously evaluated
and redefined together with end-users; against
changing risk and treat scenarios, evolving end-user
needs, national and EU-wide strategies, and “taking
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into account the assets, which cooperative third
country nations may bring.” (Ruoslahti and
Tikanmaki, 2017, p. 273). Collaborative information
sharing, situational awareness and open innovation
opportunities support the building of organizational
resilience (Rajamaiki and Ruoslahti, 2018).

Communication helps engage stakeholders and
innovation projects benefit from collaboration with
relevant end-users. Setting and validating user
requirements can  be considered input
communication, ensuring smooth information
exchange throughput communication, and efficient
dissemination output communication (Vos and
Schoemaker, 2004).

Ruoslahti and Tikanméki (2017) propose that
cooperation between different authorities may have
the potential to evolve into deeper modes of co-
creation, and that added complexity may reduce the
time to value creation and innovation. In the context
of their study, they see innovation as the ability to
create common knowledge, learning, and innovation
value (Ruoslahti and Tikanméki, 2017). Knuuttila
(2017) points out difficulties in collaboratively
improving practical resilience, because it may be seen
as arisk to one’s autonomy or a possible loss of power
and, thus, the starting point to reach targets is the
division of power between the different actors.

2.3 Complexity of Systems

Sociotechnical systems (Amir and Kant, 2018) are
hybrids of people and technologies involving
complex interactions between people, organisations,
and  technologies. Cyber-physical ~ systems
(Murakami, 2012) include cyber, physical, and social
inputs and outputs that are designed by society
organisations, and humans for their benefit. Domains
that create shared situational awareness and a basis
for decentralised decision-making are 1) physical; 2)
informational; 3) cognitive; and 4) social (Alberts,
2002).

Mitleton-Kelly (2003) sees that complex systems,
such as innovation and information sharing networks
(such as CISE), have connectivity and
interdependence. They co-evolve together and form
dissipative structures to explore the space-of-
possibilities, and generate variety. These systems
self-organise to create new order, as groups within
and between systems come together spontaneously to
perform tasks, to share knowledge, and to generate
new learning and knowledge. As their environments
and social ecosystems are changing fast, these
systems also face turbulence, chaos and complexity.
This makes ensuring the survival of systems

challenging, which calls for the ability to collect and
react to feedback (positive, reinforcing feedback
drives change, while negative feedback balances and
maintains system stability).

2.4 Complexity of Collaboration

Collaboration within the MARISA user community is
complex in nature. The use cases in the project
MARISA include multiple actors from several sectors
and often from many countries, and complexity is
further increased with some EU Member States
having multiple authorities under the same sector
(e.g. police and gendarmerie perform general law
enforcement) (MARISA, 2018).

Knowledge becomes developed by collaboration
(Pirinen, 2017, Ruoslahti, 2018), even
interdependence and resource integration (Ruoslahti
and Tikanmaiki, 2017). These result in the need to
access resources from others and drive value-in-
exchange: “knowledge itself is an increasingly
important source to competitive advantage and a key
to the success of modern organizations and creative
higher education, strengthening the collective
expertise, industry-service clusters, employees and
competitiveness in the global economy” (Pirinen,
2015, p. 3195).

Multi-stakeholder communication in
organisations (also publicly funded innovation
project consortia or CISE network) needs to stress
dynamic interaction among multiple actors with
diverse interests (Vos, Schoemaker and Luoma-aho,
2014). Issues central to people are the ones that matter
to them most (Luoma-aho and Vos, 2010). Authority
communities function as issue arenas for exchange of
practical, legal and ethical issues and where actors co-
creatively define and refine relevant use cases. Thus,
these arenas also are competitive spaces for problem
solving and influencing based on actors aligning
behind common agendas, but also having their own
(Vos 2018).

When innovation projects are understood as
complex systems, collaboration across boundaries,
and creating desired futures are their core
organizational learning capabilities (Senge, et al.,
2008). “EU Funded R&I projects represent a unique
form of a knowledge community” (Norvanto, 2017,
p. 78). The ways in which authorities work together
(Frey et al, 2006) and elements of complexity
(Mitleton-Kelly,2003) can be looked at in relation to
each other. Elements of complexity are least visible
in the simplest form of working together,
Networking, and increase through Cooperation and
Collaboration, to be the highest in Co-creation (Frey
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etal.,2006). This seems to be supported by the notion
that collaboration between authorities can evolve into
deeper modes of co-creation. Thus, authority
collaboration  and  interoperability =~ become
increasingly important (Ruoslahti and Tikanméki,
2017).

2.5 Co-creation

Co-creation requires communication and interaction
between multiple actors. Ruoslahti (2017) identifies
that co-creation networks have cyclical connections
in value. Networks require active facilitation and
cooperation tools or platforms to actively and
efficiently —share co-creative innovation and
knowledge. Active stakeholder participation can be
motivated and guided through having common aims
that promise benefits for all individual collaborators,
and can result in an active drive to co-create of
knowledge and change.

Sankowska (2013) notes that there are
simultaneous relationships between trust, knowledge
creation and transfer, and innovativeness. These
strong links between them explains differences in
competitiveness and innovativeness of organizations.
Trust fosters knowledge creation. Climates of trust
can create what the author calls virtuous circles of
knowledge transfer, creation and innovativeness.
Organizational trust must be built first, so it can foster
innovativeness through knowledge practices.

Co-creation of knowledge can offer significant
opportunities for innovation (Ruoslahti, 2017).
Multiple-stakeholder co-creation projects benefiting
innovation network stakeholders are highest in
complexity, as roles between stakeholders are
constantly changing. Common aims and issues to
solve motivates stakeholders to collaborate, and open
innovation environments may facilitate
communication and interaction, and co-creation of
knowledge requires intensive collaboration. Active
stakeholder participation stems from common aims,
and they should promise benefits for each
stakeholder. All resulting in an active drive for co-
creation of knowledge, innovation, and change.
(Ruoslahti, 2018)

Learning, knowing, and becoming are the basis of
evolution and change, a dynamic and iterative process
of “continuous experiencing, learning and sense
making” (Jakubik, 2011, p. 392). “The logic of
complexity suggests that learning and the generation
and sharing of knowledge need to be facilitated by
providing the appropriate socio-cultural and technical
conditions  to  support  connectivity  and
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interdependence and to facilitate emergence and self-
organisation” (Mitleton-Kelly, 2003, p. 59).

3 METHOD

The main case project of this study, MARISA, is
based on five selected use cases on authority
information sharing on the maritime domain. Data for
this study was collected from detailed descriptions
and narratives of its five use cases. Six scenario
descriptions of authority collaboration in recovery
from disaster from project AIRBEAM were used as
comparative background information for this study.
These eleven use case and scenario descriptions were
produced to identify requirements for systems
demonstrations, which were the concrete and usable
deliverables of these two projects — the innovations
that they produced.

Project MARISA focuses on five of use cases
(Table 2 below) and the results of this paper are
structured accordingly. The use case descriptions that
the data of study was collected from, are based on a
total 94 use cases that were produced in the
Cooperation Project, CoopP and narrowed to five in
EUropean test bed for the maritime Common
Information Sharing Environment in the 2020
perspective, project EUCISE2020 (MARISA, 2018).

The European Commission (2012) has set criteria
for business value in the context of innovation
projects, and these have been used in the case of
project MARISA developing a European-wide CISE
to address: 1) the number of user communities that
benefit by the use case; 2) the number of user
communities needed to fulfil purpose; 3) evidence
that CISE helps reduce time or cost to meet the
purpose;4) criteria for technical complexity
(sensitiveness of data used, standardization of data
models); and 5) the complexity of information
exchanges between information systems (MARISA,
2019). The use cases selected for project MARISA
involve seven end-user communities (Table 2).

Table 2: MARISA Use Cases in Relation to the User
Community Sectors.

Potential number of

user communities

interested in the use b & e ge =
cases

Border Control X X X

Customs X X X X

Defense X X X X

General Law

Enforcement X X X X

Marine Environment X X X X
Fisheries Control X X X X
Maritime Safety X X X
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Use Case 13b is the inquiry on a specific
suspicious cargo vessel. The use case may include
authorities from the five different sectors border
control, customs, defence, law enforcement, and
marine environment.

Use Case 37 covers the monitoring of all events at
sea in order to create conditions for decision making
on interventions, including authorities from all seven
sectors border control, customs, defence, law
enforcement, marine environment, fisheries control,
and maritime safety.

Use Case 44 is about requesting any information
to confirm the identification, position and activity of
a vessel of interest, and it may include authorities
from all seven sectors border control, customs,
defence, law enforcement, marine environment,
fisheries control, and maritime safety.

Use Case 70 looks at a suspect fishing vessel or
small boat, which is cooperating with other vessels
(such as a container vessel). This may include
authorities from five sectors, which are customs,
defence, law enforcement, fisheries control, and
maritime safety.

Use Case 93 on detection and behaviour
monitoring of vessels listed as IUU (Illegal,
Unreported and Unregulated fishing). This use case
may involve authorities from two sectors marine
environment and fisheries control.

As MARISA is part of a project continuum,
projects such as BLUEMASSMED (Cross-Border
and Cross-Sectoral Maritime Information Sharing for
a better knowledge and control of activities at sea),
PERSEUS (Protection of European seas and borders
through the intelligent use of surveillance), CoopP,
and EUCISE2020 during a time span of 10 years have
combined European efforts to build a Common
Information Sharing Environment for integrated
maritime surveillance. Thus, co-created end user
narratives, both written, spoken, and collaborated,
were collected to first produce 94 use cases, and then
select the five, which serve as the basis to identify
data fusion requirements for the collaborative
information exchange in the Common Information
Sharing Environment by project MARISA, and as the
data for this study. The next project in this continuum
is already in the funding pipeline and will commence
2019.

This study further analysed the five MARISA use
cases, by comparing their respective elements,
detailed in use case descriptions produced by project
CoopP. The use case elements extracted from the use
case descriptions and data was placed in a data
extraction table (DET) based on their similarity,
difference and relevance. The DET-table was then

subjected to a series of three rounds of iteration
among the researchers to restructure the data. Use
case element were reordered according to similarity,
difference and relevance in regard to the two research
questions. As a result the final classification, which is
presented in the Results section and the use case
hierarchy that is visualized in Figure 1 below, were
produced to answer RQ1 and RQ2.

4 RESULTS

The results of this study serve to motivate the use of
use case narratives and scenarios as a practical way to
engage end users in co-creation. These very concrete
descriptions are shown to be a way to gain and share
information on situations, circumstances, and efforts,
which end users encounter or perform in fulfilling
their tasks. The method of first co-creating end user
narratives was used in the case projects to develop use
cases or scenarios. These in turn served to define
system requirements, which are needed to design and
implement systems, both technical and social. Most
modern systems are cyber-physical in nature and
include technical, information, and human elements.
The case system, the European-wide CISE system is
an excellent example of a cyber-physical system
involving physical technologies, shared information
and human issue arena operations. Based on the
results, the use of CISE use case narratives can also
be regarded as one form issue arena, where relevant
authorities exchange information, innovations and
best practices regarding their respective operations
and can identify more and better ways to collaborate
with one another. This study finds that multi-actor
networks are complex in nature and is thus within the
multi-actor approach of research arenas, and also
contributing to the network approach of innovation.
One further result of this study is the way in which
MARISA use cases became hierarchically structured
to show their occurrence in respect to each other (see
Figure 1). Use case 37, Monitoring all events at sea,
is common to all sectors, and it precedes all these
other use cases. It is equivalent to the Coast Guard
Function Maritime surveillance, which is a base
function, where the seas are monitored, without
anything out of the ordinary or dangerous having
detected to have happened yet. All maritime authority
sectors structure their daily operations to ensure
adequate monitoring and detection of events at sea.
The ways in which this is done differs from sector to
sector. However, this function is addressed in one
way or other by all maritime authorities. Thus, use
case 37 can be classified as being a base function that
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all other use cases and authority interaction are based
upon, including adequate resources and information.

Once some possible anomaly is detected use case
44 Request information to confirm identification,
position and activity of a vessel of interest becomes
activated. The information that is relevant to each
sector differs depending on their mission and tasks.
This information may also be, as can other possible
information may be gained relevant to other sectors
that is relevant to some other sector. The case project
use case narratives show what information can and
should be shared, even though it might not have been
directly relevant to the responding authority in
question.

Use case 44 may then revert back to use case 37,
or alternatively, it may escalate to one of the three
remaining use cases: use case 13b Inquiry on a
specific suspicious cargo vessel, use case 70 Suspect
fishing vessel or small boat cooperating with other
vessel, or use case 93 Detection and behaviour
monitoring of vessels listed as IUU (Illegal,
Unreported and Unregulated fishing).

i B
Use Case 37

Monitoring of all events at sea

"
A

R
Use Case 44
Request information to confirm identification, position and activity of a vessel of interest
\ |} |} B >
i . u C: 70 U C! 93 A
Use Case 13b e b

Suspect fishing vessel or Detection and behavior

Inquiry on a specific 5 T i
q, 'ry P small boat, cooperating with monitoring of vessels listed
suspicious cargo vessel
other vessel as lUU

. S

Figure 1: The five MARISA use cases in relation one
another.

The results indicate that the MARISA user
community provides a shared forum to enhance cross
sector, cross border and cross authority exchange,
while also taking into account legal and ethical issues.
It has co-creatively defined these above five use
cases, on which the user requirements for the
MARISA data fusion services have been based on.
Maritime authorities and stakeholders work together
on different levels, ranging from networking to co-
creation. On an authority level, some ethical issues to
consider are authorized usage of data, distribution of
interoperability resources, and basis of register
listings. Some privacy issues may include usage and
fusion of open source data, identity of vessel crew or
passengers, authorized usage of registers, and basis of
register listings.

All these use cases may include authorities from
various nations, and contain privacy and related
ethical issues, such as identity information of crew or
passengers. Thus, the more authority sectors, member
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states, and other stakeholders involved, the greater is
the complexity of their interactions, but also the
opportunity to share information, and experiences to
induce learning and faster reach innovation.

In summary, using use case narratives provides a
process and arena to engage end-users in discussing
complex issues in a practical ways, and serves as
concrete input communication for innovation
projects. The hierarchy between use cases further
facilitates this, and serves to shorten the time needed
to achieve innovation, as levels of complexity
become added within the collaboration network.

S DISCUSSION AND
CONCLUSIONS

One implication of this study is that practical use case
narratives are a useful way to engage end-users in
complex project innovation. Use cases provide them
with concrete situations, where end users can see
commonalities and identify new needs. Results show
that knowledge becomes developed collaboratively
and as seen in literature this requires close, even co-
creative interaction between actors (Pirinen, 2015;
Ruoslahti, 2018). Collaboration may even deepen and
provide resource integration and usage of common
capacities to reach common goals (Ruoslahti and
Tikanmaki, 2017). However, accessing the resources
of other actors presents an ethical consideration of the
ownership of data and information, and the
distribution of resources, which most likely are
scarce, and this is also one issue that is recommended
to be co-creatively addressed by all project
stakeholders.

A second implication is that care should be placed
on how projects are led and organized. They form
complex social networks, where each partner has its
own interests and agenda. These many, sometimes
even conflicting, interests need to be aligned in a way,
which produces benefit for all stakeholders involved.
The collaborative efforts of these networks require
active coordination and facilitation that motivates the
consortium members and other stakeholders to
actively participate, both, in co-creating the
consortium goals and the activities through which
these goals become realized. One recommendation is,
thus, that the use of use cases is led and organized in
ways that stimulate the creation of new knowledge.

A third implication is that there is a tie between
projects and education. Higher education institutions
have a responsibility to bring problems and ideas that
evolve from their classrooms as well as practical
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contacts with their environments forth as project ideas
and proposals. In addition, they have a responsibility
to include the innovations and knowledge gained in
projects in their study curricula. This is a way to
further develop innovations, and to bring them to
wider use in society. Moreover, industry and end user
organizations will also benefit when they build ties
between innovation projects and their in-house
training programs. This speeds up the implementation
of innovations, and builds a readiness in the
organization to reach further innovations, faster and
in more depth. Thus, results from the case project
indicate, that the time needed to achieve innovation
can indeed be affected by the level of complexity in
respective collaboration networks. Stakeholders can
share use cases and learn from one another, and it was
pointed out in literature (e.g. Engestrom and Kerosuo,
2007; Sankowska, 2013) that this is a useful way to
create knowledge and innovation.

A fourth implication is that society may gain from
promoting project continuums, where later projects
build on the success and innovation of earlier projects
to develop a path toward faster and deeper further
innovation. The PERSEUS — CoopP — EUCISE 2020
— MARISA —continuum serves as a good practical
example of this. This type of continuum thinking
permits use cases to evolve, trust to build and
collaboration to deepen, as these both take time to
evolve. In addition, the connected projects may
permit eco-systems to evolve and spread, as project
efforts over time engage more and more stakeholders
from all wakes of society.

Fifth, the results of this study also imply that
creating and selecting appropriate measures provide
the feedback needed to ensure that project plans and
preliminary results stay connected with the goals of
the project, and possibly changing or evolving end
user needs. It is recommended that use case narratives
become evaluated and re-written every so often to
keep them up-to-date, and to identify changes and
new opportunities, with the emergence of further
innovation.

One further implication is that a European-wide
policy can greatly benefit from the results,
innovations, and feedback from research and
innovation projects. Research takes time from idea to
capability and this speaks in favour of linking projects
in continuums, to deepen innovation and to take
advantage of possible spin-off effects and innovations
provided by these projects. This type of policy will
enable EU-funded projects to create new knowledge
and, by doing so, change society.

There seems to be positive a relationship between
complexity within the innovation network and the

time in which it could create new knowledge and
innovation. When containing more elements of
complexity, networks can work together in deeper
forms of co-creation and provide faster innovation.
Networks aiming at innovation must dare to become
more complex in nature. Adding complexity can
result in reaching networks innovation goals faster
than in less complex networks. The results of this
study indicate that more complexity of collaboration
within a cyber-physical system, such as a Common
Information Sharing System, can shorten the time to
innovation leading to faster recognition, assessment,
planning, and capability reaction. All these help
realize a safer, more integrated European maritime
surveillance.

All of the above results inductively point toward
a relationship between complexity and the time
needed to co-create knowledge and innovation. More
study is recommended on this issue, as understanding
collaboration for innovation and its challenges can
help future co-creation collaboration networks to
function better and gain added resilience to face the
unexpected. This added knowledge may benefit
future innovation networks.
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Opportunities for Strategic Public Relations — Evaluation of International
Research and Innovation Project Dissemination

Abstract

European industry, academia, and potential end users for future solutions are widely involved in
applying for European Union (EU) funding of research and innovation and implementation of the
projects. Funding instrument requirements emphasize the influence of skills and knowhow of these
project consortia professionals. This chapter proposes a co-creative model for communication and
dissemination, or project PR, based on the experiences of both planning and coordinating
dissemination activities of three EU funded projects. Multidisciplinary international project PR offers
strategic opportunities for PR professionals.

The model employs the co-creation methods based on the pedagogical model called Learning by
Developing (Laurea, 2011). In addition to the pedagogical model, the proposed conceptualization of
co-creation for public relations and dissemination utilizes a media evaluation framework, which is
adapted from Vos & Schoemaker’s model (2004), combining elements of both balanced scorecard
and quality management.

The findings demonstrate that commitment and active participation of end user groups in the early
stage of the project are needed for successful dissemination, which should be supported by each
partner’s PR actions and networks. The dissemination process should start when the project begins,
be ongoing, even extending to beyond the project. Dissemination is an expanding process, and it
requires facilitation that supports PR and the engagement of key stakeholders. The European
Commission can gain from modernized PR and dissemination activities, and from as many end users
as possible adopting new innovations, which generate more business possibilities for the industry,
and further research projects for the academia.

Key words: Public relations, strategic communication, dissemination, communication, co-creation,
Learning by Developing, evaluation

1. Introduction

European industry, academia, and potential end users for future solutions are widely involved in
applying for EU funding for research and innovation projects. The requirements for efficient
dissemination and exploitation set by the funding instruments, such as the European Commission’s
Horizon 2020, are increasing. Requirements emphasize the influence of the projects and the skills
and knowhow of the project consortia, as Di Cagno et al. (2014, p. 853) write: “given the large and
increasing amount of European resources devoted to promote scientific co-operations among
countries, it is important trying to assess their actual technological and economic impact.” One
objective of funded projects is to expand the benefit of results in the European Union. The
dissemination of Horizon 2020 projects is defined as public disclosure of results by all appropriate
means (European IPR Helpdesk, 2014), and the overall purpose of dissemination includes achieving
scientific excellence. Project dissemination can be looked upon as Public Relations (PR), and its
actors as PR practitioners.

One example is the FP7 project topic SEC-2012.3.4-6 Enhancing the workflow and functionalities
of Automated Border Control (ABC) gates - Integration Project (European Commission, 2011). This
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project is expected to contribute towards a more harmonized common European approach in its field,
automated border control. Funding instruments often require the active participation of end users in
both research by project consortia and as targets for dissemination. In the case of the Automated
Border Control (ABC) gates project, “Institutions of several Member States are expected to be
involved in the case of large-scale pilot project involving different border crossing points and all types
of borders” (European Commission, 2011, p. 43). Another example is the H2020 call BES-2014-12
on border and external security for improvement of conflict prevention and peacebuilding capabilities
of the EU. This call looked for a project that can deliver enhanced activities of coordination and
support with strong engagement of key stakeholders and end users. The resulting project, Improving
the Effectiveness of Capabilities in EU Conflict Prevention (IECEU), was funded under this call and
aimed to meet the requirements through active dissemination methodology and PR activities.

Funded projects are joint ventures built on trust and common goals. Basically, partners form a
consortium with a joint interest for development and / or research which they carry out together. In
light of this common interest, it is important to identify sufficient ways of communication and
dissemination to satisfy the requirements of the funding instrument, and to meet the aims and agendas
of the various stakeholders. The ways to plan and implement dissemination activities are many, so it
1s important that project consortia have clear plans, which are in line with the project objectives, carry
them out actively, and react to any feedback that they receive.

There are clear duties set for partners regarding external communication and dissemination
activities by the funding instruments. Project partner actors, who are not used to working with actual
external communication and dissemination duties, can find these duties unnecessary or unfamiliar.
Some partners outsource these PR activities, and some even end up avoiding the activities as much
as possible.

Then there are partners who actively promote the project, disseminate and communicate
externally to the general public, the academia, and various stakeholders. Projects, where every partner
does not actively participate in PR activities throughout the whole project lifecycle, do not necessarily
meet the criteria for funding. Although the projects are based on trust and partners’ mutual agreement
on joint ventures, the case of not participating in daily communication and dissemination makes the
project and its results weaker than in those projects where there are shared ways of working.

This chapter proposes a modern co-creative model for PR activities and dissemination based on
theoretical approaches on communication quality, and practical experiences gained in planning and
coordinating communication and dissemination activities of three EU funded projects. The results
section discusses some strategic opportunities for the creative use of Public Relations to mitigate
critical challenges in innovation projects. The research question is: how can external communication
and dissemination, i.e. project PR, be carried out to efficiently address the requirements of the funding
instrument and benefit the project?

2. Project Communication and Dissemination

The European Commission (2014) outlines that communication about European research projects
should aim at demonstrating the ways in, which “European collaboration has achieved more than
have otherwise been possible” (p. 1) and how its outcomes are both relevant to the lives of us
Europeans. Creative people best achieve desired outcomes, when objectives are clearly defined. For
efficient strategic communication it is key to clarify messages and choose the appropriate media
according to the target audience.
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Efficient and timely communication of project activities ensures the success of a project and is a
core interest of projects (GAP D7.1, 2016), both during, and even beyond, the lifespan of the project.
A dissemination plan will provide an overall framework to coordinate and manage communication
during the implementation of a project. Dissemination in projects can be divided into two different
key groups; dissemination material and dissemination activities. (Hyttinen, 2017). Different
communication platforms and tools are developed to ensure a wide reach of various stakeholders and
end users (IECEU, 2015). EU research and innovation funding and project dissemination should pay
special attention to showing how collaboration has achieved more than would otherwise have been
possible, showing how the outcomes are relevant, and making better use of the results among
decision-makers, industry or academia (Hyttinen, 2017).

To make best use of project results, they should be taken up by the end users, policy-makers,
industry, and the scientific community (European Commission, 2014). A project itself functions as
an organization with an action plan, vision and mission, as well as a clear budget and time plan. The
project’s main actor organizations are partners by contract. Partners who work together in teams
generate new knowledge and skills, resulting in innovations. In the action model Learning by
Developing (LbD), projects function as a learning environment, while they also create new
knowledge for innovations. LbD has five dimensions, which form the learning / working
environment: authenticity, experiential nature, partnership, creativity, and research orientation
(Laurea, 2011). A project is an authentic environment; the case is real. Partners operate in partnership
with the stakeholders and end users, and they employ an experiential approach and are creative, while
they carry out research and develop new joint products to meet their aims. The value that is created
in a joint activity is generated by their shared experiences and the partnership with stakeholders, in
an authentic manner.

In projects, partners co-create with stakeholders, and their shared experiences are vital for
dissemination activities. With active co-creation, new competencies arise from social interaction and
knowledge sharing, as shared competence of communities and organized groups of experts and
professionals (Pirinen, 2015). The value of this shared competence is key to receiving funding for
joint projects. Customers and users are active participants in value co-creation to design personalised
experiences, services, and products (Allen et al., 2009). Pirinen (2015) concludes that building useful
knowledge and innovation processes is “increasingly complex, multidisciplinary, trust-based, co-
created, path-depended, and globalized” (p. 323). Frow et al. (2015) seek to provide an understanding
on how co-creation can improve resource integration in complex settings and offer a framework for
organizations to design and manage co-creation processes.

Project experts sometimes find themselves in uncomfortable positions when facing the need to
communicate and disseminate in a professional way in projects. These experts might have a basic
understanding of strategic communication. Wilson et al. (2010) find that the identified theoretical
research dissemination frameworks are converging and still overly focus on “linear messenger-
receiver models and do not draw upon other aspects of communication theory” (p. 14); they note that
the key to successful dissemination is dependent on the need to interact with end users. Some
traditional ways of sharing knowledge and interacting with end users have been press releases,
seminars and conferences. At present, modern electronic platforms provide secure possibilities for
co-creative knowledge sharing and learning online (Davis Cross, 2015).

Public relations is strategic communication, and different organizations use it to establish and
maintain symbiotic relationships with relevant and increasingly culturally diverse publics (Sriramesh
et al.,, 2017). Falkenheimer & Heide (2014) see PR as one of three fields under strategic
communication, the other two being organizational communication, and marketing communication.
They note that PR concentrates on activities and communication where stakeholders or publics can
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be treated as segments. This also applies to innovation projects, as dissemination is described as the
public disclosure of the results of the project in any medium.

According to the European Commission (2017), the key aim for dissemination is to make research
results known to different stakeholder groups, such as academia, industry, professional end user
organizations, and policymakers in a planned and targeted way. The Commission (European
Commission, 2016) makes a clear difference between dissemination, exploitation, and
communication, the concepts of which are defined as follows.

The Commission likens dissemination activities to a shopkeeper attracting customers. Therefore,
one should always consider a funded project as a fixed-duration business with all the duties, aims,
objectives and tasks. A process of promotion and awareness-raising from the beginning of a project
can make its research results known to research peers, industrial and other commercial actors, and
policymakers, in targeted ways, enabling them to exploit the results in their own work.

The Commission describes exploitation as “the use of the results during and after the project’s
implementation. It can be for commercial purposes but also for improving policies, and for tackling
economic and societal problems” (European Commission, 2016). Exploitation, thus, spreads the
findings and utilizes them for the benefit of a larger geographical area. Furthermore, if the benefits
can be employed in a variety of fields of interest, in addition to the field of the project, it makes the
results of exploitation activities more valuable.

Communication refers to the project

taking strategic and targeted measures for promoting the action itself and its results to

a multitude of audiences, including the media and the public, and possibly engaging in
a two-way exchange. The aim is to reach out to society as a whole and in particular to

some specific audiences while demonstrating how EU funding contributes to tackling

societal challenges. European Commission, 2016

It is interesting to note that one-way communication still seems to be the main direction and scope
for projects funded by the European Union. The option of engaging in a two-way exchange is
voluntary. However, to make an impact, two-way communication has the potential of being more
efficient than one-way. To ensure improved quality, research is needed to develop professionalism in
the management of communication, and best practices should be actively shared (Vos & Schoemaker,
2004). This can be extended to external communication and dissemination in funded projects.
Communication in a project will initially start when collaborators start working towards common
goals, and information is input to serve as a basis for the project, and the development and innovation
work within. A project can, for example, interview stakeholders and create scenarios that input
information to the project and guide the co-creation of knowledge and innovation (Ruoslahti, 2017).

To guide the practical work of a project network, information is shared and communicated
between project members, partners and other stakeholders. In many funded projects, work packages
are distributed between partners, and solitude work by one partner at a time is carried out, making
shared work activities sometimes difficult. Communication takes place all the time, whenever one
acts or does something. If partners work as a team on different tasks and work packages, it would
make all the duties of communication, dissemination and exploitation much easier for all. Vos (2015)
notes that “communication can contribute to a company’s economic and social goals by seeking to
enhance its corporate reputation, positioning of products and services, and internal consistency”
(p.64). Key processes in doing this include monitoring stakeholder perceptions, arranging interaction
with them and facilitating network exchange within the organization (Vos and Schoemaker, 2011).
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These same principles can be applied to projects as well as established organizations.
Communication plays a role in a project’s economic and social goals by seeking to enhance the
reputation of the project in question, positioning of its outcomes and deliverables, and internal
consistency. In their strategy map for communication, Vos & Schoemaker (2011) look at
communication on four different levels: organizational goals, communication goals, key processes,
and learning and growth.

On the first level, organizational goals, or in this case common goals for a project network, are
added value and social acceptance. On the second level, communication goals, are reputation and
being rooted in the social environment; project outcomes are positioned as products or services, and
coherence as the organization of the project network. On the third level, key processes include
monitoring stakeholder perception, examining communication via news, social media, etc., and
facilitation of network exchange. These key processes are identifiable in the dissemination and
communication plans for all three projects ABC4EU, IECEU, and GAP. On the fourth level, learning
and growth, one can find communication planning and research, and knowledge management and
training. The focus of this chapter is on this level.

Projects are required by the EU funding instruments to openly disseminate the results of the
project for efficient exploitation. In past experiences this has been done towards the end of the project,
which poses a serious problem both to the consortium and the funding instrument. Criteria for funding
may not be met in those cases. This should change. One can keep in mind the Commission’s simile
of a shopkeeper and the need to attract the shop’s customers. End users and other stakeholders should
become involved in the dissemination process already from the start of the project. The dissemination
process, and its evaluation, which are proposed in this chapter, are designed around this principle.

3. Three Projects Examined

This chapter explores the planning and evaluation of external communication and dissemination in
three funded project cases. Project ABC4EU will have run its course during the year 2018, whereas
IECEU and Gaming for Peace started their activities in the fall of 2015 and 2016, respectively. This
chapter suggests that a framework with strengthened co-creation as a method can intensify external
communication and dissemination in funded projects. The experiences of the three funded projects
partially present the co-creation concept of this chapter; the authors have developed the idea further
to conceptualize the planning, process, and evaluation of the activities. As an example, the
dissemination process for ABC4EU is illustrated in Figure 1 (ABC4EU, 2012). The main aim of this
process is to engage a community of potential users from the very start of the project to ensure not
only efficient dissemination, but also the continuous and active input of end user experts. This model
of co-creation can create opportunities to link stakeholder collaboration for creativity and innovation.
PR skills and active facilitation become emphasized in this approach.
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Figure 1: Communication and dissemination model for project ABC4EU

ABC Gates for Europe — ABC4EU is a project with 17 partners. The main objective of the project
is to “focus in the need for harmonisation in the design and operational features of ABC Gates,
considering specially the full exploitation of the EU second generation passports and other accepted
travel documents” (ABC4EU, 2012, p.4). There are nine work packages, with WP7 Dissemination &
Exploitation focusing on external communication and dissemination. In the Framework Programme
FP7 project ABC4EU, dissemination, as seen in figure 1, was planned to begin from the very start of
year one (Y1) of the project (ABC4EU, 2014). The aim has been to grow the User Community in
number and keep end users, industry, and academia actively involved with interactive participation
on a secure social media platform. The key to get end users involved in ongoing communication
activities in a project where the end users receive no funding for their efforts is to find their ultimate
benefit and smaller benefits during the project lifecycle. Interactive participation can enable the
creation and growth of an end user community, and this community can in turn serve as a basis for
two-way communication with end user organizations and professionals. In addition, press releases,
publications and articles have been used.

The second examined project IECEU (Improving the Effectiveness of Capabilities in EU conflict
prevention) was implemented from 2015 to 2018. The dissemination methodology was a combination
of defined end user groups and the use of different dissemination tools and activities. The overall
comprehensive dissemination methodology included the involvement of both EU and other
international organizations, respective countries, universities, as well as other projects and partners,
and the use of a secured internal website and external online tools for dissemination, discussion, and
media-based learning (IECEU D8&.1, 2015). The aim of the dissemination focused on making better
use of the results among key stakeholders. (Hyttinen, 2017). The use of technology in dissemination
and communication was strongly addressed in this project implementation.

The third funded project which this chapter discusses is the Horizon 2020 project Gaming for
Peace, GAP, which is based on the notion that operationally critical soft skills, communication,
cooperation, and negotiation, are often not emphasized enough. The Project GAP proposes to fill this
training gap, by embedding, into a gaming environment, a “base curriculum of soft skills that
facilitates coordination and relationship building in an environment of organisational, gender and
cultural diversity” (GAP D7.2, 2016, p. 5). The project has fourteen partners. “The communication
and dissemination activities are fundamental in order to create project visibility and to reach various
target groups” (GAP D7.2, 2016, p. 3). Efficient communication is key to a successful GAP project.
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4. Adapted Methodology for Project PR

This chapter presents a model of co-creation based on the pedagogical model, Learning by
Developing (Laurea, 2011). LbD is a way of learning and developing, created for university studies
and utilized in project work. A project, in itself, is a learning environment, involving partners,
stakeholders, possible clients and end users cooperating with each other in partnership, employing an
experiential nature when researching and co-creating something new in an authentic project, all
participants learning from each other at the same time. The LbD Guide (2011, p.12) also notes that

A learning environment is also a psychological state. It enables encounters among
different participants and interaction that leads to genuine cooperation. The
atmosphere is open and respects equality. The working culture is inspiring, supporting
creative and finding new ideas. Shortcomings and sidetracks are turned into positive
learning experiences. The communication culture is open and respectful. Diversity is a
resource for innovation. Partnership fosters responsible collaboration. Learning
environments enable joint activities, evaluation and development of personal ways of
action based on experiences.

The description above meets the ways of working in a multi-actor cross-border project. The criteria
set by the funding instruments are crucial for the planning of external communication and
dissemination of funded projects. The consortium needs to include a plan for communication and
dissemination with their funding application. This emphasizes the importance of the role of PR, in
this case communication and dissemination, for the project. Furthermore, in the planning stage of
external communication and dissemination, one needs to look at the whole cycle of external
communication and dissemination: plan, act, evaluate, re-plan, act, evaluate, etc. Projects should
make sure that PR skills are developed, and that PR professionals jointly facilitate collaboration in
co-creation activities. Communication and dissemination technologies require the competences of the
people related to a project’s knowledge and information sharing. The dissemination technologies
which support project collaboration within a consortium as well as among key stakeholders and public
audience are: the Web, secured access websites, video conferences, social media, document
management and so forth. The selection of the dissemination technology depends on the target group
(Juan, 2012. p. 220). The technology and information sharing increase additional competence and
professional requirements for experts working with project dissemination.

The proposed framework employs the model of Vos and Schoemaker (2004) that combines
elements of both balanced scorecard and quality management to evaluate communication. The
evaluation of external communication and dissemination is done by measuring the effectiveness of
its activities. The measurement process follows the quality cycle by Juholin, (2010). The first step is
to define evaluation aims, the second step is the method and data sets, third, data is collected and
analyzed, fourth, results reported, and the final step is re-evaluation and choosing the next steps, so
that the cycle may start again. The main aim is to continuously improve the quality of the
communication and its value for the organization (Vos, 2015). According to Vercic et al. (2015),
finding internationally socialized people to “... work in a cross-cultural setting, and capable of taking
international and global public relations practice to a new level ...” (p. 791) is a major challenge. This
is also demonstrated in the three projects examined.
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4.1. Quality Dimensions

This section discusses the dimensions of communication quality by Palttala & Vos (2012, p. 39) and
illustrates how these dimensions were linked to the externally funded project domain. These
dimensions are A) clarity, B) environment orientation and linkages, C) consistency, D)
responsiveness, and E) effectiveness and efficiency. They are summarized in Table 1 below.

Evaluation targets focus

Dimensions of communication A. Clarity Clarity refers to communicating a
quality clear profile and with messages
that are distinctive, accessible,
and in clear language
A. Environment orientation and | Taking into account the internal
linkages and external environment,
networking and media contacts
B. Consistency, effectiveness The communication is coherent,
and efficiency has a thread that connects the
activities over time and fits the
project
C. Responsiveness Detect changes through
monitoring and use feedback for
improvement
D. Effectiveness and efficiency | A result- and goal-oriented
communication effort, defining
priorities by using planning,
research and cost-efficient
operations

Table 1: The dimensions of communication quality (adapted from Vos & Schoemaker, 2004; Vos 2009)

Palttala and Vos (2012) emphasize that these five dimensions are “the pillars of communication
quality” (p. 39), and that they cannot be isolated from each other. They are all linked to and support
each other.

4.2 Domains of Project Communication and Dissemination

The quality dimensions presented above are applied to various domains in evaluating dissemination
activities. For this, the model of Vos and Schoemaker (2004) on organizational communication are
adapted to meet the criteria of funded project dissemination. Figure 2 shows the different domains of
project communication and dissemination, which are included in the evaluation framework proposed
in this chapter. The five domains refer to the areas of project communication and dissemination.
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Productionof a Continuous Successful Benefit from Be an integral
quarterly relevant and implementation committed, part of the
dissemination positive of two-way involved and overall
and progress exposures across information progressively evaluation of the
evaluation all targeted transfer informed partner project
strategy media sectors processes organizations
between all
partner
organizations
and stakeholders
Clarity

Environment orientation/ linkages
Consistency
Responsiveness

Effectiveness and efficiency

Il Il Il Il
Figure 2: Communication and dissemination evaluation model (partly based on Vos & Schoemaker, 2004)

The domains are based on the grant agreement (unpublished document) for the project GAP and
are thus expected to have a wider bearing. In the project GAP, they were used as a basis for the
communications plan of the project (GAP D7.1, 2016). The grant agreements of EU funded projects
specify important communication that, consequently, should be reported to the funder. In externally
funded projects, dissemination and communication activities should be reported regularly both within
the consortium, and to the funding agency. This is done as part of periodic technical reviews, as well
as summarized for the duration of the project as part of the final report. Dissemination reporting is
due between monthly and every four months’ time, throughout the duration of the project
implementation.

Some key features of reporting are the dissemination/communication action (e.g. event), date and
place, target group, number of people/participants that dissemination was done towards, objective
and description, and communication channels/tools used. Dissemination reporting is typically aided
by templates, which are prepared based on these key features, and support the data collection from
the various consortium partners.

If not paid close attention to, in the planning phase, these templates that gather information from
dissemination activities may gather information that is dispersed into different tables, resulting in
unlinked incoherent details. Also, it is advisable to remember to include an easy access system to
attach written messages and texts to the report template as records of communication and
dissemination activities carried out. All partners should report their external communication and
dissemination activities regularly, even if there have not been any activities or only a few. Motivating
each partner to do their reporting in a timely fashion and generating a routine to examine and
document one’s own dissemination activities are a way to develop one’s own work and find common
ground to cooperate with partners.

4.3 The Evaluation Framework

For evaluation of project communication and dissemination, the quality dimensions are applied to the
communication dimensions. This provides a matrix with various indicators, as shown in Table 2.
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Quality Quarterly Relevant and Successful two-way Committed, involved Adoption of project
dimensions dissemination and | positive exposures | information transfer and progressively processes across
progress evaluation | across all targeted | processes between informed partner the EU
media sectors project partners and organizations
stakeholders
Clarity Clear positioning of | Clear positioning Information to External communication | Clear positioning of
the project across targeted stakeholders is clear vision is clearly defined | project processes
media sectors across the EU
Environment Maintain networks Maintain networks Communication Internal and external Communication
orientation/ for the project’s across targeted reinforces commitment communication function | supports two way
linkages reputation media sectors and supports two way is well embedded in all information transfer
information transfer project work of project processes
between partner across the EU
organizations and
stakeholders
Consistency Consistency with Consistency in Consistency with other Common starting points | Consistency with
other communication | message across communication for internal and external | other
targeted media communication, with communication
sectors room for project partners
Responsiveness | Monitoring and Monitoring and Communication Feedback is used to Monitoring and
action based on action based on contributes to internal develop communication | action based on
managing issues feedback from views o1l external planning and activities feedback from
targeted media changes and professional sectors
sectors communication skills across the EU
encourage internal
fesponsiveness
Effectiveness Assessment of Assessment of cost | Internal communication | Assessment of internal Assessment of
and efficiency | project reputation, efficient methods audits, cost-efficient and external project processes
cost efficient methods communication quality, adoption across the
methods time management EU., cost efficient
methods

Table 2: GAP media evaluation tool; as an example of the proposed evaluation framework.

Measurement with the tool presented in Table 2 above is carried out as part of a quality cycle, the
aim being to continuously improve the quality of the communication and its value for the organization
(Vos, 2015; Juholin, 2010). Evaluation, according to Juholin (2010, p. 29), is an assessment of the
value communication in its different forms produces, and how single actions benefit the organization.
This chapter views projects as organizations created for a limited timeframe, and evaluation as a
process, which aims at developing the activities of the project. Evaluation needs to be continuous and
holistic, and based on the aims set for the project. Evaluations target planned activities, results
achieved with these activities, objects for development, and needs for immediate action. The
evaluation method and the measurements used must be defined, case-by-case, for the organization
(Juholin, 2010, p. 30), or in this case, the project.

Section 5 discusses the experiences in the three projects ABC4EU, IECEU, and GAP, based on
an analysis of the dissemination and communication plans of these three international projects. This
chapter proposes an evaluation framework based on these experiences and illustrates the relevance of
the framework by arguing that it fits the experiences gained in planning and coordinating
dissemination activities in three EU funded projects.

5. Results from the Three Projects

The project ABC4EU Dissemination Plan (ABC4EU, 2014) stresses that all external communication
and dissemination activities begin as soon as the project begins, and run throughout the project
duration, with the aim of gaining project visibility. The plan outlines what will be communicated,
who will do it, to whom, how, and why. Besides traditional methods for dissemination, such as press
releases, newsletters, electronic publications, workshops, and conferences, the project aims at
creating and growing its user network (end user community) in numbers, by using a secure online
platform, an active end user community to disseminate relevant information of the project. “To ensure
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continuation for the work done in the project” (p. 9), this end user community is urged to live on and
continue its active existence and cooperation even after the project has ended. The means of
dissemination in project ABC4EU are divided in: dissemination materials (the products created), and
dissemination activities (the actions taken), and these are outlined in the ABC4EU Dissemination
Plan (2014). Because the Framework Programme 7 did not have a requirement for media evaluation,
the ABC4EU project did not evaluate its communication impacts in any other way than by listing and
calculating its dissemination activities. For this purpose, there was a template and system of periodic
reporting, and end user community reports.

The monitoring and evaluation indicators for [ECEU were set early in the project, and later
adapted, as the IECEU dissemination was evaluated to reach comprehensive visibility among its key
stakeholders by use of different dissemination means, tools and activities (IECEU D8.1, 2015). The
project was acknowledged by policymakers, academic and public audiences. The approach provided
positive lessons for future projects in the external European safety and security domain. The engaging
of key stakeholders in policy dialogues in various EU Member States was seen as a successful method
of PR in terms of raising impact. The active use of technology selected in project dissemination
activities by the partner organizations enhanced the information sharing towards end users and the
general public. Moreover, social media polls and online meetings ensured the use of interactive
methods when employing technology. In the final reporting phase, this was seen as key in terms of
successful dissemination. IECEU engaged over 1,000 participants to actively follow only two social
media channels, Twitter and Facebook.

The external communication and dissemination plan for GAP, Gaming for Peace (GAP D7.1,
2016) also looks for ways to “ensure efficient and sustainable information sharing in GAP even
beyond the lifespan of the project” (p. 4). The GAP plan focuses on asking the questions: to whom to
disseminate; where to disseminate? The plan is in line with the European Commission stressing the
importance on clarifying messages based on the target audiences. These questions in the GAP plan
guide all GAP dissemination actors to clearly focus their dissemination activities on the potential
audiences for the results and products of the GAP project. Knowing how to identify these audiences
can bring sustainability to the project. The Communications Plan for GAP lists key stakeholders for
dissemination (GAP D7.1, 2016, pp.15-9).

GAP has a communication action matrix, which is built around milestones, work packages with
partner responsibilities to communicate relevant actions, and deliverables that are related to each
milestone. This is to ensure that all the partners of GAP are in a timely manner actively and fully
carrying out the information sharing responsibilities that are expected of them. Building the
relationships between the actors of the project’s operational work packages and its external partners
are based on these communication activities. It is important that all actors understand the values,
which underline the communication practices of the GAP project. To create a GAP brand, the project
partners need to share a clear vision. Thus, it is easier to form clear messages that communicate what
GAP is, who its actors are, and why this project is important to society (GAP D7.2, 2016).

GAP’s project documentation indicates that the division of work between internal and external
communication is clear, with the coordinator being responsible for internal communication, and
Laurea UAS for external communication, although external communication activities require
approval by the coordinator before communication can take place. External communication and
dissemination activities are also the responsibility of each beneficiary in addition to a work division
table of responsibilities.

The media evaluation framework adapted for GAP takes the GAP Communications Plan, Grant
Agreement and template for reporting of dissemination activities into consideration. The
Communications Plan includes a table of both quantitative and qualitative questions to be used for
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the scientific analysis of external communication and dissemination in the project. The required
scientific analysis has so far not been possible to carry out because not all the partners have delivered
their periodic reporting of external communication and dissemination activities.

The evaluation tool adapted for the media evaluation can, in the future, be utilized as a self-
assessment tool, thus, including the qualitative approach to evaluation by the active actors and
communicators themselves. This enables the emphasis of accountability and the generating of self-
development of the communication and dissemination activities of each project partner (beneficiary).
Accountability for communication refers to taking responsibility for the communication strategy and
the choices that are made, and how these contribute to the objectives of the project (Vos, 2015).
Accountability is examined here on the level of the communication work package and the
communication performance of the project as a whole.

All three projects implemented their dissemination and communication activities with people who
mainly had knowledge and competence of the substance areas of research and development (e.g.
security). Only few communication and PR professionals participated in project dissemination. This
result was unexpected, since the dissemination objectives in EU funded projects are strongly related
to deep competences and experiences of management of dissemination and PR. It was, however,
recognized that the co-creative collaboration between professionals, researchers and developers, as
well as the feedback and learning provided by evaluation, supported the reach of dissemination
objectives.

6. Tentative Conclusions and Implications

The experiences in the three projects suggest that it is important that partners agree to jointly
cooperate on external communication and dissemination activities, and to understand how vital these
activities are for the success of the project. These actions are PR for the project, and thus the project
should include PR professionals to develop PR skills of its actors. Next, commitment and active
participation of partners and end user groups in the early stage of the project implementation is key
to increase the impact of the project results and finally, meet with the project’s dissemination goals.
Moreover, dissemination in international research and development projects should be an ongoing
process. The process should start when the project begins, and last until the end of the project. Ideally,
the dissemination process begins with the project proposal and extends to the sustainability of the
project stakeholder community, even after the project has terminated or not received funding. The
benefit of networks may bring added value for partners in the future.

Additionally, it can be noted that dissemination is an expanding process. Figure 1 shows this
expansion of the User Community from year one (Y1) to year three (Y3), a growing number of
stakeholders (end users, industry, NGOs, authorities, academia, etc.) participating in the
communication within the community. A small nucleus in the beginning of the project leads to
growing numbers of stakeholders actively being targeted and participating in the co-creation of the
dissemination process. Also, key target audiences should be clarified, followed, and updated
throughout the project lifespan. The selection of communication channels should be amended based
on this clarification process. The target audience will most likely expand in not only number, but also
to include a wider range of stakeholders by the end of the project, and after.

In the project IECEU, easily measurable indicators (IECEU DS8.1, 2015) were set at an early stage
to monitor the success of dissemination by IECEU. The monitoring process includes quantitative
monitoring and evaluation indicators. Measuring the objectives throughout the project identified both
gaps and trends to make sure that the project was going to a desired direction and provided valuable
information to further improve the communication activities. Results from the first media evaluation
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in GAP indicate that not all partners have yet realized the potential and benefits of actions promoting
strategic communication of the project. Furthermore, there is little cooperation between partners as
the cooperation is regulated by the contract and enacted by the project coordinator. However, as the
project has only recently started, there are many options to develop the activities even together. The
key to such co-creative work lies in the will to work as a team. Therefore, PR skills become more and
more important for projects to meet requirements set by the EU for the external communication and
dissemination of research and innovation projects. The use of selected technology for PR,
dissemination and communication, presents a new type of competence challenges and opportunities
for professionals and experts.

Instruments for public funding of research and innovation projects call for open dissemination of
project results. However, the EU does not demand two-way communication in these activities, which
clearly would be the way to generate better results and engage different audiences. Perhaps the EU
could develop their visions of external communication and dissemination in the era of digital
communication and community-based cooperation. When communication and dissemination
activities begin early enough, for example right at the start of the project, and expand the stakeholder
community, the project and its results become wider known. It is in the interest of the European
Commission that as many end users as possible adopt new innovations, which in turn will generate
more business possibilities for the industry, and further research projects for the academia.

Ideally the project’s end user communities may find sustainability that outlasts the project. Project
partners could engage end user communities in collaborative PR activities to engage the end users
during the project. This creates opportunities for spontaneous cooperation and further the co-creation
of innovations, products, and services, not to mention new development projects. PR professionals
have a strategic opportunity in facilitating activities within the proposed model of co-creation in the
EU funded projects context. The potentials in using technology in dissemination and communication
of international research and innovation projects are highly recommended to be further studied while
enhancing professionalism.
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